
Falls Among Community-dwelling  

Mid- and Older-Adults in New Zealand 

Samuela ‘Ofanoa 

Submitted in fulfilment of the requirements for the degree of 

Doctor of Philosophy in Community Health,  

The University of Auckland, 2021 



i 
 

ABSTRACT 
 

Background: Falls and subsequent injuries among older adults (65 years and over) are a major 

public health issue contributing to increased morbidity and mortality. Risk factors for falls 

among older adults have been examined extensively over the years. However, there is a dearth 

of literature regarding risk factors for falls among middle-aged adults (50 – 84 years) − the age 

where the trajectory for fall rates starts to increase.  

Aim and Objectives: The main aim of this thesis is to identify the risk factors for any type 

(injurious and non-injurious), injurious, and recurrent falls among community-dwelling mid-

and older-adults aged 50- 84 years in New Zealand (NZ).  

Methods: A systematic review examined the published literature on risk factors for falls among 

community-dwelling mid- and older-adults aged 50 years and over which informed the design 

of the main analytical component of the thesis.  

A secondary analysis was carried out on data collected as part of the Vitamin D Assessment 

(ViDA) study; a randomised, double-blind, placebo-controlled trial that recruited 5,108 adults 

aged 50-84 years in Auckland with over three years of follow-up. Data analysed included 

sociodemographic, lifestyle characteristics, and medical conditions collected at the ViDA 

baseline assessment. Prescription data came from the NZ Ministry of Health 

Pharmaceutical Information Database. Follow-up data on self-reported falls was collected 

from questionnaires mailed initially monthly, and then 4-monthly, to the home of ViDA 

participants. Descriptive analyses summarised the distribution of baseline characteristics and 

prescription medications. A univariate analysis utilising t-tests and chi-square tests was 

conducted to investigate the cumulative fall risk (for any type of fall, injurious falls and 

recurrent falls) during follow-up for participants according to different exposure levels. For 

cohort analysis, cox proportional hazards and negative binomial regression (plus mean 

cumulative function analysis) were used to examine the risk factors for the fall types of interest. 

A test for interaction analysis was utilised to compare the relationship between factors across 

the three outcome measures of interest. Directed Acyclic Graphs (DAG) were constructed to 

assist with interpreting results and identifying interactions between variables and fall outcomes.  

Results: 152 studies met the literature review inclusion criteria. Risk factors were classified 

into five domains: socio-demographic, lifestyle, physical, medical conditions, and 

pharmaceutical risk factors. The key findings revealed the following as risk factors for falls: 
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age, sex, ethnicity (White), living alone, marital status, poor self-rated health, depression, 

diabetes, stroke, angina, arthritis, pain, history of fracture, history of falls, respiratory diseases 

(asthma, emphysema and shortness of breath), benzodiazepines, antiepileptic/anticonvulsant 

medications, antidepressants, psychotropic medications, analgesics, diuretics, and respiratory 

medications. While Black/African American was shown to have a protective effect against 

falls.  

Cohort analyses of the outcome ‘any type of fall’ were carried out on 5,049 participants after 

excluding those who did not return a fall questionnaire during follow-up (n=52) or who were 

missing time to first fall (n=7). Analyses of the outcomes ‘injurious fall’ and ‘recurrent falls’ 

were caried out on 5,053 participants after excluding those who did not return a fall 

questionnaire during follow-up (n=52) or were missing time-dependent variables (time to 

injurious fall/total no. of recurrent falls data, n=3). 

Factors associated with increased hazard ratios [HR] of having any fall (all types including 

injurious) were female sex  [HR 1.44, p<0.0001], living alone [HR 1.16, p=0.01], stroke and/or 

transient ischemic attack (TIA) [TIA only; HR 1.28, p=0.03], fall history [HR 1.77, p<0.0001], 

decreased confidence to do daily activities without falling [Quite Confident: HR 1.33, 

p<0.0001], arthritis [HR 1.10, p=0.03], previous fracture (or broken bone) [HR 1.10, p=0.03], 

asthma [HR 1.16, p=0.01], depression [HR 1.34, p<0.0001], antiepileptic medication [HR 1.26, 

p=0.02], antidepressants [HR 1.16, p=0.03], and anti-Parkinson medication [HR 1.94, p=0.02]. 

Medication affecting the renin angiotensin system (ARAS) and education level were the only 

protective factors associated with reduced hazard of any fall [HR 0.85, p=0.001].  

For injurious falls, significant risk factors included female sex [HR 1.48, p<0.0001], living 

alone [HR 1.21, p=0.0004], employment [retired; HR 1.15, p=0.01], stroke and/or angina [TIA 

only; HR 1.43, p=0.01], fall history [HR 1.76, p<0.0001], decreased confidence to do daily 

activities without falling [Quite Confident; HR 1.33, p<0.0001], arthritis [HR 1.11, p=0.03], 

previous fracture (or broken bone) [HR 1.13, p=0.01], asthma [HR 1.15, p=0.02], depression 

[HR 1.31, p=0.0002], and anti-Parkinson medications [HR 2.09, p=0.003]. Ethnicity (South 

Asian) [HR 0.63, p=0.004] and current smoking [HR 0.79, p=0.02] were the only factors 

associated with reduced hazard of injurious falls.   

Factors associated with increased incidence rate ratios [IRR] of recurrent falls included female 

sex [IRR 1.17, p=0.0003], living alone [IRR 1.22, p= 0.0001], employment (retired) [IRR 1.24, 

p<0.0001], heart attack and/or angina [Angina only; IRR 1.25, p=0.02], stroke and/or TIA [TIA 
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only; IRR 1.47, p=0.0003], fall history (last four weeks) [IRR 1.92, p<0.0001], decreased 

confidence to do daily activities without falling [Quite, IRR 1.49, p<0.0001; Not at all, IRR 

2.14, p<0.0001], chronic pain [IRR 1.23, p<0.0001], depression [IRR 1.24, p=0.002], 

antidepressants [IRR 1.18, p=0.01] and anti-Parkinson’s medications [IRR 4.07, p<0.0001]. 

Factors associated with reduced incidence rate of recurrent falls were ethnicity (South Asian) 

[IRR 0.64, p<0.0001] and BMI (underweight and overweight) [IRR 0.40, p=0.01; HR 0.86, 

p=0.002 respectively].  

A test for interaction indicated that the hazard/rate of falls was consistent across all three fall 

outcomes, and the following are the most significant risk factors for falls among mid and older 

adults in NZ: sex (female), living alone, employment (retired), angina, TIA, fall history (last 

four weeks), arthritis, previous fracture, chronic pain, asthma, depression, antiepileptic 

medication, antidepressants, and anti-Parkinson medication; while ethnicity (South Asian), 

education (secondary), current smokers, and BMI (under-weight and overweight) were 

significantly protective against falls across all three fall outcomes. DAG diagrams were created 

for all variables that were included in the final multivariable models, which provided a clear 

picture of mediators and confounding factors that may impede the association of certain factors 

with falls. These variables (i.e., marital status) were then not included in the final multivariable 

models.  

Conclusion: This study indicates that risk factors for falls (any, injurious and recurrent) among 

mid and older community-dwelling older adults are complex and multifaceted. In addition to 

traditional risk factors identified, other factors not commonly researched − such as asthma, TIA 

only, anti-Parkinson’s medications, and antiepileptic drugs − were shown to be associated with 

significantly increased risk of falls; while ethnicity (South Asian) and current smokers were 

shown to have a reduced fall risk in this population sub-group. This is the first cohort study to 

use pharmaceutical dispensing data to examine the association between certain medications 

such as psychotropic, antipsychotics, laxatives and fall risk. The findings indicate that older 

adult fall prevention strategies need to commence in middle age, and consideration needs to be 

given to addressing novel factors in future risk prevention strategies. Additional research is 

required to reaffirm the association between medical conditions and specific medication classes 

on fall risk and to understand why there is a lower risk of falls among South Asian population 

groups.  
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1 CHAPTER ONE: INTRODUCTION 

 Epidemiology of falls among older community adults 

1.1.1 Incidence of falls among older community adults 

Falls among older adults living in the community are a major public health issue, contributing 

to increased morbidity and mortality rates (1, 2). About one-third of men and women aged ≥65 

years living in the community experience a fall each year (3, 4), which increases to about 50% 

among community-dwellers aged ≥80 years (5-7). In 2012, approximately 59% of older people 

(≥ 65 years) who fall were found to experience a recurrent fall (8).  

International studies have shown that the incidence of falls among community-dwelling older 

people varies (7, 9-17) from a low of 30 per 1000 person-years in a South African study (10) 

to 806 per 1000 person-years in a United States (U.S) study (11).  

The incidence of falls among older community-dweller males in high-income countries ranges 

from 260 to 367 falls per 1000 person-years, and between 402 to 611 in women (7, 18). A 

Finnish community-based cohort study of participants aged ≥70 years found the incidence rate 

of falls in men aged ≥90 years was almost five times higher than their younger counterparts 

aged 70-74 years (1500 falls/ 1000 person-years cf. 316 falls/1000 person-years) in 1991 (18). 

Among women in the same study, the rate among those aged ≥90 years compared with those 

aged 70-74 years was double (996 falls/ 1000 person-years cf. 486 falls/1000 person-years) 

(18). Similar results were evident for the incident rates of injurious falls in both men and 

women (7). 

Likewise, the prevalence of falls in community-dwelling older adults differs by region. For 

example, studies from North America report that the prevalence of older adults experiencing 

at least one fall in the past year was between 26% to 29% among those aged ≥65 years (7, 19, 

20). In Europe, the reported prevalence of falls ranged from 28% (21) in adults age ≥60 years 

to 36% in those aged ≥70 years (22). In contrast, the prevalence of falls in Asia is lower with 

prevalence estimates ranging from 4% in those aged ≥60 years (23) and 18% in people age 70 

years or older (9, 23, 24). 

1.1.2 New Zealand incidence 

In New Zealand (NZ), similar trends are seen, with about 67% of community-dwellers aged 

≥70 years experiencing a fall each year (17). In all age groups, women (65%) had a higher 

proportion of falls compared to men (44%) (17). The rate of falls increased with age, with the 
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rate of falls being 47 per 100 person-years in participants aged 70-74 years and 121 per 100 

person-years in those aged ≥80 years (17). Another NZ cohort study of Māori participants aged 

80 to 90 years and non-Māori aged 85 years showed that the proportion of non- Māori fallers 

was greater than Māori with about 47% of Māori and 57% of non- Māori experiencing at least 

one fall over three years (25).  

1.1.3 Outcomes of falls among older community adults 

Falls can have severe psychological and social consequences (26). Older adults who have fallen 

commonly develop a fear of falling and loss of confidence, which affects their physical ability 

and activity levels, leading to being less social and can produce more pressure and strain on 

the individual's family (26, 27). Falls can also result in minor or moderate to serious injuries, 

which can significantly impact the morbidity and mortality of older adults (2). Minor or 

moderate injuries from falls include bruises, strains, sprains, lacerations, and abrasions (2, 3). 

More serious fall-related injuries include fractures (predominantly hip fractures), and head 

injuries (traumatic brain injuries) that can significantly affect a person's ability to carry out 

daily activities and impact on their quality of life (2, 5).  

Fall-related mortality may vary across different countries (28). Although falls and fall-related 

fractures are more common among older women, men are more likely to die from falls (3). The 

World Health Organisation (WHO) global report on falls prevention in older adults aged ≥65 

years showed that the annual rate of fall fatality was 37 per 100,000 person-years in the U.S, 

and 9.4 per 10, 000 person-years in Canada (2). A Canadian report on Senior’s falls used 

mortality data to indicate that the rates of falls in older community dwellers aged between 65-

69 years or older were less than 10 per 10,000 compared to 50 per 10,000 in those age ≥85 

years (29).  

Older community dwellers aged ≥60 years experiencing falls or injurious falls are more likely 

to require residential care (23), which can exacerbate their risk of recurrent falls (2). 

Approximately 30-60% of older adults living in residential long-term care fall each year, and 

40% experience recurrent falls (2), suggesting a need to focus on fall-related interventions at 

the community level.  

1.1.4 Costs Associated with Falls among Community-Dwelling Older Adults  

Health Care-related Costs 

Fall-related injuries can have a significant economic strain on the health system. Health system 

costs can be divided into fatal falls and non-fatal falls. Fatal falls or fall-related mortality costs 
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were mainly due to costs in coroner or medical services, transport (ambulance), emergency 

departments (ED), inpatient hospital care, and nursing home charges (30). Based on limited 

data provided by different states, the cost for fatalities in falls is estimated to be around $742 

United States dollars (USD) or more for coronary/medical services and transport only (30). 

This could suggest that the actual cost of fatal falls far exceeds this amount. The total cost for 

fatal falls in community-dwellers age 65 years or older was USD $179 million in this study 

(30).  

Studies suggest that non-fatal falls and related injuries incur the highest cost to the health 

system (28, 30). Non-fatal falls were fall-related injuries that required hospitalization or 

emergency care in which the patient survives (30). Fall-related injuries have been reported to 

be responsible for 10-15% of older adults' utilising EDs, more than 50% of hospitalisations 

(28), and 41% of total long-term care cost which was more concentrated in those aged greater 

than 75 years (28, 30).  

Fall-related injury per person, together with the increasing incidence of falls, can create 

economic pressure on health systems. In Australia, the mean cost per older patient was between 

$4,291 Australian dollars and AUD $4,642 (31), and in America, it was USD $3,476 per fall 

(32). An Australian study of older community adults aged ≥65 years investigated the mean cost 

of utilising health system resources. The cost of hospital admission per person was AUD 

$7,300, AUD $328 per person for ED visits, AUD $109 dollars for each hospital outpatient 

service visit, AUD $29 dollars for each General Practice (GP) visit, and AUD $113 for each 

specialist consultation visit (33). Other medical resources that incur health system costs include 

allied health consultations (AUD $38 per visit), community nurses (AUD $ 60 per visit), 

pharmaceuticals (AUD $8 per prescription), diagnostic tests (AUD $1.34 per person), and high-

level residential care beds (AUD $38,685 bed rate per annum) (33). Therefore, with the 

increasing incidence of falls in older community adults each year, there will be an increase in 

economic strain on our health systems. 

As mentioned, the increasing incidence of falls in older community adults can result in high 

total health system costs. An American study of older community dwellers (65 years or older) 

showed that each year 2.6 million non-fatal falls were costing the health system USD $19 

billion. Another study by Hall et al. (31) in Western Australia estimated the total cost of falls 

for 79 older patients (65 years or older) over three months of total fall-related costs was between 
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AUD $316,155- AUD $333,648, which equated to AUD $24.12 million per year of total 

hospital fall-related care and three months of post-hospital fall-related costs (31).  

With the elderly being the fastest-growing population group in the world, the economic strain 

from fall-related injuries in older adults living in the community is projected to increase 

dramatically (2). In the U.S., hospitalisation costs for fall-related hip fractures alone are 

projected to increase from USD $7.2 billion in 1984 to USD $11 billion in 2020 and to USD 

$16 billion by 2040 (34).  

New Zealand Costs 

In NZ, it is estimated that all injuries cost the country about $9.7 billion New Zealand dollar 

(NZD) (2008) of which falls make up one of the three highest cost areas (35). Based on the 

evaluation of the NZ Health strategy the annual cost of falls for adults (residential care and 

community) is estimated to make up 18% of the total countries spending on injury costs (35). 

One NZ study of 202 participants aged ≥75 years indicated that the total cost of falls was NZD 

$7,597, where each cost per fall was about NZD $153.00 and approximately NZD $ 8.00 for 

personal costs (36). The Accident Compensation Corporation (ACC) claims for falls in 2015 

for those aged ≥75 years was about NZD $95 million (25, 37). As the population ages, this 

figure is expected to grow to NZD $296-418 million annually by 2025 (25).  

Individual and Family Costs 

Fall-related injuries can also result in indirect costs at the individual level (2, 3). Direct costs 

include older adults having to pay for healthcare consultations and fall-related expenses such 

as medications. An Australian prospective study of 79 patients aged ≥65 years who attended 

the ED after a fall reported that personal costs for miscellaneous items (e.g., pharmaceuticals, 

medical supplies, equipment, and diagnostic tests) was AUD $21 per patient (31). The mean 

transport costs to and from the hospital were about AUD $218 per patient, with an additional 

AUD $7 over the 3-month follow-up (31).  

Indirect costs include impacts on quality of life and effects on people's ability to work and 

support their families (2, 3). In the United Kingdom (UK), an older caregiver who is injured in 

a fall and is unable to work, on average, may lose earnings up to USD $40,000 per annum (2). 

Hall et al., in an Australian study, indicated that falls in older adults living in the community 

might also affect their family and friends because of how they are relied upon for informal care 

during recovery and rehabilitation (31). Types of services and care provided included meal 

services, gardening, and domestic care, such as shopping, personal care assistance, and 
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transport to and from shopping and medical appointments (31). The value of this informal care 

for all participants was AUD $14,655 and AUD $278 per patient (31), suggesting that the 

impacts of falls extend beyond physical injuries and affects not only the individual but also 

their families, friends, and community.  

1.1.5 Falls in New Zealand 

Although there is a dearth of literature on falls among mid and older adults in the community, 

similar trends occur in NZ. A cohort study (Lilac study) of Māori (aged 80-90 years) and non-

Māori participants (aged 85 years) living in the community reported that non-Māori (47%) 

were more likely to fall compared to Māori (57%), 37% of participants had a fall in the last 12 

months, while 35% who fell were injured by their fall (25, 38). About 10% of fall related 

injuries were fractures (38). Other NZ studies have explored the risk of falls among middle 

aged adults (aged 25-69 years) living at home, indicating that increased rates of falls and related 

injuries starts earlier and should be prioritised by prevention strategies earlier (39, 40).  

1.1.6 Risk factors for falls among community-dwelling adults  

There has been extensive epidemiological research on fall-related risk factors among older 

community adults, which can be attributed to this age group having greater risk of falls. The 

literature on falls has been predominantly published from the Northern hemisphere, which 

includes North America, Europe, and almost all Asian countries, while no reviews have been 

conducted in NZ. Leipzig et al. (41) in a systematic review and meta-analysis of studies on 

psychotropic drugs and falls in older adults (≥60 years) published up until 1999 indicated that 

use of any psychotropic, neuroleptic, sedative or hypnotics, any antidepressants particularly 

tricyclic antidepressants, and benzodiazepines was associated with increased risk of falls. 

Leipzig et al. (42) in another systematic review and meta-analysis of studies (published 

between 1966-1996) examining the effects of cardiac and analgesic drugs on falls in older 

adults  (≥60 years) found the following cardiac medications to increase fall risk: diuretics, type 

IA antiarrhythmics, and digoxins. Hegeman et al. (43) in a systematic review of 13 eligible 

studies (published between 1966-2008) reported a significant association between non-

steroidal anti-inflammatory drugs (NSAID) use and increased risk of falls in elderly 

populations (Mean age of 70). Deandrea et al. (44) in a meta-analysis of 74 studies published 

from 2002 to 2008 found a total of 31 risk factors with the strongest associations (Odd Ratio 

(OR) of 2-4) shown with fall history, gait problems, walking aid use, vertigo, cognitive 

impairment, Parkinson disease and antiepileptic drugs. Other risk factors with weak 

associations (OR of 1-2) were age, sex, living alone, instrumental disability, depression, stroke, 
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urinary incontinence, rheumatic disease, diabetes, pain, number of medications (1-drug 

increase), sedatives and antihypertensives (44). Other more recent reviews by Ming et al. (45) 

and Laberge et al. (46) also reviewed studies examining the effects of medications on falls and 

recurrent falls among community dwellers aged ≥60 years. Ming et al. (45) found that older 

adults using antidepressants, sedatives or hypnotics (particularly benzodiazepines), and 

antiepileptics were more at risk of having recurrent falls compared to those not using these 

medications. Laberge et al. also reviewed studies (published until 2018) on psychotropic 

medications and alcohol on fall risk in community dwelling elderly (≥60 years), indicating a 

significant association between antidepressants (mainly selective serotonin reuptake inhibitors 

(SSRI), and benzodiazepines and increased fall risk. However, there are no contemporary 

reviews examining the effects of medical conditions and medications on falls, particularly 

recurrent and injurious falls, in the age group ≥50 years which is the main focus of Chapter 

Two. 

1.1.7 Prevention of falls among community-dwelling adults 

From a public health perspective, a key step in reducing fall-related injuries is identifying and 

understanding the causes of falls or risk factors. As fall-related research has indicated (44), risk 

factors for falls are multifaceted and may require intervention at different levels. Dr William 

Haddon, known as one of the founders of modern injury epidemiology, developed a framework 

that applied public health and epidemiological methods to injury-related studies (47). Initially, 

Haddon's Matrix was developed to study road traffic injuries (48); however, the model has 

been applied to several other injury contexts (49-52).  

Haddon’s Matrix divides a health issue into two dimensions (47). The first dimension (the 

rows) represents incident phases of an event as pre, during, or post, while the second dimension 

(the columns) symbolizes the epidemiological agent-host and environment concepts. In brief, 

the host corresponds to the person that is affected by the injury, and the agent is defined as 

energy transferred by inanimate objects. Finally, the environment is the surrounding physical 

elements that influence the occurrence of events that may potentially cause injuries (47).  

Cwikel and Fried (53) adopted Haddon's model to produce the social epidemiological model 

of fall prevention strategies (SEMFPS) (Figure 1-1). The SEMFPS divides fall-related 

interventions into three incident phases: pre-fall, at the time of fall, and post-fall, which 

corresponds to different levels of interventions − primary, secondary, and tertiary.  
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During the pre-fall stage, primary prevention can take place, aiming to reduce the likelihood of 

future falls by either screening for high-risk populations or encouraging fall-reducing 

behaviours via capacity building. At the time of a fall, secondary interventions can be 

implemented, which include medical assessments to reduce the likelihood of serious fall-

related injuries. After experiencing a fall, tertiary interventions can take place, ensuring 

increased access to support and appropriate rehabilitation (53). 

Figure 1-1 Social Epidemiology Model of fall prevention Strategies   

 

Note, 1=primary prevention. 2= secondary prevention and 1+2= both primary and secondary prevention.  

Several studies have also investigated the effects of interventions on reducing fall risk in older 

adults living in the community. Gillespie et al. (3) conducted a Cochrane review of all health-

related studies published up to 2012 of interventions aimed at reducing the incidence of falls 

among older adults in the community. Overall, 159 randomised control trials (RCTs) were 

included in the review, with 79,193 participants. In summary, this review found the following 

interventions to reduce falls among older community adults: multiple component group and 

home-based exercise programmes (strength and balancing training), Tai Chi, multifactorial 

interventions (with individual risk assessments), home safety assessments and modification 

interventions, gradual withdrawal of a particular type of drug (i.e., psychotropic medications), 

cataract surgery, anti-slip shoe devices and the insertion of a pace-maker in participants 

experiencing a fall due to carotid sinus hypersensitivity (3).  

Overall, research has shown that falls, and fall-related injuries, have a significant impact on 

wellbeing and quality of life in older community dwellers globally and in NZ, suggesting a 

need to focus on fall prevention and risk factors for falls in older adults. As previously 

mentioned, older adults living in residential care are more at risk of falls (2), therefore 
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intervening at the community level will not only reduce the admission of older adults into 

institutional care but also significantly reduce the incidence of falls, the economic burden and 

improve quality of life.  

 Research setting  

NZ is a multicultural and diverse country located South West of the Pacific Ocean (54). It is 

comprised of two main islands − North and South Island − and 600 smaller islands. The capital 

of NZ is Wellington and is located in the North Island (54). 

In 2018, the total NZ population was 4,699,755 and has increased by 10% since 2013 (55). The 

majority of the population self-identify as European (70%), followed by Māori (17%), Asian 

(15%), Pacific (8%), Middle Eastern/Latin American/African (2%) and other (1%).  The most 

common language spoken is English (95%), followed by te reo Māori (4%), and Samoan (2%). 

Although the NZ population is relatively young with a median age of 37 years, mid- and older-

adults are increasing, with about 41% of people aged 45 years or older, and 15% aged 65 years 

and older (55).  

Auckland is the largest urban area in NZ and consists of 34% (n=1,571,718) of the total NZ 

population in 2018 (56). A similar distribution of demographic information is seen in the people 

living in the Auckland region compared to the entire NZ population. The largest ethnic group 

was still European, with approximately 54% followed by Asians (28%), Pacific (16%), Māori 

(12%), then Middle Eastern/Latin American/African (2%), and other ethnicities (1%). People 

living in Auckland were also relatively young, with a median age of 35 years.  

This thesis research will utilise data from the Vitamin D study (ViDA). The ViDA study is a 

randomised, double-blind, placebo-controlled trial that recruited 5,108 adults aged 50-84 years, 

via family practice registers and community groups in Auckland and was followed-up over 

three years, from 2011/2012 to 2015 (57). The primary aim of the ViDA study was to determine 

if a monthly dose of vitamin D3 (100,000 IU) supplementation prevents cardiovascular disease 

in adults aged 50-84 years. The secondary outcome of this study involved investigating the 

effects of vitamin D3 on respiratory infections, and falls, and non-vertebral fractures in people 

aged 50-84 years (1). Relevant information on sociodemographic, lifestyle characteristics, and 

medical conditions was collected via the baseline assessment plus the prescription data of all 

medications prescribed 12 months before baseline is available for this study (57). Therefore, 

findings from this study should be generalisable to the entire NZ population. Follow-up 
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information on falls was collected from questionnaires returned monthly and 4-monthly by 

participants during follow-up. 

The primary and secondary funders for the main ViDA study were the Health Research Council 

of NZ and the Accident Compensation Commission (ACC). 

 Thesis Objective 

This thesis aims to identify risk and protective factors associated with any/all type of falls, 

injurious falls, and recurrent falls among community-dwelling mid- and older-adults. The 

specific research objectives are as follows: 

• Identify the modifiable and non-modifiable risk factors for falls, injurious and recurrent 

falls in community dwelling mid- and older-adults (50- 84 years) in NZ. 

• Determine other risk factors for falls, injurious and recurrent falls in mid- and older-

adults (50- 84 years) living in the community? 

• Determine what are the priorities for the prevention of falls, injurious and recurrent falls 

in mid- and older-adults (50- 84 years) in NZ? 

 Personal statement 

As a Tongan male migrant growing up in NZ, my parents had to work while my grandparents 

played a significant role in our upbringing, during the majority of our teenage years.  I have 

fond memories that include my grandmother always getting up and dancing with her umbrella 

when I would win an award during an assembly or prize giving.  

When I first learnt about falls as a topic, I was not immediately enthusiastic, however after 

reading and learning more about falls in older adults, the term fall to me symbolised a person’s 

decline in health. Therefore, when I think about my grandparents, it meant the beginning of 

their gradual loss of the ability to look after us or celebrate with us during these significant 

times in our lives.  

In the Tongan culture, our elders or grandparents play an intrinsic role in the family structure 

and the community as either key decision-makers, keepers of cultural and traditional 

knowledge, or play a significant supporting role for the parents. Therefore, falls among older 

adults as a topic is of great interest to me because of the potential for the findings in this research 

to not only prevent falls, fall-related injuries and improve quality of life, but also prolong the 

ability of our older generations to maintain these essential roles within our lives.  
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 Candidate’s role 

The work conducted in this thesis research is part of the ViDA study (see section 3.4). The 

candidate's roles include: 

• Conducting a systematic review of risk factors for any, injurious and recurrent falls 

among mid and older community adults (Chapter Two). 

• Data processing and cleaning of the relevant ViDA baseline data and the Ministry of 

Health prescription data (Chapter Three)  

• Conducting baseline cross-sectional and univariate analysis of the baseline 

characteristics of the ViDA study participants (Chapter Four; Chapter Five, Section 5.1; 

Chapter Six, Section 6.1 & Chapter Seven, Section 7.1). 

• Conducting cohort analysis in the form of survival (Cox proportional hazards) and 

negative binomial regression analysis with the support and advice of Dr. Zhenqiang Wu 

and my supervisors (Professor Robert Scragg and Associate Professor Bridget Kool) 

(Chapters Five to Seven). 

• Carried out Bayesian Network Analysis to create directed acyclic graphs (DAGs) with 

the support of Dr Simon Thornley (Chapter Five, Section 5.2.5; Chapter Six, Section 

6.2.5; Chapter Seven, Section 7.2.5). 

• Interpreted and wrote up the results (Chapters Four to Seven). 

• The candidate was financially supported by the Pacific Workforce Development 

scholarship by the Health Research Council of NZ. The University of Auckland PRESS 

Account was also made available for research purposes.  

 Thesis structure 

This Introductory chapter has provided an overview of the background information on falls 

among mid- and older-adults internationally and in NZ, including an overview of the current 

literature on fall related risk factors and interventions, an outline of the research setting, a 

personal statement of why this topic is important, and a description of the candidate’s role in 

the thesis research.  

Chapter Two describes the key results from a systematic review of observational studies 

investigating the risk factors for falls (any type, injurious and recurrent falls) among mid- and 

older- adults living in the community. 
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Chapter Three describes the methodology that underpins this research and outlines the study 

objectives, and the statistical analysis methods used to achieve these objectives. 

The results derived from the analysis of ViDA data to address the study objectives were divided 

into four chapters. Chapter Four reports the cross-sectional results of the baseline 

characteristics (sociodemographic, lifestyle, and medical conditions) and the Ministry of 

Health prescription of the ViDA study participants. Chapter Five presents the main results of 

the cohort analysis (Cox proportional hazards models) of risk factors for any type of fall 

(injurious or not). Chapter Six presents the main findings from the cohort analysis (Cox 

proportional hazards) of risk factors for injurious falls. Finally, Chapter Seven presents the 

key findings from the cohort analysis (negative binomial regression) for recurrent falls of all 

types – both injurious and non-injurious with the use of a mean cumulative function analysis 

(survival analysis of recurrent events) as a sensitivity analysis to reinforce results.  

The thesis closes with a discussion (Chapter Eight) of the main findings from this thesis 

research in light of previous research and make several recommendations for future research 

and practice.  
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2 CHAPTER TWO: LITERATURE REVIEW  

 Introduction 

This chapter describes a review of the published literature to help identify risk factors for falls 

among the population of interest. Because this area has been extensively researched over the 

years, this review aims to focus on key areas relevant to this thesis. These include socio-

demography, lifestyle, medical history, and pharmaceutical medications; while body mass 

index (BMI) was the only physical risk factor included in this review. This information was 

used to guide the analysis of data from a sample of community-dwelling middle- and older-

aged adults living in Auckland, NZ, to identify intrinsic risk factors in this population described 

in Chapters Five to Seven. The chapter begins with an overview of the search methods and is 

followed by the results section where the study characteristics are described; outcome measures 

and biases are discussed, and then the risks associated with different risk factors are presented. 

The chapter closes with a discussion of the findings.  

 Aim and objectives 

The aim of this literature review was to review the published literature on intrinsic risk factors 

for falls or injurious falls among community-dwelling mid- and older-adults aged 50 years and 

over. 

 Search Methods 

The design and conduct of this literature review used a systematic approach and adhered to the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines 

2020 (58).  

Eligibility Criteria 

Published observational studies investigating intrinsic risk factors for any/all types, recurrent 

or injurious falls among community-dwelling mid and older-aged adults (≥50 years of age) and 

written in English were included in this review. The search was not limited by publication year 

and included all types of metrics of fall risk/rate (odds rate (OR), relative risk (RR) hazard ratio 

(HR), and incidence rate ratio (IRR)). Studies that focussed on extrinsic factors (e.g., 

environmental factors- stairs, or no hand rails), were limited to a particular patient population 

or populations with a specific health condition (e.g., stroke patients, fracture patients, previous 

fallers, or those with neurological conditions), or did not present multivariate or adjusted effect 
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estimates, were excluded. The search was conducted by the doctoral candidate (S.O), and all 

identified articles were checked for inclusion by the supervisor (R.S). 

The following databases were searched for relevant studies: Medline, Scopus, and Google 

Scholar from the 18th of December 2018. Key search phrases are described in Appendix A and 

included “risk factors/predictors”, “cause”, “falls/accidental falls”, “older adults”, “elderly”, 

“seniors”, “community-dwelling”, “causes”, “New Zealand”, “observational studies”, “case-

control study”, “cohort study”, “cross-sectional study”, “aetiological study”. Searches were 

controlled using Boolean operators such as “AND”, “OR”, “NOT”. For example: [“risk 

factors” OR “predictors”] AND [“falls” or “accidental falls”] AND [“aged” or “middle aged” 

or “AGED, 80 and over”] AND [“community” or “independent living”]. To focus the research, 

specific limits within the advanced search option were placed such as “observational studies”, 

“limit age to ≥50 years”, and the exclusion of irrelevant topics such as ‘genetics’. 

The articles identified via database searching were exported into the Endnote X8 software. This 

included the reference, abstract, uniform resource locator (URL), and digital object identifier 

(DOI) if available. Duplicates were removed, then the titles and abstracts of the remaining 

studies were reviewed to assess their eligibility. Following the exclusion of ineligible studies, 

the full text of the remaining articles was reviewed. Furthermore, the reference lists of articles 

that met the inclusion criteria were reviewed to identify potential additional literature (44). 

The majority of the included studies investigated multiple risk factors. This meant that during 

the qualitative synthesis of each risk factor, articles may have appeared more than once for 

different risk factors. Studies often examined multiple outcomes such as “any falls”, “multiple 

falls” and “injurious falls”. This resulted in individual studies reporting multiple relationships 

or effect estimates that could be positive, inverse, or null. For example, an exposure variable 

such as smoking may have been significantly associated with an increased risk of any falls but 

may have had a null association with injurious falls. This required a more critical assessment 

of each risk factor to decide whether they predict falls or not. Therefore, summary tables were 

prepared in three steps: first, the extraction of all relevant results and data from each article 

were placed into overall results tables; second, common risk factors from each study (and 

relevant data) were extracted and grouped into separate tables of risk factors (e.g., age); and 

third, the grouping of all the common risk factors into larger themes of factors that influence 

falls (i.e., sociodemographic risk factors).   
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Qualitative summary tables of results (results section) indicating whether articles showed a 

positive (risk factor), negative (protective factor), or null association (not significant) were also 

created to provide an overall picture for each risk factor. The fall outcomes for each summary 

table were divided into three categories: any/all, injurious and recurrent falls. This means that 

studies examining more than one fall outcome (i.e. any/all and recurrent) would appear twice 

in the table. It would be expected if there is no association between an exposure and an outcome 

that, by chance, studies would be distributed in the tables equally across each of the following 

three types of results: positive, negative or null. However, if the studies in each table were 

primarily either null or positive, this would indicate a possible positive association; and 

similarly, if studies were primarily either null or negative, this would indicate a possible 

negative association. The reason for this is that non-significant null associations or effect 

estimates may be attributed to methodological issues within studies such as: having a sample 

size too small to detect significant effect estimates; or longer recall periods that may result in 

random measurement error that attenuates associations. Quantitative meta-analyses were not 

carried out because of the variations in the methods used to measure exposures and outcomes.  

For each included study, the following information was extracted and reviewed by the doctoral 

candidate (S.O) with feedback provided by the supervisors (R.S, B.K):  author/s, year of the 

study, country, exposure and outcome measure (any, recurrent or injurious falls), effect 

estimates (e.g., RRs, ORs, IRRs or HRs), data collection methods (fall calendar, questionnaire, 

recall period), confounders considered, response and follow-up rates, and definitions used to 

measure falls.  

 Quality Assessment 

The New Castle-Ottawa Scale (NOS) was used by the candidate to assess the quality of 

included studies (59). The NOS is a convenient tool that utilises a star system to assess the 

quality of observational studies. Studies are evaluated based on the sample selection, 

comparability of study groups and the ascertainment of exposure and outcome being measured 

(59). For cross-sectional studies, a total score of five stars can be allocated: 5 = very good, 4 = 

good, 3 = satisfactory, and 1 to 2 =unsatisfactory. For case-control and cohort designs a total 

score of eight stars can be allocated: 7-8 stars = very good, 5-6 = good, 4 = satisfactory, and 0-

3 = unsatisfactory (59). A table summarising the quality of included studies was developed; 

however, because of the large volume of studies and information produced from this review 
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exceeded the word count for the thesis, these tables can be accessed via a request to the 

candidate. 

As mentioned previously, the nature of collecting falls data relies heavily on self-report. While 

fall calendars are the golden standard at reducing recall bias, they are still subjective. Hence, 

this could suggest that all studies included in this quality assessment would be assigned no stars 

for how they assessed fall outcomes. However, similar to a previous meta-analysis and 

systematic review by Deandrea et al. (44), a fall calendar or ascertainment of falls of ≤ 3 months 

can be considered an indicator for improved quality. Therefore, the candidate modified the 

assessment of outcome criteria in this NOS scale to suit fall-related research. In the cohort 

studies table, the criteria – independent blind, record linkage, and self-report criteria – were 

substituted with fall calendar ≤6 months and >6 months. In the cross-sectional table, the record 

linkage criteria were not substituted due to some cross-sectional studies analysing data from 

medical records.  

Furthermore, the history of falls status was measured during baseline assessments in most 

cohort studies. Therefore, all cohort studies were assigned no stars for having the presence of 

the outcome of interest (falls) at the start of the research. This aspect of the NOS could not be 

modified or adapted; however, all studies were consistent in this part (zero stars). 

 Results of the literature search 

2.5.1 Included studies 

Out of 4,606 articles from the database search and 21 additional records from other sources 

that met the inclusion criteria, after removal of duplicates, 386 articles were considered relevant 

based on titles and abstracts (Figure 2-1). After reviewing the full text of each article, 152 

studies were deemed eligible. Eighty-six of the articles described cohort studies (5, 7-16, 19, 

20, 22, 25, 60-130), two were nested case-control studies (131, 132), 60 were cross-sectional 

(21, 23, 24, 133-189), and four were case-control studies (190-193). The methods of these 

studies are summarised in Appendix B. 

The publication dates ranged from 1988-2018. Fifty-seven studies (5, 7, 8, 11, 15, 16, 19, 20, 

62, 67, 69-73, 77-80, 84, 86, 89, 93, 96, 98, 99, 101-103, 105, 106, 109, 111, 113, 116, 118, 

119, 121, 123, 125, 127, 128, 130, 133, 136, 140, 142, 150, 151, 154, 159, 166, 172, 184, 188, 

192, 193)  were from the Americas region (U.S, Mexico, Canada, Brazil and Colombia), 14 

studies (14, 25, 81-83, 88, 108, 129, 137, 155, 162, 168, 182, 187) from Australasia (Australia 
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and NZ), 47 studies (12, 13, 21, 22, 61, 64-66, 68, 74, 75, 85, 90-92, 94, 95, 97, 100, 104, 107, 

110, 112, 114, 117, 120, 122, 124, 126, 131, 132, 138, 144-147, 149, 153, 157, 158, 167, 170, 

171, 175, 183, 185, 189) were from Europe (Netherlands, Ireland, Finland, France, England, 

Germany, Sweden, Italy, Switzerland, Norway, Serbia and Spain), 31 studies (9, 23, 24, 60, 

63, 76, 87, 115, 134, 135, 139, 141, 143, 152, 156, 160, 161, 163-165, 169, 173, 174, 176, 178-

181, 186, 190, 191) were from the Asian region (China, Japan, Taiwan, Korea, Malaysia, 

Thailand, Turkey, India, Israel, Saudi Arabia and Iran), and three studies (10, 148, 177) were 

from the African region (South Africa, Nigeria and Egypt). The sample sizes for the included 

studies ranged from 75 to 159,336. 

Figure 2-1 Flowchart of Inclusion/Exclusion of Studies on Fall Risk Factors 
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A range of recruitment strategies were used, including simple/stratified random sampling from 

population listings such as electoral rolls (7, 14, 63, 64, 75, 81, 83, 88, 91, 104, 132, 139, 146, 

155, 159, 162, 181, 186, 187), zip/post code areas (21, 101, 158), healthcare centres/agencies 

(5, 61, 66, 76, 90, 97, 102, 105, 110, 113, 117, 121, 123, 129, 131, 164, 166, 169, 171, 173, 

179, 189-192), register of war veterans, census reports (9, 80, 122, 185), 

population/census/database registers or lists (i.e. Medicare list) (16, 19, 20, 23, 24, 62, 72-74, 

78, 79, 85, 89, 90, 92-96, 98-100, 103, 106-109, 111, 112, 114, 116, 118-120, 125-127, 130, 

134, 136, 138, 141, 142, 144, 147, 165, 180, 182, 188), or community organisations/centres 

(13, 15, 150, 153). One NZ cohort study by Atlas et al. (25) recruited participants using both 

the electoral roll, primary healthcare lists and Kaupapa Māori research methodologies. 

Five studies utilised clustered sampling strategies to recruit participants from population lists 

(census data) (68, 152, 154, 159, 161, 178), while other studies used census sampling (156, 

170, 176, 183), and systematic sampling techniques to recruit from population/census lists 

(154) and probability sampling to recruit from organizations for elderlies (188). Furthermore, 

four studies used convenience (174) and volunteer sampling (167, 168, 175) to recruit 

participants from community and health centres; while sampling strategies were not reported 

in the remainder of the studies (8, 60, 67, 115). 

The majority of included studies focussed on participants aged ≥60 years (16, 21, 23, 64, 65, 

94, 115, 125, 130, 136, 137, 140, 141, 150-154, 156, 161, 166, 168, 169, 172, 178, 190, 191, 

194) and ≥65 years (7-10, 16, 19, 20, 22, 24, 62, 63, 66, 67, 69, 70, 73, 75, 77, 80, 82, 85, 89-

92, 95, 97, 98, 103, 104, 109-113, 116, 118, 121, 122, 124, 126, 127, 131, 132, 134, 135, 138, 

142-145, 148, 155, 159, 160, 162-183, 185-189, 195, 196). Other age groups targeted in 

selected studies included participants aged ≥50 years (12, 76, 105, 147), ≥55 years (68, 139), 

≥59 years (15), ≥66 years (183, 192), ≥70 years (14, 22, 24, 60, 74, 81, 89, 96, 99, 106, 117, 

123, 126, 129, 149), ≥71 years (86),  ≥75 years (5, 61, 158, 170), and ≥80 to ≥85 years (92, 

100, 107, 171).  

A few studies focussed on specific age ranges such as 55-85 years (120), 63-90 years (93), 64-

99 years (187), 65-79 years (71, 146), 65-99 years (187), 65-84 years (119, 186),  67-97 years 

(185), 65-102 years (84), 70-75 years (108), 70-79 years (72, 78, 79, 101), 70-90 (83), 73-92 

years (88), 75-93 years (13), 80-89 years (25). Gerdhem et al. (114), in a Swedish cohort study, 

recruited participants aged 75 years only, while Fletcher et al. (102) in a Canadian cohort study 

reported a mean participant age of 80.7 (standard deviation (SD) 6.3). 
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2.5.2 Defining Falls 

Eighty-four of the studies reviewed provided a standard definition for falls (Appendix B). Most 

articles used the WHO definition of falls, which is “inadvertently coming to rest on the ground, 

floor or other lower level, excluding intentional change in position to rest in furniture, wall or 

other objects” p.1 (2). Studies excluded falls if they were: “a sudden onset of paralysis, epileptic 

seizure, or overwhelming external force” (76), due to “overwhelming hazard” (197), or an  

“intentional change in position to rest on furniture, wall or other objects” (195).  

2.5.3 Measuring Falls 

The eighty-six cohort studies (Appendix B) measured falls prospectively (5, 7-16, 19, 20, 22, 

25, 60-130). The most common method used for collecting the frequency of falls were fall 

calendars (7, 13, 22, 65, 66, 68, 76, 81, 83, 85, 88-91, 94-96, 99, 112, 115, 120, 123, 126, 127, 

129, 164) in which participants recorded a fall event at the time of a fall. The calendars were 

then collected every two to three months and reviewed by the researcher (5, 7, 11, 13, 22, 66, 

76, 81, 83, 85, 88-90, 94-96, 99, 112, 115, 120, 123, 126, 129). Other studies used mailed 

questionnaires/postcards (8, 10, 12, 16, 67, 70-72, 77, 86, 93, 97, 101-103, 105, 108, 110, 111, 

113-115, 119, 125, 128) and interviews (9, 14, 25, 61, 62, 65, 69, 73-75, 80, 82, 84, 87, 92, 98, 

100, 104, 106, 117, 118, 122, 130), where participants were required to recall how many falls 

they experienced and the circumstances over a specific time period (i.e. past 12 months). Other 

cohort studies utilised both posted questionnaires and interviews to collect fall outcome data 

(19, 98, 106, 121, 127); while some utilised fall data from clinic or hospital records (60, 64, 

68, 107, 116, 144) and health insurance claims (109).  

Recall periods used by cohort studies were: two weeks (16), six weeks (117), one month (15, 

121, 130), two months (9, 93, 100), three months (102), four months (14, 19, 20, 67, 86, 98, 

103, 106, 111, 113, 127), six months (73, 74), 12 months/ one year (10, 25, 65, 71, 72, 77-80, 

82, 101, 105, 108, 110, 114, 116, 118, 119, 122, 124, 164) and 24 months/two years (8, 12, 60-

62, 69, 75, 84, 92, 104). Other studies reported recall periods ranging between two to three 

months (70), and 18 to 36 months (97). Compared to other data collection methods, fall 

calendars are considered the gold standard because they minimize recall bias by collecting 

outcome data prospectively (5, 194). The remaining cohort studies extracted falls outcome data 

from clinic and hospital record and relied on efficiency of data collection by staff within these 

organisations (60, 64, 68, 107, 109, 116, 144, 192). One cohort study by Tromp et al. (124) of 

1,469 men and women aged ≥65 years did not report how the outcome of falls was recorded; 

however, it did specify self-report. 
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Fall outcome measures included: all types of falls or any falls/time to first fall (≥1), injurious 

falls [all injuries], and recurrent falls/total number of falls (≥2) (Appendix B).  

The sixty included cross-sectional studies (Appendix B) measured falls data retrospectively 

(21, 23, 24, 133-189). Participants were required to recall the number of times they had fallen 

over a certain period. Data collection methods included mailed questionnaires/surveys or 

postcards (19, 21, 136-139, 141-143, 146, 147, 150, 151, 153, 154, 156, 158-160, 163, 165, 

168-170, 173, 175, 180, 181, 183, 191), face to face or phone interviews (23, 24, 134, 135, 140, 

145, 148, 149, 152, 155, 161, 162, 166, 167, 171, 172, 174, 176-179, 182, 185-189) and data 

extraction from medical records (144, 196).  

Most cross-sectional studies utilised a 12 month recall period (23, 24, 134-139, 141-143, 146-

150, 152-156, 158, 159, 161-163, 165-167, 169-182, 186-189), while others required 

participants to recall fall events over the preceding six months (145, 160, 185), three months 

(168) and two years (21, 140, 151). One cross-sectional study from Germany of 4,281 men and 

women aged ≥66 years utilised a 24-hour recall period for collecting fall outcome data (183).  

The two nested case-control studies reviewed also collected injurious fall data retrospectively 

using patient registers (131) and report forms or death certificates (132). While three of the 

included case-control studies (190-192) also collected injurious fall data using patient 

registers, one case-control study (193) used interviews with a six month recall period.   

  



38 
 

 Biases 

2.6.1 Internal Validity 

Selection Bias 

The loss of participants to follow-up and prior to analysis may introduce selection bias (198). 

Although some studies (25, 61, 72, 88, 89, 97, 104, 105, 110, 121, 122, 125) had low follow-

up rates (<70%), most cohort studies reported follow-up rates of ≥70% (5, 7-16, 19, 20, 22, 60, 

64-67, 70, 71, 73-87, 90-96, 98-101, 103, 106, 107, 109, 112-117, 119, 120, 123, 124, 126-

130). The remaining six cohort studies did not report follow-up rates (62, 69, 102, 108, 111, 

118).  

Low response rates may reduce the representativeness of the study sample and findings by 

introducing non-response bias (199). Twenty-one cross-sectional studies  reported response 

rates greater than or equal to 70% (21, 24, 136, 142, 145, 150, 152, 153, 158, 159, 161, 163, 

165, 170, 177, 178, 181, 182, 184, 186, 189), while 14 studies reported lower than or equal to 

70% of respondents to the study (137-139, 141, 146, 147, 155, 162, 171, 176, 180, 183, 187, 

188). The remaining cross-sectional studies did not report their study response rates (23, 134, 

135, 140, 143, 144, 148, 149, 151, 154, 156, 160, 164, 166-169, 172-175, 179, 185).  

Although one nested case-control study reported no response rate (132), one did publish a 

response rate of 73.5% (131). Two of the case-control studies reviewed reported a response 

rate of 62.8% (193) and 100% (191), while the remaining case-control studies published no 

response rates (190, 192).  

Information Bias 

The measurement of fall outcomes and different risk factors relied heavily on self-reports in 

most of the studies reviewed, which is likely to have increased the possibility of 

misclassification bias (200). Twenty-six cohort studies utilised fall calendars (5, 7, 13, 22, 65, 

66, 76, 81, 83, 85, 88-91, 94-96, 99, 112, 115, 120, 123, 126, 127, 129, 164) during fall 

assessment. Although fall calendars are considered the golden standard for collecting falls data, 

it is still subjective, introducing some bias. While cohort studies assess falls prospectively, fall 

data collection methods still require participants to recall falls over a certain period. For 

example, participants may receive mailed questionnaires every six months in order to report 

the number of falls in the preceding six months. Having to think back over time may result in 

over/under-estimating fall events, especially over long periods (19, 201).  Out of all cohort 

studies reviewed, ten studies assessed falls every 24 months (8, 12, 60-62, 69, 75, 84, 92, 104), 
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twenty-one studies followed up falls every 12 months (10, 25, 65, 71, 72, 77-80, 82, 101, 105, 

108, 110, 114, 116, 118, 119, 122, 124, 164),  two studies used six months (73, 74), thirteen 

studies used four months (14, 19, 20, 67, 86, 98, 103, 106, 111, 113, 127), one study used three 

months (102), three studies used two-months (9, 93, 100), four studies used monthly falls 

assessments (5, 15, 121, 130), and two studies assessed falls every two weeks (16) or six weeks 

(117). Other studies reported fall assessment periods ranging between two to three months (70), 

and 18 to 36 months (97). Most cross-sectional studies reviewed utilised a 12 month recall 

period when collecting falls data (23, 24, 134-139, 141-143, 146-150, 152-156, 158, 159, 161-

163, 165-167, 169-182, 186-189). Only three cross-sectional studies used 24-month recall 

period years (21, 140, 151). The remaining cross-sectional studies recalled falls over the 

preceding six months (145, 160, 185), three months (168) and 24 hours (183).  

Most studies relied on self-report to measure exposure to different risk factors. This may 

increase misclassification bias as the level of exposure to certain factors may change over time, 

especially with longer follow-up periods (200). Medication use was measured subjectively via 

telephone interviews or questionnaires requiring participants to list, without proof of the 

dosage, what medications they were on (5, 7, 14-16, 83, 87, 88, 92-94, 97, 102, 110, 114, 119, 

122, 123, 125). This can result in poor reporting of the types of drugs taken (7). All studies 

examining the effects of alcohol on falls utilised self-report (7, 14, 65, 96, 112-114, 116, 118, 

131, 138, 142, 159, 161, 163, 180, 181, 187) rather than more objective means such as liver 

functions tests, alcohol use diaries or blood test (113). This could result in the 

over/underestimation of alcohol consumption impacting on the level of effect estimates.  

Collecting data from GP routine medical records may have resulted in measurement error due 

to participants not revealing fall events that did not lead to a GP visit and consultation (144). 

This could suggest that unless the GP asks about the number of times a patient falls or if the 

recorded consultations are due to an injurious fall, falls may be under-reported. Furthermore, 

several nested case-control (131, 132) and case-control studies (190, 192, 193) defined 

injurious falls as any fall requiring medical attention (within a specific time period i.e. last 24 

hours) which may underestimate fall related injuries and impact on the level and precision of 

effect estimates. 

2.6.2 External Validity 

All studies included in this review recruited healthy participants aged 50 years or older living 

in the community. Therefore, findings from this review may not apply to younger participants 
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aged less than 50 years and older adults residing in institutions or residential care. Four of the 

included studies used convenience sampling (volunteers) during recruitment, which resulted in 

the inability to extrapolate results to a broader population (167, 168, 174, 175).  

Differences between sex and fall risk has been well documented, and findings from studies that 

include women only cannot be generalizable to men. Fourteen studies (15, 19, 20, 71, 76, 98, 

103, 105, 106, 108, 114, 127, 172, 187) focussed on women and seven studies (14, 67, 77, 86, 

111, 113, 123) recruited men only in their research. The remaining included studies carried out 

research on both male and female participants (Appendix B).  

2.6.3 Confounders 

Falls are caused by complex interactions of risk factors where confounding cannot be ruled out 

completely. In this review, multivariate models were prioritised when extracting data on the 

risk of falls to reduce the issues of confounding. Apart from one study (187) that used the 

Mantel-Haenszel method, most included studies used a multivariate method of analysis, which 

controlled for all variables within the model. Common confounders include age, sex, history 

of falls, and the number of comorbidities, and medications. The confounders considered in the 

included studies are displayed in Appendix B.  

 Quality of studies (NOS) 

Overall, eight cross-sectional studies were rated very good (21, 133, 144, 145, 160, 168, 183, 

185), 45 studies were good (23, 24, 134, 136-143, 146-159, 162, 164, 166, 167, 169-171, 173-

176, 178-182, 184, 186, 188, 189) and seven were satisfactory (135, 161, 163, 165, 172, 177, 

187). For cohort studies, 29 were rated very good (5, 7, 9, 15, 16, 20, 66, 70, 74, 77, 81, 83, 88, 

89, 91, 93-96, 98, 103, 106, 107, 111, 112, 120, 126, 129, 130), 56 studies were good (8, 10-

14, 19, 20, 22, 25, 60-65, 68, 71-73, 75, 76, 78-80, 82, 84-87, 90, 92, 97, 99-102, 104, 105, 

108-110, 113-119, 121-125, 127, 128) and only one (69) was considered satisfactory. This 

review identified only two nested-case control studies (131, 132) and four case-control studies 

(190-193), all with a rating of very good.   
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 Risk Factors for falls  

The risk factors for falls identified in this review were clustered into five domains: socio-

demographic, lifestyle, medical conditions, and pharmaceutical.  

As previously mentioned, this review's risk factors were limited to those key to this thesis, and 

each of these will now be discussed in more detail. Because the large volume of studies and 

information produced from this review exceeded the required word count for the thesis 

requirements, only key meta-analysis, systematic reviews and studies are presented for 

established risk factors such as sociodemographic, lifestyle and anthropometric factors; while 

less reported risk factors such as medical conditions and pharmaceutical drugs are presented 

systematically. Specific information regarding the design, setting, and findings of each study 

discussed in the following sections is located in the summary review tables and Appendix B. 

2.8.1 Sociodemographic Risk Factors 

Age  

Advanced age has been extensively researched over the years and well established as a risk 

factor for increase fall risk (44, 202-204). A meta-analysis by Deandrea et al. (2010) of 74 

cohort studies on risk factors for falls among community older adults (≥65 years) published 

from 1998 to 2008 reported that for each five-year increase in age, the OR of having all falls 

was 1.12 (95% CI 1.07, 1.17), while a similar risk was indicated in recurrent fallers (OR 1.12, 

95% CI 1.07, 1.18) (44). There was heterogeneity for both outcomes (P≤0.0001 and 0.009, 

respectively). A systematic review of 62 experimental and observational studies published 

from 2010 to 2014 reported that age was among the most frequently researched risk factor in 

relation to fall risk (202). More recent observational studies published from 2014 to 2018 also 

reported a positive association between increasing age and increased fall risk – with effect 

estimates ranging from 1.03 to 10.49 (8, 21, 69, 76, 82, 131, 136, 139, 140, 142, 144, 149, 154, 

161, 163). The risk of falls tends to be higher in older-elderly (≥80 years) versus younger-

elderly (50-79 years) (8, 76, 131, 140, 142, 149, 154, 161). Although several studies reviewed 

reported no association between increasing age and fall risk after adjusting for confounding 

factors, this could be attributed to their small sample sizes (n<1400) (8, 23, 61, 83, 134, 148, 

151).  

One U.S cohort study of 226 men and women aged ≥65 years recruited from clinical centres 

reported that the OR of having any falls was 0.92 (95% CI 0.85, 0.99) for increasing years of 

age after adjusting for confounding factors (121). This could be attributed to the older elderly 
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participants having lower mobility than the younger elderly, which may reduce their chances 

of experiencing falls (150).  

Sex 

Sex and its impacts on falls have also been extensively researched over the years, with being 

female as a risk factor for increased fall risk. A systematic review of 15 cohort studies published 

between 1988 and 2005 found that, although some study findings were contradictory, women 

in advanced age were more at risk of falling compared to men (205). Deandrea et al.’s meta-

analysis reported that females were 1.3 times more at risk of falling compared to males (all and 

recurrent falls), with heterogeneity between studies (p=0.004; p<0.0001 respectively) (44). 

Recent observational studies (published after 2008) that controlled for age as a confounding 

variable during multivariate analysis also found a positive association between being female 

and increased fall risk – with effect estimates ranging from 1.26 to 4.42 (8, 61, 92, 135, 136, 

139, 140, 154, 160, 163, 171, 173, 178). This indicates that these results are not attributed to 

sex-related age differences.  Although there was some imprecision in other studies with null 

findings, this could be attributed to their small sample sizes of ≤800 participants (16, 23, 70, 

83, 88, 117, 125, 128, 145, 148, 150-152, 169) and long recall period (≥12 months) which may 

have resulted in an under/over-estimation of falls, resulting in misclassification attenuating 

effect estimates (8, 69, 74, 97, 110, 118, 134, 147, 175).    

Ethnicity 

White/Caucasian Ethnic Groups  

Observational studies reporting on ethnicity were predominantly conducted in the U.S and 

examined the effects of being White/Caucasian on fall risk (11, 69, 93, 96, 119, 128, 133, 184, 

206). Several studies indicated a positive association between being White/Caucasian and 

increased risk of falls compared to Black/African American – with effect estimates ranging 

from 1.5 to 3.0 in any/all fallers (10, 69, 119, 184) and 1.53 to 7.04 in recurrent fallers (10, 93). 

(207)Although Kiely et al. and Teno et al. reported null associations between White race and 

increased risk of falls compared to Black, this could be attributed to their small sample size 

(n=765; 736 respectively) (11, 128). The stratification of the study sample by age in Faulker et 

al.’s study may have reduced the power to detect a significant effect estimate because of 

reduced sample sizes in each age group (206). Despite this, the direction of association is 

consistent with an increased risk of falls. A possible explanation for this difference in fall risk 

between White/Caucasian compared to other ethnic groups include one or an interaction of the 

following factors: differences in attitudes towards falls and risk taking behaviours, differences 
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in cultural behaviours (i.e. using walking sticks, avoiding prevention strategies or not showing 

weakness), or health issues (207). 

              African American/ Black Ethnic Groups  

Several studies reviewed found a protective effect between African American/Black ethnic 

groups compared to White/Caucasian − with effect estimates ranging from 0.53 to 0.77 in all 

fallers and recurrent fallers (73, 84, 118, 142). Although one U.S cross-sectional study of 5,930 

men and women found no association between African Americans and fall risk compared to 

other ethnic groups, the direction of association is consistent with reduced fall risk (133).  

Hispanic/Latino Ethnic Groups 

Three studies reviewed found inconclusive results between Hispanic/Latino ethnic groups and 

fall risk. While one study (142) reported a protective effect between Hispanic/Latino and fall 

risk compared to White ethnic groups (OR 0.74, 95% CI 0.65, 0.85), two studies (84, 151) 

found no association. The null association in the latter two studies could be attributed to the 

small sample size (n=530) (151) and long recall period (24 months) (84), which may have 

impacted the precision of the effect estimates. 

Indian Ethnic Group  

Three studies investigated the effects of Indian ethnicity on fall risk indicating − mixed results. 

While two studies (23, 63) found no association between the Indian ethnic group and any fall 

risk, one study (139) reported a significant effect estimate. A Malaysian cross-sectional study 

of 1,565 men and women aged ≥55 years recruited from the electoral roll indicated that the OR 

of having any falls was 1.45 (95% CI 1.08, 1.95) for Indian compared to Malay ethnicity (139). 

Yeong et al., in another Malaysian cross-sectional study, found no association between Indian 

ethnicity and fall risk compared to Malay, which may be attributed to the small sample of 

Indian participants in this study (n=28) (23). Chen et al., in a Singaporean cohort study, also 

reported no association between Indian ethnicity and fall risk compared to Chinese (OR 4.50, 

0.73, 27.64) (63). Although a shorter recall period (<12 months) may have lessened attenuation 

of effect estimates in this study, the direction of association was consistent with increased risk 

of falls (63).  

Chinese Ethnic Group 

Two Malaysian cross-sectional studies, by Alex et al. (139)  and Yeong et al. (23), examined 

the association between Chinese ethnicity and fall risk compared to Malay ethnic groups − 

indicating no association (OR 1.20, 95% CI (Confidence Interval) 0.88, 1.63; OR 0.61, 95% 
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CI 0.20,1.86 respectively). The imprecisions in Yeong et al.’s study may be attributed to the 

small size in this study (n=811) (23), while a shorter recall period (<12 months) in Alex et al.’s 

study may provide more precise effect estimates (139).  

Other Ethnic Groups 

A South African cohort study of 837 men and women aged ≥65 years reported that participants 

with mixed ancestry (Black and White) were more at risk of falling compared to Black African 

Ancestry (Any falls: OR 1.98, 95% CI 1.11, 3.51; Recurrent falls: OR 5.19, 95% CI 1.28, 

21.15) (10). 

A U.S. study by Paliwal et al. (142) of 159,336 men and women aged ≥65 years reported a 

lower risk of falling in ‘other ethnic groups’ (non-Black, non-White, and non-Hispanic) 

compared to White ethnic groups after adjusting for all confounding chronic health conditions 

and behavioural factors (OR 0.80, 95% CI 0.66, 0.97). 

A Singaporean cohort study of 1,975 men and women aged ≥60 years recruited from population 

lists reported that participants who were Malay, compared to Chinese, had an increased risk of 

any falls after adjusting for confounding variables (OR 4.76, 95% CI 1.21, 18.68) (63). While 

Yeong et al. (23), in a Malaysian cross-sectional study, found a significant association between 

indigenous population groups and any fall risk compared to Malay after adjusting for 

confounders (OR 6.06, 95% CI 1.10, 33.55).  

A cross-sectional study from the Netherlands of 8,892 men and women aged ≥65 years found 

no association between Morrocan, Turkish or Surinamese ethnic groups and any fall risk 

compared to Dutch (OR= 0.54, 95% CI 0.27, 1.06; 0.84, 95% CI 0.42, 1.64; 1.05, 95% CI 0.68, 

1.64 respectively) (138).  

Overall, ethnicity, particularly being White, is associated with an increased risk of falls, while 

African American/Black ethnic groups were shown to have a reduced risk of falls. There is a 

need for further research of studies with larger sample sizes and sufficient power to investigate 

the effect of other minority groups (i.e., Latino, Indian, Chinese or Indigenous ethnic groups) 

on the risk of falls. 

Education 

Research on education and fall risk has indicated inconsistent results. Deandrea et al.’s meta-

analysis of cohort studies examining the effects of low education compared to intermediate or 

high education on all falls (seven studies) and recurrent falls (eight studies) found no 



45 
 

association (44). More recent studies reviewed (published after 2009)  reported a positive 

association between increasing educational attainment and increased fall risk after adjusting 

for confounding factors (96, 105, 138, 159); while in contrast, two studies found protective 

effects between increasing educational attainment and fall risk (135, 182). Several studies 

reported null associations between increasing education and fall risk, which may be attributed 

to the small sample sizes created by the stratification of the study sample by education level, 

reducing the power to detect significant effect estimates (8, 70, 73, 74, 139); while a longer 

recall period of 12 and 24 months in other studies  have may impacted the precision of effect 

estimates (140, 163).  

Unemployment 

Unemployment was shown to be associated with increased fall risk (142, 143). Paliwal et al. 

(142), in a U.S cross-sectional study of 159,336 men and women aged ≥65 years, showed that 

participants who were unemployed were more at risk of falling compared to those who were 

employed after adjusting for confounding factors (OR 1.10, 95% CI 1.02, 1.18).  A Korean 

cross-sectional study of 38,627 men and women aged ≥65 years or older found that participants 

in employment had a lower risk of falls compared to those who were unemployed after 

adjusting for confounding variables (OR 0.941, 95% CI 0.887, 0.997) (143). Although there 

were some inconsistencies in Agudelo-Botero et al.’s findings (occasional falls: 0.97, 95% CI 

0.85,1.11; recurrent falls: OR 1.10, 95% CI 0.98, 1.23), this could be attributed to the long 

recall period (24 months), which increases the chances of over/underestimation of falls 

impacting the precision of the effect estimates (140).  

The type of employment was also shown to have an impact on fall risk. A Chinese cross-

sectional study of 1,947 participants aged ≥70 years reported that participants in blue-collar 

employment (manual labour) had a lower risk for falls (OR 0.8, 95% CI 0.6, 0.9) compared to 

white-collar employment (office job) (24). 

Living Alone  

Living alone was shown to be associated with an increased risk of falls. Deandrea et al.’s meta-

analysis of all studies reporting multivariate results reported that participants who were living 

alone were more at risk of falling compared to those not living alone (all fallers: OR 1.33, 95% 

CI 1.21, 1.45; recurrent fallers: OR 1.25, 95% CI 1.10, 1.43) (44). However, heterogeneity was 

not available for this analysis (44). Studies conducted more recently (after 2009) also showed 

a positive association between living alone and increased fall risk – with effect estimates 
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ranging from 1.13 to 2.60 (23, 97, 131, 161). Although other studies reported a null association 

between living alone and increased fall risk, this may be attributed to their small size (n< 800) 

(16, 128, 169). The stratification of the study sample into full-time, part-time, and not living 

alone in Yang et al.’s study may also reduce the study sample size and impact the precision of 

effect estimates (134). However, a shorter recall period in two cross-sectional studies may have 

reduced the chances of over/underestimating fall events, reducing the bias of measuring effect 

estimates (138, 181).  

In contrast, two studies reviewed found a protective effect between living alone and fall risk 

(133, 174). A U.S cohort study of 5,930 men and women aged ≥65 years found that living 

alone was associated with reduced fall risk compared to living with others (OR 0.78, 95% CI 

0.61, 0.99) (133). This study finding could be attributed to chance (133). Fong et al. (174), in 

a Chinese cross-sectional study, reported that living with a couple only, compared to those who 

were living alone, was associated with increased risk of falls (OR 2.06, 95% CI 1.24, 3.44). 

This could be attributed to participants living in couples being the primary caregiver to their 

partner who may have long-term health conditions or disabilities impairing their functional 

status which increased the risk of falls (174).  

Marital Status 

Studies reviewed also indicated marital status, particularly participants who were 

unmarried/divorced/single/widowed, as a risk factor for falls – with effect estimates ranging 

from 1.12 to 2.87 (10, 131, 142, 159, 190). Although four studies reported null associations 

between marital status and increased risk of falls, this could be attributed to small sample size 

(n=131) (148), and long recall periods (12/24 months) that may result in the 

over/underestimating of fall events, impacting the precision of effect estimates (8, 139, 140). 

In contrast, Choi et al., in a Korean cross-sectional study of 43,367 men and women aged ≥65 

years, reported that participants who were married had an increased risk of falls compared to 

those who were never married/non-partnered (OR 1.13, 95% CI 1.05, 1.21) (163). This finding 

could be due to chance.  

2.8.2 Lifestyle Risk Factors & BMI 

Lifestyle risk factors in this review were defined as modifiable factors concerning people's 

choices, emotions, and actions, which could increase their risk of falls (2). The lifestyle risk 

factors highlighted in this review included alcohol consumption, smoking, and physical activity 

levels. Each of these will now be discussed. 
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Alcohol Intake 

Previous research has reported inconsistent findings on the association between alcohol 

consumption and fall risk. A systematic review of 15 observational studies published between 

2016 and 2018 reported a significant association between alcohol consumption and fall risk in 

five studies, while the remaining ten studies reported null associations (46). This could be 

attributed to the majority of studies measuring alcohol intake using surveys which can result in 

recall bias impacting the precision of effect estimates. In contrast, other observational studies 

reviewed found a protective effect between alcohol consumption and fall risk (7, 14, 113). 

Therefore, with studies reporting mixed findings (positive, null, and negative associations), this 

suggests that there is no association between alcohol consumption and risk of falls.  

Tobacco Smoking 

Studies reviewed suggests a protective effect between smoking and fall risk. Although there 

was no previews on the effects of smoking on falls among older adults, one Swedish nested 

case-control study of 21,747 participants (cases and controls) aged 65 years or older reported 

a significant association between injurious fall risk and the presence (compared to the absence) 

of daily smoking after adjusting for age and sex (OR 1.66, 95% CI 1.18, 2.32) (131). In contrast, 

two studies found a protective effect between current smokers and fall risk (24, 103), while no 

association was shown in ex-smokers compared to those who never smoked (24, 103). 

Furthermore, Hanlon et al. (118) reported a significant association between increasing smoking 

(pack-years) and increased fall risk. Although other studies reviewed reported null associations 

between smoking and fall risk, the direction of association was mainly protective (74, 118, 163, 

181, 187). Hence, this could suggest a possible protective effect between smoking and fall risk.  

Physical Activity 

Previous studies have showed no association between physical activity and fall risk. Deandrea 

et al.’s meta-analysis of 10 studies examining the effects of reduced physical activity on fall 

risk indicated no association (OR 0.70, 95% CI 0.40, 1.21) (44). Other studies reviewed also 

indicated mixed results, with some reporting significant associations between low physical 

activity and increased fall risk (76, 87, 131, 154, 161, 169); while other studies found a positive 

association between increased physical activity levels and fall risk (7, 103, 111). This 

inconsistency of results could be attributed to the diverse methods of measuring physical 

activity across different studies, suggesting a need for more standardised measurements. 
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Body Mass Index (BMI) 

Previous research has shown no association between BMI and fall risk in older adults. 

Deandrea et al.’s meta-analysis reported no association between low BMI and fall risk 

compared to intermediate or high BMI (All falls: OR 1.04, 95% CI 0.73, 1.48; Recurrent falls: 

OR 0.88, 95% CI 0.59, 1.31) (44). The test for heterogeneity was not available in this meta-

analysis due to the different cut points for BMI according to diverse populations groups (44). 

In more recent research (after 2009), three studies reported a positive association (24, 155, 

164), nine studies showed null associations (62, 83, 88, 92, 96, 138, 150, 159, 170), and two 

studies (62, 131) found a negative association between increasing BMI and increased fall risk. 

Therefore, the studies distributed across all three results (positive, null and negative) suggests 

no association between BMI and increased risk of falls.  
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2.8.3 Medical Conditions 

Medical conditions were defined as any physical, cognitive, psychosocial, or mental health 

issue in the body. The medical conditions identified and discussed in this section clustered into 

the perception of health, depression, cardio-metabolic diseases, cardiovascular diseases, 

physical health conditions, and respiratory conditions.  

Poor Self-Rated Health 

Twenty studies – seven cohort, one nested case-control, and twelve cross-sectional – 

investigated the effects of self-rated health on fall risk (Table 2-1). Sixteen studies (8, 103, 105, 

131, 138, 140, 143, 158, 160, 161, 163, 166, 170, 181, 182) indicated a positive association 

between poor/fair general health and increased fall risk compared to good/excellent – with 

effect estimates ranging from 1.20 to 2.93 in any fallers (8, 105, 158, 160, 163, 166, 170, 182), 

1.19 to 9.23 in recurrent fallers (8, 103, 138, 140, 181) and 1.80 to 2.56 for injurious fallers 

(131, 161).  Nicklett et al. (8), in one of the more robust U.S cohort studies of 1,442 men and 

women aged ≥65 years, indicated that participants with poor health were more at risk of falling 

compared to those with excellent health (Single fall: RR 2.93, 95% CI 1.03, 8.30; Recurrent 

falls: RR 9.23, 2.70, 31.59). Another U.S cohort study of 66,134 women aged ≥50 years 

recruited from primary care practices reported that the OR of having any/all falls was [OR] 

1.20 (95% CI 1.13, 1.26) for having poor or fair health versus good health (105). Cross-

sectional studies by Agudelo-Botero et al. (140) and Lee et al. (181) reported a significant 

association between poor/fair health and recurrent fall risk (OR 1.64, 95% CI 1.39, 1.94; OR 

1.27, 1.06, 1.51 respectively), but null associations for single/any/occasional fall risk (OR 1.22, 

0.99, 1.51; OR 1.64, 95% CI 1.39, 1.94 respectively). A shorter recall period (<12/24 months) 

may provide more precise effect estimates in these studies. Furthermore, other studies also 

reported null associations, which could be attributed to their small sample size (n<800) (96, 

150) and long recall periods of 12 months (110, 118), that may under/overestimate the number 

of falls impacting the level and precision of effect estimates.  

Overall, results indicate a significant association between poor self-reported health and 

increased fall risk (Table 2-1).  
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Table 2-1 Poor self-rated health and any, recurrent and injurious falls (+ve= Poor self-rated health 

is associated with increased fall risk, -ve = Poor self-rated health is associated with decreased fall 

risk, and null= no association) 

Any falls 
 

Study Design - ve Null + ve Total 

Cohort  • Clough-Gorr 2008 (110) 

[OR 1.0, 0.7, 1.5] 

• Hanlon 2002 (118) [OR 

1.11, 0.95, 1.29] 

• Barrett-Connor et al. 2009 

(105) [OR 1.20, 1.13, 1.26] 

• Nicklett 2017 (8) [RR 2.93, 

1.03, 8.30] 

 

4 

Cross-sectional   • Agudelo-Botero 2018 

(140) [OR 1.22, 0.99, 

1.51] 

• Frank-Wilson 2016 (150) 

[OR 0.98, 0.96, 1.01] 

• Lee 2006 (181) [OR 0.99, 

0.99, 1.00] 

 

• Cevizci et al 2015 (160) 

[OR 1.74, 1.24, 2.43] 

• Maia Ribeiro et al 2013 

(166) [OR 1.54, 1.09, 2.17] 

• Fonad 2015 (158) [OR 1.61, 

1.34, 1.95] 

• Choi 2014 (163) [OR 1.27, 

1.16, 1.38] 

• Hedman 2013 (170) [OR 

1.40, 1.15, 1.72] 

• Gill 2005 (182) [OR 1.34, 

1.09, 1.67] 

9 

Recurrent falls 
 

Cohort  • Hanlon 2002 (118) [OR 

1.25, 0.99, 1.56] 

• Kelsey 2010 (96) [RR 

1.29, 0.97, 1.71] 

• Faulkner et al 2009 (103) 

[RR 1.19, 1.04, 1.35] 

• Nicklett 2017 (8) [RR 9.23, 

2.70, 31.59] 

4 

Cross-sectional    • Agudelo-Botero 2018 (140) 

[OR 1.64, 95% CI 1.39, 

1.94] 

• El Fakiri 2018 (138) [OR 

1.78, 1.33, 2.37] 

• Lee 2006 (181) [OR 1.27, 

1.06, 1.51] 

3 

Injurious falls 
 

Nested Case-

control 

  • Helgadottir et al 2014 (131) 

[OR 2.56, 1.91, 3.43] 

1 

Cross-sectional   • Shi 2014 (161) [OR 1.80, 

1.10, 2.95] 

• Noh 2017 (143) [OR 0.99, 

0.99, 0.99] 

2 

Total  7 16  
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Depression 

Thirty-two studies – thirteen cohort, one nested case-control, sixteen cross-sectional, and two 

case-control – investigated the effects of poor mental state or depression on fall risk (Table 2-

2). The majority of the studies reviewed found a positive association between depression and 

increased fall risk – with effect estimates ranging from 1.17 to 4.27 in any/all fallers (8, 25, 

105, 133, 141, 142, 147, 154, 155, 163, 178, 185, 191), 1.23 to 8.53 in recurrent fallers (8, 89, 

96, 117, 136, 138, 140, 167, 174) and 1.12 to 1.42 in injurious fallers (81, 82, 143, 192). A NZ 

cohort study of 554 men and women age≥ 80 years recruited via GP reported that Māori 

participants with depression were more likely to fall compared to those with no depression (OR 

2.00, 95% CI 1.23, 3.26); while non-Māori participants with depression had a slightly higher 

risk of falls (OR 2.76, 95% CI 1.67, 4.54) (25). A U.S. cohort study of 1,442 men and women 

aged ≥65 years also showed that participants with depression had an increased risk of falls 

compared to no depression (any falls: RR 1.09, 95% CI 1.00, 1.19, p<0.05; recurrent falls: RR 

1.23, 95% CI 1.15, 1.32 respectively) (8). A Mexican cross-sectional study of 9,598 men and 

women aged ≥60 years or older recruited from the U.S Census Bureau also reported that having 

depression compared to no depression was associated with increased risk of recurrent falls (OR 

1.53, 95% CI 1.37, 1.70) but not occasional/single falls (OR 1.04, 95% CI 0.91, 1.19)  (140). 

Studies by Lavedan et al., Kamel et al., Allali et al., and Landi et al. also reported null 

associations between depression and fall risk, which could be attributed to their small sample 

size (n= 640; n=340; n=449; n=260 respectively) (61, 70, 92, 169).  

Overall, results indicate a significant association between depression and increased fall risk 

(Table 2-2). 

  



52 
 

Table 2-2 Depression and any falls (+ve= Depression is associated with increased fall risk, -ve = 

Depression is associated with decreased fall risk, and null= no association) 

Any falls 

 

Study Design - ve Null + ve Total 

Cohort  • Landi 2012 (92) [HR 

1.10, 0.42, 2.91] 

• Clough-Gorr 2008 

(110) [OR 1.3, 0.9, 

1.9] 

• Hanlon 2002 (118) 

[OR 1.03, 0.98, 1.07] 

• Lavedan 2018 (61) 

[HR 1.05, 0.67, 1.64] 

• Allali 2017 (70) [HR 

0.96, 0.87, 1.06] 

• Atlas et al 2017 (25)[Māori: 

OR 2.00, 1.23, 3.26; Non-

Māori: OR 2.76, 1.67, 4.54] 

• Barrett-Connor et al 2009 

(105) [OR 1.43, 1.37, 1.50] 

• Nicklett 2017 (8) [RR 1.09, 

1.00, 1.19] 

 

 

 

8 

Cross-sectional   • Agudelo-Botero 2018 

(140) [OR 1.04, 0.91, 

1.19] 

• Kamel et al 2013 

(169) [OR 1.61, 0.85, 

3.05] 

 

• Zhao 2018 (133) [OR 1.28, 

1.06, 1.55] 

• Yu et al 2009 (178)  [OR 

4.27, 1.03, 17.71] 

• Bhangu 2017 (147) 

[Moderate: OR 1.35, 1.18, 

1.56; Severe OR 1.54, 1.29, 

1.83 vs Mild OR 1.00] 

• Morsch 2015 (154) [OR 

1.64, p=0.04, CI not 

reported] 

• Mitchell 2015 (155) [RR 

1.17, 1.02, 1.33] 

• Choi 2014 (163) [OR 1.47, 

1.27, 1.70] 

• Sharma 2017 (141) [OR 

2.97, 1.73, 5.11] 

• Paliwal 2017 (142) [OR 

2.26, 2.11, 2.42] 

• Bergland 2000 (185) [OR 

1.7, 1.0, 2.9, p<0.01] 

11 

Case-control   • Kuhirunyaratn 2013 (191) 

[OR 1.76, 1.03, 2.99] 

1 

Recurrent falls 
 

Cohort  • Hanlon 2002 (118) 

[OR 1.05, 0.99, 1.10] 

 

• Quach et al 2013 (89) 

[IRR 1.67, 1.28, 2.18] 

• Nicklett 2017 (8) [RR 

1.23, 1.15, 1.32] 

• Kelsey 2010 (96)[RR 

1.96, 1.37, 2.80] 

• Stalenhoef 2002 (117) 

[OR 2.2, 1.1, 4.5] 

5 

Cross-sectional    • Launay et al 2013 (167) 

[OR 1.86, 1.50, 2.30] 

• Agudelo-Botero 2018 

(140) [OR 1.53, 

1.37,1.70] 

• Reyes-Ortiz 2018 (136) 

[OR 1.43, 1.07, 1.91] 

5 
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• El Fakiri 2018 (138) [OR 

1.88, 1.43, 2.80] 

• Fong 2011 (174) [OR 

8.53, 1.96, 37.02] 

Injurious falls 

 

Cohort   • Kvelde 2015 (81) [RR 

1.42, 1.03, 1.96] 

• Clemson et al 2015 (82) 

[HR 1.12, 1.05 1.20] 

2 

Nested Case-control  • Helgadottir et al 2014 

(131) [OR 1.33, 0.91, 

1.93] 

 1 

Cross-sectional   • Noh 2017 (143) 

[Moderate: OR 1.12, 

1.04, 1.20; Extreme: OR 

1.44, 1.23, 1.70] 

1 

Case-control   • Kelly et al 2003 (192)[OR 

1.36, 1.14, 1.61] 

1 

Total  9 26  
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Cardio-metabolic Diseases 

Diabetes 

Twenty-two studies – nine cohort, one nested case-control, eleven cross-sectional, and one 

case-control – investigated the association between diabetes and fall risk (Table 2-3).  

Eleven studies reported a significant association between diabetes and increased risk of falls – 

with effect estimates ranging from 1.17 to 1.70 in any/all fallers (8, 24, 105, 118, 142, 159, 

163, 164, 178, 180, 181), and 1.13 to 3.61 in recurrent fallers (8, 118, 180, 181).  A U.S. cohort 

study of 66,134 women aged ≥50 years recruited from primary care practices reported a 

significant association between increased risk of any falls and having diabetes compared to no 

diabetes after adjusting for confounders (OR 1.17, 95% CI 1.10, 1.24) (105). Another U.S. 

cohort study of 4,162 men and women recruited from census lists also reported an increased 

risk of falls among those with diabetes compared to no diabetes (any/all falls: OR 1.36, 95% 

CI 1.04, 1.79; recurrent falls: OR 1.46, 95% CI 1.02, 2.08) (118). A Canadian cross-sectional 

study of 14,887 men and women aged ≥65 years found a significant association between 

diabetes and injurious fall risk compared to no diabetes (OR 1.31, 95% CI 1.05, 1.65) (159). 

Agudelo-Botero et al., in a Mexican cross-sectional of 9,598 men and women aged ≥60 years, 

found a positive association between participants who had diabetes compared to those with no 

diabetes (OR 1.13, 95% CI 1.01, 1.27), but this significant association was not seen in 

occasional fallers (OR 1.02, 95% CI 0.89,1.17) (140). Other studies (74, 83, 92, 109, 131, 134, 

140, 147, 150, 192) reviewed also reported null associations between diabetes and fall risk. For 

several studies (83, 92, 150), their sample size (n<531) were not large enough to provide more 

precise effect estimates; while long recall periods (12/24 months) in other studies may have 

under/overestimated the number of falls impacting the precision of effect estimates (91, 134, 

140, 147).  

Overall, results indicate that diabetes is associated with an increased risk of falls (Tables 2-3).  
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Table 2-3 Diabetes and any, recurrent and injurious falls (+ve= Diabetes associated with increased 

fall risk, -ve = Diabetes is associated with decreased fall risk, and null= no association) 

Any falls 

 

Study Design - ve Null + ve Total 

Cohort  • Wong et al 2014 (83) [OR 

0.81, 0.65, 1.01] 

• Landi 2012 (92) [OR 1.35, 

0.53, 3.43] 

• Johansson 2016 (74)  [OR 

1.05, 0.56, 1.97]  

• Yang 2018 (134) [OR 0.97, 

0.62, 1.51] 

• Barrett-Connor et al  2009 

(105) [OR 1.17, 1.10, 1.24] 

• Hanlon 2002 (118) [OR 1.36, 

1.04, 1.79] 

• Nicklett 2017 (8) [RR 1.70, 

1.21, 2.38] 

 

7 

Cross-sectional   • Bhangu 2017 (147) [OR 1.21, 

0.99, 1.48] 

• Frank-Wilson 2016 (150)[OR 

2.63, 0.68, 10.13] 

• Agudelo-Botero 2018 

(140)[OR 1.02, 0.89,1.17]  

 

• Ho 1996 (24) [OR 1.4, 1.0, 

2.0] 

• Yu et al 2009 (178) [OR 1.48, 

1.05, 2.09] 

• Paliwal 2017 (142) [OR 1.32, 

1.24, 1.40] 

• Choi 2014 (163) [OR 1.14, 

1.05, 1.23] 

• Lee 2006 (181) [OR 1.27, 

1.03, 1.58] 

• Wu, Chie, Yang, Liu et al. 

2013 (164) [OR 1.56, 1.05, 

2.34] 

9 

Recurrent falls 

 

Cohort  • Pijpers 2012 (91)[HR 1.30, 

0.79, 2.11] 

 

• Hanlon 2002 (118) [OR 1.46, 

1.02, 2.08] 

• Nicklett 2017 (8)[RR 1.62, 

1.21, 2.16] 

3 

Cross-sectional    • Agudelo-Botero 2018 (140) 

[OR 1.13, 1.01, 1.27] 

• Kuang 2008 (180) [OR 3.61, 

2.03, 6.40] 

• Lee 2006 (181) [OR 1.42, 

1.01, 2.00] 

3 

Injurious falls 

 

Cohort  • Duh 2008 (109) [RR 0.92, 

0.78, 1.09] 

 1 

Nested Case-control  • Helgadottir 2014 (131) [OR 

1.18, 0.87, 1.61] 

 1 

Cross-sectional    • Chang 2015 (159) [Women 

only; OR 1.31, 1.05, 1.65] 

1 

Case-control  • Kelly et al (2003) (192) [OR 

1.18, 0.96, 1.46] 

 1 

Total  11 15  
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High Blood Pressure  

Thirteen studies – one cohort, one nested case-control, ten cross-sectional, and one case-control 

– investigated the association between high blood pressure (HBP) and fall risk − indicating 

inconsistent results (Table 2-4). 

Three studies reviewed found a positive association between high blood pressure and increased 

risk of falls (8, 162, 178). Nicklett et al., in a U.S cohort study of 1,442 men and women aged 

≥65 years or older, reported the RR of having a single fall was 1.98 (95% CI 1.18, 3.32) for 

participants who had high blood pressure compared to those without (8); while no association 

was reported between high blood pressure and recurrent fallers (RR 1.46, 95% CI 0.99, 2.17). 

The long recall period (24-months) in this study may have under/overestimated the number of 

falls experienced by participants, impacting the precision of the effect estimates in recurrent 

fallers (8). Yu et al., in a Chinese cross-sectional study of 9,598 men and women aged ≥60 

years, showed that participants with hypertension were 1.75 times more likely to fall compared 

to those without (95% CI 1.05, 1.81) (178). Another cross-sectional study from Australia of 

5,681 men and women aged ≥65 years also showed a positive association between high blood 

pressure and fall risk compared to normal blood pressure (RR 1.07, 95% CI 1.01, 1.13) (162).  

In contrast, two cross-sectional studies found a protective effect between high blood pressure 

and fall risk (163, 168). Choi et al., in a Korean cross-sectional study of 43,367 men and women 

aged ≥65 years, showed that the OR of having any falls was 0.88 (95% CI 0.83, 0.94) for 

participants who had hypertension compared to those without (163). Another cross-sectional 

study from Australia of 3,544 men and women aged ≥60 years indicated that only women who 

were hypertensive had a decreased risk of falls compared to normotensives, with a protective 

effect in both diastolic (OR 0.63, 95% CI 0.44, 0.90) and systolic blood pressure (OR 0.71, 

95% CI 0.51, 0.99) readings (168). Although there was no association between hypertension 

and fall risk for men in this study, the direction of association was consistent with reduced fall 

risk (168). 

The remaining studies reported null associations between high blood pressure and fall risk 

(131, 134, 140, 147, 157, 180, 186, 192). For some studies, this could be attributed to the use 

of long recall periods of either 12 or 24 months, resulting in the under/overestimation of fall 

outcomes, impacting the precision of effect estimates (8, 134, 140, 147, 157, 180, 186). A 

nested case-control study by Helgadottir et al. (131) and a case-control study by Kelly et al. 
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(192) also found null associations between high blood pressure and fall risk, which could be 

attributed to chance.  

Overall, with results distributed across the three categories (negative, null, positive) suggests 

there is no association between high blood pressure and risk of falls (Table 2-4). 

Table 2-4 High blood pressure (HBP) and heart rate and any, recurrent and injurious fall risk 

(+ve= HBP is associated with increased fall risk, -ve = HBP is associated with decreased fall risk, 

and null= no association) 

Any falls 

 

Study Design - ve Null + ve Total 

Cohort   • Nicklett 2017 (8) [RR 

1.98, 1.18, 3.32] 

1 

Cross-sectional  • Choi 2014 (163) [OR 0.88, 

0.83, 0.94] 

• Klein 2013 (168) [Women: 

Systolic, OR 0.71, 0.51, 

0.99, Diastolic, OR 0.63 

0.44, 0.90; Men: Systolic 

OR 0.71, 0.44, 1.16;  

Diastolic, OR 0.90, 0.53, 

1.51] 

 

• Agudelo-Botero 2018 

(140) [OR 1.06, 0.94,1.20] 

• Yang 2018 (134) [OR 

0.90, 0.60, 1.36] 

• Yasmura 1994 (186) 

[Men: OR 1.35, 0.66, 

2.77; Women: OR 1.57, 

0.96, 2.58] 

• Jansen 2015 (157) [OR 

0.90, 0.80, 1.02] 

• Bhangu 2017 (147) [OR 

0.96, 0.81, 1.12] 

• Yu et al 2009 (178) [OR 

1.75, 1.05, 1.81] 

• Mitchell 2014 (162) 

[RR 1.07, 1.01, 1.13] 

 

9 

Recurrent falls 

 

Cohort  • Nicklett 2017 (8) [RR 

1.46, 0.99, 2.17] 

 1 

Cross-sectional   • Agudelo-Botero 2018 

(140) [OR 1.06, 0.96, 

1.18] 

• Jansen 2015 (157) [OR 

0.98, 0.82, 1.18] 

• Kuang 2008 (180) [OR 

1.02, 0.59, 1.79] 

 3 

Injurious falls 

 

Nested Case-

control 

 • Helgadottir et al 2014 

(131) [OR 1.01, 0.82, 

1.26] 

 1 

Case-control  • Kelly et al (2003) (192) 

[OR 0.91, 0.82, 1.02] 

 1 

Total 2 11 3  
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High Cholesterol Levels 

Three studies, one cohort and two cross-sectional, examined the association between high 

cholesterol and fall risk (Table 2-5). The studies reviewed found mixed results between the 

association of high cholesterol and increased risk of falls (87, 92, 147, 163). Wu et al. (87), in 

a Chinese cohort study of 3,680 men and women aged ≥65 years recruited from local hospitals, 

found a significant protective effect between hypercholesterolemia (cholesterol ≧ 200 mg/dL) 

and recurrent fall risk compared to no hypercholesterolemia (cholesterol < 200 mg/dL) (OR 

0.37, 95% CI 0.16, 0.88); however, a null association was indicated in single fallers (OR 0.88, 

95% CI 0.48, 1.61). An Irish cross-sectional study of 8,172 men and women aged ≥50 years 

reported that the OR of having all falls was OR 1.08 (95% CI 0.96, 1.21) for participants with 

high cholesterol compared to those without (147). Choi et al. (163), in a Korean cross-sectional 

study of 43,367 men and women aged ≥65 years, indicated no association between participants 

with dyslipidaemia and any fall risk (OR 1.05, 95% CI 0.95, 1.16). A shorter recall period (≤12 

months) may have reduced recall bias and provided more precise effect estimates (87, 147, 

163). 

Overall, the results indicate no clear association between high cholesterol and fall risk. There 

is a need for more research to reaffirm these results (Table 2-5). 

Table 2-5 High cholesterol and any and recurrent falls (+ve= High cholesterol associated with 

increased fall risk, -ve = High cholesterol is associated with decreased fall risk, and null= no 

association) 

Any falls 

 

Study Design - ve Null + ve Total 

Cohort   • Wu, Chie, Yang & Kuo et 

al. 2013 (87) [OR 0.88, 

0.48, 1.61] 

 1 

Cross-sectional  • Bhangu 2017 (147) [OR 

1.08, 0.96, 1.21] 

• Choi 2014 (163) [OR 

1.05, 0.95, 1.16] 

 2 

Recurrent falls 
 

Cohort  • Wu, Chie, Yang & Kuo 

et al. 2013 (87) [OR 

0.37, 0.16, 0.88] 

  1 

Total 1 3   

  



59 
 

Cardiovascular Disease (CVD) 

Stroke 

Twenty-two studies – eight cohort, thirteen cross-sectional, and one case-control – examined 

the association of prior stroke on fall risk (Table 2-6).  

Seventeen studies found a positive association between stroke and increased fall risk compared 

to no stroke (7-9, 22, 24, 92, 105, 119, 129, 142, 159, 163, 174, 178, 181, 186, 192). Barrett-

Connor et al. (105), in a U.S. cohort study of 66,134 women aged ≥50 years, reported that 

having a history of stroke compared to no stroke was associated with increased risk of falls 

after adjusting for confounding factors (OR 1.39, 95% CI 1.26, 1.54). A U.S. cohort study of 

2,212 men and women recruited from Medicare lists found a significant association between 

risk of any fall and stroke after adjusting for confounding variables (OR 1.61, 95% CI 1.15, 

2.25) (119). Another U.S. cohort study of 1,442 men and women aged ≥65 years also showed 

a significant association between stroke and increased risk of falls compared to no stroke (any 

falls: RR 1.65, 95% CI 1.01, 2.69; recurrent falls: RR 2.24, 1.52, 3.29) (8). Campbell et al. 

(129) in NZ cohort study of 761 men and women aged ≥70 years recruited from healthcare 

centres found a significant association between stroke compared to no stroke and increased risk 

of falls in women (RR 13.6, CI 2.6, 71.3) but not in men (RR 1.8, 95% CI 0.6, 5.8). However, 

the direction of association remained the same. An Italian cohort study of 260 men and women 

≥80 years recruited from registry lists reported that the OR for having falls was 2.35 (95% CI 

1.92, 3.10) for participants with stroke compared to no stroke (92). O’Loughlin et al. (7), in a 

cohort study of 409 men and women aged ≥65 years from the electoral roll, also reported a 

positive association between stroke and increased injurious fall risk compared to no stroke 

(IRR 2.4, 95% CI 1.3, 4.5).  

Cross-sectional and case-control studies reviewed also reported a significant association 

between stroke and increased fall risk – with effect estimates ranging from 1.40 to 3.73 (24, 

142, 159, 163, 174, 178, 181, 186). Chang et al. (159), in the more robust of the cross-sectional 

studies, reported that the OR of having falls was 1.91 (95% CI, 1.33, 2.74) in men and 1.53 

(95% CI, 1.03, 2.27) in women who had a stroke compared to those who had not. One Canadian 

case-control study of 2,278 cases and 9,112 controls aged ≥66 years also found a significant 

association between participants who had cerebrovascular disease and increased injurious fall 

risk compared to those without (OR 1.50, 95% CI 1.18, 1.89) (192). 
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Yang et al. (134) and Lord et al. (187) reported null associations between stroke and fall risk, 

which could be attributed to their small sample size providing insufficient power to detect 

significant effect estimates (n=1067; 704 respectively). There were also some imprecisions in 

other studies (140, 147, 180, 181), which may be attributed to their long recall periods resulting 

in the over/underestimation of fall outcomes impacting the precision of effect estimates (recall 

period of 12/24 months).  

Overall, results indicate a significant association between stroke and increased risk of falls 

(Table 2-6).  

Table 2-6 Stroke and any, recurrent and injurious falls (+ve= Stroke is associated with increased 

fall risk, -ve = Stroke is associated with decreased fall risk, and null= no association) 

Any falls 
 

Study Design - ve Null + ve Total 

Cohort   • Barrett-Connor et al  2009 

(105) [Stroke: OR 1.39, 1.26, 

1.54] 

• Landi 2012 (92) [Stroke: OR 

2.35, 1.92, 3.10] 

• Friedman et al 2002 (119) 

[Stroke: OR 1.61, 1.15, 2.25] 

• Campbell 1989 (129) [Stroke: 

Women: RR 13.6, 2.6, 71.3; 

Men: RR 1.8, 0.6, 5.8] 

• Nicklett 2017 (8) [Stroke: RR 

1.65, 1.01, 2.69] 

5 

Cross-sectional   • Agudelo-Botero 2018 

(140) [Stroke: OR 0.85, 

0.55, 1.30] 

• Lord 1993 (187) [Stroke: 

RR 1.39, 0.94, 2.0] 

• Yang 2018 (134) [CVA: 

OR 0.85, 0.28, 2.58] 

• Bhangu 2017 (147) 

[Stroke: OR 1.22, 0.81, 

1.82; TIA: OR 1.36, 0.96, 

1.92]  

 

 

• Ho 1996 (24) [CVA: OR 1.9, 

1.2, 2.8] 

• Yu et al 2009 (178) [Stroke 

sequela: OR 1.87, 1.24, 2.83] 

• Paliwal 2017 (142) [Stroke: 

OR 1.61, 1.46, 1.76] 

• Lee 2006 (181) [Stroke: 1.64, 

1.16, 2.32] 

• Choi 2014 (163) [Stroke: OR 

1.44, 1.28, 1.62] 

• Chang 2015 (159) [Men, 

Stroke: OR 1.91 (1.33, 2.74; 

Women: OR 1.53, 1.03, 2.27] 

• Yasmura 1994 (186) [Men, 

Stroke: OR 2.90, 1.05, 8.01] 

11 

 

Recurrent falls 

 

Cohort   • Graafmans 1996 (22) [Stroke: 

OR 3.4, 1.5, 7.9] 

• Chu 2005 (9)[Stroke: RR 

2.59, 1.30, 5.16] 

• Nicklett 2017 (8) [Stroke: RR 

2.24, 1.52, 3.29] 

3 
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Cross-sectional   • Agudelo-Botero 2018 

(140) [Stroke: OR 1.18, 

0.86, 1.62] 

• Kuang 2008 (180) 

[Stroke: OR 1.00, 0.33, 

3.06] 

• Lee 2006 (181) [Stroke: 

1.178, 0.63, 2,21] 

• Fong 2011 (174) [Stroke: OR 

3.73, 1.28, 10.81] 

 

4 

Injurious falls 
 

Cohort   • O’Loughlin 1993(7) [Stroke: 

IRR 2.4, 1.3, 4.5] 

1 

Case-control   • Kelly et al (2003) (192) [CVA: 

OR 1.50, 1.18, 1.89] 

1 

Total  7 18  

Note, CVA: cerebrovascular disease, TIA: Transient ischemic attack 
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Angina 

Six studies reviewed examined the effects of angina on fall risk (109, 131, 140, 142, 147, 157) 

(Table 2-7). Angina was shown to be associated with an increased risk of falls. A U.S cross-

sectional study of 159,336 men and women aged ≥65 years reported that participants who had 

angina were more at risk of falling compared to those without (OR 1.17, 95% CI 1.09, 1.27) 

(142). Jansen et al. (157), in an Irish cross-sectional study of 8,173 men and women aged ≥50 

years, reported that the OR of having recurrent falls was 1.40 (95% CI 1.02, 1.92) for angina 

compared to no angina. Although there was some imprecision in several studies, this could be 

attributed to their long recall periods of 12 to 24 months resulting in increased recall bias 

impacting the precision of effect estimate (140, 147, 157). A U.S cohort study by Duh et al. 

(109) also reported a null association between angina and injurious falls, which can be 

attributed to defining injurious falls as injury claims 30 days after a fall claim, where injury 

claims after this time period were missed. Furthermore, the self-report of angina in one U.S 

case-control study may have also resulted in the over/underestimation of angina, impacting the 

precision of effect estimates (131). Overall, the results indicate an association between angina 

and increased fall risk (Table 2-7).  

Table 2-7 Angina and any, recurrent and injurious falls (+ve= Angina is associated with increased 

fall risk, -ve = Angina is associated with decreased fall risk, and null= no association) 

Any falls 

 

Study Design - ve Null + ve Total 

Cross-sectional   • Agudelo-Botero 2018 

(140) [OR 1.06, 0.84, 

1.34] 

• Bhangu 2017 (147) [OR 

1.11, 0.87, 1.42]  

• Jansen 2015 (157) [OR 

1.08, 0.85, 1.37] 

• Paliwal 2017 (142) [OR 

1.17, 1.09, 1.27] 

4 

 

Recurrent falls 
 

Cross-sectional   • Agudelo-Botero 2018 

(140) [OR 1.16, 0.96, 

1.40] 

• Jansen 2015 (157) [OR 

1.40, 1.02,1.92] 

2 

Injurious falls 

 

Cohort  • Duh 2008 (109) [OR 

1.24, 0.92, 1.68] 

 1 

Nested Case-control  • Helgadottir et al 2014 

(131) [1.24, 0.92, 1.68] 

 1 

Total  6 2  
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Heart Attack/Myocardial Infarction 

Three cross-sectional studies reviewed examined the association between heart 

attack/myocardial infarction and fall risk − indicating no association (140, 147, 157). A 

Mexican cross-sectional study of 9,598 men and women aged ≥60 years recruited from the 

U.S. Census Bureau reported no association between heart attack and falls after adjusting for 

confounding factors (occasional falls: OR 1.05, 95% CI 0.78,1.43; recurrent: OR 0.97, 95% CI 

0.76,1.24) (140). Jansen et al. (157), in an Irish cross-sectional study of 8,173 men and women 

aged ≥50 years, also reported a null association between participants who had myocardial 

infarction and increased fall risk compared to those without (any: OR 0.84, 95% CI 0.64, 1.10; 

recurrent falls: OR 1.17, 95% CI 0.81, 1.68). An Irish cross-sectional study of 8,172 men and 

women aged ≥50 years recruited from residential lists reported that the OR of having a fall was 

0.84 (95% CI 0.64, 1.11) for participants with a heart attack compared to those without (147). 

Overall, the results indicate no association between heart attacks/myocardial infarction and 

increased risk of falls (Table 2-8).  

Table 2-8 Heart Attack/Myocardial Infarction and any, recurrent and injurious falls. 

Any falls 

 

Study Design - ve Null + ve Total 

Cross-sectional   • Agudelo-Botero 2018 

(140) [Heart attack: 

OR 1.05, 0.78, 1.43] 

• Bhangu 2017 (147) 

[Heart attack: OR 

0.84, 0.64, 1.11]  

• Jansen 2015 (157) 

[MI: OR 0.84, 0.64, 

1.10] 

 3 

 

Recurrent falls 
 

Cross-sectional   • Agudelo-Botero 2018 

(140) [Heart attack: 

OR 0.97, 0.76, 1.24]  

• Jansen 2015 (157) 

[MI: OR 1.17, 0.81, 

1.68] 

 2 

Total  5   
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Heart Failure 

Four studies – one cohort, one nested case-control, and two cross-sectional – explored the 

effects of heart failure on fall risk (109, 131, 147, 157) (Table 2-9). Heart failure was shown to 

be associated with an increased risk of falls after adjusting for confounding factors (109, 131, 

157). A U.S. cohort study of 47,530 men and women reported that the participants with 

congestive heart failure had almost two times the risk of injurious falls compared to those 

without (OR 2.03, 95% CI 1.68, 2.44) (109). A nested case-control study (131) of 498 cases 

and 21,249 controls recruited from hospital and population registers reported an OR of 

injurious fall as 1.50 (95% CI 1.12, 2.01) for participants with congestive heart failure 

compared to those without. An Irish cross-sectional study of 8,173 men and women aged ≥50 

years reported a significant association between heart failure and increased risk of recurrent 

falls (OR 1.89, 95% CI 1.04, 3.44), but not any falls (OR 1.38, 95% CI 0.85, 2.23) compared 

to no heart failure (157). A cross-sectional study of 8,172 men and women aged ≥50 years 

observed the OR of having any fall was 1.26 (95% CI 0.78, 2.06) for participants with heart 

failure compared to those without (147). Overall, the results suggest an association between 

heart failure and increased risk of falls (Table 2-9).  

Table 2-9 Heart failure and any, recurrent and injurious falls (+ve= Heart failure is associated 

with increased fall risk, -ve = Heart failure is associated with decreased fall risk, and null= no 

association) 

Any falls 

 

Study Design - ve Null + ve Total 

Cross-sectional   • Bhangu 2017 (147) 

[Heart failure: OR 

1.26, 0.78, 2.06]  

• Jansen 2015 (157) 

[Heart failure: OR 

1.38, 0.85, 2.23] 

 2 

 

Recurrent falls 

 

Cross-sectional    • Jansen 2015 (157) [Heart 

failure: OR 1.89, 1.04, 

3.44] 

1 

Injurious falls 

 

Cohort   • Duh 2008 (109) [CHF: OR 

2.03, 1.68, 2.44] 

1 

Nested Case-control   • Helgadottir et al 2014 (131) 

[Congestive heart failure: 

OR 1.50, 1.12, 2.01] 

1 

Total  2 3  
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Irregular Heartbeat/Arrhythmia/Abnormal Heart Rate 

Two cross-sectional studies examined the association between arrhythmia/irregular heartbeat 

(IHB) on fall risk (Table 2-10). Banghu et al.’s (147) study of 8,172 men and women aged ≥50 

years recruited from residential lists reported that the OR of having any falls was 1.30 (95% CI 

1.06, 1.60) for participants with arrhythmia compared to those without. Jansen et al.’s (157) 

study of 8,173 men and women aged ≥50 years reported that participants who had abnormal 

heartbeat were 1.25 times more likely to fall compared to those without (95% CI 1.02, 1.53); 

while no association was indicated for recurrent fallers (OR 1.31, 95% CI 0.98, 1.75). This 

imprecision could be attributed to the long recall period of fall events in this study (157).  

Overall, results from the two studies suggest a positive association between 

arrhythmia/irregular heartbeat and fall risk (Table 2-10). However, two studies are insufficient 

to determine if there is a significant association, and hence further research is needed to confirm 

these results. 

Table 2-10 Irregular Heartbeat/Arrhythmia/Abnormal Heartbeat and any, and recurrent falls 

(+ve= Irregular Heartbeat is associated with increased fall risk, -ve = Irregular Heartbeat is 

associated with decreased fall risk, and null= no association) 

Any falls 
 

Study Design - ve Null + ve Total 

Cross-sectional    • Bhangu 2017 (147) 
[Arrhythmia: OR 1.30, 
1.06, 1.60]  

• Jansen 2015 (157) 
[AHR: OR 1.25, 1.02, 
1.53] 

2 

Recurrent falls 
 

Cross-sectional   • Jansen 2015 (157) 
[AHR: OR 1.31, 0.98, 
1.75] 

 1 

Total  1 2  

Note, AHR= Abnormal heart rhythm 
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Musculoskeletal Conditions 

Arthritis  

Twenty-three studies – ten cohort and thirteen cross-sectional – investigating the impact of 

arthritis on fall risk were identified (Table 2-11). Arthritis was shown to be associated with 

increased risk of falls in ten cohort studies – with effect estimates ranging from 1.2 to 2.7 (8, 

15, 76, 96, 105, 109, 118, 129). A cohort study from Saudi Arabia of 707 women aged ≥50 

years recruited from primary healthcare centres found that after adjusting for all confounding 

factors, participants with knee osteoarthritis had increased risk of falls compared to no knee 

osteoarthritis (single: OR, 1.63, 95% CI 1.02,2.62; recurrent falls: 1.43 (95% CI 1.01, 2.12)  

(76). Nicklett et al. (8), in a U.S cohort study of 1,442 men and women aged ≥65 years, found 

that participants with arthritis were also more at risk of falling compared to those without 

(any/all falls: RR 1.62, 95% CI 1.08, 2.43; recurrent falls: RR 2.34, 95% CI 1.61, 3.39). 

Another U.S. cohort study of 4,162 men and women aged ≥65 years reported that the OR for 

having falls was 1.59 (95% CI 1.28, 1.98) for participants who had arthritis versus no arthritis; 

while the OR for having recurrent fallers was 2.19 (95% CI 1.57, 3.05) (118). A NZ cohort 

study of 761 men and women age ≥70 years from health care centers also showed an increased 

risk of falls in women (RR 1.8, 95% CI 1.1,2.8) and men (RR 2.7, 95% CI 1.3, 5.3) who had 

signs (compared to absence) of knee arthritis (129). Barrett-Connor et al. (105), in a U.S. cohort 

study, reported that participants with a history of arthritis compared to no arthritis had an 

increased risk of any falls after adjusting for confounding factors (OR 1.22, 95% CI 1.18, 1.27). 

Schwartz et al. (15), in another U.S. cohort study, also reported that having arthritis was 

associated with an increased risk of falls among older community adults (15). The remaining 

cohort studies by Duh et al. (109), and Chang et al. (159), also reported a significant association 

between arthritis and increased fall risk.  

Cross-sectional studies reviewed also reported a positive association between arthritis and 

increased fall risk (133, 137, 142, 144, 159, 163, 165, 177, 178, 183, 189). A U.S cross-

sectional study of 5,930 men and women aged ≥65 years indicated that participants with 

arthritis were more at risk of falling compared to those without (OR 1.39, 95% CI 1.09, 1.77) 

(133). An Australian cross-sectional study of 336 men and women aged ≥60 years showed that 

the RR of having any falls was 1.6 (95% CI 1.1, 2.7) for the presence of osteoarthritis and/or 

inflammatory arthritis compared to the absence (137). An Italian study of 1,220 men and 

women aged ≥65 years, which extracted data from GP medical records, showed that the OR of 

having any falls was 2.01 (95% CI 1.23,3.30) for participants with generalized osteoarthritis 



67 
 

compared to those without (144). Yu et al. (178), in a Chinese cross-sectional study of 1,512 

men and women, indicated that those with osteoarthritis were 1.39 times the risk of having any 

falls compared to those without osteoarthritis (OR 1.39, 95% CI 1.02, 1.89). A Japanese cross-

sectional study by Mizukami et al. (165) indicated that both men (OR 3.8, 95% CI 2.0, 7.5) and 

women (OR 1.7, 95% CI 1.0, 3.0; p value=0.05) with arthritis had an increased risk of falls 

compared to those without arthritis. Agudelo-Botero et al., in a Mexican cross-sectional study, 

also found a positive association between participants who had arthritis/ rheumatoid arthritis 

symptoms and increased recurrent falls compared to those without (OR 1.26, 95% CI 1.11, 

1.43), but no association in occasional fallers (OR 0.87, 95% CI 0.74, 1.03) (140). This could 

be attributed to the long recall period (24 months), which may have over/underestimated the 

number of falls impacting the precision in the effect estimate. The remaining cross-sectional 

studies by Blake et al. (189), Paliwal et al. (142), Choi et al. (163), and Bekibele et al. (177) 

also reported a significant association between arthritis and any fall risk after adjusting for 

confounding factors. 

Although there were some imprecisions indicated in other studies (110, 140, 180), this could 

also be attributed to their long recall periods of 12 (110, 180) and 24 months (140) that may 

have impacted the precision of effect estimates.  

Overall, the results indicate a significant association between arthritis and increased risk of 

falls (Tables 2-11). 
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Table 2-11 Arthritis and any, recurrent and injurious falls (+ve= Arthritis is associated with 

increased fall risk, -ve = Presence of CVD is associated with decreased fall risk, and null= no 

association) 

Any falls 
 

Study Design - ve Null + ve Total 

Cohort  • Clough-Gorr 2008 

(208) [OR 1.0, 0.7, 

1.3] 

 

• Rouzi 2015 (76) [OR 1.63, 

1.02, 2.62] 

• Barrett-Connor et al 2009 

(105) [OR 1.22, 1.18, 1.27] 

• Hanlon 2002 (118) [OR 

1.59, 1.28, 1.98] 

• Schwartz et al 1999 (15) 

[RR 2.00, 1.28, 3.13] 

• Campbell 1989 (129) 

[Women: RR 1.8, 1.1, 2.8; 

Men: RR 2.7, 1.3, 5.3] 

• Nicklett 2017 (8) [RR 1.62, 

1.08, 2.43] 

7 

Cross-sectional   • Agudelo-Botero 2018 

(140) [OR 0.87, 

0.74,1.03] 

 

• Zhao 2018 (133) [OR 1.39, 

1.09, 1.77] 

• Blake 1988 (189) [Wilks 

Lambda 0.92, p value 

<0.0001, CI not reported] 

• Lastrucci 2017 (144) [OR 

2.01, 1.23, 3.30] 

• Mizukami et al 2013 (165) 

[Men: OR 3.8, 2.0, 7.5; 

Women: OR 1.7, 1.0, 3.0; 

p value=0.05] 

• Yu et al 2009 (178) [OR 

1.39, 1.02, 1.89] 

• Lukaszyk 2018 (137) [RR 

1.6, 1.1, 2.7] 

• Paliwal 2017 (142) [OR 

1.61, 1.52, 1.70] 

• Choi 2014 (163) [OR 1.33, 

1.24, 1.42] 

• Bekibele 2010 (177)[OR 

1.7, 1.0, 2.7] 

• Larsen 2004 (183)[OR 

3.06, 1.42, 6.62] 

11 

Recurrent falls 

 

Cohort   • Rouzi 2015 (76) [OR 1.43, 

1.01, 2.12] 

• Hanlon 2002 (118) [OR 

2.19, 1.57, 3.05] 

• Nicklett 2017 (8) [RR 2.34, 

1.61, 3.39] 

• Kelsey 2010 (96) [RR 1.30, 

1.03,1.62] 

4 

Cross-sectional   • Kuang 2008 (180) 

[OR 1.59, 0.82, 3.08] 

• Agudelo-Botero 2018 (140) 

[OR 1.26, 1.11, 1.43] 

2 

Injurious falls 
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Cohort   • Duh 2008 (109) [RR 1.98, 

1.69, 2.32] 

1 

Cross-sectional   • Chang 2015 (159) [Men: 

OR 1.27, 1.03, 1.56; 

Women: OR 1.36, 1.14, 

1.62] 

1 

Total  3 23  
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Pain  

Sixteen studies – six cohort, one nested case-control, and nine cross-sectional – investigated 

the association between pain and fall risk (Table 2-12). Cohort studies indicated a positive 

association between pain and increased risk of falls (20, 67, 77, 99). A U.S. cohort study of 

5,994 men aged ≥65 years recruited from local communities reported that participants who 

reported any pain were more likely to fall compared to those without pain (any falls: OR 1.55, 

95% CI 1.32, 1.81; recurrent falls: OR 1.79, 95% CI 1.47, 2.19) (77).  Marshall et al. (20), in a 

U.S cohort study of 6,841 women aged ≥65 years recruited from community-based lists, found 

that the risk of falls was higher among participants who had any back pain compared to no back 

pain (Any falls: RR 1.23, 95% CI 1.13, 1.35; Recurrent falls: RR 1.55, 95% CI 1.31,1.83). 

Marshall et al. (67), in another U.S cohort study of 5,568 men aged ≥65 years, also reported 

that participants with any back pain had increased fall risk compared to those without (any 

falls: RR 1.26, 95% CI 1.13, 1.40; recurrent falls: RR 1.36, 95% CI 1.14, 1.63). Furthermore, 

both studies indicated an increased risk of recurrent falls in participants with an increased 

number of back pain sites, increased severity of back pain, increased frequency of back pain, 

and being limited by back pain (20, 67). Another U.S. cohort study of 749 men and women 

aged 70 years or older recruited using town lists indicated a dose-response relationship between 

increasing monthly pain and the risk of falls (99). The OR of having any falls was 1.36 (95% 

CI 1.08, 1.71) for very mild pain, 1.49 (95% CI 1.18, 1.89) for mild pain, 1.59 (95% CI 1.26, 

2.01) for moderate pain, and 1.77 (95% CI 1.32, 2.38) for severe or very severe pain compared 

to no pain (99). 

Cross-sectional studies also found a significant association between pain and increased risk of 

falls (21, 140, 151, 153, 156, 177, 181). An English cross-sectional study by Gale et al. of 4,301 

men and women, aged ≥60 years, recruited using different postcode sectors showed a dose-

response relationship between increasing generalised pain and the risk of falls. In men, the OR 

of having any falls was 1.23 (95% CI 0.89, 1.71) for mild pain, 1.32 (95% CI 0.98, 1.77) for 

moderate pain, and 1.92 (95% CI 1.26, 1.94) for severe pain, compared to no pain (21). In 

women, ORs were 1.15 (95% CI 0.86, 1.54) for mild, 1.20 (95% CI 0.95, 1.53) for moderate, 

and 1.90 (95% CI 1.32, 2.74) for severe pain. While there are some imprecisions, the direction 

of association remains consistent (21). A U.S cross-sectional study of 550 men and women 

aged ≥60 years recruited using ads, health fairs, senior centres, housing developments, and 

referrals from other participants also showed that participants with back pain were more at risk 

of falling compared to those without (RR 1.35, 95% CI 1.03, 1.76) (151). Kitayuguchi et al. 
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(156), in a Japanese cross-sectional study of 491 men and women, also indicated a dose-

response relationship between increased back and knee pain intensity and fall risk. The OR of 

having any fall was 1.39 (95% CI 0.70, 2.76) for mild back pain and 2.51 (95% CI 1.04, 6.03) 

for severe back pain compared to no back pain (156). For recurrent fallers, the OR of having 

recurrent falls was 2.85 (95% CI 0.74, 10.91) for mild back pain and 11.09 (95% CI 2.41, 

51.10) for severe back pain compared to no back pain (156). Furthermore, the OR of having 

any falls was 1.01 (95% CI 0.53, 1.91) for mild knee pain and 1.63 (95% CI 0.63, 4.19) for 

severe knee pain compared to no knee pain. Similar results were also indicated in recurrent 

fallers (mild: OR 4.47, 95% CI 1.21, 16.50; severe: OR 7.26, 95% CI 1.51, 34.86) (156). 

Although there was some imprecision in this study, this could be attributed to the small sample 

size (n=491) (156). The remaining cross-sectional studies reviewed also found a positive 

association between pain and increased risk of falls (143, 153, 177, 181).  

One nested case-control study from Sweden also found a positive association between 

participants who reported pain or discomfort compared to those without after adjusting for age 

and sex (OR 1.67, 95% CI 1.30, 2.15) (131).  

Several studies reported null associations between pain and fall risk after adjusting for 

confounding factors (64, 96, 140, 153, 170). A larger sample size than in Stubbs et al. and 

Kelsey et al.’s studies may have provided enough power to detect significant effect estimates 

(n=295; 765 respectively) (96, 153), while a shorter recall period in Agudelo-Botero et al. and 

Hedman et al.’s studies may have reduced the chances of over/underestimating the number of 

falls, thus improving precision in effect estimates (recall period: 24; 12 months respectively) 

(140, 170). Furthermore, Welmer et al. found a significant association between pain and 

increased injurious falls for men only but not women (64). This could be attributed to more 

women than men being excluded from the final study sample and analysis, hence impacting 

the precision of effect estimates (64).  

Overall, the results indicate a significant association between pain and increased risk of falls 

(Table 2-12). 
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Table 2-12 Pain and any, recurrent and injurious falls (+ve= Pain is associated with increased fall 

risk, -ve = Pain is associated with decreased fall risk, and null= no association) 

Any falls 

 

Study Design - ve Null + ve Total 

Cohort   • Marshall 2017 (67) [RR 

1.26, 1.13, 1.40] 

• Munch et al. 2015 (77) [OR 

1.55, 1.32, 1.81] 

• Marshall 2016 (20)  [RR 

1.23, 1.13, 1.35] (20) 

• Leveille et al 2009 (99) 

[Very mild: OR 1.36, 1.08, 

1.71; mild: OR 1.49, 1.18, 

1.89; moderate: OR 1.59, 

1.26, 2.01; severe/very 

severe: OR 1.77, 1.32, 2.38 

vs. none] 

4 

Cross-sectional   • Agudelo-Botero 2018 

(140) [OR 0.92, 0.77, 

1.10] 

• Stubbs et al 2015 

(153) [OR 1.49, 0.80, 

2.75] 

• Hedman 2013 (170) 

[Neck/shoulders: OR 

0.96, 0.76, 1.22; 

back/hip: OR 1.09, 

0.89, 1.35; hands/ 

elbows/ legs or 

knees: OR 1.10, 0.89, 

1.36; headache/ 

migraine: OR 1.10, 

0.79, 1.53] 

 

• Gale 2016 (21) [Men, 

severe: OR 1.92, 1.26,1.94; 

Women, severe: OR 1.90, 

1.32,2.74] 

• Kitayuguchi et al 2015 (156) 

[Lower Back Pain, Mild: 

OR 1.39, 0.70, 2.76; 

Severe: OR 2.51, 1.04, 

6.03] * 

• Veira 2015 (151) [RR 1.35, 

1.03, 1.76] 

• Bekibele 2010 (177) [Any 

pain: OR 1.9, 1.1, 3.4; 

Back/neck: OR 1.3, 1.0, 

1.7] 

• Lee 2006 (181) [OR 1.35, 

1.14, 1.59] 

8 

Recurrent falls 
 

Cohort  • Kelsey 2010 (96) 

[RR 1.02, 0.83, 1.26] 

 

• Marshall 2017 (67) [RR 

1.36, 1.14, 1.63] 

• Munch et al. 2015 (77) [OR 

1.79, 1.47, 2.19] 

• Marshall 2016 (20) [RR 

1.55, 1.31, 1.83] 

4 

Cross-sectional    • Agudelo-Botero 2018 (140) 

[OR 1.34, 1.17,1.53] 

• Kitayuguchi et al 2015 (156) 

[Lower Back Pain, Mild: 

OR 2.85, 0.74, 10.91; 

Severe: OR 11.09, 2.41, 

51.10]** 

• Stubbs et al 2015 (153) [OR 

2.25, 1.03, 4.88] 

• Lee 2006 (181) [OR 1.66, 

1.23, 2.24] 

4 

Injurious falls 

 

Cohort  • Welmer, Rizzuto, 

Calderon 2017  (64) 

[Men, 3-year follow-

up: HR 1.78, 1.00, 

 1 
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3.15, 10 year follow-

up: HR 1.37, 0.98, 

1.91; Women, 3 year 

follow-up: HR 0.94, 

0.68, 1.30, 10 year 

follow-up: HR 0.93, 

0.76, 1.14] 

Nested case-control   • Helgadottir et al 2014 (131) 

[OR 1.67, 1.30, 2.15] 

1 

Cross-sectional   • Noh 2017 (143) [Moderate: 

OR 1.15 (1.06, 1.25; 

extreme: OR 1.48, 1.19, 

1.85 vs. none] 

1 

Total  5 18  

Note, *No association was indicated between knee pain and fall risk. ** A significant association was indicated between mild/severe 

knee pain and recurrent fall risk. 
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History of Fracture 

Six studies, four cohort and two cross-sectional, examined the effects of having a previous 

fracture or broken bone on fall risk (Table 2-13). All studies reported a significant association 

between previous fracture/broken bone and increased risk of falls (24, 80, 105, 118, 174). 

Barrett-Connor et al. (105), in a U.S. cohort study of 66,134 women aged ≥50 years, reported 

that after adjusting for confounders, participants with a prior fracture had an increased risk of 

any falls compared to those with no fracture (OR 1.23, 95% CI 1.16, 1.30). Another U.S. cohort 

study of 4,162 men and women aged ≥65 years found that the OR of having any falls was 1.37 

(95% CI 1.06, 1.73) for self-reported broken bone compared to no broken bone; while no 

association was indicated in recurrent fallers (OR 1.35, 95% CI 0.97, 1.86) (118). Although 

there was some imprecision, the direction of association was consistent with increased 

recurrent fall risk. Machado et al. (80), in a Brazilian cohort study of 705 men and women aged 

≥65 years recruited from different census areas, indicated that the OR of having recurrent falls 

was 2.78 (95% CI 1.48, 5.20) for self-reporting clinical fractures compared to no fracture. A 

Chinese cross-sectional study of 554 men and women aged ≥65 years recruited from 

community centres also found a positive association between previous fractures (upper limb) 

compared to no fracture (any/all falls: OR 9.36, 95% CI 1.75, 50.16; recurrent falls: OR 6.68, 

95% CI, 1.28, 34.88) (174). Another Chinese cross-sectional study by Ho et al. of 1,947 men 

and women aged ≥70 years also found a significant association between participants who had 

a previous fracture and increased risk of falls compared to those without (OR 1.4, 95% CI 1.1, 

1.9) (24). 

One U.S. cohort study of 482 men and women aged ≥60 years recruited from Medicare 

registers reported a null association between previous fracture and increased fall risk (any/all 

falls: OR 1.16, 95% CI 0.94, 1.43; injurious falls: OR 1.16, 95% CI 0.94, 1.43) (16). Although 

a larger sample size in this study may have provided enough power to detect a significant effect 

estimate, the direction of association was consistent with increased fall risk (16). 

Overall, the results indicate a significant association between having a previous fracture and 

increased fall risk (Table 2-13). 
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Table 2-13 History of fracture and any, recurrent and injurious falls (+ve= History of fracture is 

associated with increased fall risk, -ve = History of fracture is associated with decreased fall risk, 

and null= no association) 

Any falls 
 

Study Design - ve Null + ve Total 

Cohort  • Vellas et al 1998 (16) 

[OR 1.16, 0.94, 1.43] 

 

 

• Barrett-Connor et al 2009 

(105) [OR 1.23, 1.16, 1.30] 

• Hanlon 2002 (118) [OR 

1.37, 1.06, 1.73]  

3 

Cross-sectional    • Fong 2011 (174) [OR 9.36, 

1.75, 50.16] 

• Ho 1996 (24) [OR 1.4, 1.1, 

1.9] 

2 

Recurrent falls 
 

Cohort  • Hanlon 2002 (118) 

[OR 1.35, 0.97, 1.86] 

• Machado et al 2015 (80) 

[OR 2.78, 1.48, 5.20] 

2 

Cross-sectional   • Fong 2011 (174) [OR 6.68, 

1.28, 34.88] 

1 

Injurious falls 
 

Cohort  • Vellas et al 1998 (16) 

[OR 1.42, 0.89, 2.25] 

 1 

Total  3 6  
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History of Falls  

Twenty-seven studies, twenty-six cohort and one case-control, examined the association 

between history of falls and fall risk (Table 2-14).  

Most cohort studies reported a positive association between fall history and increased risk of 

falls – with effect estimates ranging from 1.30 to 8.66 (Table 2-14) (9, 10, 16, 60, 66, 69, 70, 

76, 87, 94, 96, 97, 100, 102, 103, 105, 109, 110, 114, 117, 119-121, 126). The higher effect 

estimates could be attributed to the large number of studies utilising a logistic regression 

analysis to examine the association between previous falls and fall risk (9, 10, 16, 60, 66, 69, 

76, 87, 94, 97, 102, 103, 105, 110, 114, 117, 119-121, 126, 190). Odds ratios tend to 

overestimate the relative risk of falls when the outcome being investigated is common, such as 

falls (209). Faulkner et al. in a U.S cohort study of 8,378 men and women aged 65 years or 

older reported that the RR of the total number of falls was 2.05 (95% CI 1.91, 2.21) for fall 

history at baseline compared to no fall history (103). A U.S. cohort study of 47,530 men and 

women aged 65 years or older recruited from Medicare lists indicated that the OR of having 

injurious falls was 2.53 (95% CI 1.91, 3.35) for having a previous fall event compared to no 

previous falls (109). Another U.S cohort study of 449 men and women aged ≥65 years recruited 

from population lists reported that the HR of having a time to first fall was 1.50 (95% CI 1.04, 

2.15) for participants who had a fall in the last 12 months at baseline compared to those without 

(70). McDonald et al., in a UK cohort study of 297 men and women aged ≥65 years, showed 

that participants with a history of falls were more at risk of falling compared to those without 

(HR 6.61, 95% CI 2.98, 14.66) (66). The higher effect estimate in this study could be attributed 

to residual confounding, adjusting for orthostatic hypotension, depression, fall history, and 

psychoactive medications only (66). Clough-Gorr et al., in another English cohort study of 

1,644 men and women aged 65 years or older, reported that the OR of having falls was 4.7 

(95% CI 3.5, 6.3) for a history of falls versus no history of falls (208). A cohort study from 

Israel of 75 men and women aged ≥70 years indicated that the OR of having all falls was 7.0 

(95% CI 1.03, 47.69) for participants with past falls versus those without (60). 

An Indian case-control of 501 men and women (251 cases and 250 control) aged 60 years older 

also reported that participants who had a history of falls had an increased risk of injurious falls 

than those without (190).  
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Three studies reported null effect estimates for the association between fall history and 

increased fall risk (16, 61, 112). For two of the studies by Lavedan et al. (61) and Vellas et al. 

(16), this imprecision could be attributed to the small sample size (n=640; 482 respectively). 

Overall, the results indicate a significant association between fall history and increased risk of 

falls (Table 2-14).  

Table 2-14 History of falls and any, recurrent and injurious falls (+ve= History of falls is 

associated with increased fall risk, -ve = History of falls is associated with decreased fall risk, and 

null= no association) 

Any falls 

 

Study Design - ve Null + ve Total 

Cohort  • Lavedan 2018 (61) 

[HR 0.89, 0.55, 1.44] 

 

• Zur 2018 (60) [OR 7.0, 

1.03, 47.69] 

• McDonald 2017 (66) [HR 

6.61, 2.98, 14.66] 

• Allali 2017 (70) [HR 1.50, 

1.04, 2.15] 

• Chen 2017 (69) [OR 3.86, 

3.46, 4.31] 

• Kalula et al 2016 (10) [OR 

2.28, 1.49, 3.48] 

• Wu, Chie, Yang & Kuo et al 

2013 (87) [OR 2.79, 1.51, 

5.15] 

• Fletcher 2009 (102) [OR 

3.28, 2.06, 5.23] 

• Barrett-Connor et al 2009 

(105) [OR 2.67, 2.56, 2.79] 

• Chu 2005 (9) [OR 3.35, 

2.43, 4.63] 

• Rouzi 2015 (76) [OR 2.46, 

2.20, 2.96] 

• Clough-Gorr 2008 (208) 

[OR 4.7, 3.5, 6.3] 

• Gerdhem 2005 (114) [OR 

3.88, 2.55, 5.89] 

• Friedman et al 2002 (119) 

[OR 2.51, 2.04, 3.09] 

• Kario et al 2001 (121) [OR 

2.6, 1.3, 5.0] 

• Tromp 2001 (120) [OR 2.5, 

1.9, 3.2] 

• Vellas et al 1998 (16) [OR 

1.86, 1.52, 2.28] 

17 

Recurrent falls 
 

Cohort  • Pluijim 2006 (112) 

[History of ≥2 falls: 

OR 1.89, 0.81, 4.40] 

 

• Kelsey 2010 (96) [RR 1.30, 

1.21, 1.39] 

• Stalenhoef 2002 (117) [OR 

3.1, 1.5, 6.7] 

13 
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• Iinattiniemi et al 2009 (100) 

[IRR 1.91, 1.49, 2.44] 

• Faulkner et al 2009 (103) 

[RR 2.05, 1.91, 2.21] 

• Swanenburg 2010 (94) [OR 

5.59, 2.53, 12.37] 

• Rouzi 2015 (76) [OR 2.34, 

2.46, 2.88] 

• Kalula et al 2016 (10) [OR 

8.66, 3.69, 20.29] 

• Wu, Chie, Yang & Kuo et al 

2013 (87) [OR 5.49, 2.68, 

11.23] 

• Buatois 2010 (97) [OR 4.72, 

3.00, 7.43] 

• Fletcher 2009 (102) [OR 

4.70, 2.05, 10.88] 

• Tromp 2001 (120) [OR 2.7, 

1.9, 3.9] 

• Luukinen 1995 (126) [OR 

3.27, 2.00, 5.35] 

Injurious falls 
 

Cohort  • Vellas et al 1998 (16) 

[OR 1.24, 0.76, 2.04] 

• Duh 2008 (109) [RR 2.53, 

1.91, 3.35] 

2 

Case-control   • Ravindran 2016 (190) [OR 

2.76, 1.08, 7.08] 

1 

Total  3 30  
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Respiratory disorders 

Nine studies – three cohort, five cross-sectional, and one nested case-control – examined the 

association between respiratory disorders and fall risk (Table 2-15). 

Four studies found a positive association between respiratory disorders and increased fall risk. 

One U.S cohort study of 1,442 men and women aged ≥65 years reported a positive association 

between lung disease and increased risk of recurrent falls compared to no lung disease (RR 

1.68, 95% CI 1.08, 2.61), but no significant effect estimate was reported in any/all falls (RR 

1.15, 95% CI 0.64, 2.05) (8). A shorter recall period (<24 months) in this study may have 

reduced imprecisions in effect estimates. O’Loughlin et al. (7), in a cohort study of 409 men 

and women aged ≥65 years recruited from the electoral roll, reported that participants who had 

respiratory disorders were associated with increased rates of injurious falls compared to those 

without (IRR 1.7, 95% CI 1.1, 2.8). A U.S cross-sectional study of 159,336 men and women 

aged ≥65 years indicated that participants with asthma were 1.22 times more likely to fall 

compared to those without (95% CI 1.13, 1.32) (142). A Norwegian cross-sectional study of 

431 men and women aged between 67-97 years recruited from census files found that 

participants who were troubled by heart-pounding/shortness of breath were associated with 

increased risk of falls compared to those who were not (OR 1.7, 95% CI 1.0, 2.9, p<0.05) (185).  

Several studies reported null associations between respiratory disorders and increased fall risk 

(8, 109, 131, 140, 151, 181). In Veira et al.’s study, this could be attributed to small sample 

size (n=550) (151), while the long recall periods of 12 and 24 months in three studies may 

result in the over/underestimation of falls impacting the precision of effect estimates (8, 140, 

181). The remaining studies measured injurious falls as a fall leading to medical 

attention/hospitalisation, which may not capture minor fall injuries that did not require medical 

care, impacting the precision of effect estimates (109, 131). However, although there was some 

imprecision, the direction of associations remained consistent with respiratory disorders and 

increased risk of falls. 

Overall, the results indicate a positive association between respiratory disorders and increased 

fall risk (Table 2-15). 
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Table 2-15 Respiratory Disorders (+ve= Presence of respiratory disorder is associated with 

increased fall risk, -ve = Presence of respiratory disorder is associated with decreased fall risk, and 

null= no association) 

Note, COPD- chronic obstructive pulmonary disease,  

  

Risk Factor -ve Null +ve Total 

Any falls 

Cohort   • Nicklett 2017 (8) 

[RR 1.15, 0.64, 

2.05] 

 1 

Cross-sectional  • Agudelo-Botero 

2018 (140) [OR 

1.22, 0.96, 1.54) 

• Lee 2006 (181) 

[OR 0.93, 0.69, 

1.25] 

• Veira 2015 (151) 

[RR 1.10, 0.86, 

1.41] 

• Paliwal 2017 

(142) [OR 1.22, 

1.13, 1.32] 

• Bergland 2000 

(185) [OR 1.7, 

1.0, 2.9] 

5 

Recurrent falls 

Cohort study   • Nicklett 2017 (8) 

[RR 1.68, 1.08, 

2.61] 

1 

Cross-sectional  • Agudelo-Botero 

2018 (140) [OR 

1.13, 0.93, 1.37] 

• Lee 2006 (181) 

[OR 1.29, 0.81, 

2.07] 

 2 

Injurious Falls 

Cohort study  • Duh 2008 (109) 

[Asthma: RR 

1.07, 0.82, 1.39; 

COPD: RR 1.12, 

0.87, 1.44] 

• O’Loughlin 1993 

(7) [IRR 1.7, 1.1, 

2.8] 

2 

Nested case-control  • Helgadottir et al 

2014 (131) [OR 

1.38, 0.95, 2.01] 

 1 

Total  8 4  
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2.8.4 Pharmaceutical Risk Factors 

A pharmaceutical risk factor was defined in this review as any medication prescribed by a 

medical practitioner which could be associated with the risk of falls. Pharmaceutical risk 

factors highlighted were medications affecting the central nervous system, cardiovascular, 

respiratory, and musculoskeletal medications, and laxatives. The results from these studies are 

discussed as follows. 

Nervous System Medications 

Psychotropic Medications 

Psychotropic medications were defined in this review as sedatives and antidepressant 

medications.  

Eighteen studies, fourteen cohort and four cross-sectional, investigated the association of 

psychotropic medication use with fall risk (Table 2-20). Taking psychotropic medications was 

shown to be associated with an increased risk of falls (5, 15, 71, 80, 88, 96, 114, 119, 126, 129, 

136, 146, 187). An Australian cohort study of 520 men and women aged between 73-92 years 

indicated that the OR of having any falls was 1.57 (95% CI 1.03, 2.39) for psychotropic 

medications use versus no use. Gerdhem et al., in a Swedish cohort study of 1,044 women aged 

75 years recruited from city lists, showed that taking psychoactive drugs was associated with 

increased risk of any falls compared to no use (OR 2.07, 95% CI 1.46, 2.94) (114). Tinetti et 

al., in a US cohort study, reported similar results where participants using either 

benzodiazepines, phenoziathine, or antidepressants had an increased risk of falls compared to 

those who did not (OR 28.3, 95% CI 3.4, 239.4) (5). A US cohort study also found that 

participants taking either benzodiazepines, phenoziathine, or antidepressants had an increased 

risk of any falls compared to those who did not (OR 1.50, 95% CI 1.03, 2.17) (119). Another 

US cohort study of 152 women aged 59 years or older showed that after adjusting for 

confounding factors, the RR of having any/all falls was 3.75 (95% CI 1.73, 8.13) for the use of 

psychotropic medications compared to no use (15). A NZ study of 761 men and women aged 

≥70 years recruited from health centres found a positive association between psychotropic 

medication use and increased risk of falls in women-only compared to no use (RR 1.60, 95% 

CI 1.0, 2.8) (129). Other cohort studies also reported a significant association between 

psychotropic medications and increased recurrent fall risk – with effect estimates ranging from 

1.36 to 2.47 (71, 80, 96, 126).   
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Cross-sectional studies also found a positive association between psychotropic medication use 

and increased risk of falls. Lord et al. (187), in an Australian cross-sectional study of 704 

women aged 65-99 years, reported an increase in fall risk in participants who use psychotropic 

medication compared to non-users (RR 1.54, 95% CI 1.05, 2.27). A Columbian cross-sectional 

study of 2,000 men and women aged ≥60 years indicated that participants taking psychotropic 

drugs were 1.96 times more likely to fall compared to those with no use (95% CI 1.41, 2.73) 

(136). Du et al. (146) and Reyes-Ortiz et al. (136) also found a positive association between 

psychotropic medication and increased any/all (OR 1.64, 1.14, 2.37; OR 1.84, 1.02, 3.31 

respectively) and recurrent fall risk (OR 1.96, 95% CI 1.41, 2.73; OR 95% CI 1.84, 1.02, 3.31 

respectively) compared to no-use. 

Five studies reported null associations between psychotropic medication use and fall risk (66, 

78, 83, 104, 181). The long recall period (12/24 months) in several studies may have resulted 

in the over/underestimation of falls impacting the precision in effect estimates (78, 104, 181); 

while a larger sample size in McDonald et al. and Berdot et al.’s studies may provide enough 

power to detect significant effect estimates (n=297; 531 respectively) (66, 104).  

Overall, the results indicate a significant association between psychotropic medication use and 

fall risk (Table 2-16).  

Table 2-16 Psychotropic medications and any and recurrent falls (+ve= Psychotropic medication 

use is associated with increased fall risk, -ve = Psychotropic medication use is associated with 

decreased fall risk, and null= no association) 

Any falls 

 

Study Design - ve Null + ve Total 

Cohort  • Wong et al 2014 (83) 

[RR 1.26, 1.00, 1.58] 

• Berdot 2009 (104) 

[RR 1.31, 0.97, 1.76] 

• McDonald 2017 (66) 

[HR 2.23, 0.93, 5.56] 

 

• Wong et al 2013 (88) [OR 

1.57, 1.03, 2.39] 

• Gerdhem 2005 (114) [OR 

2.07, 1.46, 2.94] 

• Tinetti 1988(5) [OR 28.3, 

3.4, 239.4] 

• Friedman et al 2002 (119) 

[OR 1.50, 1.03, 2.17] 

• Campbell 1989 (129) 

[Women: RR 1.6, 1.0, 2.8] 

• Schwartz et al 1999 (15) 

[RR 3.75, 1.73, 8.13] 

9 

Cross-sectional    • Lord 1993 (187) [RR 1.54, 

1.05, 2.27] 

• Lee 2006 (181) [OR 1.38, 

0.73, 2.63] 

• Reyes-Ortiz 2018 (136) [OR 

1.96, 1.41, 2.73] 

4 
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• Du 2017 (146) [OR 1.64, 

1.14, 2.37] 

Recurrent falls 
 

Cohort  • Marcum, Perera, 

Thorpe 2015 (78) 

[OR 1.14, 0.59, 2.18] 

 

• Machado et al 2015 (80) 

[OR 2.47, 1.36, 4.49] 

• Luukinen 1995 (126) [OR 

2.05, 1.25, 3.37] 

• Marcum, Wirtz, Pettinger 

2016 (71) [OR 1.81, 

1.66,1.97] 

• Kelsey 2010 (96) [RR 1.36, 

1.07, 1.74] 

5 

Cross-sectional   • Lee 2006 (181) [OR 0.96, 

0.29, 3.11] 

• Reyes-Ortiz 2018 (136) [OR 

2.34, 1.59, 3.44] 

• Du 2017 (146) [OR 1.84, 

1.02, 3.31] 

3 

Total   4 17  
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Depressants (Minor Tranquilizers)  

Depressants were divided into two categories: minor and major tranquilizers. Minor 

tranquilizers or anti-anxiety agents were defined as sedative-hypnotics (benzodiazepines), 

anxiolytics or antiepileptic use. 

Benzodiazepines 

Twenty studies – fourteen cohort, four cross-sectional, one nested case-control, and one case-

control – examined the association between benzodiazepine use and fall risk (Table 2-16). 

Twelve studies reviewed found a positive association between benzodiazepine use and 

increased risk of falls after adjusting for confounding factors – with effect estimates ranging 

from 1.20 to 4.34 (12, 19, 85, 87, 90, 103, 104, 120, 132, 184). Ham et al. (85), in a cohort 

study from the Netherlands of 2407 men and women aged ≥65 years, reported that the HR of 

having any fall was 1.32 (95% CI 1.02, 1.71) for benzodiazepine use compared to no use. A 

French cohort study of 6,343 men and women aged ≥65 years recruited from the electoral roll 

reported that participants using long-acting benzodiazepines (LAB) had a 20% increase in any 

fall risk compared to those with no LAB use (104). A US cohort study of 8,127 women aged 

≥65 years recruited from a population register reported found positive association between 

benzodiazepine use and increased fall risk compared to no use (any/all fallers: OR 1.34, 95% 

CI 1.06, 1.63; recurrent fallers: OR 1.51, 95% CI 1.14, 2.01) (19). Tromp et al. (120), in another 

U.S cohort study from the Netherlands of 1,374 men and women aged between 55-85 years 

recruited from population registers, indicated that the OR of having falls was 1.6 (95% CI 1.1, 

2.2) for benzodiazepine use compared to no use. De Vries et al. reported findings from two 

prospective cohort studies from the Netherlands, indicating a significant association between 

benzodiazepine use and increased risk of falls in study one (HR 1.46, 95% CI 1.00, 2.15) and 

study two (HR 1.37, 95% CI 1.03, 1.84) compared to no benzodiazepine use (90). Faulkner et 

al. in a US cohort study of 8378 women aged ≥65 years or older recruited from population lists 

showed that after adjusting for confounders, participants taking benzodiazepines had an 11% 

increased rate of the total number of falls compared to non-benzodiazepine users (RR 1.11, 

95% CI 1.01, 1.23) (103). A French nested case-control study of 382 cases and 1146 controls 

aged 65 years or older recruited from the electoral roll reported that the OR of having an 

injurious fall was 1.7 (95% CI 1.3, 2.3) for any benzodiazepine use versus no benzodiazepine 

use (132). Two cross-sectional studies by De Rekeneire et al. and Yu et al. also found a 

significant association between benzodiazepine use compared to no use (178, 184).  
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Richardson et al. and Wu et al.’s studies found a significant association between 

benzodiazepine/sedative or hypnotic use and increased risk of recurrent falls compared to no 

use, but no association in any/single fallers (12, 87). The small sample size in Wu et al.’s study 

(87) may contribute to the imprecision in the effect estimate, while the 24 month recall period 

in Richardson et al.’s study may result in the over/underestimation of falls, impacting precision 

in effect estimate (12). Although there were also some imprecisions in other studies, this could 

also be attributed to their small sample size (n<600) (123, 130, 165) and long recall periods (4 

to 12 months) (86, 106, 118, 146). 

In contrast, a U.S cohort study of 482 men and women aged ≥60 years found a protective effect 

between sedative/hypnotic use and falls (any/all falls: OR 0.50, 0.26, 0.97; injurious falls: OR 

0.45, 0.13, 1.59) (16). This finding could be attributed to the study sample being recruited as 

volunteers who were considered to be healthier compared to population-based samples, 

impacting the study findings (16). Furthermore, a larger sample size may have provided more 

precise effect estimates.   

Overall, the results indicate a significant association between benzodiazepine and increased 

risk of falls (Table 2-17).  
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Table 2-17 Benzodiazepine use and any, recurrent and injurious falls (+ve= Benzodiazepine use is 

associated with increased fall risk, -ve = Benzodiazepine use is associated with decreased fall risk, 

and null= no association) 

Any falls 
 

Study Design - ve Null + ve Total 

Cohort • Vellas et al 

1998 (16) [OR 

0.50, 0.26, 

0.97] 

 

• Hanlon 2002 (118) [OR 

0.99, 0.71, 1.39] 

• Weiner 1998 (123) [OR 

1.68, 0.72, 3.90] 

• Sorock et al 1988 (130) [Use 

as needed: RR 1.35, 0.89, 

2.04; Continuous use: RR 

1.82, 0.92, 3.62] 

• Diem 2014 (86) [OR 1.09, 

0.90, 1.33] 

• Wu, Chie, Yang, Kuo et al 

2013 (87) 

[Sedative/hypnotic: OR 

1.41, 0.71, 2.83] 

• Richardson et al 2015 (12) 

[RR 1.14, 0.98, 1.34] 

• Ham et al 2014 (85) [HR 

1.32, 1.02, 1.71] 

• Berdot 2009 (104) [LAB: 

RR 1.20, 1.00, 21.43, 

p=0.048; SAB: RR 0.99, 

0.85, 1.16] 

• Tromp 2001 (120) [OR 

1.6, 1.1, 2.2] 

• Ensrud 2002 (19) [OR 

1.34, 1.06, 1.63] 

• De Vries, Peeters, Elders 

et al 2013 (90)  [Study 1: 

HR 1.46, 1.00, 2.15; 

Study 2: HR 1.37, 1.03, 

1.84] 

12 

Cross-sectional   • Mizukami et al 2013 (165) 

[Men: OR 1.5, 0.7, 3.6; 

Women: OR 1.2, 0.6, 2.3] 

• Du 2017 (146) [OR 0.90, 

0.25, 3.28] 

• De Rekeneire et al 2003 

(184)  [OR 1.6, 1.0, 2.6] 

• Yu et al 2009 (178) [OR 

2.04, 1.10, 4.13] 

 

4 

Recurrent falls 

 

Cohort  • Stone 2008 (106) [OR 1.34, 

0.95, 1.90] 

• Hanlon 2002 (118) [OR 

1.49, 0.98, 2.28] 

• Diem 2014 (86)  [OR 1.08, 

0.79, 1.47] 

• Wu et al 2013 (87) 

[Sedative/hypnotic: OR 

4.34, 2.07, 9.10] 

• Richardson et al 2015 

(210) [IRR 1.32, 1.05, 

1.65] 

• Faulkner et al 2009 (103) 

[RR 1.11, 1.01, 1.23] 

• Ensrud 2002 (19) [OR 

1.51, 1.14, 2.01] 

7 

Cross-sectional  • Du 2017 (146) [OR 1.01, 

0.17, 5.88] 

 1 

Injurious falls 

 

Cohort  • Vellas et al 1998 (16) [OR 

0.45, 0.13, 1.59] 

 1 

Nested Case-control   • Pariente et al 2008 (132) 

[OR 1.7, 1.3, 2.3] 

1 

Case-control  • Kelly et al (2003) (192) [OR 

1.15, 0.97, 1.36] 

 1 

Total 1 14 12  

Note, LAB= long acting benzodiazepines, SAB= short acting benzodiazepines 
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Major Tranquilizers  

Major tranquilizers were defined as either neuroleptic or antipsychotic medications.  

Four studies, three cohort and one cross-sectional, investigated the effects of major 

tranquilizers (neuroleptics or antipsychotic) on fall risk − indicating mixed results (Table 2-

18). Only one Finnish cohort study of 555 men and women aged ≥85 years reported a 

significant association between antipsychotic use and recurrent fall risk compared to no use 

(IRR 1.66, 95% CI 1.07, 2.58) (100).  

The remaining studies reported null associations between antipsychotic use and fall risk, which 

could be attributed to methodological issues (12, 123, 192). Richardson et al. (12), in an Irish 

cohort study of 6,666 men and women aged ≥50 years, reported no association between 

antipsychotic use compared to no use (any/all falls: RR 0.71, 95% CI 0.49, 1.02; recurrent falls: 

IRR 0.58, 95% CI 0.34, 1.01). A shorter recall period in this study may reduce recall bias and 

improve precision in effect estimates. A U.S. cohort study of 305 men aged ≥70 years recruited 

from ambulatory care clinics showed that the OR of having any falls was 1.20 (95% CI 0.20, 

7.26) for neuroleptic use compared to no use (123). A larger sample size in Weiner et al.’s 

study may provide more power to detect a significant effect estimate (n=305) (123). A 

Canadian case-control study of 2,278 cases and 9,112 controls aged ≥66 years also reported no 

association between increase injurious fall risk and antipsychotic used compared to no use after 

adjusting for confounding factors (192). The focus on injurious falls requiring medical attention 

in this study may not capture non-serious injurious falls not leading to hospitalisation, 

impacting the precision of effect estimates (192).  

Overall, the results suggest a possible association between antipsychotic or neuroleptic use and 

fall risk (Table 2-18); however, because of insufficient evidence, further research is needed to 

confirm these results.  
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Table 2-18 Antipsychotics or neuroleptics and any, recurrent and injurious falls (+ve= 

Antipsychotics or neuroleptics use is associated with increased fall risk, -ve = Antipsychotics or 

neuroleptics use is associated with decreased fall risk, and null= no association) 

Any falls 
 

Study Design - ve Null + ve Total 

Cohort  • Richardson et al 2015 

(12) [RR 0.71, 0.49, 

1.02] 

• Weiner 1998 (123) [OR 

1.20, 0.20, 7.26] 

 2 

Recurrent falls 

 

Cohort  • Richardson et al 2015 

(12)  [IRR 0.58, 0.34, 

1.01] 

• Iinattiniemi et al 2009 

(100) [IRR 1.66, 

1.07, 2.58] 

2 

Injurious falls 
 

Case-control  • Kelly et al (2003) (192) 

[OR 1.35, 0.90, 2.02] 

 1 

Total  4 1  
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Antiepileptic/ Anticonvulsant  

Seven studies – five cohort, one cross-sectional, and one case-control – examined the 

association of antiepileptic or anticonvulsant medications with fall risk (Table 2-17). Four 

studies reported a positive association between antiepileptic or anticonvulsant use and 

increased risk of falls after adjusting for confounding factors (19, 103, 124, 192). A US cohort 

study of 8,127 women aged ≥65 years recruited from population listings found a significant 

association between anticonvulsant use and increased fall risk compared to no use (any/all falls: 

OR 1.75, 95% CI 1.29, 2.21; recurrent falls: OR 2.56, 95% CI 1.49, 4.41) (19). Faulkner et al. 

(103), in another US cohort study of 8,378 women aged ≥65 years, showed that the RR of 

having falls was 1.62 (95% CI 1.31, 2.02) for antiepileptic use compared to no use. A cohort 

study from the Netherlands of 1,469 men and women aged ≥65 years recruited from population 

lists also found that participants who use antiepileptic medications were 4.7 times more likely 

have recurrent falls compared to those without (95% CI 1.4, 15.9) (211). One Canadian case-

control study of 2,278 cases and 9,112 controls aged ≥66 years reported a significant 

association between anticonvulsant use and injurious fall risk compared to non-users (OR 1.51, 

95% CI 1.11, 2.06) (192).  

Three studies reported null associations between anticonvulsant/antiepileptic use and fall risk 

(85, 118, 146). For two studies, the long recall period may result in the over/underestimation 

of falls impacting the precision of effect estimates (118, 146), while the non-significant effect 

in a cohort study from the Netherlands could be attributed to the small sample prescribed 

anticonvulsants (n= 42) (85).  

Overall, the results indicate a significant association between antiepileptic or anticonvulsant 

use and increased risk of falls (Table 2-19).  
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Table 2-19 Antiepileptic or anticonvulsant and any, recurrent and injurious falls (+ve= 

Antiepileptic use is associated with increased fall risk, -ve = Antiepileptic use is associated with 

decreased fall risk, and null= no association) 

Any falls 
 

Study Design - ve Null + ve Total 

Cohort  • Ham et al 2014 (85) 

[HR 1.31, 0.87, 1.98] 

• Hanlon 2002 (118) 

[OR 0.95, 0.40, 2.27] 

• Ensrud 2002 (19) [OR 1.75, 

1.29, 2.21] 

 

3 

Cross-sectional  • Du 2017 (146) [OR 

1.47, 0.58, 3.73] 

 1 

Recurrent falls 

 

Cohort  • Hanlon 2002 (118)  

[Phenytoin: OR 1.54, 

0.56, 4.23] 

 

• Faulkner et al 2009 (103) 

[RR 1.62, 1.31, 2.02] 

• Tromp 1998 (124) [OR 4.7, 

1.4, 15.9] 

• Ensrud 2002 (19) [OR 2.56, 

1.49, 4.41] 

4 

Cross-sectional  • Du 2017 (146) [OR 

0.42, 0.10, 1.81] 

 

 1 

Injurious falls 

 

Case-control   • Kelly et al (2003) (192) [OR 

1.51, 1.11, 2.06] 

 

1 

Total  5 5  
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Stimulants (Antidepressants) 

A stimulant in this review was defined as any prescribed antidepressant medication. Fourteen 

studies – nine cohort, four cross-sectional, and one case-control – examined the association 

between antidepressant use and fall risk (Table 2-20). 

Antidepressant use was shown to be associated with an increased risk of falls (12, 19, 72, 75, 

81, 85, 89, 103, 146, 155, 192). Ham et al. (85), in a cohort study of 2,407 men and women 

aged ≥65 years, reported that the HR of having any falls was 1.31 (95% CI 1.01, 1.70) for anti-

depressants use compared to no use. A German cross-sectional study of 1,833 men and women 

aged between 65-79 years showed a positive association between antidepressant use compared 

to no use (any/all falls: OR 2.88, 95% CI 1.63, 5.09; recurrent falls: OR 3.15, 95% CI 1.60, 

6.23) (146). Furthermore, participants in this study who were using selective serotonin reuptake 

inhibitors (SSRIs) were more likely to fall compared to those without (any/All falls: OR 6.22, 

95% CI 2.28, 17.0; recurrent falls: OR 7.02, 95% CI 2.38, 20.7); while no association was 

indicated between non-selective mono-amino reuptake inhibitors (NSMRIs) and increased risk 

of falls (any/all falls: OR 1.84, 95% CI 0.83, 4.10; recurrent falls: OR 1.11, 95% CI 0.42, 2.92) 

(146). An Australian cross-sectional study of 5,681 men and women aged ≥65 years recruited 

from population lists indicated that participants taking antidepressants had a 30% increased 

risk of falling compared to those not taking antidepressants (RR 1.30, 95% CI 1.10, 1.53) (155). 

A U.S. cohort study of 2,948 men and women aged 70-79 years recruited from Medicare 

records reported that after adjusting for confounding factors, participants taking any 

antidepressants had increased risk of recurrent falls compared to those with no use (OR 1.48, 

95% CI 1.12, 1.96) (72). Ensrud et al. (19), in a U.S. cohort study of 8,127 women recruited 

from population-based lists, found a significant association between anti-depressants use and 

increased recurrent fall risk compared to no use (OR 1.54, 95% CI 1.14, 2.07), but no 

association in any/all fallers (OR 1.22, 0.97, 1.53). Carriere et al. (75), in a French cohort study 

of 6,599 men and women aged 65 years or older recruited from the electoral roll, reported that 

the HR of having recurrent falls was 1.58 (95% CI 1.23, 2.03) for using any selective serotonin 

reuptake drugs compared to no use. An Irish cohort study of 6,666 men and women aged ≥50 

years found a positive association between antidepressant use and increased recurrent fall risk 

(IRR 1.28, 95% CI 1.03, 1.60), but no association in any/all fallers (RR 1.16, 95% CI 0.99, 

1.35) (12). The remaining studies also reported significant associations between antidepressant 

use and increased risk of falls (81, 89, 103, 192). Although there was some imprecision in 
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several studies, this could be attributed to their small sample size (n<550) (123, 151) and long 

recall period (4/24 months) (12, 19), which may impact the precision of effect estimates.  

Overall, the results indicate a significant association between antidepressant use and increased 

risk of falls (Tables 2-20).  

Table 2-20 Stimulants (antidepressant) and any, recurrent and injurious falls (+ve= Antidepressant 

use is associated with increased fall risk, -ve = Antidepressant use is associated with decreased fall 

risk, and null= no association) 

Any falls 
 

Study Design - ve Null + ve Total 

Cohort  • Weiner 1998 (123) 

[TCA: OR 1.50, 

0.69, 3.27] 

• Richardson et al 

2015 (12) [RR = 

1.16, 0.99, 1.35] 

• Ensrud 2002 (19) 

[OR 1.22, 0.97, 

1.53] 

• Ham et al 2014 (85) [HR 

1.31, 1.01, 1.70] 

 

 

4 

Cross-sectional  • Veira 2015 (151) 

[Depression 

medication: RR 

0.98, 0.70, 1.36] 

• Du 2017 (146) [NMIR: OR 

1.84, 0.83, 4.10; SSRI: OR 

6.22, 2.28, 17.0] 

• Mitchell 2015 (155) [RR 

1.30, 1.10, 1.53] 

3 

Recurrent falls 

 

Cohort   • Marcum, Perera, Thorpe 

2016 (72) [SSRI: OR 1.48, 

1.12, 1.96]  

• Carriere et al 2016  (75) 

[HR 1.58, 1.23, 2.03] 

• Quach et al 2013 (89) [IRR 

1.50, 1.11, 2.03] 

• Richardson et al 2015 (12) 

[RR 1.28, 1.03, 1.60] 

• Faulkner et al 2009 (103) 

[RR 1.20, 1.00, 1.45] 

• Ensrud 2002 (19) [OR 1.54, 

1.14, 2.07] 

6 

Cross-sectional   • Cumming 1991 

(188) [TCA: 

OR 1.72, 0.67, 

4.43] 

• Du 2017 (146) [NMIR: OR 

1.84, 0.83, 4.10; SSRI: OR 

7.02, 2.38, 20.7] 

2 

Injurious falls 

 

Cohort   • Kvelde 2015 (81) [RR 1.51, 

1.03, 2.22] 

1 

Case-control   • Kelly et al 2003 (192) [OR 

1.46, 1.21, 1.78] 

1 

Total   5 12  

Not, SSRI=selective serotonin reuptake inhibitor, TCA= tricyclic antidepressants, NSMRIs: non-selective mono-amino reuptake 

inhibitors.  
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Analgesics  

Eight studies – five cohort, two cross-sectional, and one case-control – examined the 

association between analgesic medication use and fall risk (Table 2-21). Analgesic medication 

was shown to be associated with an increased risk of falls (85, 124, 181, 192). One cohort study 

from the Netherlands of 2,407 men and women aged ≥65 years reported that the HR of having 

any falls was 1.45 (95% CI 1.00, 2.11; p-value 0.049) for the use of other analgesics (excluding 

opioids) compared to no use, while no association was found in those who were using opioids 

(HR 1.26, 0.90, 1.77) (85). These imprecisions in effect estimates, could be attributed to the 

low opioid users at baseline in Ham et al.’s study sample (n, opioids=45; n, other 

analgesics=38) (85). Tromp et al. (211), in a cohort study from the Netherlands of 1,469 men 

and women aged ≥65 years recruited from population lists, showed that the OR for having 

recurrent falls in women was 2.7 (95% CI 1.3, 5.6) for analgesic use compared to no use. A 

Chinese cross-sectional study of 4,000 men and women aged ≥65 years reported that 

participants using aspirin (any/all falls: OR 1.39, 95% CI 1.10, 1.75; recurrent falls: OR 1.64, 

95% CI 1.14, 2.36) or paracetamol (any/all falls: OR 1.63, 95% CI 1.00, 2.65; recurrent falls: 

OR 1.17, 0.50, 2.74) were more at risk of falling compared to those non-users (181). Although, 

a shorter recall period in this study may improve imprecisions in effect estimates, the direction 

of association is consistent with increased fall risk (181). A case-control study by Kelly et al. 

of 11,390 men and women (cases and controls) aged 66 years or older reported that after 

adjusting for confounding factors, participants using narcotic pain killers were associated with 

increased risk of injurious falls compared to non-users (OR 1.68, 95% CI 1.39, 2.03) (192).  

Although there was some imprecision in other studies, this could be attributed to small sample 

size (n=305) (123), recall bias (4 to 12 months) (19, 146), and focussing on injurious falls 

leading to hospitalisation, which may underestimate fall injuries impacting the precision of 

effect estimates (109).  

Overall, the results indicate a significant association between analgesic use and increased risk 

of falls (Table 2-21).  
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Table 2-21 Analgesics and any, recurrent and injurious falls (+ve= Analgesic medication use is 

associated with increased fall risk, -ve = Analgesic medication use is associated with decreased fall 

risk, and null= no association) 

Any falls 
 

Study Design - ve Null + ve Total 

Cohort  • Weiner 1998 (123) 

[Opioids: OR 2.43, 

0.80, 7.40] 

• Ensrud 2002 (19)  

[Narcotics: OR 1.02, 

0.79, 1.31] 

 

• Ham et al 2014 (85) [Non-

opioid analgesics:  HR 

1.45, 1.00, 2.11; p-value 

0.049]  

3 

Cross-sectional  • Du 2017 (146) [OR 

1.48, 0.70, 3.12] 

 

• Lee 2006 (181) [Aspirin: 

OR 1.39, 1.10, 1,75; 

Paracetamol: OR 1.63, 

1.00, 2.65] 

2 

Recurrent falls 
 

Cohort  • Ensrud 2002 (19) 

Narcotics: OR 0.99, 

0.68, 1.43] 

 

• Tromp 1998 (211) [OR 

2.7, 1.3, 5.6] 

2 

Cross-sectional  • Du 2017 (146) [OR 

2.27, 0.97, 5.34] 

 

• Lee 2006 (181) [Aspirin: 

OR 1.64, 1.14, 2.36; 

Paracetamol: OR 1.17, 

0.50, 2.74] 

2 

Injurious falls 
 

Cohort  • Duh 2008 (109) [RR 

1.05, 0.90, 1.23] 

 1 

Case-control   • Kelly et al (2003) (192) 

[OR 1.68, 1.39, 2.03] 

1 

Total  6 5  
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Anti-Parkinson/ Anti-muscarinic 

Six studies – four cohort, two cross-sectional, and one case-control – examined the association 

between anti-Parkinson/anti-muscarinic medication use and fall risk (Table 2-22). Only one 

cohort study by Marcum et al., of 61,451 women aged between 65-79 years recruited from 

clinical centres found a significant association between any use of anticholinergic drugs and 

increased risk of falls (recurrent falls: OR 1.51, 95% CI 1.43, 1.60) (71).  

The remaining studies found non-significant associations between anti-Parkinson/anti-

muscarinic medications and fall risk, all with effect measure above 1.0 (78, 85, 104, 146, 192). 

The long recall periods in Berdot et al. (104), Du et al. (146), and Marcum et al.’s (78) studies 

may have resulted in recall bias impacting the precision in effect estimates. The imprecision in 

effect estimates in Ham et al.’s cohort study may be attributed to the small sample of 

participants taking anti-Parkinson’s medications (n=31) (85), while Kelly et al.’s focus on 

injurious falls needing medical attention may have underestimated the number of falls 

impacting the precision of effect estimates (192).  

Overall Table 2-22 indicates a possible association between anti-Parkinson/anti-muscarinic 

medication use and fall risk; however, further research is needed to clarify this relationship.  

Table 2-22 Anti-Parkinson or anti-muscarinic agents and any, recurrent and injurious falls (+ve= 

Anti-Parkinson or anti-muscarinic agent use is associated with increased fall risk, -ve = Anti-

Parkinson or anti-muscarinic agent use is associated with decreased fall risk, and null= no 

association) 

Any falls 
 

Study 

Design 

- ve Null + ve Total 

Cohort  • Ham et al 2014 (85) [HR 1.25, 

0.80, 1.95] 

• Berdot 2009 (104) [RR 1.18, 

0.96, 1.47] 

 

 2 

Cross-

sectional 

 • Du 2017 (146) [OR 1.08, 0.26, 

4.55] 

 1 

Recurrent falls 

 

Cohort  • Marcum, Perera, Thorpe et al. 

2015 (78) [OR 1.34, 0.93, 1.93] 

• Marcum, Wirtz, 

Pettinger et al. 2016 

(71) [OR 1.51, 1.43, 

1.60] 

2 

Cross-

sectional 

 • Du 2017 (146) [OR 1.43, 0.37, 

5.56] 

 1 

Injurious falls 

 

Case-

control 

 • Kelly et al. 2003 (192) [OR 1.54, 

0.87, 2.75] 

 1 

  7 1  
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Cardiovascular Disease (CVD) Medications 

The medication categories reported by previous studies and reviewed in this section are 

antihypertensives, diuretics, statins to lower lipids and nitrates. 

Antihypertensive Drugs 

The antihypertensive categories reviewed are beta-blockers, alpha-blockers, calcium channel 

blockers and agents affecting the renin-angiotensin system. Diuretics are reviewed in a 

separate section because of the large number of studies reported for this drug category. 

Beta-blockers 

Four studies (68, 79, 85, 181) investigated the effects of beta-blockers on fall risk (Table 2-23). 

Although one study (85) found a significant association between prescribed beta-blockers and 

increased risk of falls, two studies (79, 181) reported null associations. Ham et al., in a cohort 

study from the Netherlands of 2,407 men and women aged ≥65 years, reported a significant 

association between beta-blockers and increased fall risk and compared to no beta-blockers 

(HR 1.41, 95% CI 1.12, 1.78) (85). Ham et al. (68) in a more recent publication found no 

association between past and current users of beta-blockers and increased fall risk after 

adjusting for age and sex. Furthermore, although another two studies reported null associations 

(79, 181), this could be attributed to their long recall periods (12 months) that may result in the 

over/underestimation of falls, impacting the precision of effect estimates.  

Alpha-blockers 

Two studies examined the association between alpha-blockers and fall risk – indicating no 

associations (79, 85) (Table 2-23). Ham et al. (85), in a cohort study from the Netherlands, 

showed that the HR of having any fall was 0.93 (95% CI 0.87, 1.09) for the use of alpha-

blockers compared to no use. Marcum et al. (79) found no association between alpha-blocker 

use and recurrent fall risk (OR 1.25, 95% CI 0.94, 1.67) in a U.S cohort study. A shorter recall 

period (<12 months) in this study may have provided a more precise effect estimate (79). 

Calcium channel blockers 

Four studies reviewed investigated the association between calcium channel blockers (CCB) 

and fall risk – indicating inconsistent results (79, 85, 181, 188) (Table 2-23). A Chinese cross-

sectional study of 4,000 men and women aged ≥65 years showed that the OR of having 

recurrent falls was 1.48 (95% CI 1.08, 2.02) for calcium channel blocker use compared to no-

use, but no association in any fallers (OR 1.00, 95% CI 0.82, 1.22) (181). Ham et al. (85), in a 

cohort study from the Netherlands, found no association between CCBs and increased risk of 
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falls (HR 0.93, 95% CI 0.87, 1.09).  Marcum et al. (79), in another U.S cohort study, also 

reported a null association between CCB use and recurrent fall risk compared to no use (OR 

1.06, 95% CI 0.84, 1.33). A U.S cross-sectional study of 1,358 men and women aged ≥65 years 

also found no association between diltiazem users and recurrent fall risk compared to non-users 

(OR 1.79, 95% CI 0.80, 4.11) (188). The long recall periods (12 months) in the two latter 

studies may result in recall bias impacting the precision in effect estimates (79, 188), while the 

null association in Ham et al.’s study may be due to chance (85).  

Agents affecting the Renin-Angiotensin System 

Four studies examined the association between agents affecting the renin-angiotensin system 

(AARAS) and fall risk − indicating mixed results (Table 2-23). An Australian cohort study of 

520 men and women aged 73-92 years recruited from the electoral roll reported protective 

effect between angiotensin system–blocking medications (ASBMs) and fall risk compared to 

no ASBMs (OR 0.66, 95% CI 0.46, 0.95) (88). Ham et al. (85), in another cohort study from 

the Netherlands, reported that the HR of having any falls was 0.93 (95% CI 0.83, 1.06) for 

prescriptions of renin-angiotensin agents compared to no prescriptions. While there was some 

imprecision, the direction of association remains consistent with reduced fall risk (85). Lee et 

al. (181) also found no association between angiotensin-converting enzyme inhibitors (ACEI) 

users and increased fall risk compared to non-users (any/all fallers: OR 0.98, 95% CI 0.76, 

1.27; recurrent fallers: OR 95% CI 1.18, 0.78, 1.79). Marcum et al. (79), in a U.S. cohort study 

of 2,948 men and women aged between 70-79 years, reported a non-significant association 

between angiotensin II receptor blocker use and increased risk of recurrent falls compared to 

no use (OR 1.17, 95% CI 0.80, 1.71). The imprecisions in effect estimates in the latter studies 

could be attributed to recall bias (12 months) (79, 181), while Ham et al.’s findings could be 

due to chance (85).  

Overall, apart from AARAS which shows a possible protective effect against falls, the 

remaining antihypertensive medications indicated no association with fall risk. Further 

research is needed to clarify this association (Table 2-23). 
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Table 2-23 Specific antihypertensive drugs and any, recurrent or injurious fall risk (+ve= Specific 

antihypertensive medication use is associated with increased fall risk, -ve = Specific 

antihypertensive medication use is associated with decreased fall risk, and null= no association) 

Study Design Findings 

-ve Null +ve Total 

Beta-blockers  • Marcum, Perera, Newman 

2015 (79) [≥2 falls: OR 

1.06, 0.82, 1.36] 

• Lee 2006 (181) [≥1 falls: 

OR 1.135, 0.922, 1.397; ≥2 

falls: 1.313, 0.941, 1.833] 

• Ham et al. 2017 (68) [≥1 

falls: Non-users: OR 1.00; 

Past Users:  OR 1.07, 0.79, 

1.46; Current Users: OR 

0.98, 0.86, 1.12;                                  

Injurious fallers: ≥1 falls:                                       

Non-users: OR 1.00; Past 

Users:  OR 1.07, 0.94, 1.21; 

Current Users: OR 0.95, 

0.85, 1.10] 

• Ham et al 2014 

(85) [≥1 falls, 

non-selective 

beta-blockers: 

HR 1.41, 1.12, 

1.78] 

 

4 

Alpha-blockers  • Marcum, Perera, Newman 

2015 (79) [≥2 falls: OR 

1.25, 0.94, 1.67] 

• Ham et al 2014 (85) [HR 

0.83, 0.64, 1.07] 

 2 

Calcium Channel 

Blockers 

 • Marcum, Perera, Newman 

2015 (79) [≥2 falls: OR 

1.06, 0.84, 1.33] 

• Ham et al 2014 (85) [≥1 

falls, HR 0.93, 0.87, 1.09] 

• Cumming 1991 (188) 

[Diltiazem, ≥1 falls: OR 

1.79, 0.80, 4.11; 

Nitroglycerine: OR 1.18, 

0.53, 2.61] 

• Lee 2006 (181) 

[≥1 falls: OR 

0.998, 0.815, 

1.224; ≥2 falls: 

OR 1.477, 

1.083, 2.016] 

4 

Agents Affecting the 

Renin-Angiotensin 

System 

• Wong et al 2013 

(88) [≥1 falls: OR 

0.66, 0.46, 0.95] 

 

• Marcum, Perera, Newman 

2015 (79) [≥2 falls: ARBs, 

OR 1.17, 0.80, 1.71; ACE, 

OR 1.10, 0.85, 1.42] 

• Ham et al 2014 (85) [≥1 

falls: HR 0.93, 0.83, 1.06] 

• Lee 2006 (181) [ACEI, ≥ 1 

falls: OR 0.98, 0.76, 1.27; 

≥2 falls: OR 1.18, 0.78, 

1.79] 

 4 

Total 1 11 2  

Note, ARB= angiotensin II receptor blocker, ACE= angiotensin converting enzyme, ACEI= angiotensin converting enzyme inhibitors. 
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Diuretics 

Nine studies, seven cohorts and two cross-sectional, examined the association between diuretic 

use and fall risk (Table 2-24). Diuretic use was shown to be associated with increased fall risk. 

Cauley et al. (127), in a US cohort study of 9,704 women aged ≥65 years recruited from clinical 

centres reported that past thiazide diuretic use was associated with increased risk of falls 

(any/all falls: OR 1.29, 95% CI 1.08, 1.54; recurrent falls: OR 1.48, 95% CI 1.15, 1.90), but no 

association was found in current users (any/all falls: OR 1.11, 95% CI 0.95, 1.19; recurrent 

falls: OR 1.06, 95% CI 0.90, 1.25). A U.S cross-sectional study of 1,358 men and women aged 

≥65 years reported that the OR of having recurrent falls was 1.81 (95% CI 1.18, 2.77) for 

diuretic use compared to no use (188).  

Although other studies reported null associations between diuretic use and fall risk, this could 

be attributed to the low number of fall events in one study (11% to 16.3%) and the use of long 

recall periods of 12 (79, 114, 118, 181), and 24 months (12) in other studies impacting the 

precision of effect estimates.  

Overall, the results indicate a possible association between diuretic use and increased risk of 

falls; however, further research is needed to clarify this association (Table 2-24).  

Table 2-24 Diuretic use and any, recurrent and injurious falls (+ve= Diuretic use is associated with 

increased fall risk, -ve = Diuretic use is associated with decreased fall risk, and null= no 

association) 

Any falls 

 

Study Design - ve Null + ve Total 

Cohort  • Richardson et al 2015 (12) 

[RR 1.06, 0.92, 1.23] 

• Ham et al 2014 (85) [Any 

diuretic: HR 0.99, 0.87, 

1.13] 

• Gerdhem 2005 (114) [OR 

1.18, 0.82, 1.68] 

• Hanlon 2002 (118) [OR 

1.07, 0.80, 1.42] 

• Cauley 1993 (127) 

[Current users: 1.11, 

0.95, 1.19; Past users: 

1.29, 1.08, 1.54] 

5 

Cross-sectional  • Lee 2006 (181)  [OR 1.047, 

0.808, 1.358] 

 1 

Recurrent falls 

 

Cohort  • Marcum, Perera, Newman 

2015 (79) [Loop diuretics: 

OR 1.25, 0.94, 1.67; 

Thiazide diuretics: OR 

0.87, 0.68, 1.10] 

• Richardson et al 2015 (12) [ 

IRR 1.07, 0.87, 1.31] 

• Cauley 1993 (127) 

[Current users: OR 

1.06, 0.90, 1.25; Past 

users OR 1.48, 1.15, 

1.90] 

5 
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• Lim 2009 (98) [Loop 

diuretics: OR 0.99, 0.71, 

1.39] 

• Hanlon 2002 (118) [OR 

0.94, 0.67, 1.31] 

Cross-sectional   • Lee 2006 (181) [OR 0.79, 

0.50, 1.26] 

• Cumming 1991 (188) 

[OR 1.81, 1.18, 2.77] 

2 

Total  10 3  
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Lipid-Lowering Agents (Statins) 

Two cohort studies and one cross-sectional investigated the effects of statins on fall risk, 

indicating mixed results (Table 2-25). Ham et al. (85), in a cohort study from the Netherlands 

of 2407 men and women aged 65 years or older, showed that after adjusting for confounding 

factors, the HR for having any falls was 0.81 (95% CI 0.71, 0.94) for using statins compared 

to no use. An Australian cohort study of 520 men and women aged between 73-92 years 

recruited from the electoral roll reported that the OR of having any falls was 0.94 (95% CI 

0.65, 1.35) for participants who were using statin medications compared to non-users (88). 

Despite the imprecision in the effect estimate, the direction of association is consistent with 

reduced fall risk.  

In contrast, a Chinese cross-sectional study by Lee et al. (181) found a positive association 

between statin use compared to no use (any/all falls: OR 1.19, 95% CI 0.87, 1.64; recurrent 

falls: OR 1.67, 95% CI 1.05, 2.66). Although, a shorter recall period in this study may have 

improved the precision in effect estimates, the direction of association remained consistent with 

increased risk of falls (181).  

Overall, the results indicate no association between statin use and increased fall risk because 

of the distribution of studies across negative, null, and positive associations. Further research 

is needed to reaffirm these findings (Table 2-25).  

Table 2-25 Lipid-Lowering Agents (Statins) (+ve= Statin use is associated with increased fall risk, -

ve = Statin use is associated with decreased fall risk, and null= no association) 

Any falls 
 

Study Design - ve Null + ve Total 

Cohort • Ham et al 2014 (85) 

[HR 0.81, 0.71, 

0.94] 

 

• Wong et al 2013 

(88) [OR 0.94, 

0.65, 1.35] 

 2 

Cross-sectional  • Lee 2006 (181) 

[OR 1.19, 0.87, 

1.64] 

 1 

Recurrent falls 

 

Cross-sectional   • Lee 2006 (181) [OR 1.67, 

1.05, 2.66] 

1 

Total 1 2 1  
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Nitrates 

Two studies examined the association between nitrates and fall risk (181, 188) (Table 2-27). 

Lee et al. (181), in a Chinese cross-sectional study of 4,000 men and women aged ≥65 years, 

reported a positive association between nitrate medications and increased fall risk (any/all falls: 

OR 1.85, 95% CI 1.39, 2.46; recurrent falls: OR 2.04, 95% CI 1.33, 3.13). Although one U.S. 

cross-sectional study reported no association between nitrate medications (nitro-glycerine) and 

recurrent fall risk (OR 1.18, 95% CI 0.53, 2.61), this could be attributed to the small sample of 

participants taking nitro-glycerine (n=52) (188).  

Overall, the results indicate an association between nitrates and increased fall risk; however, 

because of insufficient evidence, there is a need for further research (Table 2-27).  

Table 2-26 Other CVD medications and any, recurrent and injurious falls (+ve= Other CVD 

medication use is associated with increased fall risk, -ve = Other CVD medication use is associated 

with decreased fall risk, and null= no association) 

Any falls 
 

Study Design - ve Null + ve Total 

Nitrates   • Lee 2006 (181) [OR 1.85, 

1.39, 2.46] 

1 

Recurrent falls 
 

Nitrates  • Cumming 1991 (188) 

[OR 1.18, 0.53, 2.61] 

 

• Lee 2006 (181) [OR 2.04, 

1.33, 3.13] 

2 

Total  1 2  
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Respiratory Medications 

Five studies investigated the association between respiratory medications and fall risk (Table 

2-27). Only one French nested case-control study of 382 cases and 1146 controls (men and 

women)  aged ≥65 years recruited from the electoral roll found a significant association 

between antihistamine use and increased risk of injurious falls compared to no-use in 

participants aged less than 80 years only (OR 3.73, 95% CI 1.13, 12.25); while a null 

association was reported in those aged ≥80 years (OR 0.31, 0.08, 1.28) (132). The stratification 

of participants by age may have reduced the sample size for each age group impacting the 

precision of effect estimates in those aged ≥80 years. Other studies also reported null 

associations between respiratory medication and fall risk; this could be attributed to 

methodological issues impacting precision in effect estimates such as long recall periods of 12 

months (78, 118), small sample size taking respiratory medications (n=52) (85), and the focus 

on injurious falls needing medical care which may underestimate fall injuries impacting the 

precision of effect estimate (192).  

Overall, the results indicate no obvious association between respiratory medications and 

increased risk of falls; and further research is needed to clarify this association (Table 2-27). 

Table 2-27 Respiratory medication and any, recurrent and injurious falls (+ve= Respiratory 

medication use is associated with increased fall risk, -ve = Respiratory medication use is associated 

with decreased fall risk, and null= no association) 

Any falls 
 

Study Design - ve Null + ve Total 

Cohort  • Ham et al 2014 (85) [Anithistamines: HR 

1.39, 0.98, 1.98; Sympathomimetic: HR 

1.16, 0.93, 1.44] 

• Hanlon 2002 (118) [Prednisone: OR 0.96, 

0.44, 2.09] 

 2 

Recurrent falls 

 

Cohort  • Hanlon 2002 (118) [Prednisone: OR 1.18, 

0.42, 3.30] 

• Marcum, Perera, Thorpe 2015 (78) 

[Antihistamine: OR 1.40, 0.91, 2.13] 

 2 

Injurious falls 

 

Nested Case-

control 

  • Pariente et al 2008 

(132) [Antihistamine, 

65-79 years: OR 3.73, 

1.13, 12.25, ≥80 years: 

OR 0.31, 0.08, 1.28] 

1 

Case- control  • Kelly et al (2003) (192) [Antihistamine: 

OR 0.02, 0.00, 65.85] 

 1 

Total  5 1  
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Musculoskeletal Medications 

Four studies examined the impact of non-steroidal anti-inflammatory drugs (NSAIDs) on fall 

risk (Table 2-28). While one study (181) found a significant association between NSAID use 

and increased risk of falls, two studies (85, 118) reported null associations. A Chinese cross-

sectional study of 4,000 men and women aged ≥65 years recruited from the community centres 

found a significant association between NSAID use and increased risk of falls compared to no 

use (any/all falls: OR 1.46, 95% CI 1.03, 2.07; recurrent falls: OR 1.96, 95% CI 1.19, 3.23) 

(181). Although there were some imprecision in other studies, this could be attributed to the 

small sample size using NSAIDs (n=70) (85) in one study and recall bias in the other (118).   

Overall, the results indicate a possible association between NSAIDs and increased fall risk; 

however, because of insufficient evidence there is a need for further research to reaffirm these 

findings (Tables 2-28). 

Table 2-28 Musculoskeletal medications and any, recurrent and injurious falls (+ve= 

Musculoskeletal medication use is associated with increased fall risk, -ve = Musculoskeletal 

medication use is associated with decreased fall risk, and null= no association) 
Any falls 

 

Study Design - ve Null + ve Total 

Cohort  • Ham et al 2014 (85) 

[NSAID: HR 1.26, 0.93, 

1.71] 

• Hanlon 2002 (118) 

[NSAID: HR 1.02, 0.78, 

1.32] 

 2 

Cross-sectional   • Lee 2006 (181) 

[NSAID: OR 1.46, 

1.03, 2.07] 

 

1 

Recurrent falls 

 

Cohort  • Hanlon 2002 (118) 

[NSAID: HR 1.10, 0.79, 

1.53] 
 

 1 

Cross-sectional   • Lee 2006 (181) 

[NSAID: OR 1.96, 

1.19, 3.23] 

2 

Total  3 2  

Note, NSAID: non-steroidal anti-inflammatory drugs 
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Laxatives 

One study examined the impact of laxative medications on recurrent fall risk (Table 2-29). 

Cumming et al. (188), in a cohort study of 1,358 men and women aged ≥65 years, examined 

the effects of laxative medications on recurrent fall risk. After adjusting for confounding 

factors, the OR of having recurrent falls was 1.47 (95% CI 1.33, 1.62) for laxative use 

compared to no use (188). Because of insufficient evidence exploring the association of 

laxatives on fall risk, further research is needed in this area.  

Table 2-29 Laxatives and any falls (+ve= Laxative use is associated with increased fall risk, -ve = 

Laxative use is associated with decreased fall risk, and null= no association) 

Recurrent falls 

 

Study Design - ve Null + ve Total 

Cohort   • Cumming 1991 (188) [OR 1.47, 1.33, 1.62] 1 

Total   1  
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 Conclusion 

In summary, the risk factors for falls are multifaceted and may affect different areas of a 

person’s life. This comprehensive review identified 25 factors relevant to this thesis that 

increased or decreased the risk of falls.  

Factors shown to be associated with increased risk of falls include age, sex, ethnicity (White), 

living alone, marital status, poor self-rated health, depression, diabetes, stroke, angina, arthritis, 

pain, history of fracture, history of falls, respiratory diseases (asthma, emphysema and 

shortness of breath), benzodiazepines, antiepileptic/anticonvulsant medications, 

antidepressants, psychotropic medications, analgesics, and diuretics medications. A protective 

effect was shown for ethnicity (Black/African American vs. White).  

The majority of studies highlighted in this review focussed on falls among community-dwellers 

aged ≥60 years. This was similar to previous systematic reviews that have predominantly 

focussed on older adults particularly reviews that focussed on medication related risk factors 

(43-46). In contrast, fall-related research that included middle-aged participants aged ≥50 years 

was limited, which was evident in only one study in this review examining the risk of falls in 

those aged 55-85 years (120). 

As previously mentioned in Section 2.5, there are still some uncertainties in results, which may 

be due to issues in the study design (cohort vs. cross-sectional), sample size and data collection 

methods. As shown in Section 2.7, small sample size was a common methodological issue in 

several studies that resulted in insufficient power to detect significant effect estimates. There 

was a paucity of literature with robust research methodologies (i.e., pharmaceutical data vs. 

self-report), particularly on medications that impacted the risk of falls among middle-aged and 

older community-dwellers. This gap in the literature was greatest in recurrent and injurious fall 

studies.  

Although there has been a large increase in the number of cohort studies over the years 

examining risk factor for falls, there has been a paucity of cohort studies examining the effects 

of medical conditions such as CVDs (heart attack, heart failure, angina, irregular heart beat), 

respiratory conditions (asthma and emphysema), certain nervous system medications 

(antipsychotics and anti-Parkinsons), CVD medications (specific antihypertensives), 

musculoskeletal medications (NSAIDs) and laxatives on falls among mid and older adults.  
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Most cohort studies reviewed utilised multivariate logistic regression to analyse the association 

between factors and fall risk (Appendix B). Because falls, particularly recurrent falls are 

common (>20%) among older adults, this means that ORs may overestimate the RR of falls in 

these studies (212).  

As previously described (Section 2.4.1), most fall related research in this review were from the 

American, European and Asian regions, while only two studies reviewed were from NZ (25, 

129). Atlas et al. (25) in the more recent of the two cohort studies, found a positive association 

between depression and increased risk of falls among Māori and Non-Māori compared to no 

depression; however, this finding is generalizable to older adults aged ≥80 years only. 

Campbell et al. in a cohort study of 761 participants found the risk factors for fall differed 

between men and women; However, this could be attributed to the small sample size. 

Therefore, this could suggest the need for further research on falls among mid and older adults 

aged ≥60 years in NZ.  

This review has a number of strengths. Firstly, it included studies with multivariate results 

only. Secondly, middle-aged participants (50-59 years) in the community were included, who 

are also at high risk of falls. Finally, the use of the New Castle-Ottawa Scale (NOS) enabled 

the critical appraisal of the included studies. Some limitations of the review included 

publication bias where not all risk factors and analysis of results were reported in some studies, 

and the inclusion of only studies published in English, which may have excluded important 

findings.  

In conclusion, this review highlighted 25 risk factors relevant to the thesis objectives that 

clustered into the areas of socio-demographic, lifestyle, physical, medical and pharmaceutical 

risk factors. Considering there is a dearth of literature on the effects of medical conditions such 

as CVDs (heart attack, heart failure, angina, irregular heart beat), respiratory conditions 

(asthma and emphysema), certain nervous system medications (antipsychotics and anti-

Parkinsons), CVD medications (specific antihypertensives), musculoskeletal medications 

(NSAIDs) and laxatives on falls among mid and older adults, there is a need for a contemporary 

cohort study with appropriate power or sample size, statistical analysis methods and objective 

measurements of data to explore and reaffirm what factors may cause an increased/decreased 

risk of any, injurious and recurrent falls among mid and older community adults (50-84 years) 

in NZ. The following chapter presents an analysis of the ViDA study which addresses some of 

the key biases and the methodological limitations of the studies included in this review.  
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3 CHAPTER THREE: METHODS 

As previously described (see chapter one, section 1.2) this research draws on data from the 

ViDA study with a cohort that offers an opportunity to investigate and identify the modifiable 

and non-modifiable risk factors for any type of falls (including injuries), injurious and recurrent 

falls among mid and older adults aged 50-84 years in NZ – which are the aims of this thesis. 

This chapter describes the methods used to identify the risk factors for any/all types of falls, 

injurious falls, and recurrent falls among community dwelling adults formerly identified in the 

literature review chapter. The chapter begins with a discussion of the methodology and the 

underlying paradigm which underpins this research, an overview of the study design is then 

provided including the study aims, recruitment strategies, and data sources. The chapter closes 

with a description of the analytical approach.   

 Methodology 

This research uses a positivist research philosophy adopting Karl Popper’s theory of science 

(213, 214) to drive the research aims, objectives, methods, and analysis of this thesis. Popperian 

Epidemiology argues that science is a study of falsification, and to get closer to the truth, 

researchers must seek to disprove a hypothesis rather than verify or affirm it. Popper’s 

philosophy has two central principles, differentiation via testability, and that falsification and 

corroboration are asymmetric (25). Popper argues that the truth is created from an hypothesis 

that is highly refutable or falsifiable (testable) (215). These theories must be universal (wide 

range of conditions), simple (involve either a small number of hypotheses or assumptions) and 

carried out with precision.  

Popper also argues that falsification will guide researchers closer to the truth and that induction 

and validation are not science (215, 216). Therefore, the scientific process involves 

observation, upon which deductions (or hypotheses) are made, followed by studies that aim to 

falsify (or refute) the deductions. Refuting a hypothesis can help researchers learn more and 

grow closer to the truth (215, 217). 

Hence, the literature review described in Chapter Two was carried out to identify risk factors 

in order to create the null hypotheses that are tested in this thesis. The null hypotheses and 

associated risk factors identified were investigated in multivariate analyses to test for 

falsification by determining which factors are associated with a significantly increased risk of 
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falls. The failure to refute an hypothesis does not mean that the hypothesis is affirmed or 

validated but instead suggests that the ‘theory survives’ (215).  

 Thesis Aim & Objectives 

The main aim of this thesis is to identify the risk factors for any type (including injurious), 

injurious, and recurrent falls among community-dwelling older adults in NZ.  The specific 

objectives are to: 

1. Identify the modifiable and non-modifiable risk factors for:  

a. any type of fall, 

b. injurious fall, 

c. and recurrent falls, 

in community-dwelling adults aged 50- 84 years in NZ. 

2. Determine the priorities for the prevention of falls in community-dwelling adults aged 

50- 84 years in NZ. 

 Study Design  

The research uses data collected as part of the previously described ViDA study conducted by 

Scragg et al. (57) (see Chapter one, Section 1.2) aiming to determine the risk factors for any 

type of fall, injurious falls, and recurrent falls. The following is a brief summary of the study 

design.  

 Recruitment 

3.4.1 ViDA Study Population 

Recruitment for the ViDA study was carried out in Auckland, NZ, from patients at family 

medical practices (Figure 3-1). Potential participants were identified electronically, and their 

contact details were extracted. Letters (n=47,905) were then mailed to their home address 

containing the invitation to participate, the ethics approved participant information sheet, a one-

page form requiring people to provide their phone contact detail if they were interested in the 

study, and a reply-paid envelope. Those who returned the form (n=8688), were then phoned by 

a research assistant and screened for eligibility using a standard questionnaire. Out of 8,688 

people that responded, 5108 were given an appointment for the baseline assessment at the 

School of Population Health, the University of Auckland Tamaki Campus.  
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Community groups were also approached by the ViDA study research team and were screened 

for eligibility by a research assistant. Out of 163 potential community participants, 143 were 

invited for the baseline assessment.  

The inclusion and exclusion criteria used for both potential participants from family practices 

and community groups are listed below (57). 

3.4.2 Inclusion criteria 

• Age between 50–84 years. 

• Able to give informed consent. 

• Must reside in Auckland during recruitment. 

• Anticipated to be resident in NZ for the entire study period (4 years). 

3.4.3 Exclusion criteria 

• Currently taking vitamin D supplements, including cod-liver oil (>600 IU per day if 

aged 50–70 years and >800 IU per day if aged 71–84 years). 

• Diagnosed with psychiatric disorders, that would limit the ability to comply with the 

study protocol.  

• A history of hypercalcaemia, nephrolithiasis, sarcoidosis, parathyroid disease or gastric 

bypass surgery. 

• Enrolled in another study, which could affect participation in the vitamin D study. 

• Having a serum calcium level higher than>2.50 mmol/L based on results from their 

blood sample collected at the baseline assessment. 

 Exposure 

3.5.1 Baseline Assessment 

The baseline questionnaire collected information that covered the following areas: 

demographics, lifestyle, general health, medical history, and medications (Appendix E). The 

potential exposure variables selected from the baseline questionnaire for use in this research 

were based on the findings of the literature review described in Chapter Two. The variables 

used, and where relevant their response options are described below. 

Demographic exposures 

• Age.  

• Sex: male or female. 
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• Ethnicity: ethnic group participants most identified with selected from the following: 

Afghan, African, Asian not defined, Bangaleshi, Cambodian, Chinese, Cook Island Māori, 

European not defined, European/Pakeha New Zealander, Fijian, Fijian, Indian, Indian, 

Iraqi, Latin American, Middle Eastern, Nepalese, New Zealand Māori, Niuean, Other, 

Other Asian, Other European, Other Pacific, Pakistani, Samoan, South African, South 

African Indian, South East Asian, Sri Lankan, Tahitian, Tokelauan, Tongan, and Not 

stated). Ethnicity was then categorised into participants who self-identified as being either 

‘European/other’, ‘Māori’, ‘Pacific’ or ‘South Asian.’  

• Education: highest education level attained.  

• Marital status: ‘married/have a partner’, ‘separated or divorced and living alone’, 

‘widow/widower’ or ‘never been married/partnered’.  

• Living alone: whom participants lived with most of the time, the response options available 

included: alone, husband/wife/partner, husband/wife/partner, and children, with 

child/children (no other adults), or with extended family or non-family members.  

• Employment: main lifetime occupation if they were currently in paid work, the type of 

work they were currently in, the number of hours of work per week they were doing or if 

they were not currently in employment.  

• Home-setting: Options included: living in a house, flat or apartment; living in a retirement 

village, rest home or private hospital; and other (included Mārae).  

Lifestyle 

• Smoking: Questions related to ever smoking in a lifetime; if so the number of cigarettes 

smoked in a lifetime; current smoking status; frequency of current smoking; age started or 

stopped smoking; number of cigarettes smoked per day.  

• Vigorous activity: how many hours on a typical week in the last three months spent doing 

vigorous activity that caused either sweating or a faster heartbeat.  

• Alcohol use:  the self-reported frequency of drinking in the past 12 months, the number of 

drinks on a typical day, frequency of drinking six or more drinks on one occasion, alcohol 

consumption at least once per month, any years since stopping drinking.  

• Sun exposure: how many hours a day spent outdoors exposed to the sun in the preceding 

three months.  

• TV watching: how many hours a day, during the week and weekend, spent watching TV, 

videos, or using a computer.  
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Medical History 

• Falls: 

o Fall History was measured as experiencing “a fall including a slip or trip in which 

you lost your balance and landed on the floor or ground level”, four weeks 

preceding the baseline assessment.  

o Confidence: Participants were asked how confident they were of carrying out daily 

activities without falling.  

• Participants self-reported whether they were told by a doctor if they had: 

o Diseases affecting the Bone: either arthritis or previous fracture/broken bone. 

o Cardiovascular risk factors: either high blood pressure, high cholesterol, or 

diabetes (not including gestational).  

o Cardiovascular diseases: either heart failure, irregular heartbeat, heart attack, 

angina, stroke, transient ischemic attack (TIA), and claudication. Because of their 

similar clinical pathophysiology, some CVD variables were combined in the 

cohort analysis: 

▪ Heart attack and/or angina: ‘heart attack with or without angina’, 

‘angina only’ and ‘neither’  

▪ Heart failure and/or angina: ‘heart failure with or without irregular 

heartbeat’, ‘irregular heartbeat only’, and ‘neither’. 

▪ Stroke and/or TIA: ‘stroke with or without TIA’, ‘TIA only’, and 

‘neither’ 

o Lung diseases: either asthma or emphysema (or chronic bronchitis).  

o Other medical conditions: 

o Chronic pain: pain experienced daily with a varying intensity that lasted for 

six or more months. Information on location, treatments taken, and the 

debilitating effects for pain were also measured.  

o Depression: being told by a doctor of having depression lasting more than 

six months. This included symptoms that could come and go or were present 

all the time.  

o General health was rated as excellent, very good, good, fair, or poor.  

Ministry of Health Prescription Medication Data 

The Ministry of Health (MOH) pharmaceutical collection data were provided to the ViDA 

study, with the consent of participants (218). It contains prescription information from 

pharmacists on claims and payment for subsidised dispensing. Information includes daily 
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dosage, chemical name, quantity dispensed, and the frequency of medication taken each day 

by the participants (218). Similar to other falls related studies (12, 75, 85, 90, 100, 104, 210), 

medications were extracted and coded systematically using the Anatomical Therapeutic 

Chemical (ATC) level 2 category (TG Name 2) for similar active chemical ingredients 

(Chemical Name).   

3.5.2 Randomisation 

The 5,110 eligible participants were randomly allocated to receive either vitamin D 

supplementation or placebo. Participants were randomly allocated within blocks of 8, 10, or 

12, and by ethnicity (Māori, Pacific, South Asian, European, or other) and five-year age strata. 

All study investigators, aside from the statistician, and participants were blinded to their 

assigned treatment group (57). After randomisation, two participants withdrew from the 

placebo group and were excluded from the study (n=5,108).   
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Figure 3-1 Flow Diagram of ViDA Study Design (57) 
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 Follow-up Data on Falls 

3.6.1 Monthly and Four-Monthly Questionnaire 

Follow-up questionnaires were mailed initially monthly from June 2011 to November 2013, 

and then every four months (for reasons of cost) from March 2014 until the end of follow-up, 

July 2015 (Appendix D).  

Participants were asked in each monthly/four-monthly questionnaire: “In the past month/four 

months since you took your last capsule, have you had any falls including a slip or trip in which 

you lost your balance and landed on the floor or ground or lower level?” (219). When 

participants indicated ‘Yes’ to experiencing a fall had to specify the frequency of falls (1 or 2 

or more), in addition to whether the fall resulted in injury, the need to see a doctor, or for 

hospital admission. Participants also had to specify whether the fall resulted in any injuries 

such as “a strain or sprain (muscles or ligaments), cut, bruised, bleeding or abrasion to the skin 

or a bone fracture”. Participants also had to report whether they needed to see a doctor because 

of their fall-related injury and if they were admitted to a hospital.  

Out of 122,706 questionnaires posted to participants, 107,859 (88%) were returned. Retention 

of the cohort was high, with 4,032 (81%) participants returning the final (July 2015) 

questionnaire and a further 283 (6%) returning the penultimate (March 2015) questionnaire. 

Only 52 participants never returned a questionnaire after randomisation and were excluded 

from analyses. 

3.6.2 Power & Sample Size Calculation 

The power calculations for the original ViDA study were based on a study of patients aged 60 

years or older attending a family physician, which showed that 24% of the patients reported a 

fall in the preceding 12 months (220). Therefore, it was estimated that half of the participants 

from the ViDA study would experience at least one fall during the study, allowing a 10% 

increase or reduction in falls from the study intervention (vitamin D) to be detected with a 

power of 80% at the 1% level of significance (57).  
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 Data Analysis & Processing for this thesis 

The data from the ViDA study baseline, monthly/four monthly questionnaires, and MOH 

prescription data were gathered in separate statistical analysis system (SAS - version 9.4) 

datasets and cleaned and merged together in accordance with the thesis objectives.  

Data was characterised in the following ways: 

• Baseline Data: Sociodemographic, lifestyle and medical data were categorised according 

to their responses to the baseline questionnaire, and further details can be accessed in 

Appendix C1. Medical conditions: were categorised dichotomously, as either yes or no. 

Ministry of Health Prescription Data: The National Health Index (NHI) number was used 

to merge all prescription medications given out by pharmacists to study participants from 

two years preceding randomisation to July 2015. Prescription medications at baseline were 

defined as any medications prescribed during 12 months before randomisation.  Similar to 

other fall-related studies (12, 75, 85, 90, 100, 104, 210), medications were extracted and 

coded systematically as the ATC level 2 category (TG Name 2) with similar active 

chemical ingredients (Chemical Name).  All prescription medications were coded 

dichotomously as either ‘yes or no’ if prescribed the following medications at baseline 

during 12 months before randomisation. The tables of all medications that ViDA study 

participants were prescribed 12 months before randomisation (Appendix C2).  

• Outcome Data: Because vitamin D had no effect on the risk of falls, as confirmed by there 

being no difference in the cumulative incidence of falls between the Vitamin D group and 

the control group in the ViDA study (52% vs 53% respectively), the outcome data for falls 

were combined (221). The three outcomes based on the study objectives were measured: 

o Time to first fall for any/all types of fall (one or more falls, including injurious falls) 

o Time to first injurious fall (one or more injurious falls only) 

o Total number of falls or recurrent falls (multiple or two or more falls) 

3.7.1 Statistical Analysis 

SAS was used to analyse all data relevant to the thesis objectives.   

Baseline Cross-sectional Analysis 

Descriptive analysis of the sample was undertaken using the PROC FREQ procedure to create 

frequency tables to show the distribution of different baseline characteristics and prescribed 

medications in the study sample.  The ‘missing’ option was utilised to identify how many 
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variables contained missing data, while the ‘nocum’ and ‘nocol’ options were allowed for the 

creation of appropriate tables.  

Cohort Analysis 

Before initiating the multivariate analysis, the ‘single mean imputation’ method was utilised to 

handle variables with less than five percent of missing data (222). This method involves 

replacing missing data with a value defined by the highest mean value.  

For the outcome ‘any type of fall’, after the removal of participants who did not return a fall 

questionnaire during follow-up (n=52), and missing time-dependent variables (time to 

event/first fall) (n=7), the remaining 5,049 (99%) participants were included in the 

multivariable analysis (Figure 3-1). Furthermore, for the outcomes, injurious and recurrent 

falls, after the removal of participants who did not return a fall questionnaire during follow-up 

(n=52), and missing time-dependent variables (time to injurious fall/total no. of recurrent falls 

data) (n=3), the remaining 5,053 (99%) participants were included in the final multivariable 

analysis (Figure 3-1). 

Univariate analysis (Cumulative risk) 

Inferential analysis was utilised to show the differences in cumulative risk between 

participants’ different exposure levels to covariates and fall outcomes (any type, injurious and 

recurrent falls). The t-test analysis (PROC T-TEST) was used for continuous (i.e., age, total 

TV watching, and sun exposure) variables, while chi-square tests (PROC FREQ) were 

conducted for categorical variables such as ethnicity, sex, or education levels.  

For injurious falls, an additional univariate analysis (PROC FREQ) was carried out to 

determine if any exposures differed between the participants who had an injurious fall 

compared with the remaining participants who had a fall but was non-injurious. Because of the 

large volume of information produced from this analysis exceeded the word count for the 

thesis, these tables can be accessed via a request to the candidate.  

Analysis of Time to First Event (Any Falls and Injurious Falls) 

For the multivariable analysis, Cox proportional hazards regression adjusting for covariates 

(PROC PHREG) was used to calculate hazard ratios (HR) with confidence intervals (CI) and 

P-values to determine the association between time to first fall or injurious fall and 

sociodemographic, lifestyle, physical, medical and prescription medication variables.  
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Cox proportional hazards models were constructed using the model building stepwise approach 

(1) to examine the relationship between risk and protective factors for any type of falls 

(including injurious), injurious and recurrent falls. Because age was used as the time-dependent 

variable, it was not adjusted for in the multivariate models in this study. 

This stepwise approach involved the following steps. 

1. All three fall outcomes were analysed using a base model, which included 

sociodemographic variables that were significantly associated with the hazard of any 

type of fall, injurious fall and recurrent falls (Model 1).  

2. Each remaining variable was individually added to the base model (Model 1), within 

each of the following groups – sociodemographic, lifestyle, medical condition, and 

prescription medication – and if they satisfied the pre-specified criterion (p≤0.10) were 

then combined in the second model (Model 2). 

3. Variables that were statistically significant (p≤0.05) in Model 2 were included in the 

final multivariable model plus the treatment variable used in the ViDA trial (223).  

Kaplan Meir curves utilising PROC LIFETEST procedures were calculated to produce graphs 

for the final variables found to be significantly associated with increased fall and injurious fall 

risk.  

Analysis of Recurrent Events (Two or More Falls) 

Negative Binomial Regression (NBR) (or Poisson depending on over-dispersion) analysis 

using PROC GENMOD (type 3 dist=NEGBIN) was used to calculate incidence rate ratios 

(IRR), confidence intervals and p-values, to examine the association between the risk of 

recurrent (≥2) falls and sociodemographic, lifestyle, medical history, and prescribed 

medications. A Poisson regression analysis using PROC GENMOD (dist=POISSON) was 

initially carried out for each independent variable and the rate of the total number of falls to 

test for misspecification or over-dispersion. If the ratio of Value/Degrees of freedom (DF) is 

greater than or not equal to one, then a negative binomial regression analysis is carried out 

instead.  

As previously mentioned, a stepwise approach utilising the negative binomial (or Poisson 

regression) analysis was carried out to identify the variables significantly associated with 

recurrent fall risk in the final model. To account for any differences in exposure levels between 

participants in the study, an offset variable was included representing the log of follow-up days. 

This was the log of the date of randomisation to the last questionnaire date or death.  
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In addition, a sensitivity test using the PROC PHREG procedure calculating the mean 

cumulative function and hazard ratios was also conducted to compare and reaffirm with 

findings from the negative binomial regression analysis.  
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Networks: Directed Acyclic Graphs 

Directed Acyclic Graphs (DAGs) provide a visual representation of the causal nature or 

assumptions between variables based on real life data. According to Lederer et al. (2019), 

DAGs provide a more comprehensive decision-making process for variables included in the 

final model. It can enable the identification of variables that act as mediators or colliders, 

allowing for optimum selection of variables to be included as confounders in the final 

multivariable model (224). Mediators limit the ability to observe an association between an 

exposure and outcome if there is one present. On the other hand, colliders tend to block other 

confounding variables, and controlling for colliders results in confounding (224).  

The R software (Bn learn package) was used to construct DAG based on prior knowledge to 

assist in interpreting the causal pathways and interactions between all variables and time to 

first fall, injurious falls and recurrent falls (224, 225).  

Although there are many Bayesian methods or approaches, the constraint-based Bayesian 

techniques have been shown to be more efficient at identifying causal relationships between 

variables (226). The doctoral candidate initially conducted a constrained-based grow-shrink 

algorithm, but because of the large number variables being analysed this resulted in long 

durations for computation time. Therefore, a constraint-based approach utilising a markov 

‘incremental association’ algorithm (IAMB) was performed to determine the direction and 

connections in the structure (225, 227). The ‘IAMB’ algorithm begins by linking all the 

variables into a full skeletal DAG and then effectively removes each node based on 

independence tests between two variables, given the possibility of all other variables in the 

Markov blanket (228). The DAG that is created can be used to select variables for inclusion in 

the final multivariate model.  

Test for Interaction  

A test for interaction was conducted adopting the methods by Altman and Bland (229) to 

compare the risk and protective factors across the three outcome measures of interest (any/all, 

injurious and recurrent falls). Risk/protective factors shown to be consistent across all three 

outcome measures will be considered the most consistent and important risk/protective factors 

for falls indicated by the present study. The Microsoft excel software was used to test the 

interactions between risk/protective factors and fall risk. Calculations for comparing two 

estimates (HR/IRR) for different fall outcomes were achieved using the following equation 

(229).  
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1. log RR (both outcomes x and y) 

2. 95% CI for log RR (for both outcome x and y) 

3. From width of Confidence Interval: SE [=width/ (2×1.96)] for each outcome: “x” and 

“y” 

4. Difference between log RRs for x and y = d 

a. d[=E1-E2] = Log RR (x) – Log RR (y) 

b. pooled SE(d)= √(SE(x)2 + SE(y)2  

c. CI (d) = d + (SE(d) x 1.96) 

5. Test for interaction: Z= d/SE(d) 

6. Calculate P value using standard normal table. 

 Ethics  

Ethics approval for the ViDA study was approved by the MOH’s ethics committee 

(MEC/09/08/082) and covers the work of this thesis. 

 Conclusion 

In summary, this chapter has discussed the philosophical framework utilised to guide this thesis 

project, an overview of the ViDA study methods is provided including a description of the 

baseline variables, randomisation, fall assessment, and data analysis (including data 

processing) are also provided. The following chapters will discuss and present the main results 

of the study analysis.   
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4 CHAPTER FOUR: RESULTS BASELINE CROSS-

SECTIONAL ANALYSIS  

This chapter describes the baseline characteristics of participants from the ViDA study, 

focussing on sociodemographic, lifestyle, and medical history variables, all collected at the 

baseline interview, and medications prescribed during the 12 months prior to baseline 

(collected from the Ministry of Health prescription database).  

 Study Participants 

Participants were recruited between April the 5th 2011, and November the 6th 2012.  A total of 

47,905 mailed invitations were sent to people belonging to 55 different general practices in 

Auckland, NZ. From these, 8,851 people responded and were screened for eligibility, of whom 

5,250 were eligible and agreed to attend the baseline interviews.  After the interview, 140 

people were excluded due to not returning the run-in questionnaire, which confirmed their 

taking of the blinded capsule (n=92), having elevated calcium levels (n=31), and other reasons 

(n=17). Therefore, 5,110 participants were randomised to either the vitamin D group (n=2,558) 

or placebo group (n=2,552). A further two participants from the placebo group withdrew from 

the study, resulting in 5,108 remaining participants (Figure 3-1).  

 Self-Reported Sociodemographic Characteristics 

Table 4-1 shows the sociodemographic characteristics of the study participants. The mean age 

of the participants was 65.9 (Standard deviation (SD), 8.3) years, with the majority within the 

60 to 69-year age group. There were slightly more males (58%) than females (42%), and most 

of the participants identified as ‘European or Other’ (83%). The majority of the participants 

had attained tertiary education (56%) and were in employment (51%). Most of the participants 

(97%) lived either in a house, flat, or apartment.  
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Table 4-1: Self-Reported Sociodemographic Characteristics of Participants at Baseline 

Characteristics Participants,  

N=5108 

Percent  

Age Group (in years)   

50-59 1138  22.3 

60-69 2220  43.5 

70-79 1438  28.2 

80-84 312 6.1 

Sex   

Male 2969  58.1 

Female 2139  41.9 

Ethnicity   

European/Other (Asian) 4253  83.3 

Māori 272  5.3 

Pacific 334  6.5 

South Asian 249  4.9 

Living alone   

Yes 939  18.4 

No 4164  81.5 

Missing 5  

Marital Status   

Married/Partnered 3714  72.7 

Separated/Divorced/Living Alone 645  12.6 

Widow/Widower 440  8.6 

Never Married/Partnered 304  6.0 

Missing 5 0.1 

Education Level Completed   

Tertiary 2882  56.4 

Secondary 2127  41.6 

Primary 95  1.9 

Missing 4  0.1 

Employment   

Paid 2622  51.3 

Retired 2059  40.3 

Other 423  8.3 

Missing 4  0.1 

Home-setting   

Home/Flat/Apartment 4939  96.7 

Retirement village/Rest home/Private hospital 114  2.2 

Other 50  1.0 

Missing 

 

5  0.1 

  



124 
 

 Self-Reported Lifestyle Characteristics 

Table 4-2 reports the lifestyle characteristics of study participants at baseline. In the three 

months prior to the interview, 40% (n=2,033) of participants did not practice any sort of 

vigorous activity in a typical week. Only about 6% of participants reported being current 

smokers at baseline. On average, participants watched approximately 20 hours (SD, 11) of TV 

per week and spent 14 hours (SD, 11) outdoors exposed to the sun (not reported in Table 4-2).  

In the previous 12 months, approximately 59% were current drinkers (last 12 months), 30% 

drank 3 to 6 drinks per week, and 27% drank 7 to 14 drinks per week. About 18% of participants 

consumed six or more drinks on a typical drinking occasion less than monthly.   

Table 4-2: Self-Reported Lifestyle Characteristics of Participants at Baseline 

Characteristics  Participants,  

N=5108 

Percent  

Vigorous Activity per week   

None  2033  39.8 

1-2-hour  1194  23.4 

>2 hours 1636  32.0 

Missing 245  4.8 

Current Smoker   

No 4776 93.5 

Yes 320 6.3 

Missing  12  0.2 

Total TV Hours Per Week   

≤ 7 hours  674  13.2 

8-14 hours  1424  27.9 

15-21 hours  1446  28.3 

22-28 hours  831  16.3 

≥29 hours 687  13.5 

Missing 46  0.9 

Total Sun Exposure Hours Per Week   

<7 hours  719 14.1 

7 hours  1056  20.7 

8-14 hours  1542  30.2 

15-21 hours  863  16.9 

>22 hours 859  16.8 

Missing 69  1.4 

Alcohol Drinks Per Month:   

0 drinks in last month/non-drinkers  712  14.0 

<1 drink per week  1370  26.8 

1-2 drinks/week  113  2.2 

3-6 drinks/week  1522  29.8 

1-2 drinks/ day  1312  25.7 

>2 drinks/day 67  1.3 

Missing 12  0.2 

 

How often consume 6 or more drinks in occasion: 

  

Never ≥6 drinks 2816 55.1 

Less than Monthly  933 18.3 

Monthly  336 6.6 

Weekly/Daily  293 5.7 

Missing  730 14.3 
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 Self-Reported Medical History Characteristics 

The prevalence at baseline of various diseases is reported in Table 4-3. In general, 96% of the 

participants indicated having excellent, very good, or good self-rated health. Cardiovascular 

risk factors (excluding diabetes), high cholesterol (48%) and high blood pressure (43%), and 

‘diseases affecting the bone’ including having a previous fracture (47%) and arthritis (34%), 

were the most frequent health issues reported by the study participants. The mean BMI (not 

reported in Table) was 28.4 (SD 5.1), with the majority of participants being overweight 

[Kg/m2 ≥30] (45%). Between 10-20% of participants reported having asthma, a history of falls, 

chronic pain, depression, and being ‘quite’ confident of doing all daily activities without 

falling. In contrast, apart from irregular heartbeat (13%), cardiovascular disease was relatively 

uncommon (less than 10%) in this cohort. 

Table 4-3: Self-Reported Medical History Characteristics of Participants at Baseline 

Characteristics  Participants,  

N=5108 

Percent 

Self-rated Health   

Excellent, Very Good, or Good 4892 95.7 

Fair or Poor 212 4.2 

Missing 6 0.1 

Heart Attack   

No 4728  92.6 

Yes 367  7.2 

Missing 13  0.3 

Angina   

No 4725  92.5 

Yes 353  6.9 

Missing 30  0.6 

Heart Failure   

No 4678  91.6 

Yes 84  1.6 

Missing 346  6.8 

Irregular Heartbeat   

No 4400  86.1 

Yes 664  13.0 

Missing 44  0.9 

Transient Ischemic Attack   

No 4898  95.9 

Yes 184  3.6 

Missing 26  0.5 

Stroke   

No 5010 98.1 

Yes 81  1.6 

Missing 17  0.3 

Claudication    

No 5068  99.2 

Yes 23  0.5 

Missing 17  0.3 

Diabetes    

No 4479  87.7 

Yes 622  12.2 

Missing 

 

 

 

 

7  0.1 
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Body Mass Index (Kg/m2)   

Underweight (<18.5) 25 0.5 

Normal (18.5-24.9) 1182 23.1 

Overweight (25.0-29.9) 2294 44.9 

Obese (≥30) 1583 31.0 

Missing 24 0.5 

High Blood Pressure    

No 2872  56.2 

Yes 2208  43.2 

Missing 28  0.6 

High Cholesterol    

No 2595  50.8 

Yes 2461  48.2 

Missing 52  1.0 

Asthma   

No 4386  85.9 

Yes 702  13.7 

Missing 20  0.4 

Emphysema   

No 4901  95.9 

Yes 193  3.8 

Missing 14 0.3 

Fall History   

No 4797  93.9 

Yes 308  6.0 

Missing 3  0.1 

Confidence doing daily activities 

without falling 

  

Not at all 48  0.9 

Quite 863  16.9 

Completely 4189  82.0 

Missing 8  0.2 

Arthritis    

No 3315  64.9 

Yes 1755  34.4 

Missing 38  0.7 

Previous Fracture   

No 2710  53.1 

Yes 2378  46.5 

Missing 20  0.4 

Chronic pain    

No 4217  82.6 

Yes 884  17.3 

Missing 7  0.1 

Depression    

No 4560  89.3 

Yes 536  10.5 

Missing 12  0.2 

Self-rated Health   

Fair or Poor 212 4.2 

Good, Very Good or Excellent 4892 95.7 

Missing 6 0.1 
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 Prescription Medications  

The following section describes the medication prescribed for participants extracted from the 

MOH pharmaceutical collection dataset. As described in the Methods section (Chapter 3), 

medication was defined as drugs prescribed during the 12 months before randomisation.  

4.5.1 Nervous System Medications  

Overall, low numbers of participants were prescribed nervous system medication (Table 4-4). 

Around 10% of the participants were prescribed analgesics, antidepressants, or sedative and 

hypnotic drugs. By comparison, fewer than 5% of the participants were prescribed antiepileptic 

drugs, anti-Parkinson agents, antipsychotics, or anxiolytics.  

Table 4-4: Nervous System Medications: Prescribed during 12 Months before Randomisation 

Drug Classification  Frequency,  

n=5108 

Percent  

Anti-epilepsy Drugs   

No 4906  96.1 

Yes 202  3.9 

Analgesics   

No 4448  87.1 

Yes 660  12.9 

Antidepressants   

No 4498  88.1 

Yes 610  11.9 

Anti-Parkinson Agents   

No 5080  99.5 

Yes 28  0.5 

Antipsychotics   

No 5050  98.9 

Yes 58  1.1 

Anxiolytics   

No 4962  97.1 

Yes 146  2.9 

Sedatives and Hypnotics   

No 4537  88.8 

Yes 571  11.2 
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4.5.2 Cardiovascular Medications 

The most common cardiovascular drugs prescribed were lipid-lowering agents (45%) and 

AARAS (34%) (Table 4-5). Between 12-20% of participants were prescribed either beta-

adrenoceptor blockers, calcium channel blockers, or diuretics. Around 5% of the study 

participants were prescribed alpha-adrenoceptor blockers, antiarrhythmic, or nitrates.  

Table 4-5: Cardiovascular Disease Medications: Prescribed during 12 Months before 

Randomisation 

Drug Classification  Frequency, n  

n=5108 

Percent  

Agents Affecting the Renin-

Angiotensin System  

  

No 3350  65.6 

Yes 1758  34.4 

Alpha Adrenoceptor Blockers   

No 4775  93.5 

Yes 333  6.5 

Antiarrhythmics   

No 5001  97.9 

Yes 107  2.1 

Beta Adrenoceptor Blockers   

No 4079  79.9 

Yes 1029  20.1 

Calcium Channel Blockers   

No 4244  83.1 

Yes 864  16.9 

Diuretics   

No 4454  87.2 

Yes 654  12.8 

Nitrates   

No 4891  95.8 

Yes 217  4.25 

Lipid-lowering Agents   

No 2835  55.5 

Yes 2273  44.5 
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4.5.3 Other Medications  

For respiratory medications, about 12% of participants were prescribed antihistamines and 3% 

anticholinergic agents (Table 4-6). Apart from NSAIDs (26%), musculoskeletal drugs 

prescribed to this cohort was relatively low (less than one percent). Only nine percent of the 

participants were prescribed laxatives.  

Table 4-6: Other Prescription Medications (Respiratory, Musculoskeletal & Alimentary Tract, and 

Metabolism): Prescribed during 12 Months before Randomisation 

Drug Classification  Frequency, n=5108 Percent  

Respiratory   

Antihistamines   

No 4473  87.6 

Yes 635  12.4 

Anticholinergic Agents   

No 4947  96.9 

Yes 161  3.2 

Musculoskeletal   

Non-Steroidal Anti-Inflammatory 

Drugs 

  

No 3793  74.3 

Yes 1315  25.7 

Muscle Relaxants   

No 5064  99.1 

Yes 44  0.9 

Anti-rheumatoid Agents   

No 5097  99.8 

Yes 11  0.2 

Alimentary Tract    

Laxatives   

No 4669  91.4 

Yes 439  8.6 
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 Summary of Baseline Characteristics 

In brief, sociodemographic characteristics indicate that the ViDA study participants consist of 

slightly more males than females of European ethnicity with a mean age of 65.9 years (SD 8.3). 

The majority of participants were well educated, in paid employment, and lived in a house, flat, 

or apartment.  

For lifestyle characteristics, a high proportion of participants were active (≥1 hour per week), 

while the whole sample watched on average 20 (SD 11) hours of TV and spent 14 (SD 11) 

hours outdoors exposed to the sun per week. The majority of participants were not current 

smokers (94%) and drank 3 to 6 alcoholic drinks per week (30%); of which, 18% out of the 

drinkers consumed six or more drinks on occasion.  

Most participants (96%) reported having excellent, very good, or good self-rated health, which 

can be reflected in their medical history. Apart from high cholesterol, high blood pressure, 

previous fracture, and arthritis, which were the most frequent health issues (>30%), the 

remaining medical conditions affected less than 20% of the participants.  

For prescription medications, a relatively low number of participants were prescribed nervous 

system medications (less than 13%). There were more participants shown to take CVD 

medications such as AARAS (34%), beta-adrenoceptor blockers (20%), and lipid-lowering 

agents (45%). In participants prescribed other drugs, apart from antihistamines and NSAIDs, 

less than 10% took anticholinergic agents, muscle relaxants, anti-rheumatoid agents, and 

laxatives.  

In the next section, the results of the cohort univariate analysis for risk factors for any type of 

falls (including injurious) are presented.  
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5 CHAPTER FIVE: RESULTS FOR COHORT ANALYSIS 

(ANY/ALL TYPE OF FALL) 

This chapter presents the cohort analysis of risk factors for any type of fall (injurious or not) 

among mid- and older-adult (50-84 years) participants in the ViDA study. First, the results of 

the association between sociodemographic, lifestyle, medical history, and prescribed 

medications, and any falls are presented in Section 5.1. The denominators for calculating the 

cumulative risk of having a fall in the tables of Section 5.1 are reported in the Tables of Section 

4-1. Then, the key findings from the Cox proportional hazard models analysing factors 

associated with time to first fall (of any type) adjusting for other covariates, with the support 

of cumulative incidence plots and DAGs to help interpret the significant findings (Section 5.2).  

 Univariate Analysis between (Any/All Type of Fall (≥1)) 

The following section describes the association between baseline characteristics, prescribed 

medications, and the cumulative risk of having any type of falls (≥1). Out of 5,108 participants, 

53% (n=2,700) reported a fall during the mean follow-up of 3 (SD, 0.81) years.  

5.1.1 Self-Reported Sociodemographic Variables   

The cumulative risk of falling by level of sociodemographic variables is shown in Table 5-1. 

This was highest among those aged 80-84years (69%), females (61%), and those who identified 

as European ethnicity (55%), had a tertiary qualification (53 %), lived alone (63%), and who 

were either widowed or widower (64%), retired from work (58%), or living in a retirement/rest 

home (70%).  

Apart from education level, a significant effect of experiencing a fall was seen with age 

(p<0.0001), sex (female, p<0.0001), ethnicity (p<0.0001), living alone (p<0.0001), marital 

status (p<0.0001), employment (p<0.0001) and home-setting (p=0.001).  
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Table 5-1: Univariate Analysis between Sociodemographic Characteristics and Risk of Any Falls 

During Follow-up 

Characteristic Any Falls P-value 

 Yes (n) Row %  

Number of Participants 2700 52.9  

Age Group   <.0001 

50-59 years 503  44.2      

60-69 years 1147  51.7  

70-79 years 835  58.1  

80-84 years 215  68.9  

Sex   <.0001 

Male 1402  47.2     

Female 1298  60.7      

Ethnicity   <.0001 

European/ Other  2335  54.9      

Māori  133  48.9     

Pacific  142  42.5      

South Asian 90  36.1      

Highest Education Level   0.42 

Primary 45  47.4     

Secondary 1114  52.4      

Tertiary 1540  53.4  

Missing 1   

Living Alone   <.0001 

No 2111  50.7      

Yes 587  62.5  

Missing 2   

Marital Status   <.0001 

Married/Partnered 1891  50.9      

Separated/Divorced/Living Alone  350  54.3      

Widow/Widower  281  63.9  

Never Married/Partnered 177  58.2      

Missing 1   

Employment   <.0001 

Paid  1284  49.0      

Retired  1199  58.2      

Other 214  50.6      

Missing 3   

Home-setting   0.001 

Home/Flat/Apartment  2592  52.5      

Retirement/Rest home 80  70.2     

Other 26  52.0      

Missing 2   
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5.1.2 Self-Reported Lifestyle Variables  

The cumulative risk of falling associated with lifestyle variables is shown in Table 5-2. This 

was highest amongst inactive participants (54%), not current smokers (53%), those who 

watched ≥ 22 hours of TV per week (56%), who spent seven hours per week exposed to the 

sun (55%), drank one or more alcoholic drinks per day (55%), and those who never often 

consume ≥6 drinks in an occasion (54%).  

A significant difference was evident between the risk of falling and being a current smoker 

(p=0.04), and often drinking six or more drinks during a drinking occasion (p=0.0003).  

Table 5-2: Univariate Analysis between Self-Reported Lifestyle Characteristics and Risk of Any 

Falls during Follow-up 

Self-Reported Characteristic Any Falls  P-value 

 Yes Row %  

Number of Participants  2700 52.9  

Vigorous Activity per week   0.24 

None 1099  54.1  

1-2-hour  644  53.9  

>2 hours  842  51.5  

Missing 115   

Current Smoker   0.04 

No 2547  53.3  

Yes  147  45.9  

Missing 6   

Total TV Hours Per Week   0.15 

≤ 7 hrs 349  51.8  

8-14 hrs  734  51.5  

15-21 hrs  748  51.7  

22-28 hrs  463  55.7  

≥29 hrs 382  55.6  

Missing 24   

Total Sun Exposure Hours Per Week   0.27 

<7 hrs  385  53.6  

7 hrs  581  55.0  

8-14 hrs  823  53.4  

15-21 hrs  443  51.3  

>22 hrs  433  50.4  

Missing 35   

Alcohol Drinks Per Month   0.05 

Non-drinkers/0 drinks in last month  350  49.2  

<1 drink/wk  726  53.0  

1-2 drinks/ wk  49  43.4  

3-6 drinks/wk  810  53.2  

1-2 drinks/day 723  55.1  

>2 drinks/day 37  55.2  

Missing 5   

How often consume ≥6 drinks on occasion   0.0003 

Never drank ≥6 drinks 1567 55.6  

Less than Monthly  472 50.6  

Monthly  157 46.7  

Weekly/Daily  144 49.2  

Missing  730   
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5.1.4 Self-Reported Medical History  

The cumulative risk of falling associated with medical history is shown in Table 5-3. Based on 

p-values <0.05, cumulative risk was higher among participants that self-rated their health as 

either poor or fair (57%), participants who experienced a fall in the last four weeks (72%) and 

those that were ‘not at all’ confident to carry out daily activities without falling (69%). 

Participants with diseases affecting the bone, such as arthritis (58%) and a previous fracture 

(55%) also had a higher proportion of fallers than those without these conditions. Participants 

with normal BMI also had a higher cumulative risk of falling (55%) than those with higher 

BMI levels. For cardiovascular disease, participants who reported having angina (61%) or 

transient ischemic attacks (65%) had a greater cumulative risk of falling compared to those 

without; as did participants with asthma (58%) and depression (67%); while those with diabetes 

had a lower risk of falling (48%) than those without. 

Table 5-3: Univariate Analysis between Self-Reported Medical History and Risk of Any Falls 

during Follow-up 

Self-Reported Medical History Any Falls  P-value 

 Yes Row %  

Number of Participants 2700 52.9  

Self-rated Health    

Good, Very Good or Excellent 2577 52.7 0.85 

Fair or Poor 120 56.6  

Missing 8   

Fall History    

No 2478  51.7 <.0001 

Yes 221  71.8  

Missing 1   

Confidence doing daily activities without 

falling, 

  <.0001 

Not at all 33  68.8  

Quite 553  64.1  

Completely 2110  50.4  

Missing 4   

Arthritis    <.0001 

No 1656  50.0  

Yes 1024  58.4  

Missing 20   

Previous Fracture   0.02 

No 1390  51.3  

Yes 1300  54.7  

Chronic pain    <.0001 

No 2157 51.2  

Yes 539  61.0  

Missing 4   

Diabetes    0.01 

No 2400  53.6  

Yes 296  47.6  

Missing 

 

4   

Body Mass Index   0.04 

Underweight (<18.5) 8 32.0  

Normal (18.5-24.9) 644 54.5  

Overweight (25.0-29.9) 1193 52.0  

Obese (≥30) 847 53.5  

Missing 8   
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High Blood Pressure   0.90 

No 1522  53.0  

Yes 1166  52.8  

Missing 12   

High Cholesterol   0.72 

No 1363  52.5  

Yes 1305  53.0  

Missing 32   

Heart Attack    0.74 

No 2495  52.8    

Yes 197  53.7    

Missing 8   

Angina   0.001 

No 2467  52.2  

Yes 216  61.2  

Missing 17   

Heart Failure   0.26 

No 2440  52.2    

Yes 49  58.3    

Missing 211   

Irregular heartbeat   0.20 

No 2308  52.4  

Yes 366  55.1  

Missing 26   

Transient ischemic attacks   0.001 

No 2567  52.4  

Yes 119  64.7  

Missing 14   

Stroke   0.16 

No 2642  52.7  

Yes 49  60.5  

Missing 9   

Claudication   0.11 

No 2674  52.8  

Yes 16  69.6  

missing 10   

Asthma   0.01 

No 2284  52.1  

Yes 405  57.7  

Missing 11   

Emphysema    

No 2578  52.6 0.06 

Yes 115  59.6  

Missing 7   

Depression    <.0001 

No 2334  51.2  

Yes 360  67.2  

Missing 6   
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5.1.5 Prescription Medications (during 12 Months before Baseline)  

This section reports results on the cumulative risk of falling during following-up and the 

prescription during the 12 months prior to baseline of medications for the nervous system 

(Section 5.1.4.1), cardiovascular disease (Section 5.1.4.2) and other medical conditions 

(Section 5.1.4.3). 

Nervous System Medications  

The cumulative risk of falling was higher among participants prescribed several nervous 

system medications compared to those not prescribed (Table 5-4). An increased risk of any 

falls was evident in participants prescribed antiepileptic drugs (p=0.0002), antidepressants 

(p<0.0001), anti-Parkinson (p=0.01), and sedative and hypnotic drugs (p=0.0001), but not in 

those prescribed analgesics, antipsychotics, or anxiolytics (p>0.05). 

Table 5-4: Univariate Analysis between Prescribed Nervous System Medications and Risk of Any 

Falls during Follow-up 

Drug Classification Any Fall  P-value 

 Yes Row %  

Number of Participants 2700 52.9  

Anti-epilepsy Drugs   0.0002 

No 2567  52.3  

Yes 133  65.8     

Analgesics   0.40 

No 2341  52.6      

Yes 359  54.4      

Antidepressants   <.0001 

No 2299  51.1  

Yes 401  65.7      

Anti-Parkinson Agents   0.01 

No 2678  52.7      

Yes 22  78.6  

Antipsychotics   0.16 

No 2664  52.8    

Yes 36  62.1      

Anxiolytics   0.07 

No 2612  52.6  

Yes 88  60.3    

Sedatives and Hypnotics   0.0001 

No 2355  51.9     

Yes 345  60.4  
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Cardiovascular Medication  

The only cardiovascular medications associated with increased risk of falls were AARAS (p=0.01) and 

diuretics (p=0.002), while all other prescribed cardiovascular medications, including alpha 

adrenoceptor blockers, anti-arrhythmic, beta blockers, nitrates and lipid-lowering drugs were not 

associated with fall risk (Table 5-5).  

Table 5-5: Univariate Analysis between Prescribed Cardiovascular Disease Medications and Risk 

of Any Falls during Follow-up 

Drug Classification Any Falls  P-value 

 Yes Row %  

Number of Participants 2700   

Agents Affecting the Renin-Angiotensin System   0.01 

No 1817  54.2    

Yes 883  50.2      

Alpha Adrenoceptor Blockers   0.09 

No 2509  52.5  

Yes 191  57.4  

Antiarrhythmic   0.49 

No 2647  52.9  

Yes 53  49.5  

Beta Adrenoceptor Blockers   0.89 

No 2158  52.9  

Yes 542  52.7  

Calcium Channel Blockers   0.31 

No 2257  53.2  

Yes 443  51.3  

Diuretics   0.002 

No 2317  52.0      

Yes 383  58.6  

Nitrates   0.55 

No 2581  52.8      

Yes 119  54.8  

Lipid-Lowering Agents   0.52 

No 1487  52.5      

Yes 1213  53.4      
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Other Medications: Respiratory, Musculoskeletal & Alimentary Tract, & 

Metabolism  

For all other prescribed medications (Table 5-6), there was a higher cumulative risk of falls 

among those prescribed laxatives (p=0.04), and possibly among those prescribed 

anticholinergic agents (p=0.06), but no significant associations were found for antihistamines 

or musculoskeletal drugs (p>0.05). 

Table 5-6: Univariate Analysis between Other Prescribed Medications and Risk of Any Falls 

during Follow-up 

Drug Classification Any Falls  P-value 

 Yes Row %  

Number of Participants 2700   

    

Respiratory Medications     

Antihistamines   0.14 

No 2347  52.5      

Yes 353  55.6   

Anticholinergic Agents   0.06 

No 2603  52.6  

Yes 97  60.3  

    

Musculoskeletal     

Non-Steroidal Anti-Inflammatory Drugs   0.23 

No 1986  52.4   

Yes 714  54.3  

Muscle Relaxants   0.40 

No 2674  52.8     

Yes 26  59.1      

Anti-Rheumatoid Agents   0.62 

No 2695  52.9  

Yes 5  45.5  

Alimentary Tract Medications    

Laxatives   0.04 

No 2447  52.4  

Yes 253  57.6     
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5.1.6 Summary of Univariate Analysis for Any Type of Falls 

In brief, the univariate analysis indicated that the cumulative risk of any type of falls was 

associated with sociodemographic variables such as age (p<0.0001), sex (p<0.0001), ethnicity 

(p<0.0001), living alone (p<0.0001), marital status (p<0.0001), employment (p<0.0001) and 

home-setting (p=0.001).  

For lifestyle variables, the risk of any falls was associated with current smoking (p=0.04), 

alcohol drinks per month (p=0.05), and often drinking six or more drinks during a drinking 

occasion (p=0.0003).  

For medical history, a significant association was evident between any type of falls and fall 

history (p<0.0001), confidence to be able to do daily activities without falling (p<0.0001), 

arthritis (p<0.0001), previous fracture (p=0.02), chronic pain (p<0.0001), diabetes (p=0.01), 

angina (p=0.001), TIA (p=0.001), asthma (p=0.01) and depression (p<0.0001).   

In participants prescribed nervous system medications, antiepileptic drugs (p=0.0002), 

antidepressants (p<0.0001), anti-Parkinson (p=0.01), and sedative and hypnotic drugs 

(p=0.0001) were shown to be associated with increased risk of any falls, but not in those 

prescribed analgesics, antipsychotics, or anxiolytics (p>0.05). The only cardiovascular 

medication associated with increased fall risk was diuretics (p=0.002), while a lower risk of 

falls was indicated in AARAS (p=0.01). For other medications, there was a higher cumulative 

risk of falls among those prescribed laxatives (p=0.04) and possibly among those prescribed 

anticholinergic agents (p=0.06). 

In the next section, the results for risk factors of having any falls (including injurious) from the 

multivariable cohort analysis using Cox proportional hazard models are presented. 
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 Multivariable Analysis (Any/All Type of Fall (≥1))  

This section describes the results from the multivariable analyses using Cox’s proportional 

hazard method to identify factors associated with the time to first fall of any type (injurious or 

not), adjusting for covariates. The same categories of risk factors as examined in univariate 

analyses in the previous Section (5.1) are reported here (Sections 5.2.1 to 5.2.4). In addition, a 

further section report results from combining all risk factor categories (Section 5.2.5). After 

the removal of participants who did not return a fall questionnaire during follow-up (n=52) and 

missing time-dependent variables (time to event/first fall) (n=7), the remaining 5,049 (99%) 

participants were included in the multivariable analysis, of which 2,696 (53%) participants had 

any type of falls (including injurious).  

5.2.1 Self-Reported Sociodemographic Variables  

Hazard ratios of reporting a fall associated with sociodemographic variables are shown in Table 

5-7 adjusting for all covariates listed in the table. Because age was the time-dependent variable, 

it was not adjusted for in the multivariate models.  

The hazard of falling was 50% higher for females than for males (hazard ratio [HR] 1.51, 95% 

CI 1.39, 1.64) after adjusting for other covariates.  For ethnicity, a decreased risk was observed 

in the South Asian group compared to ‘European/other’ (p=0.02). There was no significant 

association between Māori (p=0.20) and Pacific ethnic groups (p= 0.26) and fall risk.  

Compared to participants who completed tertiary education, those who completed their 

education at a secondary level were found to have an 10% lower hazard of experiencing a fall 

(HR 0.90, 95% CI 0.82, 0.97), while those who completed education at a primary level were 

similar (p=0.76). 

Living alone (yes versus no) was also associated with an increased hazard of falls (HR of 1.22, 

95% CI 1.10, 1.35). Other sociodemographic variables, such as home-setting (p=0.15), marital 

status (p=0.94) and employment (p=0.24), were not significantly associated with increased risk 

of falls in the first model.  

As sex, ethnicity, education, and living alone were the sociodemographic variables 

significantly associated with reporting a fall, these became the base variables for each 

subsequent model.  
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Table 5-7: Self-Reported Sociodemographic Characteristics and Hazard Ratios (HR) of Reporting 

Any Fall during Follow-up 

Risk Factor  

(n=5,049) 

First Fall, n Row % Model 1: HR (95% CI) 

* 

P-value 

Base 

Sex 

    

Male, n= 2119  1399  47.8 1.00 <.0001 

Female, n=2930 1297  61.2 1.51 (1.39, 1.64)  

Ethnicity    0.02 

European/ Other (Asian), n=4226  2333  55.2 1.00  

Māori, n=260  132  50.8 1.14 (0.94, 1.38) 0.20 

Pacific, n= 315  141  44.8 1.12 (0.92, 1.35) 0.26 

South Asian, n= 248  90  36.3 0.75 (0.60, 0.94) 0.01 

     

Education Level Completed    0.03 

Tertiary Education, n=2861 1538  53.8 1.00  

Secondary School, n= 2102  1114  53.0 0.90 (0.82, 0.97) 0.01 

Primary School, n=86 44  51.2 1.05 (0.76, 1.47) 0.76 

Living alone     

No, n= 4117  2109  51.2 1.00 0.0002 

Yes, n= 932  587  63.0 1.22 (1.10, 1.35)  

Marital Status    0.94 

Married/Partnered, n= 3681  1889  51.3 1.00  

Separated/Divorced/Living Alone, 

n=631  

350  55.5 1.02 (0.87, 1.20) 0.79 

Widow/Widower, n=435  280  64.4 1.01 (0.84, 1.21) 0.92 

Never Married/Partnered, n= 302 177  58.6 1.06 (0.87, 1.29) 0.55 

     

Employment    0.24 

Paid, n=2600  1286  49.5 1.00  

Retired, n=2043  1197  58.6 1.08 (0.97, 1.20) 0.17 

Other, n= 406 213  52.5 1.10 (0.94, 1.29) 0.22 

     

Home-setting    0.15 

Home/Flat/Apar, n=4887  2590  53.0 1.00  

Retirement/Rest home, n= 114 80  70.2 1.27 (0.98, 1.65) 0.07 

Other, n=48 26  54.2 1.15 (0.75, 1.77) 0.52 

Model 1: * Adjusted for sex, ethnicity, education and living alone. 
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5.2.2 Self-Reported Lifestyle Variables  

Hazard ratios of reporting any type of fall (injurious or not) associated with lifestyle variables 

are shown in Table 5-8 adjusting for sex, ethnicity, education and living alone. There was no 

significant association between fall hazard and vigorous activity (p=0.68), being a current 

smoker (p=0.30), TV hours per week (p=0.12), and sun exposure per week (p=0.46). Similarly, 

no association was evident between falls risk and the number of alcoholic drinks per month 

(p=0.87), and often having six or more alcoholic drinks on one occasion (p=0.36).  

Because there were no lifestyle variables that satisfied the pre-specified criterion of p value ≤ 

0.10 in Model 1, no further adjustment was required (Model 2); hence, no lifestyle variables 

were included in the final multivariable model combining all significant variables (Section 

5.2.5). 

Table 5-8: Lifestyle Characteristics and Hazard Ratios (HR) of Reporting Any Falls during 

Follow-up 

Risk Factor 

(n=5,049) 

First 

Fall, n 

 Row % Model 1: HR (95% CI) base + 

Each variable* 

P-value 

Vigorous Activity per week    0.68 

None, n=2008  1212 54.0 1.00  

1-2-hour, n=1184  644 54.4 0.98 (0.88, 1.09) 0.98 

>2 hours, n=1620 840 51.9 0.96 (0.87, 1.06) 0.96 

Missing, n=237      

Current Smoker     

No, n=4736 2547 53.3 1.00 0.30 

Yes, n=313 147 45.9 0.91 (0.76, 1.09)  

Total TV Hours Per Week    0.13 

≤ 7 hrs, n=706 348 52.7 1.00  

8-14 hrs, n=1411  734 52.0 0.91 (0.80, 1.04) 0.18 

15-21 hrs, n= 1430  771 52.2 0.89 (0.78, 1.01) 0.08 

22-28 hrs, n=821  462 56.3 0.96 (0.83, 1.11) 0.54 

≥29 hrs, n= 681 381 56.0 1.04 (0.89, 1.21) 0.67 

     

Total Sun Exposure Hours Per Week    0.46 

<7 hrs, n=709  385 54.3 1.00  

7 hrs, n=1045  580 55.5 0.97 (0.84, 1.11) 0.66 

8-14 hrs, n=1597  857 53.7 0.93 (0.81, 1.05) 0.23 

15-21 hrs, n=855  443 51.8 0.88 (0.76, 1.02) 0.09 

>22 hrs, n=843 431 51.1 0.92 (0.79, 1.07) 0.29 

     

Alcohol drinks per month    0.87 

Non-drinkers/0 drinks in last 

month, n=694  

350 50.4 1.00  

<1 drink/wk, n=1350  725 53.7 0.98 (0.85, 1.13) 0.75 

1-2 drinks/ wk, n=110  49 44.6 0.90 (0.66, 1.24) 0.53 

3-6 drinks/wk, n=1522  814 53.5 0.97 (0.84, 1.12) 0.65 

1-2 drinks/day, n=1306  721 55.2 1.02 (0.88, 1.18) 0.79 

>2 drinks/day, n=67 37 55.2 1.10 (0.78, 1.54) 0.59 

     

How often consume 6 or more drinks 

in occasion 

   0.36 

Never ≥6 drinks, n=2811 1916 55.6 1.00  

Less than Monthly, n=919  471 50.6 1.06 (0.95, 1.19) 0.31 

Monthly, n=332 156 46.7 0.92 (0.77, 1.09) 0.34 

Weekly/Daily, n=285  143 49.2 1.09 (0.90, 1.31) 0.39 

Missing, n=702     

Model 1: *Adjusted for sex, ethnicity, education and living alone.  
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5.2.3 Self-Reported Medical History  

Hazard ratios of reporting any type of fall (injurious or not) associated with medical history, 

adjusting for sex, ethnicity, education and living alone, are described in this section. 

Cardiovascular Diseases and the Risk of Any Falls after Adjusting for 

Covariates 

Because of their similar clinical pathophysiology, some CVD variables were combined in the 

multivariable analysis and are presented as follows (Table 5-9). After adjusting for the base 

demographic variables, time to first fall was not associated with heart failure and/or irregular 

heartbeat (p=0.25), nor with claudication (p=0.48). In contrast, there was a significant variation 

of hazard of falls with heart attack and/or angina (p=0.04) and with stroke and/or transient 

ischaemic attack (p=0.01). Both of these disease categories remained significantly associated 

with falls hazard when combined in the same model (Model 2), and hence were included in the 

final multivariable model combining all significant variables (Section 5.2.5). 

Table 5-9: Self-Reported Cardiovascular Diseases and Hazard Ratios (HR) of Reporting Any Falls 

during Follow-up 

Risk Factor  

(n=5,049) 

First 

Fall, n 

 Row 

% 

Model 1: HR 

(95% CI) base 

+ Each variable 

P-

value 

Model 2: HR 

(95% CI) base + 

All significant 

variables (P≤0.10) 

P-value 

Heart Attack & Angina    0.02  0.04 

Neither, n=4506 2362  52.7 1.00  1.00  

Heart Attack +/- Angina, 

n=325 

175  55.2 1.15 (0.97, 1.36) 0.11 1.12 (0.95, 1.33) 0.18 

Angina only, n=218 136  62.7 1.26 (1.05, 1.52) 0.02 1.25 (1.04, 1.50) 0.02 

       

Heart Failure & Irregular 

Heartbeat (IHB) 

   0.25   

Neither, n=4360 2278  52.8 1.00    

Heart failure +/- IHB, n=82 49  60.5 1.25 (0.91, 1.72) 0.16   

IHB only, n=607 339  56.2 1.06 (0.94, 1.20) 0.33   

       

Stroke & Transient Ischemic 

Attack (TIA) 

   0.01  0.01 

Neither, n=4809 2526 52.8 1.00  1.00  

Stroke +/- TIA, n=80 48 61.5 1.40 (1.02, 1.92) 0.04 1.37 (1.00, 1.89) 0.05 

TIA only, n=160 108 67.5 1.34 (1.07, 1.68) 0.01 1.32 (1.05, 1.65) 0.02 

       

Claudication        

No, n=5027  2680 53.3 1.00 0.48   

Yes, n=22  16 72.7 1.20 (0.72, 1.98)    

Model 1: *Adjusted for sex, ethnicity, education, and living alone. 

Model 2: **Adjusted for variables in model 1 plus the other variables in the model (with p-value ≤0.10).  
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Other Self-Reported Medical Issues and Risk of Any Falls after Adjusting for 

Covariates 

After adjusting for sex, ethnicity, education and living alone (Model 1 of Table 5-10), there 

was a significant association between increased hazard of falls and participants that self-rated 

their health as either poor or fair compared to excellent, very good or good (HR 1.29, 95% CI 

1.07, 1.57).  

There was no significant association between having a fall and cardio-metabolic diseases such 

as diabetes (p=0.60), high blood pressure (p=0.14), and high cholesterol (p=0.92). However, a 

significant protective effect was indicated between BMI, particularly those who were 

underweight and falls (p=0.02). 

History of falls (last four weeks) was associated with an increased hazard of falling with a HR 

of 1.92 (95% CI 1.63, 2.26); while the risk of falls increased linearly with decreasing 

confidence to do daily activities (p <0.0001).  

For medical conditions affecting the musculoskeletal system, a significant association between 

arthritis and having a fall was evident (HR 1.22, 95% CI 1.12, 1.33). Having a previous fracture 

or broken bone was also shown to increase fall hazard by 12% compared to those without a 

fracture prior (p=0.01).  

Participants with asthma (p=0.001) or emphysema (p=0.02) each had an increased hazard of 

falls, as did those with chronic pain (p<0.0001) or depression (p<0.0001). 

When variables with p-values ≤ 0.10 were combined into the same model (Model 2 of Table 

5-10), all significant variables in Model 1 remained significant except for self-rated health 

(p=0.99), BMI (p=0.09) and emphysema (p=0.30). Accordingly, fall history, confidence level 

to do daily activities, arthritis, previous facture, asthma, chronic pain and depression were 

included in the final multivariable model combining all significant variables (Section 5.2.5).  
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Table 5-10: Other Self-Reported Medical Conditions and Hazard Ratios (HR) of Reporting Any 

Falls during Follow-up 

Risk Factor  

(n=5,049) 

First 

Fall, n 

 Row 

% 

Model 1: HR (95% 

CI) base + Each 

variable* 

 

P-

value 

Model 2: HR 

(95% CI) base + 

All significant 

variables (P≤ 

0.10) ** 

P-value 

Self-rated Health       

Excellent, Very Good or 

Good, n= 4848   

2577 52.7 1.00 0.01 1.00 0.96 

Fair or Poor, n=201 120 56.6 1.29 (1.07, 1.57)  0.99 (0.81, 1.22)  

Diabetes        

No, n=4453  2400  53.9 1.00 0.60   

Yes, n=596  296  49.7 1.04 (0.91,1.19)    

Body Mass Index    0.02  0.09 

Normal (18.5-24.9), 

n=1176 

644 54.48 1.00  1.00  

Underweight (<18.5), 

n=25 

8 32.00 0.43 (0.21, 0.85) 0.02 0.42 (0.21, 0.87) 0.02 

Overweight (25.0-29.9), 

n=2297 

1193 52.01 1.00 ((0.90, 1.11) 0.96 0.96 (0.87, 1.07) 0.47 

Obese (≥30), n=1551 847 53.51 1.09 (0.98, 1.22) 0.12 1.01 (0.90, 1.13) 0.85 

High Blood Pressure       

No, n=2872  1532  53.3 1.00 0.14   

Yes, n=2177  1164  53.5 0.94 (0.86, 1.02)    

High Cholesterol       

No, n=2618  1393  53.2 1.00 0.92   

Yes, n=2431  1303  53.6 1.00 (0.93, 1.09)    

Fall History       

No, n=4748 2476  52.2 1.00 <.0001 1.00 <.0001 

Yes, n=301 220  73.1 1.92 (1.63, 2.26)  1.78 (1.51, 2.09)  

Confidence doing daily 

activities without falling 

   <.0001  <.0001 

Completely, n=4154 2112  50.8 1.00  1.00  

Quite, n=849 551  64.9 1.43 (1.28, 1.59) <.0001 1.35 (1.22, 1.51) <.0001 

Not at all, n=46 33  71.5 1.88 (1.19, 2.95) 0.01 1.56 (0.98, 2.51) 0.06 

Arthritis        

No, n=3318 1673  50.4 1.00 <.0001 1.00 0.0216 

Yes, n=1731 1023  59.1 1.22 (1.12, 1.33)  1.11 (1.02, 1.21)  

Previous Fracture       

No, n=2700 1397  51.7 1.00 0.01 1.00 0.0112 

Yes, n=2349 1299  55.3 1.12 (1.04, 1.22)  1.11 (1.02, 1.21)  

Asthma       

No, n=4359 2291  52.6 1.00 0.001 1.00 0.0154 

Yes, n=690 405  58.7 1.21 (1.08, 1.36)  1.15 (1.03, 1.29)  

Emphysema       

No, n=4864 2581  53.1 1.00 0.02 1.00 0.2634 

Yes, n=185 115  62.2 1.29 (1.05, 1.60)  1.14 (0.91, 1.42)  

Chronic pain        

         No, n=4182  2157  51.6 1.00 <.0001 1.00 0.0291 

         Yes, n=867  539  62.2 1.31 (1.18, 1.45)  1.13 (1.01, 1.26)  

Depression        

No, n=4520  2338  51.7 1.00 <.0001 1.00 <.0001 

Yes, n=529  358  67.7 1.60 (1.42, 1.80)  1.45 (1.28, 1.64)  

Model 1: *Adjusted for sex, ethnicity, education, and living alone. 

Model 2: **Adjusted for variables in model 1 plus the other variables in the model (with p-value ≤0.10).  
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5.2.4 Prescription Medications (during 12 Months before Baseline) 

Hazard ratios of reporting any type of fall (injurious or not) associated with prescribed 

medications, adjusting for sex, ethnicity, education and living alone, are described in this 

section. 

Nervous System Medications and the Risk of Any Falls after Adjusting for 

Covariates 

Adjusting for sex, ethnicity, education and living alone (Model 1), increased fall hazard was 

evident in participants prescribed anti-epileptic drugs (HR 1.48, 95% CI 1.22, 1.79), 

antidepressants (HR 1.43, 95% CI 1.28, 1.61), anti-Parkinson drugs (HR 2.44, 95% CI 1.44, 

4.14), antipsychotics (HR 1.52, 95% CI 1.04, 2.23) and sedatives and hypnotics (HR 1.13, 95% 

CI 1.01, 1.28) compared to those who were not. The remaining nervous system medications – 

analgesics (p=0.13) and anxiolytics (p=0.17) – were not associated with increased fall hazard.  

When all medications with p-values ≤ 0.10 were combined (Model 2), only anti-epilepsy drugs, 

antidepressants and anti-Parkinson drugs remained significant (p<0.05), so they were included 

in the final model multivariable model combining all significant variables (Section 5.2.5). 

Table 5-11: Nervous System Medications & Hazard Ratios (HR) of Reporting Any Fall during 

Follow-up 

Risk Factor 

(N=5,049) 

  

First Fall, 

n 

 Row % Model 1: HR (95% 

CI) 

Base + Each 

Variables* 

P- Value Model 2: HR 

(95% CI) 

Base + All 

Significant 

Variables 

(P≤0.10) ** 

P-Value 

Anti-epilepsy Drugs    <.0001   

No, n=4906 2567 52.3 1.00  1.00 0.002 

Yes, n= 202 133 65.8 1.48 (1.22, 1.79)  1.35 (1.12, 1.64)  

Analgesics       

No, n=4448 2341 (52.6 1.00 0.15   

Yes, n=660 359 (54.4 1.09 (0.97, 1.23)    

Antidepressants       

No, n= 4498 2299 (51.1 1.00 <.0001 1.00 <.0001 

Yes, n=610 401 65.7 1.43 (1.28, 1.61)  1.38 (1.23, 1.56)  

Anti-Parkinson Agents       

No, n=5080 2678 52.7 1.00 0.001 1.00 0.002 

Yes, n=28 22 78.6 2.44 (1.44, 4.14)  2.25 (1.34, 3.79)  

Antipsychotics       

No, n=5050 2664 52.8 1.00 0.03 1.00 0.35 

Yes, n= 58 36 62.1 1.52 (1.04, 2.23)  1.22 (0.81, 1.82)  

Anxiolytics       

No, 4962 2612 (52.6 1.00 0.17   

Yes, n=146 88 60.3 1.16 (0.94, 1.45)    

Sedatives and Hypnotics       

No, n=4537 2355 (51.9 1.00 0.04 1.00 0.40 

Yes, n=571 345 60.4 1.13 (1.01, 1.28)  1.05 (0.93, 1.19)  

Model 1: *Adjusted for sex, ethnicity, education and living alone. 

Model 2: **Adjusted for variables in model 1 plus the other variables in the model (with p value ≤0.10).   
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Cardiovascular System Medications and the Risk of Any Falls after Adjusting 

for Covariates 

Adjusting for sex, ethnicity, education and living alone (Model 1), there were no significant 

associations between falls and prescription of antiarrhythmic drugs (p=0.93), beta-

adrenoreceptor blockers (p=0.64), nitrates (p=0.94) and lipid-modifying agents (p=0.44) 

(Table 5-12).  

In contrast, participants prescribed alpha adreno-receptor blockers had an increased hazard of 

falls (HR 1.23, 95% CI 1.05, 1.44), while those prescribed AARAS had a reduced risk (HR 

0.89, 95% CI 0.81, 0.98), compared to those without prescriptions. In the same model there 

was no association with falls for calcium channel blockers (p=0.06) or diuretic drugs (p=0.13). 

When all three drugs were analysed together in Model 2, only alpha-blockers and agents 

affecting the renin-angiotensin system remained significant (p<0.05), so they were included in 

the final model multivariable model combining all significant variables (Section 5.2.5). 

Table 5-12: Cardiovascular Medications & Hazard Ratios (HR) of Reporting Any Falls during 

Follow-up 

Risk Factor 

(N=5,049)  

First Fall 

N 

 Row % Model 1: HR 

(95% CI) 

Base + Each 

variable* 

P-

Value 

Model 2: HR (95% 

CI) 

Base + All Significant 

Variables** 

P-

Value 

Agents Affecting the 

Renin-Angiotensin 

System (AARAS) 

      

No, n=3350 1817 54.2 1.00 0.01 1.00 0.03 

Yes, n= 1758 883 50.2 0.89 (0.81, 0.97)  0.89 (0.82, 0.99)  

Alpha Adrenoceptor 

Blockers 

      

No, n=4775 2509 52.5 1.00 0.03 1.00 0.01 

Yes, n=333 191 57.4 1.20 (1.02, 1.40)  1.23 (1.05, 1.44)  

Antiarrhythmics       

No, n= 5001 2647 52.9 1.00 0.93   

Yes, n=107 53 49.5 1.01 (0.76, 1.35)    

Beta Adrenoceptor 

Blockers 

      

No, n=4079 2158 52.9 1.00 0.64   

Yes, n= 1029 542 52.7 0.98 (0.88, 1.08)    

Calcium Channel 

Blockers 

      

No, 4244 2257 53.2 1.00 0.06 1.00 0.16 

Yes, n=864 443 51.3 0.90 (0.80, 1.00)  0.92 (0.82, 1.03)  

Diuretics       

No, n=4454 2317 52.0 1.00 0.13   

Yes, n=654 383 58.6 1.10 (0.97, 1.24)    

Nitrates       

No, n=4891 2581 52.8 1.00 0.94   

Yes, n=217 119 54.8 1.01 (0.83, 1.23)    

Lipid-lowering Agents       

No, n=2835 1487 52.5 1.00 0.44   

Yes, n=2273 1213 53.4 1.03 (0.95, 1.12)    

Model 1: *Adjusted for sex, ethnicity, education and living alone. 

Model 2: **Adjusted for variables in model 1 plus the other variables in the model (with p-value ≤0.10).  
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Other Prescription Medications (Respiratory, Musculoskeletal & Alimentary 

Tract & Metabolism Drugs) and the Risk of Any Falls after Adjusting for Covariates 

Adjusting for sex, ethnicity, education and living alone (Model 1), there was no association 

between falls hazard and prescription of anticholinergic agents (p=0.19), muscle relaxants 

(p=0.14) and anti-rheumatoid agents (p=0.28) (Table 5-13).  In contrast, there was a 

significantly increased risk of falls for participants taking NSAIDs (p=0.02) and laxatives 

(p=0.04), and possible increased hazard for antihistamines (p=0.07). When the latter three 

medications were analysed together (Model 2), only participants prescribed NSAIDs had a 

significantly increased hazard of falls (by 10%) compared to those without NSAID 

prescriptions (p=0.04). The latter variable was included in the final multivariable model 

combining all significant variables (Section 5.2.5). 

Table 5-13: Other Prescription Medications and Hazard Ratios (HR) of Reporting Any Falls 

during Follow-up 

Risk Factor 

(N=5,049) 

  

First 

Fall, n 

 Row % Model 1: HR (95% 

CI) 

Base + Each 

variable 

P 

Value 

Model 2: HR (95% 

CI) 

Base + All significant 

variables 

P 

Value 

Respiratory 

Medications 

      

Antihistamines       

No, n=4473 2347 52.5 1.00 0.07 1.00 0.12 

Yes, n= 635 353 55.6 1.12 (0.99, 1.25)  1.10 (0.98, 1.24)  

Anticholinergic 

Agents 

      

No, n=4947 2603 52.6 1.00 0.19   

Yes, n=161 97 60.3 1.16 (0.93, 1.43)    

       

Musculoskeletal 

Medications  

      

Non-Steroidal Anti-

Inflammatory Drugs 

      

No, n=3793 1986 52.4 1.00 0.02 1.00 0.04 

Yes, n= 1315 714 54.3 1.11 (1.02, 1.22)  1.10 (1.00, 1.21)  

Muscle Relaxants       

No, n=5064 2674 52.8 1.00 0.14   

Yes, n=44 26 59.1 1.34 (0.91, 1.96)    

Anti-Rheumatoid 

Agents 

      

No, n=5097 2695 52.9 1.00 0.28   

Yes, n=11 5 45.5 0.60 (0.24, 1.51)    

       

Alimentary Tract 

Medications  

      

Laxatives       

No, n=4669 2447 52.4 1.00 0.04 1.00 0.07 

Yes, n= 439 253 57.6 1.16 (1.01, 1.34)  1.14 (0.99, 1.32)  

Model 1: *Adjusted for sex, ethnicity, education and living alone. 

Model 2: **Adjusted for variables in model 1 plus the other variables in the model (with p value ≤0.10).   
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5.2.5 Final Multivariable Model of Variables Associated with Any/All Falls 

The variables significantly associated with time to first fall (any/all types) were combined in a 

single model (Table 5-14) and compared with their results from Model 2 (adjusting for sex, 

ethnicity, education, living alone and other significant variables with p value ≤0.05) in previous 

sections.  

Sociodemographic 

Females had a 51% greater hazard of falling compared to men (HR 1.51, 95% CI 1.39, 1.64) 

after adjusting for ethnicity, living alone and other significant variables in Model 2 (Table 5-

14; Figure 5-1). This significant association remained when further adjusting for all significant 

variables in the final model (HR 1.44, 95% CI 1.32, 1.58).  

Figure 5-1 Cumulative Incidence of Time to First Fall and Sex during Follow-up (shaded area 

shows 95% CI for each sex) 
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In Model 2, a reduced hazard of falls was evident in the South Asian group (HR 0.75, 95% CI 

0.60, 0.94), however this significant association attenuated when further adjusted for all 

significant variables with p values ≤0.05 in the final model (HR 0.81, 95% CI 0.65, 1.01) 

(Figure 5-2). The effects of being Māori or Pacific ethnicity on any fall hazard remained non-

significant.  

Figure 5-2 Cumulative Incidence of Time to First Fall and Ethnicity during Follow-up (shaded 

area shows 95% CI for each ethnic group) 

 

Compared to tertiary education, those who completed their education at a secondary level had 

reduced hazard of falling (HR 0.90, 95% CI 0.82, 0.97) after adjusting for sex, ethnicity and 

living alone and significant variables (Model2), while no association was indicated in those 

who completed school at a primary level (p=0.76). When entered into the final model 

combining all significant variables, this association remained for secondary school education 

(p=0.003) (Figure 5-3).  
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Figure 5-3 Cumulative Incidence of Time to First Fall and Education during Follow-up (shaded 

area shows 95% CI for each education group) 

 

Study participants that were living alone had a 22% increased hazard of falls compared to those 

that did not (p=0.0002), after adjusting for sex, ethnicity and education (Model 2; Figure 5-4). 

This significant association remained when further adjusted for all significant variables in the 

final model (HR 1.16, 95% CI 1.05, 1.29).  

Figure 5-4 Cumulative Incidence of Time to First Fall and Living Alone during Follow-up (shaded 

area shows 95% CI for living alone: yes vs. no) 
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Medical Conditions 

Participants with heart attack and/or angina were at increased hazard of falls after adjusting for 

sex, ethnicity, living alone, education and other significant CVD variables (Model 2; p=0.04). 

However, this association disappeared when further adjusted for other significant variables in 

the final model (p=0.18). Although there was no association between participants with stroke 

and/or TIA (p=0.06) and fall hazard in the final model combining all significant variables, 

participants with ‘TIA only’ had a 28% increased risk of falls compared to those with neither 

(HR 1.28, 95% CI 1.02, 1.61). This could be attributed to the small sample size of participants 

with stroke and/TIA (n=80) and is illustrated by the wide shading (95% CI) in Figure 5-5.  

Figure 5-5 Cumulative Incidence of Time to First Fall and Stroke and/or TIA during Follow-up 

(shaded area shows 95% CI for stroke and/or TIA group) 
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History of falls (fall in the last four weeks) was associated with an increased hazard of falling 

after adjusting for sex, ethnicity, living alone, education and other significant medical history 

variables in Model 2 (HR of 1.78, 95% CI 1.50, 2.09). When entered into the final model this 

association remained significant (HR of 1.78, 95% CI 1.51, 2.10) (Figure 5-6). 

Figure 5-6 Cumulative Incidence of Time to First Fall and Fall History during Follow-up (shaded 

area shows 95% CI for each fall history group: yes vs. no) 

 

The hazard of falls increased linearly with decreasing confidence to do daily activities (p 

<0.0001) after adjusting for sex, ethnicity, living alone, education and other significant medical 

history. When entered into the final model combining all significant variables, this association 

remained. Compared to participants that reported being completely confident, those who 

reported being ‘quite confident’ had a 33% greater risk of falling (p<0.0001) and those that 

reported ‘not at all’ confident had a 36% increased risk of falling (p=0.16). Although there is 

some imprecision, this could be attributed to the small sample size of participants that were 

‘not at all’ confident (n=46). This is evident in the wide shading in Figure 5-7.  
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Figure 5-7 Cumulative Incidence of Time to First Fall and Confidence (To do daily activities 

without falling) during Follow-up (shaded area shows 95% CI for each confidence level) 

 

Participants who had arthritis were shown to have a 12% increased hazard of falls (any type) 

after adjusting for sex, ethnicity, living alone, education and other significant medical history 

(p=0.01). When entered into the final model combining all significant variables this association 

remained (HR 1.10 95% CI 1.01, 1.21) (Figure 5-8).  

Figure 5-8  Cumulative Incidence of Time to First Fall and Arthritis during Follow-up (shaded 

area shows 95% CI for participants with arthritis: yes vs. no) 

 

Previous fracture was associated with an increased hazard of falls compared to no fracture after 

adjusting for sex, ethnicity, living alone, education and other significant medical history (HR 

1.12, 95% CI 1.03, 1.22). This significant association remained when previous fracture was 
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entered into the final model combining all significant variables (HR 1.10, 95% CI 1.01, 1.19) 

(Figure 5-9).  

Figure 5-9 Cumulative Incidence of Time to First Fall and Previous Fracture (or Broken Bone) 

during Follow-up (shaded area shows 95% CI for participants with previous fracture: yes vs. no) 

 

Asthma was associated with a 15% increased hazard of falls (any type) after adjusting for sex, 

ethnicity, living alone, education and other significant medical history (p=0.02). When entered 

into the final model combining all significant variables this association slightly increased (HR 

1.16, 95% CI 1.03, 1.30) (Figure 5-10).  

Figure 5-10 Cumulative Incidence of Time to First Fall and Asthma during Follow-up (shaded 

area shows 95% CI for participants with asthma: yes vs. no) 
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Time to first fall (any type) was associated with chronic pain in Model 2 (HR 1.36, 95% CI 

1.23, 1.50), but this association dissipated when entered into the final model adjusting for other 

significant variables (p=0.10).  

Participants with depression had a 43% increased hazard of falls (any type) compared to those 

without after adjusting for sex, ethnicity, living alone, education and other significant medical 

history (p<0.0001). When entered into the final model combining all significant variables, this 

association remained significant (HR 1.34, 95% CI 1.16, 1.54) (Figure 5-11).  

Figure 5-11 Cumulative Incidence of Time to First Fall and Depression during Follow-up (shaded 

area shows 95% CI for participants with depression: yes vs. no) 
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Prescribed Medications 

Nervous system medications that were associated with time to first fall include prescribed 

antiepileptic (HR 1.35, 95% CI 1.12, 1.64), antidepressants drugs (HR 1.38, 95% CI 1.23, 1.56) 

and anti-Parkinson agents (HR 2.26, 95% CI 1.34, 3.79) after adjusting for sex, ethnicity, living 

alone, education and other significant nervous system medications (Model 2). When entered 

into the final model combining all significant variables, these significant associations remained 

(p=0.02; p=0.03; p=0.02 respectively) (Figure 5-12, 5-13 and 5-14).  

Figure 5-12 Cumulative Incidence of Time to First Fall and Antiepileptic Medications during 

Follow-up (shaded area shows 95% CI for participants prescribed antiepileptics: yes vs. no) 

 

 

Figure 5-13 Cumulative Incidence of Time to First Fall and Antidepressant Medications during 

Follow-up (shaded area shows 95% CI for participants prescribed antidepressants: yes vs. no) 
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Figure 5-14 Cumulative Incidence of Time to First Fall and Anti-Parkinson’s Medications during 

Follow-up (shaded area shows 95% CI for participants prescribed anti-Parkinson’s: yes vs. no) 

 

A significant protective effect was evident in participants prescribed the CVD medication; 

AARAS with a HR of 0.89 (95% CI 0.81, 0.98) after adjusting for sex, ethnicity, living alone, 

education and other significant nervous system medications (Model 2). This significant 

association remained when entered into the final model combining all significant variables (HR 

0.85, 95% CI 0.78, 0.93) (Figure 5-15).  

In contrast, there was no association between time to first fall and prescribed alpha-

adrenoceptor blockers (HR 1.16, 95% CI 0.98, 1.36), and NSAIDs (HR 1.06, 95% CI 0.97, 

1.17) after adjusting for all significant variables in the final model.  

Figure 5-15 Cumulative Incidence of Time to First Fall and Agents Affecting the Renin-

Angiotensin System (AARAS) during Follow-up (shaded area shows 95% CI for participants 

prescribed AARAS: yes vs. no) 
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Table 5-14: Final Multivariable Cox Proportional Model of Independent Risk factors and Hazard 

Ratios (HR) of Reporting Any Falls during Follow-up 

Risk Factor  

(n=5,049) 

First Fall, 

n  

(%) Model 2 HR: (95% 

CI) * 

 Final 

Multivariable 

Model: 

Adjusted HR 

(95% CI) **  

P-

value 

Sociodemographic Variables 

Sex       

Male, n= 2119  1399  47.8 1.00 <.0001 1.00 <.0001 

Female, n=2930 1297  61.2 1.51 (1.39, 1.64)  1.44 (1.32, 1.58)  

Ethnicity    0.02  0.05 

European/Other (Asian), 

n=4226  

2333  55.2 1.00  1.00  

Māori, n=260  132  50.8 1.14 (0.94, 1.38) 0.20 1.13 (0.93, 1.37) 0.23 

Pacific, n= 315  141  44.8 1.12 (0.92, 1.35) 0.26 1.17 (0.97, 1.43) 0.11 

South Asian, n= 248  90  36.3 0.75 (0.60, 0.94) 0.01 0.81 (0.65, 1.01) 0.06 

       

Education Level Completed    0.03  0.01 

Tertiary Education, 

n=2861 

1538  53.8 1.00  1.00  

Secondary School, n= 2102  1114  53.0 0.90 (0.82, 0.97) 0.01 0.88 (0.81, 0.96) 0.003 

Primary School, n=86 44  51.2 1.05 (0.76, 1.47) 0.76 0.99 (0.70, 1.39) 0.94 

Living Alone       

No, n= 4117  2109  51.2 1.00 0.0002 1.00 0.01 

Yes, n= 932  

 

587  63.0 1.22 (1.10, 1.35)  1.16 (1.05, 1.29)  

Medical Conditions 

Heart Attack & Angina    0.04  0.18 

Neither, n=4506 2362  52.7 1.00  1.00  

Heart Attack +/- Angina, 

n=325 

175  55.2 1.14 (0.95, 1.35) 0.15 1.16 (0.98, 1.38) 0.08 

Angina only, n=218 136  62.7 1.24 (1.03, 1.50) 0.02 1.09 (0.90, 1.33) 0.39 

       

Stroke & Transient Ischemic 

Attack (TIA) 

   0.01  0.05 

Neither, n=4809 2526 52.8 1.00  1.00  

Stroke +/- TIA, n=80 48 61.5 1.36 (0.98, 1.88) 0.07 1.24 (0.89, 1.74) 0.20 

TIA only, n=160 108 67.5 1.32 (1.06, 1.66) 0.02 1.28 (1.02, 1.61) 0.03 

Fall History       

No, n=4748 2476  52.2 1.00 <.0001 1.00 <.0001 

Yes, n=301 220  73.1 1.78 (1.51, 2.10)  1.77 (1.50, 2.09)  

Confidence doing daily 

activities without falling 

   <.0001  <.0001 

Completely, n=4154 2112  50.8 1.00  1.00  

Quite, n=849 551  64.9 1.35 (1.21, 1.50) <.0001 1.33 (1.19, 1.48) <.0001 

Not at all, n=46 33  71.5 1.62 (0.98, 2.68) 0.06 1.40 (0.87, 2.26) 0.16 

Arthritis        

No, n=3318 1673  50.4 1.00 0.01 1.00 0.03 

Yes, n=1731 1023  59.1 1.12 (1.02, 1.22)  1.10 (1.01, 1.21)  

Previous Fracture       

No, n=2700 1397  51.7 1.00 0.01 1.00 0.03 

Yes, n=2349 1299  55.3 1.12 (1.03, 1.22)  1.10 (1.01, 1.19)  

Asthma       

No, n=4359 2291  52.6 1.00 0.02 1.00 0.01 

Yes, n=690 

 

405  58.7 1.15 (1.02, 1.29)  1.16 (1.03, 1.30)  

Chronic pain        

No, n=4182  2157  51.6 1.00 0.04 1.00 0.10 

Yes, n=867  539  62.2 1.12 (1.01, 1.25)  1.10 (0.98, 1.22)  

Depression        

No, n=4520 (89.52) 2338  51.7 1.00 <.0001 1.00 <.0001 

Yes, n=529 (10.48) 

 

 

 

358  67.7 1.43 (1.31, 1.56)  1.34 (1.16, 1.54)  
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Prescribed Medications 

Anti-epileptic Drugs       

No, n=4906 2567  52.3 1.00 0.002 1.00 0.02 

Yes, n= 202 133  65.8 1.35 (1.12, 1.64)  1.26 (1.04, 1.52)  

Antidepressants       

No, n= 4498 2299  51.1 1.00 <.0001 1.00 0.03 

Yes, n=610 401  65.7 1.38 (1.23, 1.56)  1.16 (1.01, 1.32)  

Anti-Parkinson Agents       

No, n=5080 2678  52.7 1.00 0.002 1.00 0.02 

Yes, n=28 22  78.6 2.26 (1.34, 3.79)  1.94 (1.12, 3.35)  

Agents Affecting the Renin-

Angiotensin System 

      

No, n=3350 1817  54.2 1.00 0.01 1.00 0.001 

Yes, n= 1758 883  50.2 0.89 (0.81, 0.98)  0.85 (0.78, 0.93)  

Alpha Adrenoceptor Blockers       

No, n=4775 2509  52.5 1.00 0.01 1.00 0.08 

Yes, n=333 191  57.4 1.24 (1.05, 1.45)  1.16 (0.98, 1.36)  

Non-Steroidal Anti-

Inflammatory Drugs 

      

No, n=3793 1986  52.4 1.00 0.04 1.00 0.22 

Yes, n= 1315 714  54.3 1.10 (1.00, 1.21)  1.06 (0.97, 1.17)  

*Model 2:  Adjusted for sex, ethnicity, living alone, education plus other significant variables (p≤0.05). 

**Final Multivariable Model: Adjusted for all variables in the model plus treatment variable.  
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Directed Acyclic Graph 

The DAG produced by the Bnlearn IAMB algorithm was utilised to interpret and understand 

the results of the final cox proportional model (Figure 5-15). The DAG indicates conditional 

dependence between the variables sex, fall history and ‘first fall’. Sex is also a confounder for 

several variables such as previous fracture, living alone, alpha adrenoceptor blockers, and 

AARAS. The sex variable creates a back-door path between each risk factor and any falls. This 

confounding effect could explain the decreased associations between these variables and falls 

in the crude analysis (not reported in Table 5-14) and when adjusted for sex in the adjusted 

model.  

Although asthma was shown to increase the risk of falls, the DAG indicates that having fall 

history in the same model may mediate asthma’s association with falls.  Therefore, the presence 

of fall history and asthma in same model may result in their competing for statistical 

significance. This could explain the higher p-value in asthma (p=0.01).  

DAGs are also convenient for identifying conditional dependence between variables which 

may impact their effects on fall risk. There is a strong conditional dependence between 

ethnicity and the variables previous fracture or education level. Therefore, the presence of these 

variables may weaken or penalise the association between ethnicity and any falls. The removal 

of previous fracture and education variables in the final model produces a significant 

association between ethnicity and falls, particularly South Asian groups (adjusted HR 0.78, 

95% CI 0.62, 0.97, p=0.03) and falls.  

Similar conditional dependence was indicated between chronic pain and arthritis. In the final 

model, the association between chronic pain and falls is weakened due to its strong correlation 

with arthritis, depression, antidepressants and confidence levels (to do activities without 

falling).  The removal of any of the variables may strengthen association between chronic pain 

and falls. For example, the removal of arthritis from the final model allows for a significant 

association between chronic pain and fall risk (HR 1.13, 1.01, 1.26, p=0.03).   

Heart attack also was conditionally dependent with angina in the final model, therefore 

combining both variables may have impacted their precision in the final model. A conditional 

dependence was evident between NSAIDs, chronic pain and arthritis, although this was not 

strong enough to impact the association between NSAIDs and fall risk. This was also evident 

for alpha blockers and ARAS medications.  
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In summary factors associated with increased with increased fall risk (of any type) were sex, 

education, stroke and/or TIA, fall history, confidence levels (to do daily activities without 

falling), arthritis, previous fracture, asthma, depression, antiepileptic drugs, antidepressants, 

and anti-Parkinson’s drugs (Figure 5-1 to Figure 5-13). Prescribed agents affecting the renin-

angiotensin system was the only factor shown to reduce the risk of falls (any type) (Figure 5-

14).   

Figure 5-16 Directed Acyclic Graph Showing Conditional Relationships between 

Sociodemographic, Lifestyle, Medical History, Prescription Medications and Any Falls 
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6 CHAPTER SIX: RESULTS FOR COHORT ANALYSIS 

(INJURIOUS FALLS) 

This chapter has the same structure as Chapter 5 and presents the main findings from the cohort 

analysis of risk factors for injurious falls among participants in the ViDA study. First, the 

results of the univariate association of sociodemographic, lifestyle, medical history and 

prescribed medication variables with the cumulative risk of injurious falls are presented 

(Section 6.1). The denominators for calculating percentages having an injurious fall are 

reported in the tables of Section 4-1. Cox’s proportional hazards model is used in multivariable 

models to analyse factors associated with time to first injurious fall (Section 6.2). These include 

the key findings from the final multivariable Cox proportional model with the support of 

cumulative incidence plots and a directed acyclic graph to help interpret them (Section 6.2.5).  

 Univariate Analysis (Any Injurious Falls, ≥1) 

The following section describes the association between baseline characteristics, medical 

history, prescribed medications, and the cumulative risk of having any injurious falls (≥1). Out 

of 5108 participants, 40% (2067) reported an injurious fall over mean follow-up of 3 (SD 0.81) 

years. 

6.1.1 Self-Reported Sociodemographic 

The proportion of participants having an injurious fall, by level of sociodemographic variables, 

is shown in Table 6-1. This was highest among those aged 80-84 years (56%), females (49%), 

those who identified as European or Other (43%), had a tertiary qualification (41%), lived alone 

(51%), and who were either widowed/widower (53%), retired from work (46%), or living in a 

retirement/rest home (56%).  

Apart from education level, a significant effect of experiencing an injurious fall was seen with 

age (p<0.0001), sex (female) (p<0.0001), ethnicity (p<0.0001), living alone (p<0.0001), 

marital status (p<0.0001), employment (p<0.0001) and home-setting (p=0.01).  
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Table 6-1 Univariate Analysis between Self-Reported Sociodemographic Characteristics and Risk 

of Any Injurious Falls During Follow-up 

Characteristic Any Injurious Falls P-value 

 Yes, n Row %  

Number of Participants 2067 40.5  

Age Group    

50-59 years 393 34.5 <.0001 

60-69 years 849 38.2  

70-79 years 649 45.1  

80-84 years 176 56.4  

Sex    

Male 1028 34.6 <.0001 

Female 1039 48.6  

Ethnicity    

European/Other (Asian)   1811 42.6 <.0001 

Māori  102 37.5  

Pacific  96 28.7  

South Asian 58 23.3  

Highest Education Level    

Primary 32 33.7 0.17 

Secondary 852 40.1  

Tertiary 1183 41.1  

Missing 4   

Living Alone    

No 1591 38.2 <.0001 

Yes 475 50.6  

Missing 5   

Marital Status    

Married/Partnered 1425 38.4 <.0001 

Separated/Divorced/Living Alone  266 41.2  

Widow/Widower  231 52.5  

Never Married/Partnered 145 47.7  

Missing 5   

Employment    

Paid  968 37.0 <.0001 

Retired  938 45.6  

Other 160 37.8  

Missing 8   

Home-setting    

Home/Flat/Apartment  1982 40.1 0.01 

Retirement/Rest home 64 56.1  

Other 20 40.0  

Missing 5   

 

  



165 
 

6.1.2 Self-Reported Lifestyle 

The cumulative risk of having an injurious fall associated with lifestyle variables is shown in 

Table 6-2. This was highest among participants who did one to two hours of vigorous activity 

per week (42%), not current smokers (41%), those who watched ‘more than 29 hours’ of TV 

per week (46%), who spent seven hours per week exposed to the sun (43%), drank two or more 

alcoholic drinks per day (46%), or never consumed six or more drinks often (44%). 

Apart from vigorous activity, a significant association was evident between the risk of injurious 

falls and being a current smoker (p=0.02), TV watching (p=0.02), sun exposure (p=0.04), 

alcohol drinks per month (p=0.001), and how often participants consume six or more drinks on 

one occasion (p<0.0001).  

Table 6-2 Univariate Analysis between Self-Reported Lifestyle Characteristics and Risk of Any 

Injurious Falls During Follow-up 

Characteristic Any Injurious Falls  P-value 

 Yes Row %  

Number of Participants  2067 40.5  

Vigorous Activity per week    

None 831 40.9 0.10 

1-2-hour  495 41.5  

>2 hours  660 40.3  

Missing 245    

Current Smoker    

No 1957 41.0 0.02 

Yes  105 32.8  

Missing 12   

Total TV Hours Per Week   0.02 

≥7 hours 275 39.0  

8- 14 hrs 570 40.4  

15-21 hrs  558 39.0  

22-28 hrs  347 42.3  

≥29 hrs 315 46.3  

Missing 46   

Total Sun Exposure Hours Per Week    

<7 hrs  294 40.9 0.04 

7 hrs  451 42.7  

8-14 hrs  632 41.0  

15-21 hrs  351 40.7  

>22 hrs  307 35.7  

Missing 69   

Alcohol Drinks Per Month    

Non-drinkers/ 0 drinks in last month  242 34.0 0.001 

<1 drink/wk  569 41.5  

1-2 drinks/ wk  33 29.2  

3-6 drinks/wk  637 41.9  

1-2 drinks/day 552 42.1  

>2 drinks/day  31 46.3  

Missing 12   

How often consume 6 or more drinks in occasion    

Never ≥6 drinks 1232 43.8 <.0001 

Less than Monthly  369 39.6  

Monthly  113 33.6  

Daily/ Weekly 106 36.2  

Missing  730   
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6.1.3 Self-Reported Medical History 

The cumulative risk of having an injurious fall associated with medical history is presented in 

Table 6-3. This was highest among participants who had a history of falls (62%), were ‘not at 

all’ confident (54%) to do daily activities without falling, and who had a history of arthritis 

(46%), previous fracture (43%), chronic pain (48%), TIA (54%), asthma (46%), emphysema 

(49%), and depression (55%) compared to those without. In contrast, the cumulative risk of 

having an injurious fall was lower in participants with diabetes (35%) compared to those 

without (41%). 

All other medical conditions – self-rated health, BMI, high blood pressure, high cholesterol, 

heart attack, heart failure, irregular heartbeat, stroke and claudication – were not significantly 

associated with risk of having an injurious fall (p>0.05), while angina just failed to reach 

significance (p=0.06). 

Table 6-3 Univariate Analysis between Self-Reported Medical History and Risk of Any Injurious 

Falls During Follow-up 

Characteristic Any Injurious Falls  P-value 

 Yes Row %  

Number of Participants 2067 40.5  

Self-rated Health    

Good, Very Good or Excellent 1965 40.2 0.12 

Fair or Poor 100 47.2  

Missing 6   

Fall History    

No 1874 39.1 <.0001 

Yes 192 62.3  

Missing 3   

Confidence doing daily activities without falling    

Completely 1596 38.1 <.0001 

Quite 442 51.2  

Not at all 26 54.2  

Missing 8   

Arthritis     

No 1247 37.6 <.0001 

Yes 802 45.7  

Missing 38   

Previous Fracture    

No 1046 38.6 0.01 

Yes 1015 42.7  

Missing 

 

20   

Chronic pain     

No 1643 39.0 <.0001 

Yes 422 47.7  

Missing 7   

Body Mass Index   0.13 

Underweight (<18.5) 6 24.0  

Normal (18.5-24.9) 505 42.7  

Overweight (25.0-29.9) 922 40.2  

Obese (≥30) 627 39.6  

Missing 

 

 

 

7   
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Diabetes     

No 1844 41.2 0.02 

Yes 220 35.4  

Missing 7   

High Blood Pressure    

No 1163 40.5 0.88 

Yes 894 40.5  

Missing 28   

High Cholesterol    

No 1052 40.5 0.14 

Yes 987 40.1  

Missing 52   

Heart Attack     

No 1920 40.3 0.61 

Yes 142 43.0  

Missing 13   

Angina    

No 1890 40.0 0.06 

Yes 164 46.5  

Missing 30   

Heart Failure    

No 2029 40.6 0.66 

Yes 32 38.1  

Missing 21   

Irregular heartbeat    

No 1757 39.9 014 

Yes 292 44.0  

Missing 44   

Transient ischemic attacks    

No 1956 39.9 <.0001 

Yes 100 54.4  

Missing 26   

Stroke    

No 2022 40.4 0.49 

Yes 38 46.9  

Missing 17   

Claudication    

No 2051 40.5 0.87 

Yes 10 43.5  

missing 17   

Asthma    

No 1735 39.6 0.004 

Yes 324 46.2  

Missing 20   

Emphysema    

No 1969 40.2 0.02 

Yes 95 49.2  

Missing 14   

Depression     

No 1771 38.8 <.0001 

Yes 293 54.7  

Missing 12   
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6.1.4 Prescription Medications (during 12 Months before Baseline)  

This section reports results on the cumulative risk of having an injurious fall during follow-up 

associated with the prescription during the 12 months prior to baseline of medications for the 

nervous system (Section 6.1.4.1), cardiovascular disease (Section 6.1.4.2) and other medical 

conditions (Section 6.1.4.3). 

Nervous System Medications  

The cumulative risk of injurious falls was highest among participants prescribed nervous 

system medications compared to those not prescribed (Table 6-4).  An increased risk of 

injurious falls was evident in participants prescribed antiepileptic drugs (p=0.01), 

antidepressants (p<0.0001), anti-Parkinson (p=0.003), and sedative and hypnotic drugs 

(p=0.001), but not in those prescribed analgesics, antipsychotics or anxiolytics (p>0.05).  

Table 6-4 Univariate Analysis between Nervous System Medications and Risk of Any Injurious 

Falls during Follow-up 

Medications Any Injurious Falls  P-value 

 Yes Row %  

Number of Participants 2067 40.5  

Anti-epilepsy Drugs    

No 1968 40.1 0.01 

Yes 99 49.0  

Analgesics    

No 1781 40.0 0.11 

Yes 286 43.3  

Antidepressants    

No 1749 38.9 <.0001 

Yes 318 52.1  

Anti-Parkinson Agents    

No 2048 40.3 0.003 

Yes 19 67.9  

Antipsychotics    

No 2039 40.4 0.22 

Yes 28 48.3  

Anxiolytics    

No 1998 40.3 0.09 

Yes 69 47.3  

Sedatives and Hypnotics    

No 1800 39.7 0.001 

Yes 267 46.8  
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Cardiovascular System Medications  

The cumulative risk for injurious falls was significantly increased among participants 

prescribed diuretics (0.02) and decreased among participants prescribed AARAS (p=0.01), 

compared to those who were not (Table 6-5). In contrast, all other cardiovascular medications 

– alpha-blockers, antiarrhythmic, beta-blockers, calcium channel blockers, nitrates and lipid-

lowering agents – were not associated with risk of injurious falls (p>0.05). 

Table 6-5 Univariate Analysis between Prescribed Cardiovascular Disease Medications and Risk of 

Any Injurious Falls during Follow-up 

Medications Any Injurious Falls  P-value 

 Yes Row %  

Number of Participants 2067 40.5  

Agents Affecting the Renin-Angiotensin System    

No 1403 41.9 0.01 

Yes 664 37.8  

Alpha Adrenoceptor Blockers    

No 1928 40.4 0.62 

Yes 139 41.7  

Antiarrhythmic    

No 2025 40.5 0.80 

Yes 42 39.3  

Beta Adrenoceptor Blockers    

No 1649 40.4 0.91 

Yes 418 40.6  

Calcium Channel Blockers    

No 1725 40.7 0.57 

Yes 342 39.6  

Diuretics    

No 1775 39.9 0.02 

Yes 292 44.7  

Nitrates    

No 1971 40.3 0.25 

Yes 96 44.2  

Lipid-Lowering Agents    

No 1156 40.8 0.61 

Yes 911 40.1  
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Other Medications: Respiratory, Musculoskeletal & Alimentary Tract and 

Metabolism  

The cumulative risk of injurious falls associated with being prescribed these medications is 

shown in Table 6-6. This was increased only in participants prescribed anticholinergic agents 

(p=0.05) or laxatives (p=0.01). Prescription of all other medications – NSAIDs, muscle 

relaxants, anti-rheumatoid agents – were not associated with risk of injurious fall, while the 

slightly higher risk for participants prescribed antihistamines just failed to achieve statistical 

significance (p=0.08). 

Table 6-6 Univariate Analysis between Other Prescribed Medications and Risk of Any Injurious 

Falls during Follow-up 

Characteristic Any Injurious Falls  P-value 

 Yes Row %  

Number of Participants 2067 40.5  

Respiratory Medications     

Antihistamines    

No 1790 40.0 0.08 

Yes 277 43.6  

Anticholinergic Agents    

No 1990 40.2 0.05 

Yes 77 47.8  

Musculoskeletal    

Non-Steroidal Anti-Inflammatory Drugs    

No 1510 39.8 0.11 

Yes 557 42.4  

Muscle Relaxants    

No 2049 40.5 0.95 

Yes 18 40.9  

Anti-Rheumatoid Agents    

No 2063 40.5 0.78 

Yes 4 36.4  

Alimentary Tract Medications    

Laxatives    

No 1864 39.9 0.01 

Yes 203 46.2  
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 Multivariable Analysis (Any Injurious Falls, ≥1) 

This section describes the results from the multivariable analyses using Cox’s proportional 

hazard method to identify factors associated with the time to first injurious fall, adjusting for 

covariates. The same categories of risk factors as examined in univariate analyses in the 

previous Section (6.1) are reported here (Sections 6.2.1 to 6.2.4). In addition, a further section 

reports results from combining all risk factor categories (Section 6.2.5). After the removal of 

participants who did not return a fall questionnaire during follow-up (n=52) and missing time 

to injurious fall data (n=3), the remaining 5,053 (99%) participants were included in the 

multivariable analysis, of which 2,067 (41%) participants had an injurious fall.  

6.2.1 Self-Reported Sociodemographic Variables  

Similar to section 5.2.1, only the variables (sex, ethnicity, education, and living alone) were 

included in the base model (Model 1) of risk factors for injurious fall to adjust for confounding 

(Table 6-7). In Model 1, females had a 49% increased hazard of injurious falls compared to 

males (p<0.0001). For ethnicity, cumulative hazard was decreased in Pacific (p=0.03) and 

South Asian (p<0.0001) ethnic groups compared to ‘European/other’. Participants who lived 

alone, were retired or lived in a retirement or rest home had an increased risk of injurious falls 

compared to those who did not.  When all of the variables in Table 6-7 were analysed in a 

single model (Model 2), sex, ethnicity, education (secondary school), living alone, employment 

and home-setting remained significant (p<0.05), and hence were included in the final 

multivariable model combining all significant variables (Section 6.2.5). 
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Table 6-7 Self-Reported Sociodemographic Characteristics and Hazard Ratios of Reporting Any 

Injurious Fall during Follow-up 

Risk Factor  

 (n=5,053) 

Injurious 

falls, n 

Row 

% 

Model 1: HR (95% 

CI) Base plus each 

variable* 

P-

value 

Model 2: HR (95% 

CI) ** Base plus all 

significant variables 

P-value 

Base 

Sex 

      

Male, n= 2120 1028 35.1 1.00 <.0001 1.00 <.0001 

Female, n=2933 1039 49.0 1.49 (1.36, 1.62)  1.48 (1.36, 1.62)  

Ethnicity    <.0001  0.001 

European/Other 

(Asian), n=4228  

1811 42.8 1.00  1.00  

Māori, n=261  102 39.1 0.97 (0.79, 1.18) 0.75 1.03 (0.84, 1.27) 0.76 

Pacific, n= 316  96 30.4 0.79 (0.64, 0.98) 0.03 0.83 (0.67, 1.03) 0.09 

South Asian, n= 248  58 23.4 0.57 (0.44, 0.74) <.0001 0.60 (0.46, 0.78) 0.0001 

       

Education Level 

Completed 

   0.18  0.05 

Tertiary Education, 

n=2864 

1183 41.3 1.00  1.00  

Secondary School, 

n= 2102  

852 40.5 0.93 (0.85, 1.02) 0.12 0.90 (0.82, 0.98) 0.02 

Primary School, 

n=87 

32 36.8 1.17 (0.81, 1.68) 0.40 1.07 (0.75, 1.54) 0.71 

Living alone       

No, n= 4121  1592 38.6 1.00 <.0001 1.00 0.02 

Yes, n= 932  475 51.0 1.33 (1.20, 1.48)  1.22 (1.04, 1.44)  

Marital Status    0.04  0.22 

Married/Partnered, 

n= 3684  

1425 38.7 1.00  1.00  

Separated/Divorced/ 

Living Alone, n=631  

266 42.2 0.93 (0.79, 1.10) 0.39 0.96 (0.82, 1.14) 0.67 

Widow/Widower, 

 n=436  

231 53.0 1.21 (1.00, 1.46) 0.05 1.16 (0.96, 1.40) 0.12 

Never Married/ 

Partnered, n= 302 

145 48.0 1.04 (0.84, 1.29) 0.71 1.08 (0.87, 1.34) 0.48 

Employment    <.0001  <.0001 

Paid, n=2601  969 37.3 1.00  1.00  

Retired, n=2045  938 45.9 1.29 (1.17, 1.41) <.0001 1.25 (1.14, 1.38) <.0001 

Other, n= 407 160 39.3 1.07 (0.90, 1.27) 0.42 1.06 (0.90, 1.26) 0.48 

       

Home-setting    0.002  0.03 

Home/Flat/Apar, 

n=4891  

1983 40.5 1.00  1.00  

Retirement/Rest 

home, n= 114 

64 56.1 1.56 (1.21, 2.01) 0.001 1.40 (1.08, 1.81) 0.01 

Other, n=48 20 41.7 1.16 (0.75, 1.78) 0.50 1.15 (0.74, 1.79) 0.54 

Model 1: *Adjusted for sex, ethnicity, education, and living alone. 

Model 2: **Adjusted for variables in model 1 plus the other variables in the model (with p-value ≤0.10) 
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6.2.2 Self-Reported Lifestyle Variables  

Hazard ratios of reporting injurious falls associated with lifestyle variables are shown in Table 

6-8 adjusting for all significant sociodemographic variables: sex, ethnicity, education and 

living alone (Model 1). Risk of injurious fall was not associated with vigorous activity 

(p=0.97), sun exposure (p=0.26) and alcohol drinking (p>0.10). In contrast, participants who 

were current smokers had a decreased hazard of an injurious fall compared to non-smokers 

(p=0.03), and those who watched TV ≥29 hours per week had an increased hazard compared 

to those who watched ≤7 hours (p=0.01). When both latter variables were included together 

with the base model variables, their significant associations remained (p<0.05) and both were 

included in the final multivariable model (Section 6.2.5). 

Table 6-8 Self-Reported Lifestyle Characteristics and Hazard Ratios of Reporting Injurious Falls 

during Follow-up 

Risk Factor  

(n=5,053) 

Injurious 

Falls, n 

Row 

% 

Model 1: HR 

(95% CI) ** Base 

plus each variable 

P-

value 

Model 2: HR (95% 

CI) ** Base plus all 

significant variables 

P-

value 

Vigorous Activity per week    0.69   

None, n=2008  831 41.4 1.00    

1-2-hour, n=1184  495 41.8 0.96 (0.86, 1.07) 0.46   

>2 hours, n=1622 660 40.7 0.96 (0.87, 1.07) 0.48   

Missing, n=239       

Current Smoker       

No, n=4739 1962 41.4 1.00 0.03 1.00 0.01 

Yes, n=314 105 33.4 0.80 (0.66, 0.97)  0.78 (0.64, 0.95)  

Total TV Hours Per Week    0.003  0.002 

≥7 hours, n=707 276 39.0 1.00  1.00  

8- 14 hrs, n=1411 570 40.4 0.98 (0.85, 1.13) 0.79 0.98 (0.85, 1.14) 0.81 

15-21 hrs, n= 1431  558 39.0 0.94 (0.81, 1.08) 0.36 0.94 (0.81, 1.08) 0.35 

22-28 hrs, n=822  347 42.2 1.01 (0.86, 1.18) 0.90 1.01 (0.86, 1.18) 0.88 

≥29 hrs, n= 682 316 46.3 1.23 (1.05, 1.46) 0.01 1.24 (1.05, 1.47) 0.01 

       

Total Sun Exposure Hours 

Per Week 

   0.29   

<7 hrs, n=709  294 41.5 1.00    

7 hrs, n=1046  451 43.1 1.02 (0.88, 1.18) 0.80   

8-14 hrs, n=1598 664 41.6 0.96 (0.83, 1.10) 0.51   

15-21 hrs, n=855 351 41.1 0.95 (0.81, 1.11) 0.49   

>22 hrs, n=845 

 

307 36.3 0.87 (0.74, 1.02) 0.09   

Alcohol Drinks Per Month    0.53   

Non-drinkers/ 0 drinks 

in last month, n=694 

242 34.9 1.00    

<1 drink/wk, n=1351 569 42.1 1.07 (0.91, 1.25) 0.41   

1-2 drinks/ wk, n=110 33 30.0 0.86 (0.58, 1.26) 0.44   

3-6 drinks/wk, 

n=1523 

640 42.0 1.06 (0.91, 1.24) 0.44   

1-2 drinks/day, 

n=1308 

552 42.2 1.11 (0.95, 1.30) 0.20   

>2 drinks/day, n=67 

 

 

 

 

 

31 46.3 1.28 (0.89, 1.84) 0.19   
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How often consume 6 or 

more drinks in occasion 

   0.14   

Never consume ≥6 

drinks, n=2812 

1235 43.9 1.00    

Less than Monthly, 

n=920 

369 40.1 1.00 (0.88, 1.12) 0.94   

Monthly, n=333 113 33.9 0.80 (0.66, 0.97) 0.02   

Weekly/Daily, n=286  106 37.1 0.95 (0.77, 1.16) 0.61   

Missing, n=712       

Model 1: *Adjusted for sex, ethnicity, education, and living alone. 

Model 2: **Adjusted for variables in model 1 plus the other variables in the model (with p-value ≤0.10) 
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6.2.3 Self-Reported Medical History  

Hazard ratios of reporting injurious falls associated with medical history, adjusting for sex, 

ethnicity, education, and living alone, are described in this section.  

Cardiovascular Diseases and the Risk of Injurious Falls after Adjusting for 

Covariates 

As in Chapter 5 (Section 5.2.3), because of their similar clinical pathophysiology, some CVD 

variables were combined in the multivariable analysis and are presented as follows (Table 6.9). 

Increased hazard of injurious fall was associated with heart attack and/or angina (p=0.0004), 

heart failure and/or irregular heartbeat (p=0.01), and with stroke and/or transient ischaemic 

attack (p<0.0001), but not with claudication (p=0.87). When the former three variables were 

combined in the same model (Model 2), all remained significant and were included in the final 

multivariable model combining all significant variables (Section 6.2.5). 

Table 6-9 Self-Reported Cardiovascular Diseases and Hazard Ratios of Reporting Injurious Falls 

during Follow-up 

Risk Factor  

(n=5,053) 

Injurious 

Falls, n 

Row 

% 

Model 1: HR (95% 

CI) * Base plus 

each variable 

P-

value 

Model 2: HR (95% CI) 

** Base plus all 

significant variables 

P-

value 

Heart Attack & 

Angina 

   0.0002  0.003 

Neither, n=4510 1820 40.4 1.00  1.00  

Heart Attack +/-

Angina, n=325 

142 43.7 1.31 (1.10, 1.56) 0.003 1.25 (1.04, 1.49) 0.02 

Angina only, 

n=218 

105 48.2 1.35 (1.11, 1.63) 0.002 1.30 (1.08, 1.58) 0.01 

       

Heart Failure & 

Irregular Heartbeat 

(IHB) 

   0.01  0.09 

Neither, n=4363 1760 40.3 1.00  1.00  

Heart failure +/-

IHB, n=82 

32 39.0 1.16 (0.81, 1.66) 0.42 0.95 (0.65, 1.39) 0.80 

IHB only, n=608 275 45.2 1.21 (1.07, 1.37) 0.003 1.15 (1.01, 1.30) 0.03 

       

Stroke & Transient 

Ischemic Attack 

(TIA) 

   <.0001  <.0001 

Neither, n=4813 1937 40.3 1.00  1.00  

Stroke +/- TIA, 

n=160 

38 47.5 1.43 (1.05, 1.96) 0.03 1.35 (0.98, 1.86) 0.07 

TIA only, n=160 92 57.5 1.70 (1.37, 2.09) <.0001 1.60 (1.29, 1.98) <.0001 

       

Claudication        

No, n=5031  2055 40.9 1.00 0.87   

Yes, n=22  10 45.5 0.95 (0.50, 1.79)    

Model 1: *Adjusted for sex, ethnicity, education, and living alone. 

Model 2: **Adjusted for base plus the other variables in the model (with p-value ≤0.10) 
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Other Medical Conditions and Risk of Injurious Falls after Adjusting for Covariates 

Adjusting for sex, ethnicity, education and living alone (Model 1 of Table 6-10), no significant 

association was indicated between having an injurious fall and medical risk factors such as 

BMI (p=0.26), diabetes (p=0.41), high blood pressure (p=0.81), and high cholesterol (p=0.97).  

In Model 1, participants that self-rated their health as fair or poor were associated with 

increased injurious fall hazard (HR 1.42, 95% CI1.17, 1.74). Those who had a previous fall in 

the last four weeks (prior to baseline) had a 93% increased hazard of injurious falls compared 

to those that had no fall history (p<0.0001). The hazard of injurious falls increased linearly 

with decreasing confidence of doing daily activities without falling (p<0.0001). Participants 

who reported a history of arthritis (p<0.0001), fracture (p=0.004), asthma (p=0.001), 

emphysema (0.01), chronic pain (p<0.0001) and depression all reported an increase hazard of 

injurious falls. When all the latter variables, plus fall history and confidence in doing daily 

activities were combined in a single model (Model 2), all variables apart from self-rated health 

(p=0.39), emphysema (p=0.35) and chronic pain (p=0.21) remained significant (p<0.05) and 

were included in the final multivariable model (Section 6.2.5).    

Table 6-10 Other Self-Reported Medical Conditions and Hazard Ratios of Reporting Injurious 

Falls during Follow-up 

Risk Factor n (%) 

(n=5,053) 

Injurious 

Falls (n) 

Row 

% 

Model 1: HR (95% 

CI) ** Base plus 

each variable 

P-

value 

Model 2: HR (95% 

CI) *** Base plus all 

significant variables 

P- 

value 

Self-rated Health       

Good, Very Good or 

Excellent, n=4851 

1967 40.6 1.00 0.001 1.00 0.47 

Fair or Poor, n=202 100 49.5 1.42 (1.17, 1.73)  1.07 (0.88, 1.32)  

Diabetes        

No, n=4457  1847 41.4 1.00 0.43   

Yes, n=596  220 36.9 1.06 (0.92, 1.23)    

Body Mass Index    0.26   

Normal (18.5-24.9), 

n=25 

6 24.0 1.00    

Underweight (<18.5), 

n=1176 

505 42.9 0.44 (0.19, 0.99) 0.05   

Overweight (25.0-29.9), 

n=2298 

929 40.4 1.00 (0.89, 1.11) 0.95   

Obese (≥30), n=1554 627 40.4 1.00 (0.89, 1.13) 0.95   

High Blood Pressure       

No, n=2874  1173 40.8 1.00 0.83   

Yes, n=2179  894 41.0 1.01 (0.93, 1.10)    

High Cholesterol    0.95   

No, n=2620  1080 41.2 1.00    

Yes, n=2433  987 40.6 1.00 (0.92, 1.09)    

Fall History       

No, n=4751 1875 39.5 1.00 <.0001 1.00 <.0001 

Yes, n=302 

 

 

 

192 63.6 1.93 (1.65, 2.24)  1.77 (1.52, 2.06)  
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Confidence doing daily 

activities without falling 

   <.0001  <.0001 

Completely, n=4156 1599 38.5 1.00  1.00  

Quite, n=851 442 51.9 1.51 (1.36, 1.69) <.0001 1.42 (1.28, 1.58) <.0001 

Not at all, n=46 26 56.5 1.96 (1.26, 3.03) 0.003 1.64 (1.04, 2.61) 0.04 

Arthritis        

No, n=3321 1265 38.1 1.00 <.0001 1.00 0.003 

Yes, n=1732 802 46.3 1.26 (1.15, 1.38)  1.15 (1.05, 1.26)  

Previous Fracture       

No, n=2703 1052 38.9 1.00 0.004 1.00 0.01 

Yes, n=2350 1015 43.2 1.14 (1.04, 1.24)  1.12 (1.03, 1.22)  

Asthma       

No, n=4363 1743 40.0 1.00 0.001 1.00 0.02 

Yes, n=690 324 47.0 1.22 (1.08, 1.37)  1.15 (1.02, 1.29)  

Emphysema       

No, n=4868 1972 40.5 1.00 0.01 1.00 0.25 

Yes, n=185 95 51.4 1.31 (1.06, 1.63)  1.14 (0.91, 1.42)  

Chronic pain        

No, n=4186  1645 39.3 1.00 <.0001 1.00 0.19 

Yes, n=867  422 48.7 1.28 (1.15, 1.42)  1.08 (0.96, 1.21)  

Depression        

No, n=4522  1774 39.2 1.00 <.0001 1.00 <.0001 

Yes, n=531  293 55.2 1.47 (1.30, 1.67)  1.34 (1.18, 1.53)  

Model 1: *Adjusted for sex, ethnicity, education, and living alone. 

Model 2: **Adjusted for variables in model 1 plus the other variables in the model (with p-value ≤0.10) 
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6.2.4 Prescription Medications  

Hazard ratios of reporting injurious falls associated with prescribed medications, adjusting for 

sex, ethnicity, education, and living alone, are described in this section. 

Nervous System Medications and the Risk of Injurious Falls after Adjusting for 

Covariates 

Adjusting for sex, ethnicity, education and living alone (Model 1), risk of injurious fall was not 

associated with prescription of antipsychotics, anxiolytics or sedative and hypnotics compared 

to those who were not prescribed these drugs (Table 6-11). In contrast participants prescribed 

anti-epilepsy drugs, analgesics, antidepressants and anti-Parkinson medications had an 

increased risk of injurious falls (p<0.05).  When the latter variables were combined in a single 

model (Model 2), only antidepressants and anti-Parkinson agents remained significant (p<0.05) 

and were included in the final multivariable model (Section 6.2.5).  

Table 6-11 Nervous System Medications and Hazard Ratios of Reporting Injurious Falls during 

Follow-up 

Risk Factor 

(N=5,053) 

  

Injurious 

Falls, n 

Row 

% 

Model 1: HR (95% 

CI) * Base plus each 

variable 

P-

value 

Model 2: HR (95% 

CI) ** Base plus all 

significant 

variables 

P- 

value 

Anti-epilepsy Drugs       

No, n=4856 1968 40.5 1.00 0.01 1.00 0.06 

Yes, n= 197 99 50.3 1.34 (1.09, 1.65)  1.23 (1.00, 1.51)  

Analgesics       

No, n=4405 1779 40.4 1.00 0.02 1.00 0.11 

Yes, n=648 286 44.1 1.16 (1.03, 1.31)  1.11 (0.98, 1.25)  

Antidepressants       

No, n= 4449 1749 39.3 1.00 <.0001 1.00 <.0001 

Yes, n=604 318 52.7 1.37 (1.21, 1.55)  1.33 (1.18, 1.51)  

Anti-Parkinson Agents       

No, n=5026 2048 40.8 1.00 <.0001 1.00 <.0001 

Yes, n=27 19 70.4 2.49 (1.60, 3.88)  2.44 (1.58, 3.77)  

Antipsychotics       

No, n=4999 2039 40.8 1.00 0.22   

Yes, n= 54 28 51.9 1.28 (0.86, 1.89)    

Anxiolytics       

No, 4910 1998 40.7 1.00 0.19   

Yes, n=143 69 48.3 1.17 (0.92, 1.47)    

Sedatives and Hypnotics       

No, n=4484 1800 40.1 1.00 0.13   

Yes, n=569 267 46.9 1.10 (0.97, 1.26)    

Model 1: *Adjusted for sex, ethnicity, education, and living alone. 

Model 2: **Adjusted for variables in model 1 plus the other variables in the model (with p-value ≤0.10) 
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Cardiovascular System Medications and the Risk of Injurious Falls after 

Adjusting for Covariates 

Adjusting for sex, ethnicity, education and living alone (Model 1), the category of ‘Alpha 

adrenoceptor blockers’ was the only cardiovascular system medication significantly associated 

with injurious falls, which was increased by 20% compared to those who were not prescribed 

it (Table 6-12). When this variable was included in a model (Model 2) combined with diuretics 

and nitrates which had borderline significance in Model 1 (p<0.10), it remained significant 

(p=0.05) and was included in the final multivariable model (Section 6.2.5). 

Table 6-12 Cardiovascular System Medications and Hazard Ratios of Reporting Injurious Falls 

during Follow-up 

Risk Factor, n 

(N=5,053)  

Injurious 

Falls, n 

Row 

% 

Model 1: HR 

(95% CI) * Base 

plus each variable 

P-

value 

Model 2: HR (95% CI) 

*** Base plus all 

significant variables 

P- 

value 

Agents Affecting the 

Renin-Angiotensin System 

(AARAS) 

      

No, n=3322 1403 42.2 1.00 0.29   

Yes, n= 1731 664 38.4 0.95 (0.87, 1.04)    

Alpha Adrenoceptor 

Blockers 

      

No, n=4727 1928 40.8 1.00 0.04 1.00 0.05 

Yes, n=326 139 42.6 1.20 (1.01, 1.43)  1.19 (1.00, 1.42)  

Antiarrhythmics       

No, n= 4952 2025 40.9 1.00 0.42   

Yes, n=101 42 41.6 1.13 (0.84, 1.52)    

Beta Adrenoceptor 

Blockers 

      

No, n=4041 1649 40.8 1.00 0.19   

Yes, n= 1012 418 41.3 1.08 (0.97, 1.20)    

Calcium Channel Blockers       

No, n=4199 1725 41.1 1.00 0.71   

Yes, n=854 342 40.1 1.02 (0.91, 1.15)    

Diuretics       

No, n=4408 1775 40.3 1.00 0.08 1.00 0.15 

Yes, n=645 292 45.3 1.12 (0.99, 1.27)  1.10 (0.97, 1.25)  

Nitrates       

No, n=4841 1971 40.7 1.00 0.09 1.00 0.13 

Yes, n=212 96 45.3 1.19 (0.98, 1.45)  1.17 (0.96., 1.43)  

Lipid-Lowering Agents       

No, n=2806 1156 41.2 1.00 0.26   

Yes, n=2247 911 40.5 1.05 (0.96, 1.15)    

Model 1: *Adjusted for sex, ethnicity, education, and living alone. 

Model 2: **Adjusted for variables in model 1 plus the other variables in the model (with p-value ≤0.10) 
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Other Medications (Respiratory, Musculoskeletal & Alimentary Tract & 

Metabolism Drugs) and the Risk of Injurious Falls after Adjusting for Covariates 

Adjusting for sex, ethnicity, education and living alone (Model 1), antihistamines, NSAIDs 

and laxatives were the only other prescription medications significantly associated with 

increased injurious fall hazard (p<0.05), while anticholinergic agents just failed to reach 

statistical significance (Table 6-13). When all four medications were combined in a single 

model (Model 2), only NSAIDs and laxatives retained a significantly increased hazard (p<0.05) 

and were included in the final multivariable model (Section 6.2.5). 

Table 6-13 Other Prescription Medications and Hazard Ratios of Reporting Injurious Falls during 

Follow-up 

Risk Factor, n 

(N=5,053) 

  

Injurious 

Falls, n 

Row 

% 

Model 1: HR (95% 

CI) * Base plus 

each variable 

P-

value 

Model 2: HR (95% CI) 

** Base plus all 

significant variables 

P- 

value 

Respiratory Medications       

Antihistamines       

No, n=4427 1790 40.4 1.00 0.03 1.00 0.07 

Yes, n= 626 277 44.3 1.15 (1.01, 1.31)  1.13 (0.99, 1.28)  

Anticholinergic 

Agents 

      

No, n=4893 1990 40.7 1.00 0.07 1.00 0.14 

Yes, n=160 77 48.1 1.24 (0.99, 1.55)  1.19 (0.95, 1.50)  

Musculoskeletal 

Medications  

      

Non-Steroidal Anti-

Inflammatory Drugs 

      

No, n=3755 1510 40.2 1.00 0.01 1.00 0.03 

Yes, n= 1298 557 42.9 1.14 (1.03, 1.25)  1.12 (1.01, 1.23)  

Muscle Relaxants       

No, n=5010 2049 40.9 1.00 0.78   

Yes, n=43 18 41.9 1.07 (0.68, 1.69)    

Anti-Rheumatoid 

Agents 

      

No, n=5042 2063 40.9 1.00 0.47   

Yes, n=11 4 36.4 0.70 (0.27, 1.85)    

Alimentary Tract 

Medications  

      

Laxatives       

No, n=4623 1864 40.3 1.00 0.001 1.00 0.01 

Yes, n= 430 203 47.2 1.26 (1.10, 1.46)  1.23 (1.06, 1.42)  

Model 1: *Adjusted for sex, ethnicity, education, and living alone. 

Model 2: **Adjusted for variables in model 1 plus the other variables in the model (with p-value ≤0.10) 
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6.2.5 Final Multivariable of All Independent Variables and the Risk of Injurious Falls  

The variables significantly associated with time to injurious falls were combined in a single 

model (Table 6-14) and compared with their results from Model 2 (adjusting for sex, ethnicity, 

education, living alone and other significant variables) in previous sections. Furthermore, plots 

of cumulative incidence of time to first injurious fall and each significant risk/protective factor 

are presented. 

Sociodemographic 

For sociodemographic factors, sex (being female) was shown to increase the hazard of injurious 

falls by 49% in Model 2 after adjusting for sex, ethnicity, education, and living alone compared 

to males (p<0.0001) (Figure 6-1). When entered into the final model combining all significant 

variables (p≤0.05), this significant association remained (HR 1.48, 95% CI 1.35, 1.62).  

Figure 6-1 Cumulative Incidence of Time to First Injurious Fall and Sex during Follow-up 

(shaded area shows 95% CI for each sex) 
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For ethnicity, although there was no association between injurious fall hazard and Māori 

(p=0.83) or Pacific (p=0.47) ethnicity, South Asian groups had a 40% lower risk of injurious 

falls compared to European/other (p=0.01) after adjusting for all significant variables in the 

final model (Figure 6-2). Furthermore, a significant variation was indicated across the different 

ethnic subgroups (p=0.004). 

Figure 6-2 Cumulative Incidence of Time to First Injurious Fall and Ethnicity during Follow-up 

(shaded area shows 95% CI for each ethnicity) 

 

In Model 2, a protective effect was indicated between participants that completed their 

education at a secondary level (p=0.02) compared to tertiary, but not primary (p=0.83). When 

education was entered into the final model combined with other significant variables, this 

association remained. Compared to tertiary education, participants who completed their 

education at a secondary level had a decreased risk of injurious falls with a HR of 0.88 (95% 

CI 0.80, 0.96), while there was no significant association between primary education and the 

hazard of injurious falls (HR 1.00, 95% CI 0.69, 1.44). This could be attributed to the small 

sample size of participants with their highest education attainment at a primary level (wide 

shaded area in Figure 6-3). However, a significant association was evident across different 

education attainment groups (p= 0.02). 
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Figure 6-3 Cumulative Incidence of Time to First Injurious Fall and Education during Follow-up 

(shaded area shows 95% CI for each educational attainment level) 

 

Participants who lived alone (yes versus no) were also more at risk of injurious falls after 

adjusting for sex, ethnicity, education, and living alone in Model 2. This significant association 

remained when living alone was added to the final model combining all significant variables 

with a p value≤0.05 (HR 1.21, 95% CI 1.09, 1.35) (Figure 6-4). 

Figure 6-4 Cumulative Incidence of Time to First Injurious Fall and Living Alone during Follow-

up (shaded area shows 95% CI for living alone; yes vs. no) 
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Employment status was associated with increased injurious fall hazard after adjusting for sex, 

ethnicity, education, living alone and other significant variables in Model 2. When entered into 

the final model combined with other significant variables, participants who were retired from 

work had a 15% increased hazard of injurious falls compared to those in paid employment (HR 

1.15, 95% CI 1.04, 1.27); while no significant association was observed between those who 

reported ‘other’ employment status (students or benefits) (p=0.56) (Figure 6-5).  Overall, a 

significant difference was evident across different employment categories and injurious falls 

(p=0.01). 

Figure 6-5 Cumulative Incidence of Time to First Injurious Fall and Employment during Follow-

up (shaded area shows 95% CI for each employment group) 

 

Home-setting, especially those living in retirement/rest homes, were shown to be associated 

with increased injurious fall hazard after adjusting for sex, ethnicity, education, and living 

alone in Model 2 (p=0.03). However, when entered into the final model combined with other 

significant variables (p≤0.05), this association dissipated (p=0.43). 
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Lifestyle 

Participants who were current smokers were shown to have a reduced hazard of injurious falls 

after adjusting for sex, ethnicity, education, living alone and TV watching in Model 2 (p=0.01). 

When entered into the final model, combining all significant variables, this association 

remained (HR 0.79, 95% CI 0.65, 0.96) (Figure 6-6). 

Figure 6-6 Cumulative Incidence of Time to First Injurious Fall and Current Smokers during 

Follow-up (shaded area shows 95% CI for current smokers: yes vs. no) 

 

Increased TV watching per week, particularly ≥29 hours per week, was shown to be associated 

with increased injurious falls after adjusting for sex, ethnicity, education, living alone and 

smoking in Model 2 (p=0.03). When entered into the final model combined with all significant 

variables, this association disappeared (p=0.09). 
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Medical Conditions 

For medical history, participants with a history of heart attack and/or angina were associated 

with increased injurious fall hazard after adjusting for sex, ethnicity, education, living alone 

and smoking in Model 2 (p=0.002). When entered into the final model adjusting for all 

significant variables, this association dissipated (p=0.21). 

In Model 2, participants with stroke and/or TIA had an increased hazard of injurious fall, 

particularly in those with TIA only compared to neither (p<0.0001). When stroke and/or TIA 

was entered in the final model adjusting for all significant variables, this association remained 

(p=0.01). Although a significant effect was observed among those that reported having ‘TIA 

only’ (HR 1.54, 95% CI 1.20, 1.98) compared to neither, ‘stroke and/or TIA’ was not associated 

with increased hazard of injurious falls (p=0.34). This imprecision could be attributed to the 

small sample size of participants with stroke and/TIA and is shown in the wide shading in 

Figure 6-7. 

Figure 6-7 Cumulative Incidence of Time to First Injurious Fall and Stroke and/or TIA during 

Follow-up (shaded area shows 95% CI for each Stroke and/or TIA group) 
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In Model 2, fall history and confidence to do daily activities without falling were shown to be 

associated with increased injurious falls after adjusting for sex, ethnicity, education, living 

alone and other medical variables. When entered into the final model adjusting for all 

significant variables (p≤0.05), this association remained (Table 6-14; Figure 6-8). Participants 

with a history of falls were 76% more likely to have an injurious fall compared to those without 

(p<0.0001). Compared to those with complete confidence to do all daily activities without 

falling, an increased hazard of injurious falls was observed in participants who were ‘quite’ 

(HR 1.33, 95% CI 1.19, 1.49) but not in those who were ‘not at all’ (HR 11.34, 95% CI 0.80, 

2.23) confident (Figure 6-8). A larger sample size of participants who were ‘not at all’ confident 

may provide more precise effect estimate. 

Figure 6-8 Cumulative Incidence of Time to First Injurious Fall and Fall History during Follow-

up (shaded area shows 95% CI for fall history: yes vs. no) 

 

Figure 6-9 Cumulative Incidence of Time to First Injurious Fall and Confidence (To do daily 

activities without falling) during Follow-up (shaded area shows 95% CI for each confidence level) 
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Participants with arthritis (p=0.003), previous fracture (p=0.01), asthma (p=0.02) and 

depression (p<0.0001) were more likely to have an injurious fall compared to those without 

after adjusting for adjusting for sex, ethnicity, education, living alone and other medical 

variables (Model 2). When entered into the final model combining all significant variables, 

these associations remained significant. The HR for having an injurious fall was 1.11 (95% CI 

1.01, 1.22) for participants with arthritis, HR 1.13 (95% CI 1.03, 1.23) for previous fracture, 

HR 1.15 (95% CI 1.03, 1.30) for asthma, and HR 1.31 (95% CI 1.14, 1.52) for depression 

compared to those without (Figure 6-10, 6-11, 6-12 and 6-13). 

Figure 6-10 Cumulative Incidence of Time to First Injurious Fall and Arthritis during Follow-up 

(shaded area shows 95% CI for arthritis: yes vs. no) 

 

 
Figure 6-11 Cumulative Incidence of Time to First Injurious Fall and Previous Fracture (Broken 

Bone) during Follow-up (shaded area shows 95% CI for having previous fracture: yes vs. no) 
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Figure 6-12 Cumulative Incidence of Time to First Injurious Fall and Previous Asthma during 

Follow-up (shaded area shows 95% CI for having asthma: yes vs. no) 

 

 
Figure 6-13 Cumulative Incidence of Time to First Injurious Fall and Depression during Follow-

up (shaded area shows 95% CI for depression; yes vs. no) 
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Prescription Medications 

For nervous system medications, participants prescribed antidepressants (p<0.0001) and anti-

Parkinson’s medication (p<0.0001) had an increased injurious fall hazard after adjusting for 

sex, ethnicity, education, living alone and other prescribed nervous system medications in 

Model 2. When entered into the final model combined with all significant variables (p≤0.05), 

only prescribed anti-Parkinson’s medication remained significant (HR 2.09, 95% CI 1.29, 3.37) 

(Figure 6-14). 

For cardiovascular medications, alpha adrenoceptor blockers were associated with increased 

injurious fall hazard after adjusting sex, ethnicity, education, living alone and other prescribed 

CVD medications in Model 2 (p=0.04); however, this significant association attenuated when 

further adjusted for all significant variables in the final model (HR 1.05, 95% CI 0.88, 1.26).  

For other medications, prescribed NSAIDs (p=0.04) and laxatives (p=0.01) were shown to be 

associated with increased injurious fall hazard after adjusting for sex, ethnicity, education, 

living alone and other prescribed medications in Model 2. When entered into the final model 

adjusting for all significant variables (p≤0.05) these significant association dissipated (p=0.10; 

p=0.59 respectively). 

Figure 6-14 Cumulative Incidence of Time to First Injurious Fall and Anti-Parkinson’s 

Medication during Follow-up (shaded area shows 95% CI for prescribe anti-Parkinson’s 

medication: yes vs. no) 

 

  



191 
 

Table 6-14 Final Multivariable Cox Proportional Model of Independent Risk factors and Hazard 

Ratios of Reporting Injurious Falls during Follow-up 

Risk Factor 

 (N=5,053)  

Injuriou

s Falls, n 

Row 

% 

Model 2 (95% 

CI)* 

P-

value 

Final 

Multivariate 

Model: 

Adjusted HR 

(95% CI) ** 

P-value 

Sociodemographic Variables       

Sex       

Male, n= 2120 1026 35.0 1.00 <.0001 1.00 <.0001 

Female, n=2933 1039 49.0 1.49 (1.36, 1.63)  1.48 (1.35, 1.62)  

Ethnicity    0.001  0.004 

European/Other, n=4228  1810 42.8 1.00  1.00  

Māori, n=261  102 39.2 1.03 (0.84, 1.27) 0.75 1.02 (0.83, 1.25) 0.86 

Pacific, n= 316  95 30.2 0.82 (0.66, 1.02) 0.08 0.86 (0.69, 1.08) 0.20 

South Asian, n= 248  58 23.3 0.60 (0.46, 0.78) 0.0001 0.63 (0.48, 0.82) 0.001 

       

Education Level Completed    0.06  0.02 

Tertiary Education, n=2861 1182 41.3 1.00  1.00  

Secondary School, n= 2102  852 40.5 0.90 (0.82, 0.98) 0.02 0.88 (0.80, 0.96) 0.01 

Primary School, n=86 31 36.1 1.04 (0.72, 1.50) 0.83 1.00 (0.69, 1.44) 0.98 

Living alone       

No, n= 4117  1590 38.6 1.00 0.02 1.00 0.0004 

Yes, n= 932  

 

475 51.0 1.23 (1.04, 1.45)  1.21 (1.09, 1.35)  

Employment    <.0001  0.01 

Paid, n=2600  968 37.2 1.00  1.00  

Retired, n=2043  937 45.9 1.26 (1.14, 1.38) <.0001 1.15 (1.04, 1.27) 0.01 

Other, n= 406 160 39.4 1.07 (0.90, 1.26) 0.47 0.96 (0.81, 1.14) 0.66 

       

Home-setting    0.03  0.43 

Home/Flat/Apar, n=4887  1981 40.5 1.00  1.00  

Retirement/Rest home, n= 114 64 56.1 1.40 (1.08, 1.81) 0.01 1.18 (0.90, 1.55) 0.23 

Other, n=48 

 

20 41.7 1.15 (0.74, 1.79) 0.53 1.14 (0.73, 1.78) 0.58 

Lifestyle Variables       

Current Smoker       

No, n=4724 1955 40.4 1.00 0.01 1.00  

Yes, n=325 110 33.9 0.78 (0.64, 0.95)  0.79 (0.65, 0.96) 0.02 

       

Total TV Hours Per Week    0.03  0.09 

≤ 7hours 257 38.1 1.00  1.00  

8- 14 hrs, n=2144 570 40.0 0.98 (0.85, 1.14) 0.80 0.96 (0.83, 1.11) 0.60 

15-21 hrs, n= 1446  577 38.7 0.94 (0.81, 1.08) 0.38 0.90 (0.78, 1.04) 0.14 

22-28 hrs, n=831  347 41.8 1.01 (0.86, 1.18) 0.93 0.93 (0.79, 1.09) 0.37 

≥29 hrs, n= 687 

 

316 46.0 1.24 (1.05, 1.47) 0.01 1.09 (0.92, 1.29) 0.33 

Medical Conditions       

Heart Attack +Angina    0.002  0.21 

Neither, n=4510 1799 40.4 1.00  1.00  

Heart Attack and/or Angina, 

n=325 

62 43.1 1.30 (1.08, 1.56) 0.01 1.16 (0.96, 1.40) 0.12 

Angina only, n=218 101 49.5 1.29 (1.06, 1.56) 0.01 1.10 (0.90, 1.34) 0.34 

       

Stroke + Transient Ischemic 

Attack (TIA) 

   <.0001  0.01 

Neither, n=4813 1923 40.2 1.00  1.00  

Stroke and/or TIA, n=160 38 38.1 1.31 (0.94, 1.81) 0.11 1.17 (0.85, 1.61) 0.34 

TIA only, n=160 92 57.5 1.63 (1.31, 2.02) <.0001 1.43 (1.15, 1.78) 0.002 

       

Fall History       

No, n=4748 1874 39.5 1.00 <.0001 1.00 <.0001 

Yes, n=301 

 

 

191 63.5 1.76 (1.52, 2.06)  1.76 (1.51, 2.05)  
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Confidence doing daily activities 

without falling 

   <.0001  <.0001 

Completely, n=4154 1599 38.5 1.00  1.00  

Quite, n=846 440 51.8 1.41 (1.26, 1.57) <.0001 1.33 (1.19, 1.49) <.0001 

Not at all, n=46 26 56.5 1.72 (1.06, 2.78) 0.0286 1.34 (0.80, 2.23) 0.27 

Arthritis        

No, n=3318 1264 38.1 1.00 0.003 1.00 0.03 

Yes, n=1731 801 46.3 1.15 (1.05, 1.26)  1.11 (1.01, 1.22)  

Previous Fracture       

No, n=2700 1050 38.9 1.00 0.01 1.00 0.01 

Yes, n=2349 1015 43.2 1.13 (1.03, 1.23)  1.13 (1.03, 1.23)  

Asthma       

No, n=4359 1741 39.9 1.00 0.02 1.00 0.02 

Yes, n=690 324 47.0 1.15 (1.02, 1.29)  1.15 (1.03, 1.30)  

Depression        

No, n=4520 (89.52) 1773 39.2 1.00 <.0001 1.00 0.0002 

Yes, n=529 (10.48) 

 

292 55.2 1.36 (1.20, 1.55)  1.31 (1.14, 1.52)  

Prescribed Medications        

Antidepressants       

No, n= 4498 1747 39.3 1.00 <.0001 1.00 0.07 

Yes, n=610 318 52.7 1.33 (1.18, 1.51)  1.14 (0.99, 1.31)  

Anti-Parkinson Agents       

No, n=5080 2046 40.7 1.00 <.0001 1.00 0.003 

Yes, n=28 19 70.4 2.45 (1.59, 3.78)  2.09 (1.29, 3.37)  

Alpha Adrenoceptor Blockers       

No, n=4723 1926 40.8 1.00 0.04 1.00 0.56 

Yes, n=326 139 42.6 1.20 (1.01, 1.42)  1.05 (0.88, 1.26)  

Non-Steroidal Anti-Inflammatory 

Drugs 

      

No, n=3793 1510 40.2 1.00 0.04 1.00 0.10 

Yes, n= 1315 555 42.8 1.11 (1.01, 1.23)  1.09 (0.98, 1.20)  

Laxatives       

No, n=4669 1862 40.3 1.00 0.01 1.00 0.59 

Yes, n= 439 203 47.2 1.23 (1.07, 1.43)  1.04 (0.90, 1.21)  

       

*Model 2: Adjusted for sex, ethnicity, living alone, education, employment plus the other significant variables in the 

model (with p-value ≤0.05) 

**Final Multivariable Model: Adjusted for all variables in the model plus treatment variable.  
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Directed Acyclic Graphs 

The Directed Acyclic Graphic (DAG) produced by the Bnlearn IAMB algorithm was utilised 

to help interpret and understand the results of the final cox proportional model (Figure 6-15). 

The DAG indicates no conditional dependence between home-setting, anti-Parkinson’s 

medication and other variables, including first injurious fall. 

In contrast, there was a conditional dependence between the variables sex (female) and 

injurious falls. Sex (female) is also a confounder for other variables such as previous fracture, 

alpha adrenoceptor blockers and living alone. This confounding effect could explain the 

decreased associations between these variables and falls in the crude analysis (not reported in 

Table 6-14) and when adjusted for sex in the final model. There is also a conditional 

dependence between employment and education with TV watching. The inclusion of three 

variables in the same model may result in the weakening of the association between TV 

watching and injurious fall hazard. 

Fall history is shown to be a mediator in the association between asthma and injurious falls. 

Therefore, when asthma and fall history are both included in the same multivariable model, fall 

history may weaken the association between asthma and injurious fall hazard. Furthermore, 

asthma is also shown to be a confounder (open back door pathway) between fall history and 

injurious fall hazard. Therefore, asthma must be adjusted for when examining the association 

between fall history and injurious falls. 

The DAG indicates a strong association between depression and prescribed antidepressant 

medications. This means that the association between antidepressant medications and injurious 

falls is weakened because of the strength of its conditional association with depression. 

Therefore, removing depression from the final model would result in a significant association 

between antidepressants and injurious falls (adjusted model without depression HR 1.21, 95% 

CI 1.05, 1.38). 

The strength of conditional dependence between different variables is represented by the width 

or thickness of the arrows. Although there was conditional dependence between NSAIDs and 

other variables such as arthritis, antidepressants and laxatives, the DAG does not indicate a 

strong association. This could suggest that these latter variables may not impact the association 

between NSAIDs and injurious fall hazard. Similar conditional dependence was shown 

between laxatives and antidepressants. 
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In summary factors associated with increased injurious fall hazard were sex, ethnicity, 

education, living alone, employment, stroke and/or TIA, fall history, confidence levels (to do 

daily activities without falling), arthritis, previous fracture, asthma, depression, and anti-

Parkinson’s drugs (Figure 6-2 to Figure 6-6 and Figure 6-8 to 6-15). Being a current smoker 

was the only factor shown to reduce the risk of injurious falls (Figure 6-7). 

Figure 6-15 Directed Acyclic Graph Showing Conditional Relationships between 

Sociodemographic, Lifestyle, Medical History, Prescription Medications and Any Injurious Falls 
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7 CHAPTER SEVEN: RESULTS FOR COHORT ANALYSIS 

(RECURRENT FALLS– ALL TYPES) 

This chapter presents the main findings from the cohort analysis of risk factors for recurrent 

falls of all types – both injurious and non-injurious – among all participants in the ViDA study. 

First, the results of the association between sociodemographic, lifestyle, medical history, and 

prescribed medications and the cumulative risk of recurrent falls are presented (Section 7.1). 

Then, the key results from the multivariable negative binomial regression analysis adjusting 

for other covariates are presented with the support of the directed acyclic graphical model 

(Section 7.2).  

 Univariate Analysis between Sociodemographic, Lifestyle and Medical 

History and Prescription Medications and Recurrent Falls (≥2) 

This section presents the association between the baseline characteristics particularly 

sociodemographic, lifestyle, medical history, prescribed medications, and the cumulative risk 

of having recurrent falls (≥2). Out of 5108 participants, 30% (n=1553) reported two or more 

falls during the mean follow-up of 3 (SD 0.81) years. 

7.1.1 Self-Reported Sociodemographic 

The cumulative risk of recurrent falls by level of sociodemographic variables is shown in Table 

7-1. This was highest among participants aged 80-84 years (49%), females (37%), and those 

who identified as European or other ethnicity (32%), lived alone (40%), who were either 

widowed or widower (41%), retired from work (36%), or who were living in a retirement/rest 

home (48%). 

Apart from education, a significant effect of experiencing recurrent falls was seen in age 

(p<0.0001), sex (female, p<0.0001), ethnicity (p<0.0001), living alone (p<0.0001), marital 

status (p<0.0001), employment (p<0.0001) and home-setting (p=0.001). 
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Table 7-1 Univariate Analysis between Self-Reported Sociodemographic Characteristics and Risk 

of Recurrent Falls (≥2) During Follow-up 

Characteristic Recurrent Falls P-value 

 Yes, n Row %  

Number of Participants 1553 30.4  

Age Group   <.0001 

50-59 years 272 23.9  

60-69 years 612 27.6  

70-79 years 517 36.0  

80-84 years 152 48.7  

Sex   <.0001 

Male 762 25.7  

Female 791 37.0  

Ethnicity   <.0001 

European /Other(Asian)   1349 31.7  

Māori  81 29.8  

Pacific  80 24.0  

South Asian 43 17.3  

Highest Education Level   0.94 

Primary 28 29.5  

Secondary 638 30.0  

Tertiary 886 30.7  

Missing 4   

Living Alone   <.0001 

No 1179 28.3  

Yes 373 39.7  

Missing    

Marital Status   <.0001 

Married/Partnered 1041 28.0  

Separated/Divorced/Living Alone  220 34.1  

Widow/Widower  180 40.9  

Never Married/Partnered 111 36.5  

Missing 5   

Employment   <.0001 

Paid  682 26.1  

Retired  739 35.9  

Other 130 30.7  

Missing 8   

Home-setting   0.001 

Home/Flat/Apartment  1481 30.0  

Retirement/Rest home 55 48.3  

Other 16 32.0  

Missing 5   
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7.1.2 Self-Reported Lifestyle Variables  

The cumulative risk of recurrent falls associated with lifestyle variables is shown in Table 7-2. 

This was highest among inactive participants (33%), seven hours of sun exposure per week 

(35%), drank two or more alcoholic drinks per day (33%) or less than one drink per week 

(33%), and those who had never had six or more drinks on one drinking occasion (33%).  

Vigorous activity (p=0.05), sun exposure (p=0.01), alcohol drinks per month (p=0.02), and the 

frequency of consuming six or more drinks on a drinking occasion (p<0.0001) were associated 

with increased recurrent fall risk. All other lifestyle variables – current smokers and TV 

watching, – were not significantly associated with risk of having an injurious fall (p>0.05). 

Table 7-2 Univariate Analysis between Self-Reported Lifestyle Characteristics and Risk of 

Recurrent Falls (≥2) During Follow-up 

Characteristic Recurrent Falls   P-value 

 Yes Row %  

Number of Participants  1553 30.4  

Vigorous Activity per week   0.05 

None 660 32.5  

1-2-hour  354 29.7  

>2 hours  474 29.0  

Missing 245   

Current Smoker   0.40 

No 1463 30.6  

Yes  87 27.2  

Missing 12   

Total TV Hours Per Week   0.63 

0-7 hrs 212 31.5  

8- 14 hrs 424 29.8  

15-21 hrs  431 29.8  

22-28 hrs  246 29.6  

≥29 hrs 227 33.0  

Missing 46   

Total Sun Exposure Hours Per Week   0.01 

<7 hrs  231 32.1  

7 hrs  365 34.6  

8-14 hrs  450 29.2  

15-21 hrs  250 29.0  

>22 hrs  239 27.8  

Missing 69   

Alcohol Drinks Per Month   0.02 

0 drinks in last month/non-drinkers 205 28.8  

<1 drink/wk  447 32.6  

1-2 drinks/ wk  25 22.1  

3-6 drinks/wk  433 28.5  

1-2 drinks/day  420 32.0  

>2 drinks/day 22 32.8  

Missing 12   

How often consume 6 or more drinks in occasion   <.0001 

Never  930 33.0  

Less than Monthly  259 27.8  

Monthly  76 22.6  

Daily/ Weekly 79 27.0  

Missing  730   
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7.1.3 Self-Reported Medical History 

The cumulative risk of having recurrent falls was increased among participants that reported 

fair or poor self-rated health (42%), history of falls (54%) and were ‘not at all’ confident (50%) 

to carry out daily activities without falling, arthritis (36%), high cholesterol (p=0.03) and 

chronic pain (39%), compared to those without these conditions (p<0.05), but not associated 

with diabetes, BMI or high blood pressure (Table 7-3).  

For actual cardiovascular diseases, risk of recurrent falls was associated with a history of angina 

(41%), irregular heartbeat (35%) or TIA (48%), compared to those without these diseases 

(p<0.05), but not with a history of heart attack, heart failure, stroke or claudication.  

For other diseases, asthma (35%), emphysema (42%), and depression (44%) were each 

associated with a higher cumulative risk of two or more falls compared to those without these 

diseases (p<0.05). 

Table 7-3 Univariate Analysis between Self-Reported Medical History and the Risk of Recurrent 

Falls (≥2) During Follow-up 

Characteristic Recurrent Falls  P value 

 Yes Row %  

Number of Participants 1553 30.4  

Self-rated Health   0.001 

Good, Very Good or Excellent 1464 29.9  

Fair or Poor 88 41.5  

Missing 6   

Fall History   <.0001 

No 1386 28.9  

Yes 167 54.2  

Missing 3   

Confidence doing daily activities without falling   <.0001 

Completely 1144 27.3  

Quite 383 44.4  

Not at all 24 50.0  

Missing 8   

Arthritis   <.0001 

No 901 27.2  

Yes 637 36.3  

Missing 38   

Previous Fracture   0.31 

No 801 29.6  

Yes 747 31.4  

Missing 20   

Chronic pain   <.0001 

No 1208 28.7  

Yes 344 38.9  

Missing 7   

Diabetes   0.63 

No 1368 30.5  

Yes 182 29.3  

Missing 

 

 

 

 

 

7   
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Body Mass Index   0.13 

Underweight (<18.5) 6 24.0  

Normal (18.5-24.9) 373 31.7  

Overweight (25.0-29.9) 666 29.3  

Obese (≥30) 504 32.4  

Missing 4   

High Blood Pressure   0.20 

No 851 29.6  

Yes 696 31.5  

Missing 28   

High Cholesterol   0.03 

No 752 29.0  

Yes 780 31.7  

Missing 52   

Heart Attack   0.19 

No 1434 30.1  

Yes 115 34.9  

Missing 13   

Angina   0.0001 

No 1401 29.7  

Yes 143 40.5  

Missing 30   

Heart Failure   0.56 

No 1517 30.3  

Yes 30 35.7  

Missing 21   

Irregular heartbeat   0.02 

No 1306 29.7  

Yes 234 35.2  

Missing 44   

Transient ischemic attacks   <.0001 

No 1459 29.8  

Yes 89 48.4  

Missing 26   

Stroke   0.37 

No 1522 30.4  

Yes 28 34.6  

Missing 17   

Claudication   0.25 

No 1536 30.3  

Yes 10 43.5  

missing 17   

Asthma   0.02 

No 1304 29.7  

Yes 244 34.8  

Missing 20   

Emphysema   0.001 

No 1471 30.0  

Yes 80 41.5  

Missing 14   

Depression    <.0001 

No 1314 28.8  

Yes 237 44.2  

Missing 12   
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7.1.4 Prescription Medications (during 12 Months before Baseline)  

This section reports the results on the cumulative risk of recurrent falls during follow-up and 

the prescription of medications during the 12 months prior to baseline of medications for the 

nervous system (Section 7.1.4.1), cardiovascular disease (Section 7.1.4.2) and other medical 

conditions (Section 7.1.4.3).  

Nervous System Medications  

The cumulative risk of having recurrent falls was higher among participants prescribed several 

nervous system medications compared to those not prescribed (Table 7-4). Apart from 

anxiolytic drugs, an increased risk of recurrent falls was evident in participants prescribed anti-

epileptic drugs, analgesics, antidepressants, anti-Parkinson’s drugs, antipsychotics and sedative 

and hypnotic drugs compared no prescription of these drugs (p≤0.05). 

Table 7-4 Univariate Analysis between Prescribed Nervous System Medications and the Risk of 

Recurrent Falls (≥2) During Follow-up 

Prescription Medications Recurrent Falls  P-value 

 Yes Row %  

Number of Participants 1553 30.4  

Anti-epilepsy Drugs   0.0001 

No 1467 29.9  

Yes 86 42.6  

Analgesics   0.05 

No 1330 29.9  

Yes 223 33.8  

Antidepressants   <.0001 

No 1291 28.7  

Yes 262 43.0  

Anti-Parkinson Agents   <.0001 

No 1532 30.2  

Yes 21 75.0  

Antipsychotics   0.02 

No 1527 30.2  

Yes 26 44.8  

Anxiolytics   0.63 

No 1506 30.4  

Yes 47 32.2  

Sedatives and Hypnotics   <.0001 

No 1336 29.5  

Yes 217 38.0  
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Cardiovascular Disease Medication  

The cumulative risk of having recurrent falls with cardiovascular disease medications is shown 

in Table 7-5. The only cardiovascular medications associated with increased risk of recurrent 

falls were prescribed diuretics (p<0.0001), nitrates (p=0.03) and lipid lowering agents 

(p=0.05); while all other prescribed medications, including alpha adrenoceptor blockers, 

antiarrhythmic, beta adrenoceptor blockers, calcium channel blockers and lipid-lowering drugs 

were not associated (p>0.05). 

Table 7-5 Univariate Analysis between Prescribed Cardiovascular System Medications and the Risk 

of Recurrent Falls (≥2) During Follow-up 

Medications Recurrent Falls  P-value 

 Yes Row %  

Number of Participants 1553 30.4  

Agents Affecting the Renin-Angiotensin System  

(AARAS) 

  0.87 

No 1021 30.5  

Yes 532 30.3  

Alpha Adrenoceptor Blockers   0.07 

No 1437 30.1  

Yes 116 34.8  

Antiarrhythmic   0.46 

No 1517 30.3  

Yes 36 33.6  

Beta Adrenoceptor Blockers   0.49 

No 1231 30.2  

Yes 322 31.3  

Calcium Channel Blockers   0.98 

No 1290 30.4  

Yes 263 30.4  

Diuretics   <.0001 

No 1306 29.3  

Yes 247 37.8  

Nitrates   0.02 

No 1471 30.1  

Yes 82 37.8  

Lipid-Lowering Agents   0.05 

No 830 29.3  

Yes 723 31.8  
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Other Prescribed Medications: Respiratory, Musculoskeletal & Alimentary 

Tract and Metabolism  

For all other prescribed medications (Table 7-6), there was a higher cumulative risk of recurrent 

falls among those prescribed anticholinergic agents (p=0.02) and laxatives (p=0.001), but no 

significant associations were indicated for antihistamines or musculoskeletal drugs (p>0.05).  

Table 7-6 Univariate Analysis between Other Prescribed Medications and the Risk of Recurrent 

Falls (≥2) During Follow-up 

Characteristic Recurrent Falls  P-value 

 Yes Row %  

Number of Participants 1553 30.4  

    

Respiratory Medications     

Antihistamines   0.17 

No 1340 30.0  

Yes 213 33.5  

Anticholinergic Agents   0.02 

No 1488 30.1  

Yes 65 40.4  

    

Musculoskeletal    

Non-Steroidal Anti-Inflammatory Drugs   0.26 

No 1130 29.8  

Yes 423 32.2  

Muscle Relaxants   0.65 

No 1539 30.4  

Yes 14 31.8  

Anti-Rheumatoid Agents   0.88 

No 1550 30.4  

Yes 3 27.3  

Alimentary Tract Medications    

Laxatives   0.001 

No 1386 29.7  

Yes 167 38.0  
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 Multivariable Analysis (Recurrent Falls, ≥2) 

This section describes the results from multivariable analyses using negative binomial 

regression to identify factors associated with IRR of recurrent falls of any type (injurious or 

not), adjusting for covariates. The same categories of risk factors as examined in univariate 

analyses in the previous Section (7.1) are reported here (Sections 7.2.1 to 7.2.4). In addition, a 

further section reports results from combining all risk factor categories (Section 7.2.5). After 

the removal of participants who did not return a fall questionnaire during follow-up (n=52) and 

other missing recurrent fall data (n=3), the remaining 5,053 (99%) participants were included 

in the multivariable analysis, of whom 1553 (31%) participants had two or more falls.  

7.2.1 Self-Reported Sociodemographic Variables  

Similar to section 5.2.1, only the significant variables were included in the base model (Model 

1) of risk factors for recurrent falls to adjust for confounding (Table 7-7). Hence, because sex, 

ethnicity living alone, and employment were significant they became the base variables. In 

Model 1, females had a 23% increased rate of injurious falls compared to males (p<0.0001). 

For ethnicity, the IRR was decreased only in South Asians (p=0.001) compared to 

‘European/other’ (p=0.004). Participants who lived alone, were retired, lived in a retirement or 

rest home, or were not married or partnered had an increased IRR of recurrent falls compared 

to those who did not (p<0.05).  In contrast, education was not associated with the rate of 

recurrent falls (p=0.62). 

A DAG analysis showed a conditional dependence between the variables living alone and 

marital status (Figure 7-1). The thicker width of the arrow directed from living alone to marital 

status indicates a strong correlation (Pearson correlation coefficient: 0.67).  When marital status 

was included in a model that combined all significant variables in Model 1, the association 

between living alone and recurrent falls weakened (IRR 1.14, 95% CI 0.98, 1.33) as marital 

status mediated this relationship. Hence, marital status was omitted from Model 2.  

When all of the significant variables in Model 1 of Table 7-7 were analysed in a single model 

(Model 2), sex, ethnicity, living alone, employment and home-setting remained significant 

(p<0.05), and hence were included in the final multivariable model combining all significant 

variables (Section 7.2.5). 
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Figure 7-1 Directed Acyclic Graph Showing Conditional Relationships between Sociodemographic 

Variables and Recurrent Falls 
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Table 7-7 Self-Reported Sociodemographic Characteristics and Incidence Rate Ratios of Reporting 

Recurrent (≥2) Falls during Follow-up 

Risk Factor  

(n=5,053) 

Recurrent 

Fall, n 

Row 

% 

Model 1: IRR 

(95% CI)  

Base + Each 

variable* 

P-

value 

Model 2: IRR (95% 

CI) base + All 

significant variables 

(P≤0.10) ** 

P-

value 

Base 

Sex 

      

Male, n= 2933 762 26.0 1.00 <.0001 1.00 <.0001 

Female, n=2120 791 37.3 1.22 (1.13, 1.33)  1.23 (1.13, 1.33)  

Ethnicity    0.003  0.004 

European/Other, n=4228  1349 31.9 1.00  1.00  

Māori, n=261  81 31.0 1.10 (0.91, 1.33) 0.33 1.09 (0.90, 1.32) 0.38 

Pacific, n= 316  80 25.3 1.09 (0.91, 1.31) 0.37 1.10 (0.92, 1.32) 0.30 

South Asian, n= 248  43 17.3 0.69 (0.55, 0.86) 0.001 0.70 (0.56, 0.86) 0.001 

Living alone       

No, n= 4121 1180 28.6 1.00 <.0001 1.00 <.0001 

Yes, n= 932  373 40.0 1.41 (1.27, 1.56)  1.38 (1.24, 1.53)  

Employment    <.0001  <.0001 

Paid, n=2601  684 26.3 1.00  1.00  

Retired, n=2045  739 36.1 1.45 (1.33, 1.58) <.0001 1.42 (1.31, 1.56) <.0001 

Other, n= 407 130 32.0 1.54 (1.32, 1.79) <.0001 1.51 (1.30, 1.76) <.0001 

       

Education Level Completed    0.55   

Tertiary Education, 

n=2864 

887 31.0 1.00    

Secondary School, n= 

2102  

638 30.4 1.00 (0.92, 1.09) 0.92   

Primary School, n=87 28 32.2 1.19 (0.87, 1.64) 0.28   

       

Home-setting    0.003  0.003 

Home/Flat/Apar, n=4891  1482 30.3 1.00  1.00  

Retirement/Rest home, 

n= 114 

55 48.3 1.53 (1.19, 1.98) 0.001 1.53 (1.19, 1.98) 0.001 

Other, n=48 16 33.3 1.14 (0.74, 1.76) 0.56 1.14 (0.74, 1.76) 0.56 

       

Marital Status    0.01   

Married/Partnered, n= 

3684  

1042 28.3 1.00  Removed due to high 

collinearity with the 

‘living alone’ 

variable. 

 

Separated/Divorced/Living 

Alone, n=631  

220 34.9 1.28 (1.09, 1.49) 0.002 

Widow/Widower, n=436  180 41.3 1.26 (1.05, 1.50) 0.01 

Never Married/Partnered, 

n= 302 

111 36.8 1.17 (0.96, 1.43) 0.12 

Model 1: *Adjusted for sex, ethnicity, living alone and employment. 

Model 2: **Adjusted for variables in model 1 plus the other variables in the model (with p-value ≤0.10).  
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7.2.2 Self-Reported Lifestyle Variables  

Incidence rate ratios of reporting recurrent falls associated with lifestyle variables are shown 

in Table 7-8. Increasing hours of vigorous activity per week were associated with a reduced 

incidence rate of recurrent falls after adjusting for sex, ethnicity, living alone, and employment 

(Model 1, p<0.0001). There was evidence of a protective effect on the IRR of recurrent falls 

with current smoking, TV watching, alcohol drinks per month and often consuming six or more 

alcoholic drinks per occasion (Model 1). In contrast, sun exposure was not associated with IRR 

for recurrent falls (p=0.27).  

Because the variables ‘alcohol drinks per month’ and ‘often consuming ≥6 alcoholic drinks per 

occasion’ were similar, they both could not be included at the same time in the final 

multivariable model. Hence, the variable ‘often consuming ≥6 alcoholic drinks per occasion’ 

was omitted from Model 2. 

When the four variables were combined in the same model (Model 2), only alcohol drinks per 

month remained significant (p≤0.05) and was included in the final multivariable model 

(Section 7.2.5).  

Table 7-8 Self-Reported Other Lifestyle Characteristics and the Incidence Rate Ratio of Recurrent 

Falls after Adjusting for Covariates 

Risk Factor  

(n=5,053) 

Recurre

nt Fall, 

n 

Row % Model 1: IRR 

(95% CI) base + 

Each variable* 

P-value Model 2: IRR 

(95% CI) base + 

All significant 

variables 

(P≤0.10) ** 

P-value 

Vigorous Activity per week    0.03  0.09 

None, n=2008  660 32.9 1.00    

1-2-hour, n=1184  354 29.9 0.88 (0.79, 0.98) 0.02 0.90 (0.81, 1.01) 0.07 

>2 hours, n=1622 474 29.2 0.90 (0.81, 0.99) 0.03 0.91 (0.83, 1.01) 0.06 

Missing, n=239       

       

Current Smoker       

No, n=4724 1466 30.9 1.00 0.07 1.00 0.09 

Yes, n=314 87 27.7 0.85 (0.71, 1.01)  0.85 (0.70, 1.02)  

       

Total TV Hours Per Week    0.08  0.11 

0-7 hrs, n=707 225 31.8 1.00  1.00  

8-14 hrs, n=1411 424 30.1 0.84 (0.74, 0.97) 0.01 0.85 (0.74, 0.98) 0.03 

15-21 hrs, n= 1431 431 30.1 0.86 (0.75, 0.98) 0.03 0.88 (0.76, 1.00) 0.06 

22-28 hrs, n=822 246 29.9 0.86 (0.74, 1.00) 0.06 0.88 (0.75, 1.02) 0.09 

≥29 hrs, n= 682 227 33.3 0.94 (0.81, 1.11) 0.47 0.97 (0.83, 1.14) 0.71 

       

Total Sun Exposure Hours 

Per Week 

   0.28   

<7 hrs, n=709  231 32.6 1.00    

7 hrs, n=1046 365 34.9 0.98 (0.85, 1.13) 0.79   

8-14 hrs, n=1598 468 29.3 0.95 (0.83, 1.08) 0.40   

15-21 hrs, n=855 250 29.2 0.91 (0.79, 1.06) 0.22   

>22 hrs, n=845 

 

 

239 28.3 0.86 (0.74, 1.00) 0.06   
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Alcohol Drinks Per Month    0.001  0.01 

Non-drinkers/0 drinks 

in last month, n=694  

205 29.5 1.00  1.00  

<1 drink/wk, n=1351  447 33.1 0.93 (0.81, 1.07) 0.31 0.95 (0.82, 1.10) 0.50 

1-2 drinks/ wk, n=110  25 22.7 0.80 (0.58, 1.09) 0.15 0.84 (0.62, 1.15) 0.27 

3-6 drinks/wk, n=1523  434 28.5 0.77 (0.67, 0.89) 0.001 0.81 (0.69, 0.93) 0.004 

1-2 drinks/day, n=1308  420 32.1 0.78 (0.68, 0.91) 0.001 0.83 (0.71, 0.96) 0.01 

>2 drinks/day, n=67 22 32.8 0.97 (0.67, 1.41) 0.89 1.01 (0.70, 1.47) 0.95 

       

How often consume 6 or 

more drinks in occasion 

   0.08   

Never, n=2812 933 33.2 1.00  Removed due to 

similarities with 

the alcohol drinks 

per month 

variable. 

 

Less than Monthly, 

n=920 

259 28.2 0.93 (0.83, 1.04) 0.19  

Monthly, n=333  76 22.8 0.84 (0.71, 1.00) 0.05  

Weekly/Daily, n=286  79 27.6 0.83 (0.68, 1.00) 0.06   

Missing/Non-drinkers, 

n=702 

      

Model 1: *Adjusted for sex, ethnicity, living alone, and employment. 

Model 2: **Adjusted for variables in model 1 plus the other variables in the second model (with p-value ≤0.10) and 

alcohol (current drinker).  
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7.2.3 Self-Reported Medical History  

Incidence rate ratios of reporting recurrent falls associated with medical history, adjusting for 

sex, ethnicity, employment and home-setting, are described in this section.  

Self-Reported Cardiovascular Diseases and the Risk of Recurrent Falls after 

Adjusting for Covariates 

Similar to Section 5.2.4.1, some CVD variables were combined in the multivariable analysis 

because of their similar clinical pathophysiology (Table 7-9). Participants who reported having 

a heart attack and/or angina had an increased incidence rate of recurrent falls compared to those 

who had neither (Table 7-10, p<0.0001). Participants with heart failure and/or irregular 

heartbeat were also shown to have an increased incidence rate of recurrent falls (p=0.002), as 

were those with stroke and/or TIA (p<0.0001). In contrast, claudication was not associated 

with IRR of recurrent falls (p=0.23).  

All three former disease categories remained significant (p<0.05) when combined in the same 

model (Model 2) and were included in the final multivariable model (Section 7.2.5). 

Table 7-9 Self-Reported Cardiovascular Diseases and the Incidence Rate Ratio of Recurrent Falls 

after Adjusting for Covariates 

Risk Factor  

(n=5,053) 

Recurrent 

Falls, n 

Row % Model 1: IRR 

(95% CI) base + 

Each variable 

P-value Model 2: IRR 

(95% CI) base 

+ All 

significant 

variables 

(P≤0.10) 

P-value 

Heart Attack & Angina    <.0001  0.001 

Neither, n=4510 1337 29.9 1.00  1.00  

Heart Attack  +/- 

Angina, n=325 

115 35.4 1.24 (1.04, 1.46) 0.01 1.17 (0.98, 1.39) 0.08 

Angina only, n=218 90 41.3 1.47 (1.21, 1.78) <.0001 1.37 (1.13, 1.67) 0.001 

       

Heart Failure & Irregular 

Heartbeat (IHB) 

   0.003  0.05 

Neither, n=4363 1304 29.9 1.00  1.00  

Heart failure  +/- IHB, 

n=82 

30 36.6 1.32 (0.96, 1.82) 0.09 1.21 (0.87, 1.68) 0.25 

IHB only, n=608 219 36.0 1.21 (1.07, 1.37) 0.002 1.15 (1.02, 1.31) 0.02 

       

Stroke & Transient 

Ischemic Attack (TIA) 

   <.0001  <.0001 

Neither, n=4813 1443 30.0 1.00  1.00  

Stroke +/- TIA, n=80 28 35.0 1.24 (0.90, 1.69) 0.18 1.15 (0.83, 1.58) 0.44 

TIA only, n=160 82 51.3 1.83 (1.47, 2.28) <.0001 1.73 (1.39, 2.16) <.0001 

       

Claudication        

No, n=5031  1543 30.7 1.00 0.23   

Yes, n=22  10 45.5 1.40 (0.79, 2.47)    

Model 1: *Adjusted for sex, ethnicity, living alone, and employment. 

Model 2: **Adjusted for variables in model 1 plus the other variables in the model (with p-value ≤0.10).  
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Other Self-Reported Medical Conditions and the Risk of Recurrent Falls after 

Adjusting for Covariates 

After adjusting sex, ethnicity, living alone and employment (Model 1 of Table 7-10), no 

significant association was found between the incidence rate of recurrent falls and diabetes 

(p=0.14), high blood pressure (p=0.94), high cholesterol (p=0.86), and previous fracture 

(p=0.16) (Table 7-11, Model 1).  

The incidence rate ratio was significantly increased in participants who self-rated their health 

as fair or poor, had a previous fall in the four weeks before baseline, decreased confidence 

doing daily activities, arthritis, asthma, emphysema, chronic pain and depression (p<0.05) than 

the respective comparison group without these conditions (Table 7-10, Model 1). In contrast, 

BMI was shown to be a protective factor against recurrent falls after adjusting for sex, ethnicity, 

living alone and employment. 

When the latter group of variables were combined in the same model, only BMI, fall history, 

confidence doing daily activities, chronic pain and depression remained significant (Model 2, 

p<0.05), so these were included in the final multivariable model (Section 7.2.5). 

Table 7-10 Self-Reported Other Medical Conditions and the Incidence Rate Ratio of Recurrent 

Falls after Adjusting for Covariates 

Risk Factor  

(n=5,053) 

Recurrent 

Fall, n 

Row % Model 1: IRR 

(95% CI) base + 

Each variable* 

 

P-value Model 2: IRR 

(95% CI) base + 

All significant 

variables (P≤ 0.10) 

** 

P-value 

Self-rated Health       

Good, Very Good 

or Excellent, 

n=4851 

1465 30.2 1.00 <.0001 1.00 0.46 

Fair or Poor, 

n=202 

88 43.6 1.58 (1.29, 1.93)  1.08 (0.88, 1.32)  

Diabetes        

No, n=4457  1371 30.8 1.00 0.14   

Yes, n=596  182 30.5 1.11 (0.97, 1.26)    

Body Mass Index    0.0001  0.0004 

Underweight 

(<18.5), n=25 

6 24.0 0.34 (0.17, 0.67) 0.002 0.38 (0.19, 0.73) 0.004 

Normal (18.5-24.9), 

n=1176 

373 31.7 1.00  1.00  

Overweight (25.0-

29.9), n=2298 

670 29.2 0.87 (0.78, 0.96) 0.01 0.85 (0.77, 0.94) 0.002 

Obese (≥30), 

n=1554 

504 32.4 1.02 (0.91, 1.14) 0.80 0.94 (0.84, 1.05) 0.30 

High Blood Pressure       

No, n=2874  857 29.8 1.00 0.94   

Yes, n=2179  696 31.9 1.00 (0.92, 1.08)    

High Cholesterol       

No, n=2620  773 29.5 1.00 0.35   

Yes, n=2433  780 32.1 0.96 (0.89, 1.04)    

Fall History       

No, n=4751 1386 29.2 1.00 <.0001 1.00 <.0001 
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Yes, n=302 167 55.3 2.23 (1.91, 2.60)  1.95 (1.68, 2.27)  

Confidence doing daily 

activities without falling 

   <.0001  <.0001 

Completely, 

n=4156 

1146 27.6 1.00  1.00  

Quite, n=851 383 45.0 1.81 (1.63, 2.01) <.0001 1.62 (1.46, 1.79) <.0001 

Not at all, n=46 24 52.2 2.78 (1.90, 4.08) <.0001 2.36 (1.61, 3.46) <.0001 

Arthritis        

No, n=3321 916 27.6 1.00 <.0001 1.00 0.12 

Yes, n=1732 

 

637 36.8 1.21 (1.11, 1.31)  1.07 (0.98, 1.17)  

Previous Fracture    0.17   

No, n=2703 806 29.8 1.00    

Yes, n=2350 747 31.8 1.06 (0.98, 1.15)    

Asthma       

No, n=4363 1309 30.0 1.00 0.001 1.00 0.15 

Yes, n=690 244 35.4 1.22 (1.09, 1.37)  1.09 (0.97, 1.23)  

Emphysema       

No, n=4868 1473 30.3 1.00 0.0002 1.00 0.14 

Yes, n=185 80 43.2 1.46 (1.19, 1.79)  1.17 (0.95, 1.43)  

Chronic pain        

         No, n=4186  1209 28.9 1.00 <.0001 1.00 0.0002 

         Yes, n=867  344 39.7 1.40 (1.26, 1.56)  1.22 (1.10, 1.35)  

Depression        

No, n=4522  1316 29.1 1.00 <.0001 1.00 <.0001 

Yes, n=531  237 44.6 1.55 (1.36, 1.76)  1.34 (1.18, 1.52)  

       

Model 1: *Adjusted for sex, ethnicity, living alone, and employment. 

Model 2: **Adjusted for variables in model 1 plus the other variables in the model (with p-value ≤0.10).  
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7.2.4 Prescription Medications  

Incidence rate ratios of reporting recurrent falls associated with prescribed medications, 

adjusting for sex, ethnicity, living alone, and employment are described in this section.  

Nervous System Medications and the Risk of Recurrent Falls after Adjusting for 

Covariates 

After adjusting for sex, ethnicity, living alone, and employment in Model 1 (Table 7-11), the 

IRR of recurrent falls was significantly increased in participants prescribed anti-epilepsy drugs, 

analgesics, antidepressants, anti-Parkinson agents and antipsychotic drugs (p<0.05) compared 

to their respective reference group (Table 7-12, Model 1). In contrast, neither anxiolytics 

(p=0.95) nor sedatives/hypnotics (p=0.32) were associated with the incidence rate of recurrent 

falls. 

When the significant variables in Model 1 were combined, anti-epilepsy drugs, analgesics, 

antidepressants and anti-Parkinson agents, especially the latter which had an IRR=5.00, 

remained significant (Model 2) and were included in the final multivariable model (Section 

7.2.5). 

Table 7-11 Nervous System Medications and the Incidence Rate Ratios of Reporting Recurrent 

Falls during Follow-up 

Risk Factor 

(N=5,053) 

  

Recurrent 

Falls, n 

Row 

% 

Model 1: IRR (95% 

CI) 

Base + Each 

Variables* 

P- 

Value 

Model 2: IRR (95% 

CI) 

Base + All Significant 

Variables (P≤0.10) ** 

P-

Value 

Anti-epileptic Drugs       

No, n=4856 1467 30.2 1.00 0.01 1.00 0.33 

Yes, n= 197 86 43.7 1.33 (1.09, 1.63)  1.11 (0.90, 1.36)  

Analgesics       

No, n=4405 1330 30.2 1.00 <.0001 1.00 0.001 

Yes, n=648 223 34.4 1.28 (1.14, 1.45)  1.23 (1.09, 1.38)  

Antidepressants       

No, n= 4449 1289 29.0 1.00 <.0001 1.00 <.0001 

Yes, n=604 262 43.4 1.54 (1.37, 1.74)  1.44 (1.27, 1.62)  

Anti-Parkinson 

Agents 

      

No, n=5026 1532 30.5 1.00 <.0001 1.00 <.0001 

Yes, n=27 21 77.8 5.21 (3.23, 8.42)  5.00 (3.10, 8.06)  

Antipsychotics       

No, n=4999 1527 30.6 1.00 0.0003 1.00 0.11 

Yes, n= 54 26 48.2 1.87 (1.31, 2.69)  1.34 (0.93, 1.92)  

Anxiolytics       

No, 4910 1506 30.7 1.00 0.95   

Yes, n=143 47 32.9 0.99 (0.78, 1.26)    

Sedatives and 

Hypnotics 

      

No, n=4484 1336 29.8 1.00 0.32   

Yes, n=569 217 38.1 1.07 (0.94, 1.21)    

Model 1: *Adjusted for sex, ethnicity, living alone, and employment. 

Model 2: **Adjusted for variables in model 1 plus the other variables in the model (with p value ≤0.10).  
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Cardiovascular System Medications and the Risk of Recurrent Falls after 

Adjusting for Covariates 

After adjusting for sex, ethnicity, living alone, and employment (Model 1 of Table 7-12), the 

incidence rate ratio of recurrent falls was significantly increased (p<0.05) in participants 

prescribed alpha-blockers and diuretics compared to participants in the respective reference 

group (Table 7-13, Model 1), while antiarrhythmic (p=0.06) and nitrates (p=0.07) approached 

significance. In contrast, AARAS (p=0.55), beta-blockers (p=0.61), calcium channel blockers 

(p=0.96), and lipid lowering drugs (p=0.70) were not associated increased recurrent fall risk.  

When the significant variables in Model 1 (as well as antiarrhythmic and nitrates, p<0.10) were 

combined, only alpha-blockers and diuretics remained significant (Model 2), both with 

increased IRR, and they were included in the final multivariable model (Section 7.2.5). 

Table 7-12 Cardiovascular System Medications and the Incidence Rate Ratios of Reporting 

Recurrent Falls during Follow-up 

Risk Factor 

(N=5,053)  

Recurrent 

Falls, n 

Row 

% 

Model 1: IRR (95% 

CI) 

Base + Each 

variable* 

P-

Value 

Model 2: IRR (95% 

CI) 

Base + All 

Significant 

Variables** 

P-

Value 

Agents Affecting the 

Renin-Angiotensin System 

(AARAS) 

      

No, n=3322 1021 30.8 1.00 0.56   

Yes, n= 1731 532 30.7 0.97 (0.89, 1.06)    

Alpha Adrenoceptor 

Blockers 

      

No, n=4727 1437 30.4 1.00 0.001 1.00 0.004 

Yes, n=326 116 35.6 1.32 (1.11, 1.56)  1.29 (1.08, 1.53)  

Antiarrhythmics       

No, n= 4952 1517 30.6 1.00 0.06 1.00 0.25 

Yes, n=101 36 35.6 1.30 (0.98, 1.72)  1.18 (0.89, 1.57)  

Beta Adrenoceptor 

Blockers 

      

No, n=4041 1231 30.5 1.00 0.60   

Yes, n= 1012 322 31.8 0.97 (0.88, 1.08)    

Calcium Channel Blockers    0.97   

No, 4199 1290 30.7 1.00    

Yes, n=854 263 30.8 1.00 (0.90, 1.12)    

Diuretics       

No, n=4408 1306 29.6 1.00 0.02 1.00 0.04 

Yes, n=645 247 38.3 1.16 (1.03, 1.31)  1.13 (1.00, 1.28)  

Nitrates       

No, n=4841 1471 30.4 1.00 0.07 1.00 0.10 

Yes, n=212 82 38.7 1.20 (0.99, 1.47)  1.18 (0.97, 1.45)  

Lipid-lowering Agents       

No, n=2806 830 29.6 1.00 0.70   

Yes, n=2247 723 32.2 1.02 (0.93, 1.11)    

Model 1: *Adjusted for sex, ethnicity, living alone, and employment. 

Model 2: **Adjusted for variables in model 1 plus the other variables in the model (with p-value ≤0.10).  
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Other Medications (Respiratory, Musculoskeletal & Alimentary Tract & 

Metabolism Drugs) and the Risk of Recurrent Falls after Adjusting for Covariates 

Adjusting for sex, ethnicity, living alone, and employment (Model 1), the incidence rate ratio 

of recurrent falls was significantly increased in participants prescribed antihistamines and 

laxatives compared to participants in the respective reference group (p<0.05); while 

anticholinergic agents just failed to reach significance (p=0.07). In contrast, NSAIDs (p=0.35), 

muscle relaxant (p=0.36), and anti-rheumatoid agents (p=0.98) were not associated with 

increased recurrent fall risk.  

When the former variables were combined in the same model, along with anticholinergic drugs 

which had borderline significance (p=0.07), antihistamines and laxatives remained significant 

(Model 2) and were included in the final multivariable model (Section 7.2.5). 

Table 7-13 Other Prescription Medications and the Incidence Rate Ratios of Reporting Recurrent 

Falls during Follow-up 

Risk Factor 

(N=5,053) 

  

Recurrent 

Falls, n 

Row 

% 

Model 1: IRR 

(95% CI) 

Base + Each 

variable* 

P Value Model 2: IRR 

(95% CI) 

Base + All 

significant 

variables** 

P Value 

Respiratory Medications       

Antihistamines       

No, n=4427 1340 30.3 1.00 0.02 1.00 0.02 

Yes, n= 626 213 34.0 1.17 (1.03, 1.32)  1.16 (1.02, 1.31)  

Anticholinergic Agents       

No, n=4893 1488 30.4 1.00 0.07 1.00 0.10 

Yes, n=160 65 40.6 1.23 (0.98, 1.54)  1.21 (0.96, 1.51)  

       

Musculoskeletal Medications        

Non-Steroidal Anti-

Inflammatory Drugs 

      

No, n=3755 1130 30.1 1.00 0.32   

Yes, n= 1298 423 32.6 1.05 (0.96, 1.15)    

Muscle Relaxants       

No, n=5010 1539 30.7 1.00 0.36   

Yes, n=43 14 32.6 0.80 (0.50, 1.28)    

Anti-Rheumatoid Agents       

No, n=5042 1550 30.7 1.00 0.98   

Yes, n=11 3 27.3 0.99 (0.42, 2.32)    

Alimentary Tract 

Medications  

      

Laxatives       

No, n=4623 1386 30.0 1.00 0.0002 1.00 0.0004 

Yes, n= 430 167 38.8 1.30 (1.13, 1.50)  1.29 (1.12, 1.49)  

Model 1: *Adjusted for sex, ethnicity, living alone, and employment. 

Model 2: **Adjusted for variables in model 1 plus the other variables in the model (with p value ≤0.10).  
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7.2.5 Final Multivariable Model of Variables Associated with Recurrent Falls  

The variables significantly associated with the incidence rate of recurrent falls were combined 

in a single model and compared with their results from Model 2 (adjusting for sex, ethnicity, 

living alone, employment and other significant variables with p≤0.05) in previous sections 

(Table 6-14).  

Sociodemographic 

Females had an increased rate of recurrent falls after adjusting for ethnicity, living alone, 

employment, and the other significant sociodemographic variables in the Model 2 compared to 

males (p<0.0001) (Table 7-14). When entered into the final model combining all significant 

variables, this significant association remained (HR 1.17, 955 CI 1.08, 1.28). A sensitivity 

analysis of the mean cumulative function also found that females were more at risk of recurrent 

falls compared to males after adjusting for all significant variables (HR 1.19, 95% CI 1.10, 

1.30) (Table 7-15).  

For ethnicity, South Asian groups had a reduced rate of recurrent falls compared to 

European/other (p=0.001) after adjusting for sex, living alone, employment, and the other 

significant sociodemographic variables in Model 2; while the effects of being Māori and Pacific 

on recurrent fall risk remained insignificant.  When entered into the final model adjusting for 

all significant variables, this significant protective effect remained the same for South Asians 

(IRR 0.64, 95% CI 0.51, 0.80). Overall, a significant variation was indicated across the 

different ethnic subgroups (p=0.001). Similar results were indicated in the sensitivity analysis 

(Table 7-15). 

After adjusting for sex, living alone, employment, and the other significant sociodemographic 

variables (Model 2; Table 7-14), a significant association was indicated between increased 

recurrent fall rates and living alone (p<0.0001), employment (p<0.0001) and home-setting 

(p=0.003). When all three variables were entered into the final model, adjusting for all 

significant variables (p≤0.05), only living alone (p=0.0001) and employment (p<0.0001) 

remained significant. This finding was consistent with the sensitivity analysis (Table 7-14).  

Lifestyle 

For lifestyle variables, a protective effect was indicated between increasing alcohol drinks per 

month and increasing rates of recurrent falls after adjusting for sex, living alone, employment, 

and the other significant lifestyle variables (p=0.01) (Model 2; Table 7-14). However, when 

alcohol drinks per month was entered into the final model combined with all significant 
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variables (p≤0.05), this association attenuated. Similar findings were found in the sensitivity 

analysis (p=0.95, Table 7-15).  

Medical History 

For participants with cardiovascular diseases, those who reported having a ‘heart attack and/or 

angina’ had an increased incidence rate of recurrent falls after adjusting for sex, living alone, 

employment, and the other significant cardiovascular diseases (p=0.001) (Table 7-14). 

Participants with ‘heart failure and/or irregular heartbeat’ were also shown to have an increased 

incidence rate of recurrent falls (p=0.03), as were those with ‘stroke and/or TIA’ (p<0.0001). 

When entered into the final model adjusting for all significant variables, only ‘heart attack 

and/or angina’ (p=0.04) and ‘stroke and/or TIA’ (p=0.001) remained significant. Similar results 

were found in the sensitivity analysis, particularly for ‘stroke and/or TIA’ (p=0.01). Although 

there was no association between ‘heart attack and/or angina’ and recurrent fall risk, the 

direction of association remained consistent. 

An inverse linear trend was indicated between decreasing BMI and decreased incidence rate of 

recurrent falls after adjusting for sex, living alone, employment, and the other significant 

medical conditions (p=0.0004) (Table 14; Model 2). When entered into the final model 

combining all significant variables (p≤0.05), this significant association remained (p=0.001). 

Compared to participants with normal BMI, those who were underweight (IRR 0.40, 95% CI 

0.21, 0.76), overweight (IRR 0.86, 95% CI 0.77, 0.95) and obese (IRR 0.94, 95% CI 0.84, 1.05) 

had an increased rate of recurrent falls. Although there is some imprecision, the direction of 

association is clear. Similar results were indicated in the sensitivity analysis (Table 7-15). 

Fall history and confidence to do daily activities without falling were shown to be associated 

with increased rates of recurrent falls after adjusting for sex, living alone, employment, and the 

other significant medical conditions (p<0.0001; p<0.0001 respectively) (Model 2). When 

entered into the final model adjusting for all significant variables (p≤0.05), both fall history 

and confidence to do activities without falling remained significant (Table 7-14). Participants 

with a history of falls were 92% more likely to have increased rates of recurrent falls compared 

to those without (p<0.0001). While compared to those with complete confidence to do all daily 

activities without falling, an increased risk of injurious falls was observed in participants who 

were ‘quite’ (HR 1.33, 95% CI 1.19, 1.49) but not in those who were ‘not at all’ (HR 11.34, 

95% CI 0.80, 2.23) confident (Figure 6-9). A larger sample size of participants who were ‘not 

at all’ confident may provide more precise effect estimate. 
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After adjusting for sex, living alone, employment, and the other significant medical conditions, 

a significant association was found between increased rates of recurrent falls and chronic pain 

(p=0.0002) and depression (p<0.0001) compared to those without (Table 7-14; Model 2). 

When entered into the final model adjusting for all significant variables, both chronic pain and 

depression remained significant (IRR 1.23, 95% CI 1.11, 1.36; IRR 1.24, 95% CI 1.09, 1.42 

respectively). This association was also evident in the sensitivity analysis.  

Prescribed Medications 

For nervous system medications, a significant association was indicated between 

antidepressant (p<0.0001), anti-Parkinson medication (p<0.0001) and analgesics (p=0.001) 

after adjusting for sex, living alone, employment, and the other significant nervous system 

medications (Model 2). When all variables were entered into the final model further adjusting 

for other significant variables, only antidepressants (IRR 1.18, 95% CI 1.04, 1.35) and anti-

Parkinson medication (IRR 4.07, 95% CI 2.58, 6.41) remained significant. This was consistent 

with findings from the sensitivity analysis (Table 7-15). 

For CVD medications, alpha-adrenoceptor blockers (IRR 1.29, 95% CI 1.08, 1.53) and 

diuretics (IRR 1.13, 95% CI 1.00, 1.28) were shown to be associated with increased rates of 

recurrent falls after adjusting for sex, living alone, employment, and the other significant CVD 

system medications (Model 2). When entered into the final model, these significant 

associations dissipated (p=0.07; 0.16 respectively). Similar results were indicated in the 

sensitivity analysis (Table 7-15). 

For other medications, participants prescribed antihistamines (IRR 1.16, 95% CI 1.02, 1.31) 

and laxatives (IRR 1.29, 95% CI 1.12, 1.49) were associated with increased rates of recurrent 

falls after adjusting for sex, living alone, employment, and the other significant medications 

(Model 2). However, these significant associations attenuated when further adjusted for all 

significant variables with p values ≤0.05 from preceding models (p=0.12; 0.17 respectively). 

These associations were also evident in the sensitivity analysis (Table 7-15). 
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Table 7-14 Final Multivariable Negative Binomial Regression Model of the Crude and Adjusted 

Incidence Rate Ratios of Reporting Recurrent Falls during Follow-up 

Risk Factor 

(N=5,053) 

  

Recurrent 

Falls, n 

Row 

% 

Model 2: IRR (95% 

CI) base + All 

significant variables 

(P≤0.10)* 

P 

Value 

FINAL MODEL 

IRR (95% CI)** 

 

P Value 

Sociodemographic Variables 

Sex       

Male, n= 2119  761 26.0 1.00 <.0001 1.00 0.0003 

Female, n=2930 790 37.3 1.23 (1.13, 1.33)  1.17 (1.08, 1.28)  

Ethnicity    0.004  0.001 

European/Other 

(Asian) , n=4226  

1347 31.9 1.00  1.00  

Māori, n=260  81 31.2 1.09 (0.90, 1.32) 0.38 0.98 (0.81, 1.18) 0.84 

Pacific, n= 315  80 25.4 1.09 (0.92, 1.32) 0.30 1.06 (0.88, 1.28) 0.55 

South Asian, n= 248  43 17.3 0.70 (0.56, 0.86) 0.001 0.64 (0.51, 0.80) <.0001 

Living alone       

No, n= 4117  1178 28.6 1.00 <.0001 1.00 0.0001 

Yes, n= 932  373 40.0 1.38 (1.24, 1.53)  1.22 (1.10, 1.35)  

       

Employment    <.0001  <.0001 

Paid, n=2600  684 26.3 1.00  1.00  

Retired, n=2043  737 36.1 1.42 (1.31, 1.56) <.0001 1.24 (1.14, 1.36) <.0001 

Other, n= 406 130 32.0 1.51 (1.30, 1.76) <.0001 1.13 (0.97, 1.32) 0.12 

       

Home-setting    0.003  0.47 

Home/Flat/Apar, 

n=4887  

1480 30.3 1.00  1.00  

Retirement/Rest 

home, n= 114 

55 48.3 1.53 (1.19, 1.98) 0.001 1.14 (0.89, 1.46) 0.32 

Other, n=48 

 

16 33.3 1.14 (0.74, 1.76) 0.56 1.17 (0.77, 1.76) 0.47 

Lifestyle Variables 

Alcohol Drinks Per 

Month 

   0.01  0.25 

Non-drinkers/0 drinks 

in last month, n=694  

205 29.5 1.00  1.00  

<1 drink/wk, n=1350  446 33.0 0.95 (0.82, 1.10) 0.50 1.01 (0.88, 1.16) 0.86 

1-2 drinks/ wk, n=110  25 22.7 0.84 (0.62, 1.15) 0.27 0.97 (0.72, 1.31) 0.85 

3-6 drinks/wk, n=1522  434 28.5 0.81 (0.69, 0.93) 0.004 0.92 (0.80, 1.05) 0.22 

1-2 drinks/day, 

n=1306  

419 32.1 0.83 (0.71, 0.96) 0.01 0.90 (0.78, 1.03) 0.13 

>2 drinks/day, n=67 

 

22 32.8 1.01 (0.70, 1.47) 0.95 1.05 (0.74, 1.50) 0.78 

Medical Conditions 

Heart Attack +Angina    0.001  0.04 

Neither, n=4456 1328 29.8 1.00  1.00  

Heart Attack and/or 

Angina, n=144 

56 38.9 1.17 (0.98, 1.39) 0.08 1.12 (0.94, 1.32) 0.20 

Angina only, n=204 86 42.2 1.37 (1.13, 1.67) 0.001 1.25 (1.04, 1.50) 0.02 

       

Heart Failure + Irregular 

Heartbeat (IHB) 

   0.03  0.23 

Neither, n=4312 1287 29.9 1.00  1.00  

Heart failure and/or 

IHB, n=81 

30 37.0 1.21 (0.87, 1.68) 0.25 1.06 (0.77, 1.46) 0.71 

IHB only, n=603 218 36.2 1.15 (1.02, 1.31) 0.02 1.11 (0.98, 1.25) 0.09 

       

Stroke + Transient 

Ischemic Attack (TIA) 

   <.0001  0.001 

Neither, n=4783 1435 30.0 1.00  1.00  

Stroke and/or TIA, 

n=21 

7 33.3 1.15 (0.83, 1.58) 0.44 0.97 (0.71, 1.32) 0.85 

TIA only, n=160 

 

82 51.3 1.73 (1.39, 2.16) <.0001 1.47 (1.19, 1.81) 0.0003 
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Body Mass Index    0.0004  0.001 

Normal (18.5-24.9), 

n=1176 

373 31.7 1.00  1.00  

Underweight (<18.5), 

n=25 

6 24.0 0.38 (0.19, 0.73) 0.004 0.40 (0.21, 0.76) 0.01 

Overweight (25.0-

29.9), n=2298 

670 29.2 0.85 (0.77, 0.94) 0.002 0.86 (0.77, 0.95) 0.002 

Obese (≥30), n=1554 504 32.4 0.94 (0.84, 1.05) 0.30 0.94 (0.84, 1.05) 0.28 

       

Fall History       

No, n=4748 1385 29.2 1.00 <.0001 1.00 <.0001 

Yes, n=301 166 55.2 1.95 (1.68, 2.27)  1.92 (1.66, 2.23)  

Confidence doing daily 

activities without falling 

   <.0001  <.0001 

Completely, n=4154 1145 27.6 1.00  1.00  

Quite, n=846 382 45.0 1.62 (1.46, 1.79) <.0001 1.49 (1.34, 1.65) <.0001 

Not at all, n=46 24 52.2 2.36 (1.61, 3.46) <.0001 2.14 (1.47, 3.10) <.0001 

Chronic pain        

No, n=4182  1207 28.9 1.00 0.0002 1.00 <.0001 

Yes, n=867  344 39.7 1.22 (1.10, 1.35)  1.23 (1.11, 1.36)  

Depression        

No, n=4520  1315 29.1 1.00 <.0001 1.00 0.002 

Yes, n=529  

 

236 44.6 1.34 (1.18, 1.52)  1.24 (1.09, 1.42)  

Prescribed Medications 

Antidepressants       

No, n= 4498 1289 29.0 1.00 <.0001 1.00 0.01 

Yes, n=610 262 43.4 1.44 (1.27, 1.62)  1.18 (1.04, 1.35)  

Anti-Parkinson Agents       

No, n=5080 1530 30.5 1.00 <.0001 1.00 <.0001 

Yes, n=28 21 77.8 5.00 (3.10, 8.06)  4.07 (2.58, 6.41)  

Analgesics       

No, n=4448 1328 30.2 1.00 0.001 1.00 0.53 

Yes, n=660 223 34.4 1.23 (1.09, 1.38)  1.04 (0.92, 1.17)  

Alpha Adrenoceptor 

Blockers 

      

No, n=4775 1435 30.4 1.00 0.004 1.00 0.07 

Yes, n=333 116 35.6 1.29 (1.08, 1.53)  1.16 (0.99, 1.37)  

Diuretics       

No, n=4454 1304 29.6 1.00 0.04 1.00 0.16 

Yes, n=654 247 38.3 1.13 (1.00, 1.28)  1.09 (0.97, 1.23)  

Antihistamines       

No, n=4473 1340 30.3 1.00 0.02 1.00 0.12 

Yes, n= 635 211 33.8 1.16 (1.02, 1.31)  1.10 (0.98, 1.24)  

Laxatives       

No, n=4669 1384 30.0 1.00 0.0004 1.00 0.17 

Yes, n= 439 167 38.8 1.29 (1.12, 1.49)  1.10 (0.95, 1.27)  

       

**Model 2: Adjusted for sex, ethnicity, living alone, employment, plus the other significant variables in the model 

(with p-value ≤0.05) 

**Adjusted for all covariates in the model plus treatment variable. 
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Table 7-15 Sensitivity Analysis: Final Multivariable Cox Proportional Model of Independent Risk 

factors and Hazard Ratios of Reporting Recurrent Falls during Follow-up 

Risk Factor 

(N=5,049) 

  

Recurrent 

Falls, n 

Row % Adjusted HR (95% CI)* 

 

P-Value 

Sex     

Male, n= 2119  761 26.0 1.00 <.0001 

Female, n=2930 790 37.3 1.19 (1.10, 1.30)  

Ethnicity    0.02 

European/Other, n=4226  1347 31.9 1.00  

Māori, n=260  81 31.2 1.01 (0.85, 1.20) 0.91 

Pacific, n= 315  80 25.4 1.01 (0.82, 1.24) 0.94 

South Asian, n= 248  43 17.3 0.67 (0.52, 0.87) 0.002 

Living alone     

No, n= 4117  1178 28.6 1.00 <.0001 

Yes, n= 932  373 40.0 1.25 (1.14, 1.37)  

Employment    0.0003 

Paid, n=2600  684 26.3 1.00  

Retired, n=2043  737 36.1 1.18 (1.09, 1.29) 0.0001 

Other, n= 406 130 32.0 1.17 (1.01, 1.36) 0.04 

     

Home-setting    0.30 

Home/Flat/Apar, n=4887  1480 30.3 1.00  

Retirement/Rest home, n= 

114 

55 48.3 1.15 (0.94, 1.40) 0.18 

Other, n=48 16 33.3 1.15 (0.82, 1.60) 0.43 

     

Current Smoker     

No, n=4724 87 27.8 1.00 0.01 

Yes, n=313 1461 30.9 0.80 (0.68, 0.94)  

     

Alcohol Drinks Per Month    0.95 

Non-drinkers/0 drinks in last 

month, n=694  

205 29.5 1.00  

<1 drink/wk, n=1350  446 33.0 1.01 (0.88, 1.15) 0.94 

1-2 drinks/ wk, n=110  25 22.7 0.95 (0.68, 1.34) 0.78 

3-6 drinks/wk, n=1522  434 28.5 0.96 (0.85, 1.10) 0.57 

1-2 drinks/day, n=1306  419 32.1 0.97 (0.85, 1.10) 0.62 

>2 drinks/day, n=67 22 32.8 1.07 (0.76, 1.50) 0.70 

     

Heart Attack +Angina    0.30 

Neither, n=4456 1328 29.8 1.00  

Heart Attack and/or Angina, 

n=144 

56 38.9 1.10 (0.94, 1.27) 0.24 

Angina only, n=204 86 42.2 1.11 (0.92, 1.35) 0.27 

     

Heart Failure + Irregular 

Heartbeat (IHB) 

   0.49 

Neither, n=4312 1287 29.9 1.00  

Heart failure and/or IHB, 

n=81 

30 37.0 1.00 (0.77, 1.31) 0.98 

IHB only, n=603 218 36.2 1.08 (0.95, 1.21) 0.24 

     

Stroke + Transient Ischemic 

Attack (TIA) 

   0.01 

Neither, n=4783 1435 30.0 1.00  

Stroke and/or TIA, n=21 7 33.3 1.00 (0.77, 1.29) 0.99 

TIA only, n=160 82 51.3 1.32 (1.10, 1.57) 0.003 

     

Body Mass Index    0.01 

Normal (18.5-24.9), n=1176 373 31.7 1.00  

Underweight (<18.5), n=25 6 24.0 0.46 (0.25, 0.85) 0.01 

Overweight (25.0-29.9), 

n=2298 

670 29.2 0.88 (0.79, 0.97) 0.01 

Obese (≥30), n=1554 504 32.4 0.95 (0.85, 1.06) 0.33 
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Fall History     

No, n=4748 1385 29.2 1.00 <.0001 

Yes, n=301 166 55.2 1.75 (1.55, 1.98)  

Confidence doing daily activities 

without falling 

   <.0001 

Completely, n=4154 1145 27.6 1.00  

Quite, n=846 382 45.0 1.41 (1.29, 1.56) <.0001 

Not at all, n=46 24 52.2 1.79 (1.23, 2.61) 0.003 

Chronic pain      

No, n=4182  1207 28.9 1.00 0.004 

Yes, n=867  344 39.7 1.16 (1.05, 1.27)  

Depression      

No, n=4520  1315 29.1 1.00 0.003 

Yes, n=529  236 44.6 1.19 (1.06, 1.34)  

Antidepressants     

No, n= 4498 1289 29.0 1.00 0.01 

Yes, n=610 262 43.4 1.16 (1.04, 1.30)  

Anti-Parkinson Agents     

No, n=5080 1530 30.5 1.00 <.0001 

Yes, n=28 21 77.8 2.62 (1.82, 3.77)  

Analgesics     

No, n=4448 1328 30.2 1.00 0.63 

Yes, n=660 223 34.4 1.03 (0.92, 1.15)  

Alpha Adrenoceptor Blockers     

No, n=4775 1435 30.4 1.00 0.37 

Yes, n=333 116 35.6 1.08 (0.92, 1.26)  

Diuretics     

No, n=4454 1304 29.6 1.00 0.58 

Yes, n=654 247 38.3 1.03 (0.92, 1.15)  

Antihistamines     

No, n=4473 1340 30.3 1.00 0.38 

Yes, n= 635 211 33.8 1.05 (0.94, 1.17)  

Laxatives     

No, n=4669 1384 30.0 1.00 0.15 

Yes, n= 439 167 38.8 1.10 (0.97, 1.26)  

     

*Adjusted for covariates in the model plus treatment variable. 
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Directed Acyclic Graphs 

The DAG produced by the bnlearn IAMB algorithm was utilised to help interpret and 

understand the results of the final negative binomial regression model (Figure 7-2). Similar to 

Figure 6-15, 5-16, the DAG indicates no conditional dependence between home-setting, anti-

Parkinson’s medication and other variables, including recurrent falls.  

A conditional dependence is shown between the variables sex (female) and recurrent falls. Sex 

(female) is also a confounder for other variables such as alpha adrenoceptor blockers, alcohol 

drinks per month and living alone. This confounding effect could explain the decreased 

associations between these variables and falls in the crude analysis (not reported in Table 7-2) 

and when adjusted for sex in the final model.  

The DAG also presents conditional dependence between different variables which may impact 

their precision when examining their effects on recurrent falls. For example, a strong 

conditional dependence was indicated between laxatives, antidepressants and analgesic 

medications. This suggests that when all three medications are in the same model, they may 

compete and weaken their associations with recurrent falls. However, the DAG also shows that 

most conditional associations between different variables were not strong enough to 

significantly influence the results of the model.  
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Figure 7-2 Directed Acyclic Graph Showing Conditional Relationships between Sociodemographic, 

Lifestyle, Medical History, and Prescription Variables and Recurrent Falls 
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 Summary of the Key Risk Factors for Any/All, Injurious & Recurrent 

Falls 

An overview of the key results for risk/protective factors for any falls (all type), injurious and 

recurrent falls is presented in Table 7-16. This table shows the results from the test for 

interaction between the fall outcomes (any/all vs. injurious; any/all vs. recurrent) based on the 

method of Altman and Bland (229).  

In summary, risk factors for any falls (all types including injurious) were sex, living alone, 

stroke and/or TIA, fall history, decreased confidence to do daily activities without falling, 

arthritis, previous fracture (or broken bone), asthma, depression, antiepileptic medication, 

antidepressants, and anti-Parkinson medication. AARAS medication and education level were 

the only protective factors shown to reduce any fall risk in this study.  

For injurious fallers, significant risk factors included sex, living alone, employment, stroke 

and/or TIA, fall history (last four weeks), decreased confidence (to do daily activities without 

falling), arthritis, previous fracture (or broken bone), asthma, depression, and anti-Parkinson 

medications.  

Factors shown to be associated with increased rates of recurrent falls include sex, living alone, 

employment, heart attack and/or angina, stroke and/or TIA, fall history (last four weeks), 

decreased confidence to do daily activities without falling, chronic pain, depression, 

antidepressants and anti-Parkinson’s medications. Factors shown to reduce the incidence rate 

of recurrent falls were ethnicity (South Asian) and BMI (underweight and overweight). Similar 

results were indicated in the sensitivity analysis using the mean cumulative function (Table 7-

15). Although there were some imprecisions, the directions of association were the same.  

Overall, the test for interactions indicated consistent results for most risk and protective factors 

of falls (any/all, injurious, recurrent). Although there were some inconsistencies, such as the 

risk for falls in education for any/all fallers compared to recurrent fallers (test for interaction: 

p=0.04), this could be attributed to education not being significant in the first model and thereby 

was not included in the final model for recurrent fallers (Table 7-7). Therefore, in a separate 

analysis (not reported in this thesis) the inclusion of education in the final model would have 

resulted in a protective effect for secondary education (IRR 0.90, 95% CI 0.83, 0.98). 

Furthermore, although a significant variation was indicated between two fall outcomes (any/all 

vs. recurrent) for some risk factors such as anti-Parkinson medication (test for interaction: p= 
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0.04), because these outcomes are significant on their own and are in the same direction, this 

indicates that anti-Parkinson medication increases the risk for both fall outcomes.   

Therefore, the risk/rate of falls was consistent across all three fall outcomes for the following 

risk factors: sex (female), living alone, employment (retired), heart attack and/or angina (angina 

only), stroke and/or TIA (TIA only), fall history (last four weeks), arthritis, previous fracture, 

chronic pain, asthma, depression, antiepileptic medication, antidepressants and anti-Parkinson 

medication. In contrast, ethnicity (South Asian), education (secondary), current smokers, and 

BMI (under-weight and overweight) were consistently protective against falls across all three 

fall outcomes.  
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Table 7-16 Overview of Key Risk Factors for Any/All types, Injurious & Recurrent Falls 

Risk Factors  FALL OUTCOMES 

ANY FALLS INJURIOUS FALLS RECURRENT FALLS Test for Interaction 

Any vs. Injurious Any vs. Recurrent 

SOCIODEMOGRAPHIC Ratio of HR 

(95% CI) 

Z value (P 

value) 

Ratio of 

HR/IRR (95% 

CI) 

Z value (P 

value) 

Sex • Male: HR 1.00 

• Female: HR 1.44 (1.32, 

1.58), p<.0001 

• Male: HR 1.00 

• Female: HR 1.48 (1.35, 

1.62), p<.0001 

 

• Male: HR 1.00 

• Female: IRR 1.17 (1.08, 

1.28), p=0.0003 

 

 

• 0.97 (0.86, 

1.11) 

 

• 0.42 

(0.68) 

 

• 1.23 (1.09, 

1.39) 

 

• 3.29 

(0.001) 

Ethnicity • European/Other: HR 1.00  

• Māori: HR 1.13 (0.93, 

1.37), p= 0.23 

• Pacific: HR 1.17 (0.97, 

1.43), p =0.11 

• South Asian: HR 0.81 

(0.65, 1.01), p=0.06 

[Type 3 p = 0.05] 

• European/Other: HR 1.00  

• Māori: HR 1.02 (0.83, 

1.25), p=0.86 

• Pacific: HR 0.86 (0.69, 

1.08), p=0.20 

• South Asian: HR 0.63 

(0.48, 0.82), p=0.001 

[Type 3 p = 0.004] 

• European/Other: IRR 1.00  

• Māori: IRR 0.98 (0.81, 

1.18), p=0.84 

• Pacific: IRR 1.06 (0.88, 

1.28), p=0.55 

• South Asian: IRR 0.64 

(0.51, 0.80), p<.0001 

[Type 3 p = 0.001] 

 

• 1.11 (0.84, 

1.47) 

• 1.36 (1.01, 

1.83) 

• 1.29 (0.91, 

1.82) 

 

• 0.71 

(0.48) 

• 2.04 

(0.04) 

• 1.42 

(0.16) 

 

• 1.15 (0.88, 

1.51) 

• 1.10 (0.84, 

1.45) 

• 1.27 (0.92, 

1.73) 

 

• 1.03 

(0.30) 

• 0.72 

(0.47) 

• 1.47 

(0.14) 

Living Alone • No: HR 1.00 

• Yes: HR 1.16 (1.05, 1.29), 

p= 0.01 

• No: HR 1.00 

• Yes: HR 1.21 (1.09, 1.35), 

p= 0.0004 

• No: IRR 1.00 

• Yes: IRR 1.22 (1.10, 1.35), 

p= 0.0001 

 

• 0.96 (0.83, 

1.11) 

 

• -0.56 

(0.58) 

 

• 0.95 (0.82, 

1.10) 

 

• -0.68 

(0.50) 

Education • Tertiary Education: HR 

1.00 

• Secondary School: HR 

0.88 (0.81, 0.96), p=0.003 

• Primary School: HR 0.99 

(0.70, 1.39), p=0.94 

[Type 3 p = 0.01] 

• Tertiary Education: HR 

1.00 

• Secondary School: HR 

0.88 (0.80, 0.96), p=0.01 

• Primary School: HR 1.00 

(0.69, 1.44), p=0.98 

[Type 3 p = 0.02] 

• Tertiary Education: IRR 

1.00 

• Secondary School: IRR 

1.00 (0.92, 1.09), p=0.92 

• Primary School: IRR 1.19 

(0.87, 1.64), p=0.28 

[Type 3 p = 0.55] 

 

 

• 1.00 (0.88, 

1.13) 

• 0.99 (0.60, 

1.64) 

 

 

• 0.00 

(1.00) 

• -0.04 

(0.97) 

 

 

• 0.88 (0.78, 

0.99) 

• 0.83 (0.52, 

1.33) 

 

 

 

• -2.09 

(0.04) 

• -0.77 

(0.44) 

Employment • Paid: HR 1.00 

• Retired: HR 1.08 (0.97, 

1.20), p=0.17 

• Other: HR 1.10 (0.94, 

1.29), p=0.22 

[Type 3 p = 0.24] 

• Paid: HR 1.00 

• Retired: HR 1.15 (1.04, 

1.27), p=0.01 

• Other: HR 0.96 (0.81, 

1.14), p=0.66 

[Type 3 p = 0.01] 

• Paid: IRR 1.00 

• Retired: IRR 1.24 (1.14, 

1.36), p<.0001 

• Other: IRR 1.13 (0.97, 

1.32), p=0.12 

[Type 3 p <.0001] 

• 0.94 (0.81, 

1.09) 

• 1.15 (0.91, 

1.45) 

• -0.84 

(0.40) 

• 1.15 

(0.25) 

• 0.87 (0.76, 

1.00) 

• 0.97 (0.78, 

1.21) 

• -1.96 

(0.05) 

• -0.24 

(0.81) 
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Home-setting • Home/Flat/Apartment: HR 

1.00 

• Retirement/Rest home: 
HR 1.27 (0.98, 1.65), 

p=0.07 

• Other: HR 1.15 (0.75, 

1.77), p=0.52 

[Type 3 p = 0.15] 

• Home/Flat/Apartment: HR 

1.00 

• Retirement/Rest home: 
HR 1.18 (0.90, 1.55), 

p=0.23 

• Other: HR 1.14 (0.73, 

1.78), p=0.58 

[Type 3 p = 0.43] 

• Home/Flat/Apartment: IRR 

1.00 

• Retirement/Rest home: IRR 

1.14 (0.89, 1.46), p=0.32 

• Other: IRR 1.17 (0.77, 

1.76), p=0.47 

[Type 3 p = 0.47] 

 

 

• 1.08 (0.74, 

1.57) 

 

• 1.01 (0.54, 

1.87) 

 

 

• 0.38 

(0.70) 

 

• 0.03 

(0.98) 

 

 

• 1.11 (0.78, 

1.60) 

 

• 0.98 (0.54, 

1.78) 

 

 

• 0.59 

(0.56) 

 

• -0.06 

(0.96) 

Marital Status • Married/Partnered: HR 

1.00 

• Separated/Divorced/Living 

Alone: HR 1.02 (0.87, 

1.20), p=0.79 

• Widow/Widower: HR 1.01 

(0.84, 1.21), p=0.92 

• Never Married/Partnered: 

HR 1.06 (0.87, 1.29), 

p=0.55 

[Type 3 p = 0.94] 

• Married/Partnered: HR 

1.00 

• Separated/Divorced/Living 

Alone: HR 0.96 (0.82, 

1.14), p= 0.67 

• Widow/Widower: HR 1.16 

(0.96, 1.40), p=0.12 

• Never Married/Partnered: 

HR 1.08 (0.87, 1.34), 

p=0.48 

[Type 3 p = 0.22] 

• Married/Partnered: IRR 1.00 

• Separated/Divorced/Living 

Alone: IRR 1.28 (1.09, 

1.49), p=0.002 

• Widow/Widower: IRR 

1.26 (1.05, 1.50), p=0.01 

• Never Married/Partnered: 

IRR 1.17 (0.96, 1.43), 

p=0.12 

[Type 3 p = 0.01] 

**NOT INCLUDED IN 

FINAL MODEL DUE TO 

LINEAR COLLINEARITY 

WITH ‘LIVING ALONE’ 

 

 

• 1.06 (0.84, 

1.34) 

 

• 0.87 (0.67, 

1.13) 

• 0.98 (0.73, 

1.31) 

 

 

• 0.52 

(0.61) 

 

• -1.03 

(0.30) 

• -0.13 

(0.90) 

 

 

• 0.80 (0.64, 

1.00) 

 

• 0.80 (0.62, 

1.03) 

• 0.91 (0.68, 

1.20) 

 

 

• -1.98 

(0.05) 

 

• -1.70 

(0.09) 

• -0.69 

(0.49) 

LIFESTYLE 
 

Vigorous 

Activity 

• None: HR 1.00 

• 1-2-hour: HR 0.98 (0.88, 

1.09), p=0.98 

• >2 hours: HR 0.96 (0.87, 

1.06), p=0.96 

[Type 3 p = 0.68] 

• None: HR 1.00 

• 1-2-hour: HR 0.96 (0.86, 

1.07), p=0.46 

• >2 hours: HR 0.96 (0.87, 

1.07), p=0.48 

[Type 3 p = 0.69] 

• None: IRR 1.00 

• 1-2-hour: IRR 0.90 (0.81, 

1.01), p=0.07 

• >2 hours: IRR 0.91 (0.83, 

1.01), p=0.06 

[Type 3 p = 0.09] 

 

• 1.02 (0.88, 

1.19) 

• 1.00 (0.87, 

1.15) 

 

• 0.26 

(0.79) 

• 0.00 

(1.00) 

 

• 1.09 (0.93, 

1.27) 

• 1.05 (0.92, 

1.21) 

 

• 1.09 (0.28) 

 

• 0.75 (0.45) 

Sun exposure • <7 hrs: HR 1.00 

• 7 hrs: HR 0.97 (0.84, 

1.11), p=0.66 

• 8-14 hrs: HR 0.93 (0.81, 

1.05), p=0.23 

• 15-21 hrs: HR 0.88 (0.76, 

1.02), p=0.09 

• <7 hrs: HR 1.00 

• 7 hrs: HR 1.02 (0.88, 

1.18), p=0.80 

• 8-14 hrs: HR 0.96 (0.83, 

1.10), p=0.51 

• 15-21 hrs: HR 0.95 (0.81, 

1.11), p=0.49 

• <7 hrs: IRR 1.00 

• 7 hrs: IRR 0.98 (0.85, 1.13), 

p=0.79 

• 8-14 hrs: IRR 0.95 (0.83, 

1.08), p=0.40 

• 15-21 hrs: IRR 0.91 (0.79, 

1.06), p=0.22 

 

• 0.95 (0.78, 

1.16) 

• 0.97 (0.80, 

1.17) 

• 0.93 (0.75, 

1.15) 

 

• -0.49 

(0.63) 

• -0.32 

(0.75) 

• -0.70 

(0.49) 

 

• 0.99 (0.81, 

1.21)  

• 0.98 (0.81, 

1.18)  

• 0.97 (0.79, 

1.19) 

 

• -0.10 

(0.92) 

• -0.23 

(0.82) 

• -0.32 

(0.75) 

• 0.62 (0.54) 
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• >22 hrs: HR 0.92 (0.79, 

1.07), p=0.29 

[Type 3 p = 0.46] 

• >22 hrs: HR 0.87 (0.74, 

1.02), p=0.09 

[Type 3 p = 0.29] 

• >22 hrs: IRR 0.86 (0.74, 

1.00), p=0.06 

[Type 3 p = 0.28] 

• 1.06 (0.85, 

1.32) 

• 0.50 

(0.62) 

• 1.07 (0.86, 

1.32) 

TV Watching • ≤ 7 hrs: HR 1.00 

• 8-14 hrs: HR 0.91 (0.80, 

1.04), p=0.18 

• 15-21 hrs: HR 0.89 (0.78, 

1.01), p=0.08 

• 22-28 hrs: HR 0.96 (0.83, 

1.11), p=0.54 

• ≥29 hrs: HR 1.04 (0.89, 

1.21), p=0.67 

[Type 3 p = 0.13] 

• ≤ 7 hrs: HR 1.00 

• 8-14 hrs: HR 0.96 (0.83, 

1.11), p=0.60 

• 15-21 hrs: HR 0.90 (0.78, 

1.04), p=0.14 

• 22-28 hrs: HR 0.93 (0.79, 

1.09), p=0.37 

• ≥29 hrs: HR 1.09 (0.92, 

1.29), p=0.33 

[Type 3 p = 0.09] 

• ≤ 7 hrs: IRR 1.00 

• 8-14 hrs: IRR 0.85 (0.74, 

0.98), p=0.03 

• 15-21 hrs: IRR 0.88 (0.76, 

1.00), p=0.06 

• 22-28 hrs: IRR 0.88 (0.75, 

1.02), p=0.09 

• ≥29 hrs: IRR 0.97 (0.83, 

1.14), p=0.71 

[Type 3 p = 0.11] 

 

• 0.95 (0.78, 

1.15) 

• 0.99 (0.82, 

1.20) 

• 1.03 (0.83, 

1.28) 

• 0.95 (0.76, 

1.20) 

 

• -0.54 

(0.59) 

• -0.11 

(0.91) 

• 0.29 

(0.77) 

• -0.40 

(0.69) 

 

• 1.07 (0.88, 

1.30) 

• 1.01 (0.84, 

1.22) 

• 1.09 (0.88, 

1.35) 

• 1.07 (0.86, 

1.34) 

 

• 0.70 (0.49) 

 

• 0.12 (0.91) 

 

• 0.81 (0.42) 

 

• 0.62 (0.54) 

Alcohol Drinks 

per Month 

• Non-drinkers/0 drinks in 

last month: HR 1.00 

• <1 drink/wk: HR 0.98 

(0.85, 1.13), p= 0.75 

• 1-2 drinks/ wk: HR 0.90 

(0.66, 1.24), p=0.53 

• 3-6 drinks/wk: HR 0.97 

(0.84, 1.12), p=0.65 

• 1-2 drinks/day: HR 1.02 

(0.88, 1.18), p=0.79 

• >2 drinks/day: HR 1.10 

(0.78, 1.54), p=0.59 

[Type 3 p =0.87] 

• Non-drinkers/0 drinks in 

last month: HR 1.00 

• <1 drink/wk: HR 1.07 

(0.91, 1.25), p=0.41 

• 1-2 drinks/ wk: HR 0.86 

(0.58, 1.26), p=0.44 

• 3-6 drinks/wk: HR 1.06 

(0.91, 1.24), p=0.44 

• 1-2 drinks/day: HR 1.11 

(0.95, 1.30), p=0.20 

• >2 drinks/day: HR 1.28 

(0.89, 1.84), p=0.19 

[Type 3 p =0.53] 

• Non-drinkers/0 drinks in last 

month: IRR 1.00 

• <1 drink/wk: IRR 1.01 

(0.88, 1.16), p=0.86 

• 1-2 drinks/ wk: IRR 0.97 

(0.72, 1.31), p=0.85 

• 3-6 drinks/wk: IRR 0.92 

(0.80, 1.05), p=0.22 

• 1-2 drinks/day: IRR 0.90 

(0.78, 1.03), p=0.13 

• >2 drinks/day: IRR 1.05 

(0.74, 1.50), p=0.78  

[Type 3 p =0.25] 

 

 

• 0.92 (0.74, 

1.13) 

• 1.05 (0.63, 

1.73) 

• 0.92 (0.74, 

1.13) 

• 0.92 (0.74, 

1.14) 

• 0.86 (0.52, 

1.41) 

 

 

• -0.81 

(0.42) 

• 0.18 

(0.86) 

• -0.82 

(0.41) 

• -0.77 

(0.44) 

• -0.60 

(0.55) 

 

 

• 0.97 (0.80, 

1.18) 

• 0.93 (0.60, 

1.43) 

• 1.05 (0.87, 

1.29) 

• 1.13 (0.93, 

1.39) 

• 1.05 (0.64, 

1.71) 

 

 

• -0.30 

(0.77) 

• -0.34 

(0.74) 

• 0.52 (0.60) 

 

• 1.21 (0.23) 

 

• 0.19 (0.85) 

Often Consume 

≥6 Alcoholic 

Drinks per 

Month 

 

 

• Never ≥6 drinks: HR 1.00 

• Less than Monthly: HR 

1.06 (0.95, 1.19), p=0.31 

• Monthly: HR 0.92 (0.77, 

1.09), p=0.34 

• Weekly/Daily: HR 1.09 

(0.90, 1.31), p=0.39 

[Type 3 p =0.36] 

• Never ≥6 drinks: HR 1.00 

• Less than Monthly: HR 

1.00 (0.88, 1.12), p=0.94 

• Monthly: HR 0.80 (0.66, 

0.97), p=0.02 

• Weekly/Daily: HR 0.95 

(0.77, 1.16), p=0.61 

[Type 3 p =0.14] 

• Never ≥6 drinks: IRR 1.00 

• Less than Monthly: IRR 

0.93 (0.83, 1.04), p=0.19 

• Monthly: IRR 0.84 (0.71, 

1.00), p=0.05 

• Weekly/Daily: IRR 0.83 

(0.68, 1.00), p=0.06 

[Type 3 p =0.08] 

 

• 1.06 (0.90, 

1.25) 

• 1.15 (0.89, 

1.49) 

• 1.15 (0.87, 

1.51) 

 

 

• 0.69 

(0.49) 

• 1.06 

(0.29) 

• 0.97 

(0.33) 

 

 

• 1.14 (0.97, 

1.34) 

• 1.10 (0.86, 

1.40) 

• 1.31 (1.00, 

1.72) 

 

 

• 1.61 (0.11) 

 

• 0.73 (0.46) 

 

• 1.98 (0.05) 

Current Smoker • No: HR 1.00 

• Yes: HR 0.91 (0.76, 1.09), 

p=0.30 

 

• No: HR 1.00 

• Yes: HR 0.79 (0.65, 0.96), 

p=0.02 

 

• No: IRR 1.00 

• Yes: IRR 0.85 (0.70, 1.02), 

p=0.09 

 

 

• 1.15 (0.88, 

1.50) 

 

• 1.04 

(0.30) 

 

• 1.07 (0.82, 

1.39) 

 

• 0.51 (0.61) 
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SELF-REPORTED MEDICAL HISTORY 

Self-rated 

Health 
• Excellent, Very Good or 

Good: HR 1.00   

• Fair or Poor: HR 0.99 

(0.81, 1.22), p=0.96 

• Excellent, Very Good or 

Good: HR 1.00   

• Fair or Poor: HR 1.07 

(0.88, 1.32), p=0.47 

 

• Excellent, Very Good or 

Good: IRR 1.00   

• Fair or Poor: IRR 1.08 

(0.88, 1.32), p=0.46 

 

 

• 0.93 (0.69, 

1.23) 

 

• -0.53 

(0.60) 

 

• 0.92 (0.69, 

1.22) 

 

• -0.59 

(0.55) 

Heart Attack 

+Angina 
• Neither: HR 1.00 

• Heart Attack +/- Angina: 

HR 1.16 (0.98, 1.38), 

p=0.08 

• Angina only: HR 1.09 

(0.90, 1.33), p=0.39 

[Type 3 p = 0.18] 

• Neither: HR 1.00 

• Heart Attack +/- Angina: 

HR 1.16 (0.96, 1.40), 

p=0.12 

• Angina only: HR 1.10 

(0.90, 1.34), p=0.34 

[Type 3 p = 0.21] 

• Neither: IRR 1.00 

• Heart Attack +/- Angina: 

IRR 1.12 (0.94, 1.32), p=

 0.20 

• Angina only: IRR 1.25 

(1.04, 1.50), p=0.02 

[Type 3 p = 0.04] 

 

• 1.00 (0.78, 

1.29) 

• 0.99 (0.75, 

1.31) 

 

• 0.00 

(1.00) 

• -0.06 

(0.95) 

 

• 1.04 (0.81, 

1.32) 

• 0.87 (0.67, 

1.14) 

 

• 0.29 

(0.78) 

• -1.00 

(0.32) 

Heart Failure + 

IHB 

• Neither: HR 1.00 

• Heart failure +/- IHB: HR 

1.25 (0.91, 1.72), p=0.16 

• IHB only: HR 1.06 (0.94, 

1.20), p=0.33 

[Type 3 p = 0.25] 

• Neither: HR 1.00 

• Heart failure +/- IHB: HR 

0.95 (0.65, 1.39), p=0.80 

• IHB only: HR 1.15 (1.01, 

1.30), p=0.03 

[Type 3 p = 0.09] 

• Neither: IRR 1.00 

• Heart failure +/- IHB: IRR 

1.06 (0.77, 1.46), p= 0.71 

• IHB only: IRR 1.11 (0.98, 

1.25), p=0.09 

[Type 3 p = 0.23] 

 

• 1.32 (0.80, 

2.16) 

• 0.92 (0.77, 

1.10) 

 

• 1.09 

(0.28) 

• -0.91 

(0.36) 

 

• 1.18 (0.75, 

1.85) 

• 0.95 (0.80, 

1.13) 

 

• 0.72 

(0.47) 

• -0.52 

(0.60) 

Stroke + TIA • Neither: HR 1.00 

• Stroke +/- TIA: HR 1.24 

(0.89, 1.74), p=0.20 

• TIA only: HR 1.28 (1.02, 

1.61), p=0.03 

[Type 3 p = 0.05] 

• Neither: HR 1.00 

• Stroke +/- TIA: HR 1.17 

(0.85, 1.61), p=0.34 

• TIA only: HR 1.43 (1.15, 

1.78), p=0.002 

[Type 3 p = 0.01] 

• Neither: IRR 1.00 

• Stroke +/- TIA: IRR 0.97 

(0.71, 1.32), p=0.85 

• TIA only: IRR 1.47 (1.19, 

1.81), p=0.0003 

[Type 3 p = 0.001] 

 

• 1.06 (0.67, 

1.68) 

• 0.90 (0.65, 

1.23) 

 

• 0.25 

(0.81) 

• -0.69 

(0.49) 

 

• 1.28 (0.81, 

2.02) 

• 0.87 (0.64, 

1.19) 

 

• 1.05 

(0.29) 

• -0.88 

(0.38) 

Claudication • No: HR 1.00 

• Yes: HR 1.20 (0.72, 1.98), 

p=0.48  
 

• No: HR 1.00 

• Yes: HR 0.95 (0.50, 1.79), 

p=0.87 

 

• No: IRR 1.00 

• Yes: IRR 1.40 (0.79, 2.47), 

p=0.23 

 

 

• 1.26 (0.56, 

2.85) 

 

• 0.56 

(0.57) 

 

• 0.86 (0.40, 

1.84) 

 

• -0.40 

(0.69) 

BMI • Underweight (<18.5): 
HR 0.42 (0.21, 0.87), 

p=0.02 

• Normal (18.5-24.9): HR 

1.00 

• Overweight (25.0-29.9): 
HR 0.96 (0.87, 1.07), 

p=0.47 

• Obese (≥30): HR 1.01 

(0.90, 1.13), p=0.85 

• Underweight (<18.5): 
HR 0.44 (0.19, 0.99), 

p=0.05 

• Normal (18.5-24.9): HR 

1.00 

• Overweight (25.0-29.9): 
HR 1.00 (0.89, 1.11), 

p=0.95 

• Obese (≥30): HR 1.00 

(0.89, 1.13), p=0.95 

• Underweight (<18.5): IRR 

0.40 (0.21, 0.76), p=0.01 

• Normal (18.5-24.9): IRR 

1.00 

• Overweight (25.0-29.9): 
IRR 0.86 (0.77, 0.95), 

p=0.002 

• Obese (≥30): IRR 0.94 

(0.84, 1.05), p=0.28 

• 0.95 (0.32, 

2.84) 

 

 

• 0.96 (0.83, 

1.12) 

 

• 1.01 (0.86, 

1.19) 

• -0.08 

(0.93) 

 

 

• -0.53 

(0.60) 

 

• 0.12 

(0.91) 

• 1.05 (0.40, 

2.74) 

 

 

• 1.12 (0.96, 

1.29) 

 

• 1.07 (0.92, 

1.26) 

• 0.10 

(0.92) 

 

 

• 1.46 

(0.14) 

 

• 0.88 

(0.71) 
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[Type 3 p = 0.09] [Type 3 p = 0.26] [Type 3 p = 0.001] 

Diabetes 

 

 

 

• No: HR 1.00 

• Yes: HR 1.04 (0.91,1.19), 

p=0.60 

 

• No: HR 1.00 

• Yes: HR 1.06 (0.92, 1.23), 

p=0.43 

 

• No: IRR 1.00 

• Yes: IRR 1.11 (0.97, 1.26), 

p=0.14 

 

 

• 0.98 (0.81, 

1.20) 

 

• -0.19 

(0.85) 

 

• 0.94 (0.78, 

1.13) 

 

• -0.68 

(0.50) 

High Blood 

Pressure 
• No: HR 1.00 

• Yes: HR 0.94 (0.86, 1.02), 

p=0.14 

 

• No: HR 1.00 

• Yes: HR 1.01 (0.93, 1.10), 

p=0.83 

 

• No: IRR 1.00 

• Yes: IRR 1.00 (0.92, 1.08), 

p=0.94 

 

 

• 0.93 (0.83, 

1.05) 

 

• -1.18 

(0.24) 

 

• 0.94 (0.84, 

1.06) 

 

• -1.04 

(0.30) 

High 

Cholesterol 
• No: HR 1.00 

• Yes: HR 1.00 (0.93, 1.09), 

p=0.92 

 

• No: HR 1.00 

• Yes: HR 1.00 (0.92, 1.09), 

p=0.95 

 

• No: IRR 1.00 

• Yes: IRR 0.96 (0.89, 1.04), 

p=0.35 

 

 

• 1.00 (0.89, 

1.12) 

 

• 0.00 

(1.00) 

 

• 1.04 (0.93, 

1.16) 

 

• 0.72 

(0.47) 

Fall History • No: HR 1.00 

• Yes: HR 1.77 (1.50, 2.09), 

p<.0001 

•  

• No: HR 1.00 

• Yes: HR 1.76 (1.51, 2.05), 

p<.0001 

 

• No: IRR 1.00 

• Yes: IRR 1.92 (1.66, 2.23), 

p<.0001 

 

 

• 1.01 (0.80, 

1.26) 

 

• 0.05 

(0.96) 

 

• 0.92 (0.74, 

1.15) 

 

• -0.72 

(0.47) 

Confidence 

level (without 

falling) 

• Completely: HR 1.00 

• Quite: HR 1.33 (1.19, 

1.48), p<.0001 

• Not at all: HR 1.40 (0.87, 

2.26), p=0.16 

[Type 3 p <0.0001] 

• Completely: HR 1.00 

• Quite: HR 1.33 (1.19, 

1.49), p<.0001 

• Not at all: HR 1.34 (0.80, 

2.23), p=0.27 

[Type 3 p <0.0001] 

• Completely: IRR 1.00 

• Quite: IRR 1.49 (1.34, 

1.65), p<.0001 

• Not at all: IRR 2.14 (1.47, 

3.10), p<.0001 

[Type 3 p <.0001] 

 

• (0.86, 1.17) 

 

• 1.04 (0.52, 

2.10) 

 

• (1.00) 

 

• 0.12 

(0.90) 

 

• 0.89 (0.77, 

1.04) 

• 0.65 (0.36, 

1.20) 

 

• -1.48 

(0.14) 

• -1.37 

(0.17) 

Arthritis • No: HR 1.00 

• Yes: HR 1.10 (1.01, 1.21), 

p = 0.03 

 

• No: HR 1.00 

• Yes: HR 1.11 (1.01, 1.22), 

p=0.03 

 

• No: IRR 1.00 

• Yes: IRR 1.07 (0.98, 1.17), 

p=0.12 

 

 

• 0.99 (0.87, 

1.13) 

 

• -0.14 

(0.89) 

 

• 1.03 (0.91, 

1.17) 

 

• 0.43 

(0.67) 

Previous 

Fracture 

• No: HR 1.00 

• Yes: HR 1.10 (1.01, 1.19), 

p = 0.03  

 

• No: HR 1.00 

• Yes: HR 1.13 (1.03, 1.23), 

p=0.01 

 

• No: IRR 1.00 

• Yes: IRR 1.06 (0.98, 1.15), 

p=0.17 

 

 

• 0.97 (0.86, 

1.10) 

 

• -0.44 

(0.66) 

 

• 1.04 (0.93, 

1.16) 

 

• 0.63 

(0.53) 

Chronic pain • No: HR 1.00  

• Yes: HR 1.10 (0.98, 1.22), 

p=0.10 

 

• No: HR 1.00  

• Yes: HR 1.08 (0.96, 1.21), 

p=0.19 

 

• No: IRR 1.00  

• Yes: IRR 1.23 (1.11, 1.36), 

p<.0001 

 

 

• 1.02 (0.87, 

1.19) 

 

• 0.23 

(0.82) 

 

• 0.89 (0.77, 

1.04) 

 

• -1.47 

(0.14) 

Asthma • No: HR 1.00  • No: HR 1.00  • No: IRR 1.00      
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• Yes: HR 1.16 (1.03, 1.30), 

p=0.01 

 

• Yes: HR 1.15 (1.03, 1.30), 

p=0.02 

 

• Yes: IRR 1.09 (0.97, 1.23), 

p=0.15 

 

• 1.01 (0.86, 

1.19) 

• 0.10 

(0.92) 

• 1.06 (0.90, 

1.26) 

• 0.73 

(0.46) 

Emphysema • No: HR 1.00  

• Yes: HR 1.14 (0.91, 1.42), 

p=0.26 

 

• No: HR 1.00  

• Yes: HR 1.14 (0.91, 1.42), 

p=0.25 

 

• No: IRR 1.00  

• Yes: IRR 1.17 (0.95, 1.43), 

p=0.14 

 

 

• 1.00 (0.73, 

1.37) 

 

• 0.00 

(1.00) 

 

• 0.97 (0.72, 

1.32) 

 

• -0.17 

(0.87) 

Depression 

 

 

• No: HR 1.00 

• Yes: HR 1.34 (1.16, 1.54), 

p<.0001  

 

• No: HR 1.00 

• Yes: HR 1.31 (1.14, 1.52), 

p=0.0002  

 

• No: IRR 1.00 

• Yes: IRR 1.24 (1.09, 1.42), 

p=0.002  

 

 

• 1.02 (0.84, 

1.25) 

 

• 0.22 

(0.83) 

 

• 1.08 (0.89, 

1.31) 

 

• 0.78 

(0.43) 

PRESCIPTION MEDICATIONS 

NERVOUS SYSTEM MEDICATIONS 

Anti-epileptic 

Drugs 
• No: HR 1.00 

• Yes: HR 1.26 (1.04, 1.52), 

p=0.02 

 

• No: HR 1.00 

• Yes: HR 1.23 (1.00, 1.51), 

p=0.06 

 

• No: IRR 1.00 

• Yes: IRR 1.11 (0.90, 1.36), 

p=0.33 

 

 

• 1.02 (0.77, 

1.36) 

 

• 0.17 

(0.87) 

 

• 1.14 (0.86, 

1.50) 

 

• 0.89 

(0.38) 

Analgesics • No: HR 1.00  

• Yes: HR 1.09 (0.97, 1.23), 

p=0.15 

 

• No: HR 1.00  

• Yes: HR 1.11 (0.98, 1.25), 

p=0.11 

 

• No: IRR 1.00  

• Yes: IRR 1.04 (0.92, 1.17), 

p=0.53 

 

 

• 0.98 (0.83, 

1.16) 

 

• -0.21 

(0.83) 

 

• 1.05 (0.89, 

1.24) 

 

• 0.54 

(0.59) 

Antidepressants • No: HR 1.00 

• Yes: HR 1.16 (1.01, 1.32), 

p=0.03 

 

• No: HR 1.00 

• Yes: HR 1.14 (0.99, 1.31), 

p=0.07 

 

• No: IRR 1.00 

• Yes: IRR 1.18 (1.04, 1.35), 

p=0.01 

 

 

• 1.02 (0.84, 

1.24) 

 

• 0.18 

(0.86) 

 

• 0.98 (0.82, 

1.19) 

 

• -0.18 

(0.89) 

Anti-Parkinson 

Agents 
• No: HR 1.00 

• Yes: HR 1.94 (1.12, 3.35), 

p=0.02 

 

• No: HR 1.00 

• Yes: HR 2.09 (1.29, 3.37), 

p=0.003 

 

• No: IRR 1.00 

• Yes: IRR 4.07 (2.58, 6.41), 

p<.0001 

 

 

• 0.93 (0.45, 

1.92) 

 

 

 

• -0.20 

(0.84) 

 

• 0.48 (0.23, 

0.97) 

 

• -2.04 

(0.04) 

Antipsychotics • No: HR 1.00 

• Yes: HR 1.22 (0.81, 1.82), 

p=0.35 

 

• No: HR 1.00 

• Yes: HR 1.28 (0.86, 1.89), 

p=0.22 

 

• No: IRR 1.00 

• Yes: IRR 1.34 (0.93, 1.92), 

p=0.11 

 

 

• 0.95 (0.54, 

1.68) 

 

• -0.17 

(0.87) 

 

• 0.91 (0.53, 

1.57) 

 

• -0.34 

(0.74) 

Anxiolytics • No: HR 1.00 

• Yes: HR 1.16 (0.94, 1.45), 

p=0.17 

• No: HR 1.00 

• Yes: HR 1.17 (0.92, 1.47), 

p=0.19 

• No: IRR 1.00 

• Yes: IRR 0.99 (0.78, 1.26), 

p=0.95 

 

• 0.99 (0.72, 

1.36) 

 

• -0.05 

(0.96) 

 

• 1.17 (0.85, 

1.62) 

 

• 0.96 

(0.34) 
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Sedatives and 

hypnotics 

 

• No: HR 1.00 

• Yes: HR 1.05 (0.93, 1.19), 

p=0.40 

 

• No: HR 1.00 

• Yes: HR 1.10 (0.97, 1.26), 

p=0.13 

 

• No: IRR 1.00 

• Yes: IRR 1.07 (0.94, 1.21), 

p=0.32 

 

 

• 0.95 (0.80, 

1.14) 

 

• -0.51 

(0.61) 

 

• 0.98 (0.82, 

1.17) 

 

• -0.21 

(0.83) 

CARDIOVASCULAR MEDICATIONS 

Agents 

Affecting the 

Renin-

Angiotensin 

System 

• No: HR 1.00 

• Yes: HR 0.85 (0.78, 0.93), 

p=0.001 

 

• No: HR 1.00 

• Yes: HR 0.95 (0.87, 1.04), 

p=0.29 

 

• No: IRR 1.00 

• Yes: IRR 0.97 (0.89, 1.06), 

p=0.56 

 

 

• 0.89 (0.79, 

1.01) 

 

• -1.74 

(0.08) 

 

• 0.88 (0.77, 

0.99) 

 

• -2.09 

(0.04) 

Alpha 

Adrenoceptor 

Blockers 

• No: HR 1.00 

• Yes: HR 1.16 (0.98, 1.36), 

p=0.08 

 

• No: HR 1.00 

• Yes: HR 1.05 (0.88, 1.26), 

p=0.56 

 

• No: IRR 1.00 

• Yes: IRR 1.16 (0.99, 1.37), 

p=0.07 

 

 

• 1.10 (0.87, 

1.41) 

 

• 0.80 

(0.42) 

 

• 1.00 (0.79, 

1.26) 

 

• 0.00 

(1.00) 

Antiarrhythmics • No: HR 1.00  

• Yes: HR 1.01 (0.76, 1.35), 

p=0.93 

• No: HR 1.00  

• Yes: HR 1.13 (0.84, 1.52), 

p=0.42 

• No: IRR 1.00  

• Yes: IRR 1.18 (0.89, 1.57), 

p=0.25 

 

• 0.89 (0.59, 

1.35) 

 

• -0.53 

(0.59) 

 

• 0.86 (0.57, 

1.28) 

 

• -0.76 

(0.45) 

Beta 

Adrenoceptor 

Blockers 

 

 

• No: HR 1.00  

• Yes: HR 0.98 (0.88, 1.08), 

p=0.64 

 

• No: HR 1.00  

• Yes: HR 1.08 (0.97, 1.20), 

p=0.19 

 

• No: IRR 1.00  

• Yes: IRR 0.97 (0.88, 1.08), 

p=0.60 

 

 

• 0.91 (0.78, 

1.05) 

 

• -1.29 

(0.20) 

 

• 1.01 (0.87, 

1.17) 

 

• 0.14 

(0.89) 

Calcium 

Channel 

Blockers 

• No: HR 1.00  

• Yes: HR 0.92 (0.82, 1.03), 

p=0.16 

 

• No: HR 1.00  

• Yes: HR 1.02 (0.91, 1.15), 

p=0.71 

 

• No: IRR 1.00  

• Yes: IRR 1.00 (0.90, 1.12), 

p=0.97 

 

 

• 0.90 (0.77, 

1.06) 

 

• -1.24 

(0.22) 

 

• 0.92 (0.79, 

1.08) 

 

• -1.03 

(0.30) 

Diuretics • No: HR 1.00  

• Yes: HR 1.10 (0.97, 1.24), 

p=0.13 

 

• No: HR 1.00  

• Yes: HR 1.10 (0.97, 1.25), 

p=0.15 

 

• No: IRR 1.00  

• Yes: IRR 1.09 (0.97, 1.23), 

p=0.16 

 

 

• 1.00 (0.84, 

1.19) 

 

• 0.00 

(1.00) 

 

• 1.01 (0.85, 

1.20) 

 

• 0.10 

(0.92) 

Nitrates • No: HR 1.00  

• Yes: HR 1.01 (0.83, 1.23), 

p=0.94 

 

• No: HR 1.00  

• Yes: HR 1.17 (0.96, 1.43), 

p=0.13 

 

• No: IRR 1.00  

• Yes: IRR 1.18 (0.97, 1.45), 

p=0.10 

 

 

• 0.86 (0.65, 

1.14) 

 

• -1.03 

(0.30) 

 

• 0.86 (0.65, 

1.13) 

 

• -1.08 

(0.28) 

Lipid Lowering 

Agents 
• No: HR 1.00  

• Yes: HR 1.03 (0.95, 1.12), 

p=0.44 

• No: HR 1.00  

• Yes: HR 1.05 (0.96, 1.15), 

p=0.26 

• No: IRR 1.00  

• Yes: IRR 1.02 (0.93, 1.11), 

p=0.70 

 

• 0.98 (0.87, 

1.11) 

 

• -0.31 

(0.76) 

 

• 1.01 (0.89, 

1.14) 

 

• 0.16 

(0.44) 
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OTHER MEDICATIONS 

Antihistamines • No: HR 1.00  

• Yes: HR 1.10 (0.98, 1.24), 

p=0.12 

•  

• No: HR 1.00  

• Yes: HR 1.13 (0.99, 1.28), 

p=0.07 

 

• No: IRR 1.00  

• Yes: IRR 1.10 (0.98, 1.24), 

p=0.12 

 

 

• 0.97 (0.82, 

1.16) 

 

• -0.30 

(0.76) 

 

• 1.00 (0.85, 

1.18) 

 

• 0.00 

(1.00) 

Anticholinergic 

Agents 
• No: HR 1.00  

• Yes: HR 1.16 (0.93, 1.43), 

p=0.19 

 

• No: HR 1.00  

• Yes: HR 1.19 (0.95, 1.50), 

p=0.14 

 

• No: IRR 1.00  

• Yes: IRR 1.21 (0.96, 1.51), 

p=0.10 

 

 

• 0.97 (0.71, 

1.33)  

 

• -0.16 

(0.87) 

 

• 0.96 (0.70, 

1.31) 

 

• -0.26 

(0.40) 

NSAIDs • No: HR 1.00 

• Yes: HR 1.06 (0.97, 1.17), 

p=0.22 

 

• No: HR 1.00 

• Yes: HR 1.09 (0.98, 1.20), 

p=0.10 

 

• No: IRR 1.00 

• Yes: IRR 1.05 (0.96, 1.15), 

p=0.32 

 

 

• 0.97 (0.85, 

1.12) 

 

• -0.40 

(0.69) 

 

• 1.01 (0.89, 

1.15) 

 

• 0.14 

(0.44) 

Muscle 

Relaxants 
• No: HR 1.00  

• Yes: HR 1.34 (0.91, 1.96), 

p=0.14 

 

• No: HR 1.00  

• Yes: HR 1.07 (0.68, 1.69), 

p=0.78 

 

• No: IRR 1.00  

• Yes: IRR 0.80 (0.50, 1.28), 

p=0.36 

 

 

• 1.25 (0.69, 

2.27) 

 

• 0.74 

(0.46) 

 

• 1.68 (0.91, 

3.07) 

 

• 1.67 

(0.048) 

Anti-

rheumatoid 

Agents 

• No: HR 1.00  

• Yes: HR 0.60 (0.24, 1.51), 

p=0.28 

• No: HR 1.00  

• Yes: HR 0.70 (0.27, 1.85), 

p=0.47 

 

• No: IRR 1.00  

• Yes: IRR 0.99 (0.42, 2.32), 

p=0.98 

 

 

• 0.86 (0.23, 

3.24) 

 

• -0.23 

(0.82) 

 

• 0.61 (0.17, 

2.13) 

 

• -0.78 

(0.22) 

Laxatives • No: HR 1.00  

• Yes: HR 1.14 (0.99, 1.32), 

p=0.07 

• No: HR 1.00  

• Yes: HR 1.04 (0.90, 1.21), 

p=0.59 

• No: IRR 1.00  

• Yes: IRR 1.10 (0.95, 1.27), 

p=0.17 

 

• 1.10 (0.89, 

1.35) 

 

• 0.87 

(0.38) 

 

• 1.04 (0.84, 

1.27) 

 

• 0.34 

(0.37) 
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8 CHAPTER EIGHT: DISCUSSION 

The main aim of this thesis was to investigate and identify the modifiable and non-modifiable 

risk factors for any/all types of falls, recurrent and injurious falls among mid- and older adults 

aged 50-84 years in NZ. This research used data from the ViDA study, a randomised, double-

blinded, placebo-controlled trial exploring the effectiveness of Vitamin D3 in preventing 

cardiovascular disease in adults aged 50-84 years. Falls and related injuries were a secondary 

outcome of the ViDA study (57). This final chapter begins by providing an overview of the 

main thesis findings, these are then discussed in relation to previous fall-related research. 

Finally, the strengths and limitations of the ViDA study analysis are discussed, and 

implications for future research and clinical practice presented.  

 Summary of the thesis findings 

8.1.1 Results of the Literature Review 

It is well established that falls contribute to a high proportion of injuries and mortality among 

older community-dwelling adults (2). Understanding what causes falls is essential for their 

prevention. Although there has been extensive research on risk factors for falls, to date − the 

focus has been on older adults. Previous NZ research (230) has shown that fall rates start to 

increase in mid-older age adults, and yet prevention strategies and efforts tend to focus on older 

adults (≥65 years) (3), which could potentially be too late. Therefore, a systematic review of 

the literature utilising the database search engines Medline and Scopus was carried out to 

identify risk factors for any/all types, recurrent and injurious falls among mid and older (≥50 

years) community-dwellers (Chapter 2). After removing duplicates and ineligible studies, 152 

studies (86 cohort, 60 cross-sectional, two nested-case control and four case-control) were 

deemed relevant. From this review, the risk factors identified that were relevant to this thesis 

clustered into five domains: sociodemographic, lifestyle (including BMI), medical conditions, 

and pharmaceuticals.  

Overall, this systematic review found a vast number of observational studies, particularly 

cohort and cross-sectional studies exploring a large and diverse number of risk factors for falls 

among older adults. In contrast, fall-related research that included middle-aged participants 

aged ≥50 years was limited.  

A significant association was shown between increased risk of falls and age, sex, ethnicity 

(White), living alone, marital status, poor self-rated health, depression, diabetes, stroke, angina, 
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arthritis, pain, history of fracture, history of falls, respiratory diseases (asthma, emphysema and 

shortness of breath), benzodiazepines, antiepileptic/anticonvulsant medications, 

antidepressants, psychotropic medications, analgesics, diuretics, and respiratory medications 

(Chapter 2, Section 2.7).   Factors that were shown to reduce the risk of falls included ethnicity 

(Italian/Black), current smokers, and being prescribed statins. The effect estimates tend to be 

stronger in recurrent and injurious fallers compared to all/any fallers (Chapter 2, Section 2.7). 

Furthermore, there were considerably fewer studies investigating risk factors for injurious and 

recurrent falls compared to any/all falls.  

This review had several strengths. Firstly, it included studies with multivariate results only. 

Secondly, middle-aged participants (50-59 years) in the community were included, who are 

also at high risk of falls. Finally, the use of the NOS enabled the critical appraisal of the 

included studies. Some limitations of the review included publication bias where not all risk 

factors and analysis of results were reported in some studies, and the inclusion of only studies 

published in English, which may have excluded important findings.  

In summary, this systematic review highlighted that there are still some uncertainties in results, 

which may be due to issues in the study design (cross-sectional vs. cohort), sample size (small 

and low power), and data collection methods (self-report vs. objective). Some factors were 

considered by very few studies (less than 5 studies), this gap in the literature was greatest in 

recurrent and injurious fall studies (Appendix B). There is a need for a contemporary cohort 

study with sufficient power or sample size and appropriate study methods to explore and 

reaffirm what factors may cause an increased or decreased risk of any, injurious and recurrent 

falls among mid and older community adults living in NZ.   

8.1.2 Baseline Characteristics (Cross-sectional Analysis) 

An initial descriptive analysis of the baseline characteristics and prescription data was 

undertaken. Overall, the ViDA study population was generalisable to the older NZ population 

(≥65 years) when compared with the Older People’s Health Chart Book 2006 report of data 

collected in the 2002/03 NZ Health Survey (231). Although the 2002/03 NZ Health survey 

reported stratified results according to sex (female and male), similarities between it and the 

ViDA study were still evident in regard to physical activity level (ViDA, 55% vs. M/F 2002/03 

NZ Health Survey, 56%; 65% respectively), potential hazardous drinkers (ViDA, 6% vs. M/F 

2002/03 NZ Health Survey, 0.7%; 8% respectively), overweight (ViDA, 45% vs. M/F 2002/03 

NZ Health Survey, 38%; 47% respectively), high blood pressure (ViDA, 43% vs. M/F 2002/03 
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NZ Health Survey, 58%; 47% respectively) and diabetes (ViDA, 12% vs. M/F 2002/03 NZ 

Health Survey, 13%; 16% respectively). However, although there were some differences such 

as the ViDA study participants having lower current smokers (ViDA, 6 % vs. M/F 2002/03 NZ 

Health Survey, 10%; 9% respectively), emphysema (ViDA, 4% vs. 9%; 8% respectively), and 

arthritis (ViDA, 34% vs. M/F 2002/03 NZ Health Survey, 52%; 44% respectively), this could 

be attributed to a higher proportion of older adults (≥65 years) in the 2002/03 NZ Health survey 

compared to the ViDA study (50-84 years). Although, a larger number of participants reporting 

high cholesterol in the ViDA study compared to the 2002/03 NZ Health survey (ViDA, 48% 

vs. M/F 2002/03 NZ Health Survey, 33.7%; 31.4% respectively), a similar prevalence was 

indicated in the 2002/03 NZ Health survey participants aged 65-74 years  (M/F 2002/03 NZ 

Health Survey, 42%; 35% respectively) (231). The results of this study appear to generalizable 

to the older NZ population. 

8.1.3 Cohort Study Analysis 

In response to the gaps identified in the systematic review, an analysis of cohort study data 

from the ViDA study was undertaken to determine risk factors for any/all types of falls, 

injurious falls, and recurrent falls among mid and older community-dwelling adults. Inferential 

analysis (Chi-square or t-test) of the data was conducted to show the differences between 

different levels of exposure to covariates of interest and the fall outcomes of interest during the 

three-year follow-up period (Chapter 4). Overall, this analysis indicated significant differences 

in the cumulative incidence of falls according to exposure levels.  

A Cox proportional regression analysis with adjusted models (model building - stepwise 

approach) was performed to determine the association between factors of interest and time to 

first fall or injurious fall (Chapters 5 & 6).  

A NBR (or Poisson depending on over-dispersion) analysis was carried out to examine the 

association between sociodemographic, lifestyle, medical history, and prescribed medications, 

and recurrent fall risk (Chapter 7). A sensitivity test calculating the mean cumulative function 

and hazard ratios of recurrent falls was then conducted to affirm the results from the negative 

NBR analysis. Most results in the sensitivity analysis were comparable to the results of the 

NBR analysis. Although there was some imprecision (Chapter 7, Table 7-15), the directions of 

associations were the same.  

In summary, the risk and protective factors indicated in this cohort analysis were consistent 

across all three fall outcomes: any/all types of fallers, injurious and recurrent falls (Table 7-
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16). Therefore, the risk factors across all three fall outcomes were: sex (female), living alone, 

employment (retired), heart attack and/or angina (angina only), stroke and/or TIA (TIA only), 

fall history (last four weeks), arthritis, previous fracture, chronic pain, asthma, depression, 

antiepileptic medication, antidepressants and anti-Parkinson medication; while in contrast, 

ethnicity (South Asian), education (secondary), current smokers, and BMI (under-weight and 

overweight) were protective against falls.  

The R software (Bn Learn Package) was utilised to construct DAGs to better understand the 

nature of causal interactions between all the variables and falls based on prior knowledge and 

to finalise the variables included in the final multivariate model (224, 225).  

 Risk factor analysis 

The following sections discuss the key findings from the analysis of the ViDA study cohort 

data to identify risk and protective factors for any/all types, injurious and recurrent falls from 

this study in relation to previous fall-related research. The above three outcomes are considered 

together given the overall pattern of similar results for them (Section 7.3). 

8.2.1 Sociodemographic characteristics 

In the present study, a weak association was found between females and increased risk of falls 

compared to males after adjusting for confounding factors (any/all types of falls: HR 1.44, 95% 

CI 1.32, 1.58; injurious falls: HR 1.48, 95% CI 1.35, 1.62; recurrent falls: IRR 1.17, 95% CI 

1.08, 1.28). This finding is consistent with previous observational studies (119, 121, 131, 140, 

160, 171, 178, 192), but lower than effect estimates seen in other studies reviewed (92, 109, 

119, 121, 132). This may in part, be explained by the use of multivariate logistic regression 

during the current analysis. Although there were some imprecisions indicated in several studies 

(16, 54, 83, 88, 92, 118, 125, 208), this could be attributed to their small sample size. This 

significant association between females and increased risk of falls compared to males could be 

attributed to females in the community having poorer physical function, a greater prevalence 

of osteoporosis (232), experience of pain and use psychotropic medications compared to men 

which are known risk factors for falls (233). The circumstances between men and women may 

also impact the risk of falls where men are more likely to fall outdoor compared to women who 

fall more indoors (233).  
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A weak protective effect in the present study was found between ethnicity, particularly South 

Asians, and fall risk compared to European/other (any/all types of falls: HR 0.81, 95% CI 0.65, 

1.01, injurious falls: HR 0.63, 95% CI 0.48, 0.82; recurrent falls: IRR 0.64, 95% CI 0.51, 0.80). 

Possible explanations for South Asians having a reduced risk of falls in this study could be due 

to differences in cultural and behavioural practices where South Asians are less likely to 

participate in activities that increase fall risk (207). Although a null association between 

ethnicity and any/all types of falls was indicated, the direction of association was consistent 

across all three fall outcomes (test for interaction; any vs. injurious falls: p=0.155; any vs. 

recurrent: p=0.143). The DAG in Chapter 5 (Figure 5-16) highlighted a strong correlation 

between ethnicity and previous fracture or education level, suggesting that the presence of these 

variables may weaken the association between ethnicity and any/all falls (seen in Table 5-14). 

The effects of being Māori or Pacific ethnicity remained non-significant when compared with 

European/Other. Previous studies examining the association between ethnicity and falls have 

been conducted in the U.S, reporting that Black populations were less likely to fall (10, 69, 73, 

84, 93, 96, 118, 119, 142, 206) compared to White, while other minority groups such as Latino 

or Hispanic groups, although not consistently significant, also showed a lower risk of falls (84, 

142). Studies conducted outside of the U.S have reported that Indigenous Malaysians were 

more likely to fall compared to other Malay, while inconsistent results of positive and negative 

associations were indicated between fall risk and Indian (23, 63, 139) and Chinese (23, 139) 

ethnic groups. This inconsistent pattern could be attributed to the small sample sizes in the 

subgroups. 

Living alone has been linked to social isolation, loneliness, and fear of falling, which may 

increase the likelihood of older adults falling (23). Previous research exploring the role of living 

alone and falls among older adults has been predominantly cross-sectional (23, 134, 138, 143, 

161, 169, 174, 178, 181, 182) – indicating a positive association. Findings from the present 

study indicate consistent results with a weak association between living alone and increased 

risk of falls compared to those who lived with others (any/all types of falls: HR 1.16, 95% CI 

1.05, 1.29; injurious falls: HR 1.21, 95% CI 1.09, 1.35; recurrent falls: HR 1.22, 95% CI 1.10, 

1.35).  Although there was some imprecision in other studies (16, 181), this could be attributed 

to their small sample size (n=482) (16) or long recall period (12 months) (181), which may 

over/underestimate the number of falls impacting the precision of effect estimates. The finding 

from this thesis adds to the limited number of cohort studies investigating the effects of living 

alone on falls among mid and older community adults. 
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In this study, educational attainment, particularly secondary compared to tertiary education, 

was shown to have a weak protective effect against falls (secondary education; any/all types: 

HR 0.88, 95% CI 0.81, 0.96, overall p= 0.05; injurious falls: HR 0.88, 95% CI 0.80, 0.96, 

overall p=0.02; recurrent falls: IRR 1.00, 95% CI 0.92, 1.09). As previously mentioned (see 

Section 7.3), although there was some inconsistency when examining the effects of education 

on recurrent falls compared to any or injurious falls (test for interaction: p=0.04), this could be 

attributed to education not being included in the final model for the recurrent falls outcome 

(Table 7-7). The significant protective effect between secondary education and fall risk 

compared to tertiary can be attributed to lower education being associated with occupations 

requiring greater physical activity building strength and improving balance which can prevent 

falls. On the hand, a lower education can also be related to reduced number of reporting falls 

(14). This finding is consistent with previous cohort studies indicating an association between 

increasing educational attainment and increased risk of falls (96, 105, 118, 135, 138, 159, 182).  

Although other studies reviewed found no association between increased educational 

attainment and fall risk, this may be attributed to their smaller sample size (8, 70, 73, 74, 190) 

and long recall periods (24/12 months), which may over/underestimate the number of falls 

impacting the precision of effect estimates (8, 139, 140, 163). In the present study, a weak 

association was found between employment, particularly participants who were retired, and 

increased risk of falls compared to those in paid employment (any/all types: HR 1.08, 95% CI 

0.97, 1.20; injurious: HR 1.15, 95% CI 1.04, 1.27; recurrent falls: IRR 1.24, 95% CI 1.14, 

1.36). The significant association can be attributed to retirement or unemployment restricting 

access to social and healthcare services resulting in poorer health, indirectly increasing risk of 

falls (142). This finding is consistent across all fall outcomes (Table 7-16), and is consistent 

with previous studies that reported a significant association between unemployment and 

increased risk of falls compared to paid employment (142, 143). Although one cross-sectional 

study reported a null association between unemployment and fall risk, a shorter recall period 

(<24 months) in this study may have provided more precise effect estimates (140).  

Home-setting in the present study was not associated with increased risk of falls after adjusting 

for confounding factors (any/all types of falls: p=0.15; injurious falls: p=0.43; recurrent falls: 

p=0.47). This finding is consistent with a previous Korean cross-sectional study examining the 

effects of residence type on any/all types of fall risk (163). In contrast, a previous nested case-

control study found a positive association between type of housing, particularly in assisted 
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living, and increased injurious fall risk compared to owning a home (131); however, this 

finding was susceptible to residual confounding due to limited controlling for covariates. 

Similar to previous studies (8, 139, 140, 148), no association was found in the present study 

between marital status and increased risk of falls after adjusting for confounding factors 

(any/all types of fall: p=0.94; injurious fall: p=0.22). Although marital status was associated 

with an increased risk of recurrent falls, particularly those who were separated/divorced/living 

alone or widowed/widower (p=0.01), a strong correlation between marital status and living 

alone was identified (Pearson correlation coefficient: 0.67) using DAGs (Figure 7-1), where 

marital status weakens the association between living alone and recurrent falls when combined 

in the same model. Therefore, marital status was omitted from further analysis. This could 

explain the significant variation between any fallers and recurrent fallers in the test for 

interactions analysis (p=0.047) (Table 7-16). Furthermore, two previous cross-sectional studies 

(142, 159)  reviewed reported that unmarried, divorced, or single people were more likely to 

fall compared to married, while other studies (8, 10, 163, 190) found an association between 

being married and increased fall risk compared to being unmarried/non-partnered. This 

inconsistent finding between the association of marital status and falls found in previous results 

from studies suggests there is no association.  

8.2.2 Lifestyle Characteristics 

Findings from the present study indicated no association between increasing vigorous activity 

levels per week and fall risk after adjusting for confounding factors (any/all types of falls: 

p=0.68; injurious falls: p=0.69; recurrent falls: p=0.09). This finding is consistent with results 

from a previous meta-analysis indicating no association between reduced physical activity and 

fall risk for studies with multivariate effect estimates only (OR 0.70, 95% CI 0.40, 1.21, 

heterogeneity not reported) (44). Furthermore, previous studies examining the effects of 

physical activity on falls have found inconsistent results. Several studies reported a significant 

association between low physical activity and increased fall risk (7, 15, 24, 76, 87, 108, 131, 

154, 161, 162, 169, 187); while other studies found a positive association between increased 

physical activity levels and fall risk (7, 103, 111). Overall, the inconsistency of results, 

including from this thesis, suggests there is no clear association. 

In the present study, there was no association between the number of alcoholic drinks per month 

and fall risk after adjusting for confounding factors (any/all types falls: p=0.87; injurious falls: 

p=0.53; recurrent falls: p=0.25); nor with the frequency of consuming six or more drinks on 
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one occasion (any/all types: p=0.36; injurious falls: p=0.14; recurrent falls: p=0.08). This was 

consistent with previous studies reviewed indicating no association between alcohol and falls 

– with results distributed inconsistently across the three categories of negative (7, 14), null  (65, 

96, 112, 114, 116, 118, 138, 163, 180, 181, 187) and positive (96, 113, 131, 142, 159, 161) 

associations.  

Surprisingly, participants who were current smokers in this study had a lower risk of falls 

compared to non-current smokers after adjusting confounding factors (any/all types of falls: 

HR 0.91, 95% CI 0.76, 1.09; injurious falls: HR 0.79, 95% CI 0.65, 0.96; recurrent falls: IRR 

0.85, 95% CI 0.70, 1.02). The test for interaction indicates that this finding is consistent across 

all three fall outcomes (any vs. injurious falls: p=0.30; any vs. recurrent falls: p=0.61). This 

finding of a protective effect between smoking and falls aligned with previous studies – with 

effect estimates ranging between 0.60 to 0.89 (24, 103, 118). Although not significant, the 

remaining studies also indicated a lower risk of falls in current smokers/smokers compared to 

non-smokers (74, 163, 181, 187). The reduction of falls among current smokers could possibly 

be attributed to the link between smoking and lung disease, where mid and older adults with 

lung diseases (i.e. emphysema) are less likely to carry out fall-risk increasing activities, 

reducing their likelihood of falling (24, 103), although the latter explanation is supported by 

the findings of this thesis not a previous meta-analysis (44). Furthermore, Ho et al. (24) also 

found in their study that smokers were more likely to be underweight which is also shown to 

be associated with reduced fall risk.  

Sun exposure was not associated with fall risk in the present study after adjusting for 

confounding factors (any/all types of falls: p=0.46; injurious falls: p=0.29; recurrent fall: 

p=0.28). To the knowledge of the candidate, this is the first cohort study to examine the effects 

of sun exposure on falls. Therefore, further research is needed in this area.  

In the present study, TV watching per week was not associated with increased fall risk after 

adjusting for confounding factors (any/all types of falls: p=0.13; injurious falls: p=0.09; 

recurrent falls: p=0.11). To the knowledge of the candidate, this was the first cohort study to 

examine the effects of TV watching on fall risk; therefore, further research is needed in this 

area.  

8.2.3 Medical History 

Because of their similar clinical pathophysiology, some cardiovascular diseases such as stroke 

and TIA were combined during the multivariable analysis in the present study. After adjusting 
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for confounding factors, a history of stroke and/or TIA, particularly TIA only, was associated 

with increased risk of falls compared to neither (any/all types of falls: p=0.05; injurious falls: 

p=0.01; recurrent falls: p=0.001). This finding is consistent across all three fall outcomes (test 

for interaction: any vs. injurious: p=0.81, TIA only p= 0.492; any vs. recurrent: stroke and/or 

TIA p=0.806, TIA only p= 0.492). A possible explanation for the significant association found 

in TIA compared to stroke would be the greater impact that stroke physically has on patients 

compared to TIA. A stroke is caused by the deprivation of blood to the brain due to intracerebral 

haemorrhage (blood vessel in brain), blood clots, and atherosclerosis (block of blood flow due 

to cholesterol build-up) of the cerebral arteries (234). Some complications after a stroke include 

temporary paralysis, cognitive impairment, immobility, pain and numbness in specific areas 

experienced by the stroke victim (e.g. arm) (234). Furthermore, patients experiencing a stroke 

may be less active due to disabilities caused by stroke which in turn may reduce their chances 

of having a fall (235). While TIA (mini-stroke) is defined as a stroke-like neurological 

impairment that can be distinguished by its more temporary effects or symptoms and rapid 

recovery (236). TIA symptoms include migraines, light headedness, muscle weakness, vertigo 

and blurred vision which are also known to increase fall risk (236). Therefore, the temporary 

symptoms caused by TIA could result in the need for less urgent medical care or misdiagnosis 

of TIA where patients may live with these symptoms, increasing their risk of falls (236). 

Previously published studies have mainly investigated the effects of stroke on fall risk, but not 

TIA (Table 2-6). Sixteen previous studies identified in the literature review contrasted with the 

present findings reporting that stroke was associated with an increased risk of falls after 

adjusting for confounding factors − with risk estimates ranging from 1.4 to 4.0 (7-9, 22, 92, 

105, 119, 129, 142, 159, 163, 174, 178, 181, 186, 192). Although other studies reported non-

significant effects between increased fall risk and stroke (140, 147, 180, 181, 187), this could 

be attributed to small sample size (n=704) (187), and recall bias (12/24 months) (140, 147, 180, 

181) impacting the precision of effect estimates. A NZ cohort study by Campbell et al. (129) 

reported that a history of stroke (vs. no stroke) was associated with an increased risk of falls in 

women (RR 13.6, 95% CI 2.6, 71.3) but not in men (RR 1.8, 95% CI 0.6, 5.8). The stratification 

of participants by sex in this study may have reduced its power to detect a significant effect 

estimate in men. To the knowledge of the candidate, this is the first cohort study to examine 

the effects of TIA on any fall risk. 

Heart attack and/or angina, particularly angina only, in the present study were associated with 

increased risk of falls compared to neither – with consistency across all three fall outcomes 
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(Table 7-16). In contrast to stroke, a heart attack may not have long term effects on people’s 

physical function and after suffering from a heart attack people may need to increase their 

physical activity levels to reduce their risk of a further heart attack (237); which in turn may 

reduce their fall risk. Angina is defined as chest pain caused by the lack of blood flowing to 

the heart due to the build-up of plaque in the coronary artery (238). Symptoms of angina include 

pain (chest area), fatigue, dizziness and light headedness, and being unable to carry out physical 

activity which are known to increase fall risk (238). The association between angina only and 

increased risk of falls in the present study is consistent with results from previous studies (Table 

2-7). Two cross-sectional studies by Paliwal et al. (142) and Jansen et al. (157) found a positive 

association between angina and increased fall risk – with effect estimates ranging from 1.17 to 

1.40. Although other studies reported null associations between angina and fall risk, the 

direction of association was consistent with increased risk of falls. This imprecision could be 

attributed to long recall periods of 12/24 months, and the self-report of angina which may result 

in recall bias impacting the precision of effect estimates (140, 157). Furthermore, imprecisions 

in one study can be attributed to how injurious falls were defined − as injury claims within 30 

days after a fall claim, whereas injury claims after this time period may have been missed (109). 

The lack of an association between heart attack and/or angina with fall risk compared to neither 

in the present study is consistent with results from previous studies (Table 2-8).  

The present study found no association between heart failure and/or irregular heartbeat (IHB) 

and fall risk after adjusting for confounding factors (any/all types: p=0.25; injurious falls: 

p=0.09; recurrent falls; p=0.23). A larger sample size of participants with a history of heart 

failure and/or irregular heartbeat (n=82) in the ViDA study may have provided more precise 

effect estimates. This finding of no association between heart failure and/or irregular heartbeat 

(IHB) and fall risk contrasted with results from previous studies (Table 2-9; Table 2-10). Three 

studies reviewed found a positive association between increased risk of falls and participants 

with a history of heart failure compared to those without – with effect estimates ranging from 

1.50 to 2.03 (109, 131, 157). An Australian cohort study of 193 participants who had a previous 

hip fracture reported that participants with congestive heart failure had a 12-fold increased risk 

of recurrent falls compared to those without (239). Although one study reported a null effect 

estimate, this could be attributed to the long recall period of 12 months that may have resulted 

in the over/underestimation of falls impacting the precision of effect estimates (147). The null 

association between IHB and increased fall risk in this study also contrasted with findings from 

previous studies (Table 2-10). Although two cross-sectional studies reviewed found a positive 
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association between IHB and increased risk of falls (147, 157), the insufficient number of 

studies found examining the impact of IHB and heart failure on fall risk suggests that further 

research is needed.  

Claudication was not associated with increased fall risk in the present study after adjusting for 

covariates (any/all types of falls: HR 1.20, 95% CI 0.72, 1.98; injurious falls: HR 0.95, 95% 

CI 0.50, 1.79; IRR 1.40, 95% CI 0.79, 2.47). A possible explanation for this imprecision could 

be the small sample of participants with claudication in the ViDA study (n=22). A U.S cross-

sectional study reported that participants with peripheral arterial disease and claudication had 

a higher prevalence of falls compared to non-peripheral arterial disease participants (240). This 

could be attributed to participants with claudication having more physical impairments such as 

impaired balance, low physical activity, and poor mobility which are associated with increased 

risk of falls (240, 241). To the knowledge of the candidate, this is the first cohort study to 

investigate the effects of claudication on fall risk; therefore, more research is needed in this 

area.  

In the present study, a protective effect was found between BMI, particularly underweight and 

over-weight participants, and fall risk after adjusting for confounding factors (any/all types of 

falls: p=0.09; injurious falls: p=0.26; recurrent falls: p=0.001). The significant protective effect 

between those who were overweight and underweight and fall risk could be attributed to 

behavioural differences. Those who are overweight may be less likely to carry out activities 

that may increase their risk of falls. Furthermore, participants who are obese/overweight may 

have excess fat tissue which can reduce risk of injuries when falling (62). Those who are 

underweight may be more active and more likely to be less dependent reducing their risk of 

falls (232). This finding was consistent across all three outcome measures (Table 7-16). The 

protective association between underweight and overweight BMI in the present study 

contrasted with results from a previous meta-analysis by Deandrea et al. who reported no 

association between low BMI compared to intermediate/high BMI (44). In more recent studies 

reviewed, inconsistent results were also found with studies reporting associations between BMI 

and falls distributed across negative, null and positive associations (See Section 2.7.2). 

Therefore, further research is needed reaffirm the protective effects of underweight and 

overweight on fall risk in the present study.  

In this study, poor or fair self-rated health was not associated with increased risk of falls 

compared to excellent, very good, or good health after adjusting for confounding factors 
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(any/all types of falls: HR 0.99, 95% CI 0.81, 1.22; injurious falls: HR 1.07, 95% CI 0.88, 1.32; 

recurrent falls: IRR 1.08, 95% CI 0.88, 1.32). This could be attributed to the ViDA study 

sample being comprised of healthier participants. The null association between self-rated 

health and fall risk in the present study contrasted with previous studies reviewed (Table 2-1). 

Previous studies reviewed found a significant association between poor or fair self-rated health 

and increased risk of falls – with effect estimates ranging from 1.3 to 3.0 in any fallers (8, 105, 

143, 158, 163, 166, 170, 182), 1.8 to 2.6 in injurious fallers (131, 143, 161) and 1.2 to 9.2 in 

recurrent fallers (8, 103, 138, 140, 181, 242). Although there was some imprecision in effect 

estimates for some studies (96, 118), this could be attributed to the small sample size  (96) and 

long recall periods of 12/24 months (110, 118, 122, 140, 150, 181), which may 

over/underestimate the number of falls impacting the precision of effect estimates. However, 

the direction of association was consistent with an increased risk of falls.  

Diabetes in the present study was not associated with increased risk of falls after adjusting for 

confounding factors (any/all types of falls: HR 1.04, 95% CI 0.91, 1.19; injurious falls: 1.06, 

95% CI 0.92, 1.23; recurrent falls: IRR 1.11, 95% CI 0.97, 1.26). The null association between 

diabetes and increased risk of falls contrasted with results from previous studies reviewed 

(Table 2-3) − with risk estimates ranging from 1.1 to 3.6 (8, 24, 105, 118, 140, 142, 159, 163, 

164, 178, 180, 181). Although other studies found a null association between diabetes and falls, 

this could be attributed to their small sample size (74, 83, 92, 134, 150) or recall bias (recall 

period ≥24 months) (140). Although there was some imprecision indicated in the cohort study 

by Pijpers et al. (91), this could be explained by the small sample size of participants with 

diabetes (n=85). Furthermore, the remaining studies measured injurious falls as a fall leading 

to medical attention/hospitalisation or as injury claims 30 days after a fall claim, where minor 

fall injuries or injury claims after this time period were missed, impacting the precision of effect 

estimates (109, 131, 192). However, although there was some imprecision, the direction of 

association from previous research remained consistent, with increased risk of falls. 

High blood pressure in the present study was not associated with fall risk after adjusting for 

confounding factors (any/all types of falls: HR 0.94, 95% CI 0.86, 1.02; injurious falls: HR 

1.01, 95% CI 0.93, 1.10; recurrent falls: IRR 1.00, 95% CI 0.92, 1.08). High blood pressure is 

associated with orthostatic hypotension which has fall-risk increasing symptoms such as 

dizziness and light headedness (243). This finding of no association between high blood 

pressure and increased risk of falls is consistent with results from previous studies (Table 2-4) 

– with associations between high blood pressure and falls from previous studies distributed 
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inconsistently across negative (163, 168), null (8, 131, 134, 140, 147, 157, 180, 186, 192), and 

positive (8, 162, 178) associations. Hence, which suggest that there is no association between 

high blood pressure and risk of falls. 

High cholesterol in the present study was not associated with increased risk of falls after 

adjusting for covariates (any/all types of falls: HR 1.00, 0.93, 1.09; injurious falls: 1.00, 0.92, 

1.09; recurrent falls: IRR 0.96, 0.89, 1.04). The null association between high cholesterol and 

fall risk is consistent with results from previous studies (Table 2-5). A previous Chinese cohort 

study found a protective effect between hypercholesterolemia (cholesterol ≧ 200 mg/dL vs. < 

200 mg/dL) and recurrent falls (OR 0.37, 95% CI 0.16, 0.88), but not any fall risk (OR 0.88, 

95% CI 0.48, 1.61) after adjusting for confounding factors (164). Although two cross-sectional 

studies (147, 163) found null associations between high cholesterol and increased fall risk, the 

direction association in these studies was not consistent with the former – indicating an 

increased risk of falls. Hence, this inconsistency in results suggests no association between 

high cholesterol and fall risk.  

The present study found that history of falls (in the last four weeks at baseline) was associated 

with increased risk of falls compared to no fall history (HR 1.77, 95% CI 1.50, 2.09; injurious 

falls: HR 1.76, 95% CI 1.51, 2.05; recurrent falls: IRR 1.92, 95% CI 1.66, 2.23). This finding 

was consistent across all three fall outcomes (any/all types vs. injurious: p=0.96; any/all types 

vs. recurrent: p=0.47). Fall history as a risk factor for falls has been well established, with past 

research being predominantly cohort studies (Table 2-14). Findings from these studies have 

indicated a positive association between having a previous fall and increased risk of falls − 

with effect estimates ranging from 1.8 to 8.6 (9, 10, 16, 60, 66, 69, 70, 76, 87, 94, 96, 97, 100, 

102, 103, 105, 109, 110, 114, 117, 119-121, 126, 164, 190, 208, 244). While cohort studies by 

Lavedan et al. (61) and Vellas et al. (125) reported null associations between fall history and 

increased risk of falls, this could be attributed to their small sample size (n=640; 316 

respectively). Overall, the direction of association from previous studies and this thesis are 

consistent with increased risk of falls in people with a history of falls. 

In this study, the risk of falls increased linearly with decreasing confidence to do daily activities 

without falling across all three fall outcomes (any/all types of falls: p<0.0001; injurious falls: 

p<0.0001; recurrent falls: p<0.0001, Interaction >0.05: Table 7-16). The significant association 

between low confidence to do daily activities without falling and increased fall risk was 

consistent with findings from previous studies. A Swedish cohort study indicated that 
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participants who self-reported a tendency to fall had an increased risk of falling compared to 

those who did not (OR 2.35, 95% CI 1.70, 3.24) (114). An Australian cohort study reported 

that participants with a higher tendency to fall were at more risk of falling compared to those 

with a lower tendency (88). Other studies have also reported a significant association between 

increased fall risk and fear of falling and low self-efficacy to avoid falls(245-247). This finding 

from the thesis adds to the literature on confidence levels to carry out activities without falling 

and fall risk. 

Arthritis in the present study was defined as any arthritis, including gout and arthritis caused 

by lupus or psoriasis. Arthritis was associated with a weak increase in the risk of falls after 

adjusting for confounding factors (any/ all types of falls: HR 1.10, 95% CI 1.01, 1.21; injurious 

falls: HR 1.11, 95% CI 1.01, 1.22; recurrent falls: IRR 1.07, 95% CI 0.98, 1.17; Test for 

interactions: any vs. injurious: p=0.893; any vs. recurrent: p=0.668).  This significant 

association of arthritis and increased risk of falls is consistent with results from previous studies 

(Table 2-11). Most studies reviewed found a significant association between arthritis and 

increased fall risk (8, 15, 76, 96, 105, 109, 118, 129, 140, 142, 144, 159, 163, 165, 177, 178, 

183, 189, 242) – with effect estimates ranging from 1.22 to 3.06. Although a shorter recall 

period (<12/24 months) in several studies reviewed may reduce recall bias and provide more 

precise effect estimates, the direction of association was consistent with increased risk of falls 

(110, 140, 180).  

Participants with a previous fracture in the present study were more likely to fall compared to 

those without after adjusting for confounding factors (any/all types of falls: HR 1.10, 95% CI 

1.01, 1.19; injurious falls: HR 1.13, 95% CI 1.03, 1.23; recurrent falls: IRR 1.06, 95% CI 0.98, 

1.15; Test for interactions: any vs. injurious: p=0.66; any vs. recurrent: p=0.53).  The 

significant association between having a previous fracture and increased risk of falls is 

consistent with results from previous studies (Table 2-13). Five studies found a positive 

association between participants with a history of fracture and increased risk of falls compared 

to those without – with effect estimates ranging from 1.23 to 9.36 (24, 80, 105, 118, 174). 

Although a larger sample size may have provided increased power to detect a more precise 

effect estimate in one study (16), the direction of association was consistent with increased risk 

of falls. 

The presence of chronic pain in the present study was associated with a weak increase in fall 

risk after adjusting for confounding factors (any/all types of falls: HR 1.10, 95% CI 0.98, 1.22; 
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injurious falls: HR 1.08, 95% CI 0.96, 1.21; recurrent falls: IRR 1.23, 95% CI 1.11, 1.36; test 

for interactions: any vs. injurious: p=0.82; any vs. recurrent: p=0.14). The significant 

association between chronic pain and falls in this study could be attributed to pain impairing 

participants reactive balance resulting in increased risk of falls (248). The significant 

association between pain and increased risk of falls is consistent with results from previous 

studies (Table 2-12) – with effect estimates ranging from 1.13 to 11.09. Increase in pain 

severity was shown to have a dose-response relationship with increasing fall risk in two studies 

(99, 143). Other studies also explored the role of specific pain sites, pain severity, and activity 

limiting pain on recurrent falls – with risk estimates ranging from 1.3 to 2.0 (20, 67, 77, 99, 

140, 153, 156, 181). Furthermore, these studies found a positive association between increasing 

fall risk and the presence of musculoskeletal (99, 153, 181), hip (77), knee (77, 156), and back 

pain (20, 67, 151, 156). One cross-sectional study by Welmer et al. (64) found a positive 

association between the presence of pain and injurious falls in men, but not in women, 

compared to the absence of pain at both three and ten-year follow-up periods. This imprecision 

may in part be explained by more women being excluded from the final study sample during 

analysis (64). Although other studies also reported null association between pain and increased 

fall risk; overall, the direction of association remained consistent (96, 153, 170).  

For participants with lung diseases in the present study, a weak association was observed 

between asthma and increased fall risk after adjusting for confounding factors (any/ all types 

of falls: (HR 1.15, 95% CI 1.03, 1.30; injurious falls: HR 1.15, 95% CI 1.03, 1.30; recurrent 

falls: IRR 1.09, 95% CI 0.97, 1.23; test for interaction: any vs. injurious: p=0.92; any vs. 

recurrent: p=0.46). Although there was a paucity of previous studies reviewed examining the 

effects of asthma on fall risk (Table 2-15), the association between asthma and increased risk 

of falls in the present study is consistent with results from previous studies. A cross-sectional 

study by Paliwal et al. (142) of 159,336 men and women aged ≥65 years reported that 

participants with asthma were more at risk of falling compared to those without (OR 1.22, 95% 

CI 1.13, 1.32).  Although one cohort study reported a null association between participants 

with asthma compared to those without (RR 1.07, 0.82, 1.39) (109), the direction of association 

was consistent with increased risk of falls. Therefore, the finding from this thesis contributes 

to the paucity of literature on the effects of asthma on fall risk. Furthermore, emphysema in the 

present study was not associated with increased risk of falls (HR 1.14, 95% CI 0.91, 1.42), 

which was comparable to results from previous studies reviewed (109, 131, 140, 181).  



248 
 

As reported in previous studies (8, 25, 81, 82, 89, 96, 105, 117, 131, 136, 138, 140-142, 147, 

154, 155, 163, 167, 174, 178, 185, 191, 192), depression in the present study was associated 

with a weak increase in fall risk compared to no depression (any/all types of falls: HR 1.34, 

95% CI 1.16, 1.54; injurious falls: HR 1.31, 95% CI 1.14, 1.52; recurrent falls: IRR 1.24, 95% 

CI 1.09, 1.42; test for interaction: any vs. injurious: p=0.83; any vs. recurrent: p=0.43). 

Although some studies (61, 70, 92, 118, 140, 169, 208) found no association between 

depression and increased fall risk; overall, the evidence from previous research, including this 

thesis, supports a positive association between depression and fall risk. Depression among 

older adults may increase fall risk in a number of ways. For example, psychological effects 

may include reduced focus and poor medication adherence that may lead to increased fall risk 

(89, 249).  Biological mechanisms among people who have depression may lead to impaired 

neurological reflexes that may result in gait unsteadiness, gait variability and impaired 

coordination increasing their risk of falls (25, 89). Furthermore, social impacts of depression 

include social isolation and being less active resulting in increased fall risk (89). 

8.2.4 Prescription Medications  

Nervous System Medication 

Prescribed anti-epileptic drugs have side-effects such as drowsiness, ataxia, dizziness, and 

feeling sleepy which are known to be associated with increased risk of falls (250, 251).  

Antiepileptic drugs in the present study had a weak association with increased risk of falls 

across all three fall outcomes (any/all types of falls: HR 1.26, 95% CI 1.04, 1.52; injurious 

falls: HR 1.23, 95% CI 1.00, 1.51; recurrent falls: IRR 1.11, 95% CI 0.90, 1.36; test for 

interaction: any vs. injurious: p=0.87; any vs. recurrent: p=0.38). The significant association 

between antiepileptic drugs and increased fall risk is consistent with results from previous 

studies (Table 2-25) – with effect estimates ranging from 1.51 to 2.56 (19, 103, 124, 192). 

Although other studies reported non-significant risk estimates (85, 118, 146), this could be 

attributed to long recall periods of 12 months (118, 146) and fewer participants (85, 118, 146) 

taking antiepileptic drugs in these studies (n<100) that may impact the precision of effect 

estimates. Overall, the direction of association was consistent with increased fall risk. 

Therefore, the present study finding adds to the paucity of literature examining the impact of 

antiepileptic drugs on falls.  

Prescribed analgesic medication in the present study was not associated with increased risk of 

falls (any/all types of fall: HR 1.09, 95% CI 0.97, 1.23; injurious fall: HR 1.11, 95% CI 0.98, 

1.25; recurrent falls: IRR 1.04, 95% CI 0.92, 1.17). The lack of an association between 
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analgesic drugs with fall risk in the present study contrasted with results from previous studies 

(Table 2-21). Four studies (85, 124, 181, 192) found a positive association between analgesic 

medication use and increased risk of falls – with effect estimates ranging from 1.39 to 2.70. 

Although other studies found a null association between analgesic use, particularly narcotics, 

and fall risk, the direction of association remained consistent with increased risk of falls (19, 

109, 123, 146). 

In the present study, there was a weak association between antidepressant use and increased 

risk of falls compared to no antidepressant use (any/all types of falls: HR 1.16, 95% CI 1.01, 

1.32; injurious falls: HR 1.14, 95% CI 0.99, 1.31; recurrent falls: IRR 1.18, 95% CI 1.04, 1.35; 

HR test for interaction: any vs. injurious: p=0.86; any vs. recurrent: p=0.86). Depression results 

in the reduction of monoamine neurotransmitters such as serotonin, norepinephrine, 

epinephrine and dopamine. Antidepressants such as tricyclic antidepressants (TCA), SSRI, and 

heterocyclic, monoamine oxidase inhibitors (MAOI) work by trying to correct these 

imbalances (252). Antidepressants are known to increase fall risk among older adults based on 

their side-effects such as impaired mobility, drowsiness, sedation and cause of orthostatic 

hypotension (72). The significant association between antidepressant use with fall risk in this 

study is consistent with findings from previous studies (Table 2-19) – with effect estimates 

ranging from 1.20 to 7.02. A Swedish cohort study of older adults living in residential care 

reported that those taking antidepressants had increased risk of recurrent falls compared to 

those without antidepressants – which was seen as more important risk factor compared to 

depression (253). A U.S cross-sectional study found no association between TCA use and 

recurrent fall risk, which could be attributed to the small sample size (n=49) of participants 

using TCA in this study (188). Apart from one previous cohort study (85), to the knowledge of 

the candidate, the present study is the second cohort study to report on the association between 

antidepressants and increased fall risk among community-dwelling mid and older adults using 

objective records of prescription medication data. 

In this study, a moderate association between prescribed anti-Parkinson medication and 

increased fall risk was found compared to no anti-Parkinson use (any/all types of falls: HR 

1.94, 95% CI 1.12, 3.35; injurious falls: HR 2.09, 95% CI 1.29, 3.37; IRR 4.07, 95% CI 2.58, 

6.41). Anti-Parkinson medication is prescribed to treat Parkinson’s disease; a neurological 

disorder that impacts on a person’s movements due to impairments in the functions of 

dopamine in the brain (254, 255). Symptoms of ant-Parkinson drugs include tremor, nausea, 

weakness, hypotension, dizziness and hallucinations which are known risk factors for falls 
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(254). This significant association between anti-Parkinson medication and increased fall risk 

is consistent with results from previous studies indicating a possible association (Table 2-22). 

Although previous studies by Ham et al. (85) and Du et al. (146) found null associations 

between anti-Parkinson use and fall risk, this could be attributed to the small sample of 

participants using anti-Parkinson drugs in these studies (n=31; 30 respectively). Furthermore, 

a Canadian case-control study also reported a null association between anti-Parkinson’s 

medication use with increased risk of injurious falls, although the association was in the same 

direction as results from this thesis (OR 1.54, 95% CI 0.87, 2.75) (192). However, the focus on 

fall-related injuries needing medical attention may have underestimated the number of falls in 

the Canadian study (192). Hence, findings from the present study reaffirm and add to the 

paucity of literature examining the effects of anti-Parkinson medication on the risk of falls.  

In the present study, prescribed antipsychotic medication was not associated with increased fall 

risk (any/all types of falls: HR 1.22, 95% CI 0.81, 1.82; injurious falls: HR 1.28, 95% CI 0.86, 

1.89; IRR 1.34, 95% CI 0.93, 1.92), which could be explained by the low number of 

participants taking antipsychotics in the ViDA study (n=58). This finding of no association 

between antipsychotic use and fall risk contrasts with results from previous studies indicating 

a possible association (Table 2-18). A Finnish cohort study by Iinattiniemi et al. (100) reported 

a significant association between antipsychotic use and increased risk of recurrent falls 

compared to no use after adjusting for confounding factors (IRR 1.66, 95% CI 1.07, 2.58). 

Although there was some imprecision in several studies, this could be attributed to several 

reasons, such as having a small sample size (n=305) which provides insufficient power to detect 

significant effect estimates (123), a small sample of people using antipsychotics at baseline 

(n=84) (12) or the focus on fall-related injuries needing medical attention that may have missed 

fall events (192). Therefore, research further research is needed to reaffirm these results. 

Anxiolytic medication was not associated with increased fall risk in the present study after 

adjusting for confounding factors (HR 1.16, 95% CI 0.94, 1.45; injurious falls: HR 1.17, 95% 

CI 0.92, 1.47; recurrent falls: IRR 0.99, 95% CI 0.78, 1.26). This lack of association in the 

present study is consistent with a Finnish cohort study by Iinattiniemi et al. (100), who reported 

no association between anxiolytic use and recurrent fall risk during their univariate analysis 

(Unadjusted IRR 0.92, 95% CI 0.63, 1.37), and was later excluded from the final multivariate 

analysis. In contrast, a cohort study from Denmark reported that older adults with a history falls 

(resulting in hospitalisation) taking anxiolytics had an increased risk of recurrent falls 

compared to those without anxiolytics after adjusting for confounding factors (OR 2.6, CI 95% 
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CI 1.4, 4.6) (256). The inconsistencies in findings across these studies suggest no association 

and the need for further research to reaffirm these results.  

In contrast to previous studies (5, 12, 19, 83, 85, 103, 104, 119, 120, 164, 178, 184, 257-259), 

findings from this study reported no association between prescribed sedative-hypnotics and fall 

risk (any/all types of falls: p=0.40; injurious falls: p=0.13; recurrent falls: p=0.32). However, 

the direction of the association (HR or IRR > 1.00) is consistent with the above studies (Table 

7.16). Although other studies found no association (86, 87, 106, 118, 123, 130, 146, 165, 178, 

184, 192, 210), overall, the direction of association from previous studies supports an increased 

fall risk from taking this category of drug.  

Cardiovascular System Medications 

In the present study, no association was found between AARAS and fall risk after adjusting 

for confounding factors (any/all types of falls: HR 0.85, 95% CI 0.78, 0.93; injurious falls: HR 

0.95, 95% CI 0.87, 1.04; recurrent falls: IRR 0.97, 95% CI 0.89, 1.06; test for interaction: any 

vs. injurious: p=0.08; any vs. recurrent: p=0.04). Although, a protective effect between 

AARAS and any/all types of falls was indicated in the present study, the test for interaction 

found a borderline difference between the two outcome measures any/all types of fallers and 

recurrent fallers (p=0.04). This suggests that, when carrying out multiple comparisons (i.e 100 

times) between any and recurrent fallers, by chance, a significant difference can be expected. 

Therefore, the present study concludes no association between AARAS and fall risk. The null 

association between AARAS and fall risk in the present study aligns with results from previous 

studies (Table 2-23). Although one study also reported a protective effect between AARAS 

and fall risk (88) and given that the remaining studies (79, 85, 181) were null with effect 

measures either above or below one, this suggests no association between AARAS and fall 

risk. There is a need for further research in this area. 

Use of diuretic medications in this study was not associated with increased risk of falls after 

adjusting for confounding factors (any/all types of falls: HR 1.10, 95% CI 0.97, 1.24; injurious 

falls: HR 1.10, 95% CI 0.97, 1.25; recurrent falls: IRR 1.09, 95% CI 0.97, 1.23). Although not 

significant, the direction of association is consistent with results from previous studies (12, 79, 

114, 118, 181), which found a positive association between diuretic use and increase risk of 

falls.  

In the present study, there was no association between injurious fall risk and the remaining 

antihypertensive drugs:  alpha-adrenoceptor blockers (any/all types: p=0.08; injurious: p=0.56; 
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recurrent: p=0.07), beta-adrenoceptor blockers (any/all types: p=0.64; injurious: p=0.19; 

recurrent: p=0.60), and calcium channel blockers (any/all types: p=0.16; injurious: p=0.71; 

recurrent: p=0.97); nor was there an association with antiarrhythmic (any/all types: p=0.93; 

injurious: p=0.42; recurrent: p=0.25), nitrates (any/all types: p=0.94; injurious: p=0.13; 

recurrent: p=0.10), and lipid-lowering agents (any/all types: p=0.44; injurious: p=0.26; 

recurrent: p=0.70). The null association between the above antihypertensives and fall risk is 

consistent with results from previous studies, given that most studies were null and that effect 

measures from studies were both above and below one (Table 2-23).  

Respiratory Medications 

The present study found no association between prescribed antihistamine medications and fall 

risk after adjusting for confounding factors (any /all types of falls: p=0.12; injurious falls: 

p=0.07; recurrent falls: p=0.12). This finding of no association between antihistamine use and 

fall risk in the present study is consistent with previous studies (Table 2-27).  Although a French 

nested case-control study reported that antihistamine use was associated with increased risk of 

injurious falls in participants aged <80 years only compared to non-users (OR 3.73, 95% CI 

1.13, 12.25) (132), the inconsistencies in effect estimates (both above or below 1.0) found by 

other studies (78, 85, 192) suggests no association. Therefore, further research is needed to 

reaffirm these results.  

This was also the case for the role of anticholinergic agents on fall risk in the present study 

after adjusting for confounding factors (any/all types of falls: HR 1.16, 95% CI 0.93, 1.43; 

injurious falls: HR 1.19, 95% CI 0.95, 1.50; recurrent falls: IRR 1.21, 95% CI 0.96, 1.51). The 

lack of association between anticholinergic use and fall risk in the present study is consistent 

with a previous U.S cohort study by Marcum et al. (78), who also found no association (OR 

1.34, 95% CI 0.93, 1.93). However, although non-significant (p>0.05), the direction of 

association for both above studies is positive. Taken together, both studies suggest a possible 

positive association between anticholinergic use and fall risk, but more research in this area is 

required.  

Musculoskeletal Medications 

This study found no association between NSAIDs and risk of falls after adjusting for 

confounding factors (any /all types of falls: p=0.22; injurious falls: p=0.10; recurrent falls: 

p=0.32). This finding contrasts with results from previous studies (Table 2-29). A Chinese 

cross-sectional study by Lee et al. (181)  reported that participants using NSAIDs more likely 
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to have any and recurrent falls compared to non-users after adjusting for age and sex (OR 1.46, 

95% CI 1.03, 2.07; OR 1.96, 95% CI 1.19, 3.23 respectively). Although cohort studies by 

Hanlon et al. (118), Ham et al. (85), and Koski et al. (257) reported no association between 

NSAIDs and fall risk, the direction of association was consistent with increased risk of falls 

(HR 1.26, 95% CI 0.93, 1.71; OR 1.10, 95% CI 0.79, 1.53; OR 1.7, 95% CI 0.95, 3.10 

respectively) – as was found in this thesis (Table 7.16). Further research is required to clarify 

this. 

There is a paucity of literature exploring the role of muscle relaxants and anti-rheumatoid 

agents on falls. The present study found no association between prescribed muscle relaxant use 

(any /all types of falls: p=0.14; injurious falls: p=0.78; recurrent falls: p=0.36) and anti-

rheumatoid agents (any /all types of falls: p=0.28; injurious falls: p=0.47; recurrent falls: 

p=0.98) on fall risk. This could be attributed to the small sample size of participants prescribed 

muscle relaxant (n=44) and anti-rheumatoid agents (n=11) in the ViDA study.  Because there 

is a dearth of literature exploring the role of muscle relaxants and anti-rheumatoid agents on 

recurrent falls, there is a need for further research in this area. 

Alimentary Tract Medications 

For participants prescribed alimentary tract medications, laxative medication was not 

associated with an increased risk of falls after adjusting for confounding factors (any /all types 

of falls: p=0.07; injurious falls: p=0.59; recurrent falls: p=0.17). The lack of an association 

between laxative use and fall risk in the present study contrasts with a previous cohort study 

by Cumming et al. (188), who reported laxative use was associated with an increased risk of 

recurrent falls after adjusting for confounding factors (OR 1.47, 95% CI 1.33, 1.62) (188). 

Therefore, because of the dearth of studies examining the impacts of laxatives on falls, there is 

a need for more research in this area. 

 Strengths and Limitations  

This study has several strengths. The ViDA study has a large sample size (>5000 participants), 

which provides sufficient statistical power to detect significant effect estimates when analysing 

risk factors for falls. The long follow-up period (mean follow-up period of 3 [SD, 0.81] years) 

allows sufficient time for an outcome to occur, and the high retention rate (86.6%) avoids 

selection bias. Access to comprehensive baseline and prescription data during this study 

enabled the adjustment for many potential confounding variables during analysis, avoiding 

residual confounding. The data collection method for fall outcomes of monthly and four-
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monthly mailed questionnaires in this study is also a strength. The use of objective medication 

data in the form of prescription data compared to self-report reduces any potential biases 

associated with the accurate recall of medication use in this age group. This study examined 

the association between risk and protective factors for three different fall outcomes (any/all, 

injurious and recurrent), providing the opportunity to identify consistent risk factors for falls 

among mid and older adults by comparing the risk and protective factors across all three 

outcomes using the method from Altman and Bland’s test for interaction analysis (any vs. 

injurious or any vs. recurrent) (229).  

However, the study findings need to be considered in light of several limitations. The literature 

review for this thesis was not registered on Prospero, and there is a possibility that some studies 

may have been missed during our search strategy. However, a large number of relevant studies 

were found, and adding a few more studies may have little impact on the results of our review 

findings.  The self-reported nature of collecting fall data and information from the baseline 

questionnaire may result in over or underestimation of exposure and outcome data. The ViDA 

study did not include a frailty index, which may have more accurately characterised the 

vulnerability of this aging population. There were issues with the collection of anthropometric 

data, which could not be included in this study's analysis except for BMI. Anthropometric 

variables such as balance, gait, and strength are important risk factors for falls (4, 5, 9, 14-16, 

21, 76, 82, 111, 114, 122, 129, 178, 179, 184, 187, 189, 194, 195, 257, 260-267) and their 

inclusions during analysis may have provided more robustness to this study. This thesis also 

did not examine other important fall risk domains such as environmental, sensory and 

neuromuscular, and other medical conditions such as cognition, and Parkinson’s disease which 

may have provided more robust findings (268, 269). 

 Original Study Findings 

8.4.1 International Context 

• This is the first cohort study to report a protective effect between South Asian ethnicity 

and fall risk among community-dwelling mid and older adults. Furthermore, this study 

also examined the fall risk among community-dwelling Pacific and Māori mid and 

older adults, which adds to the lack of research in these areas – both internationally and 

within New Zealand.  
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• To the knowledge of the candidate, this study is the first to examine and report a 

significant association between increased fall risk and TIA among community-dwelling 

mid and older community adults.  

• There is a paucity of previous literature on the effects of asthma on fall risk among 

community-dwelling older adults (See Section 2.7.3). The present study found a 

positive association between asthma and increased risk of falls among community-

dwelling mid and older adults, which adds to the limited literature in this area. 

• Prescribed anti-Parkinson’s medication in the present study compared to other factors 

had the strongest association (moderate) with increased risk of falls after adjusting for 

confounding factors. Together with one other study (85), which found a null positive 

association between anti-Parkinson medication use and falls, this study confirms this 

association and adds to the limited research in this area.  

• To the knowledge of the candidate, this is the first cohort study to examine the 

association between fall risk and the following exposures among community-dwelling 

mid and older adults: sun exposure, TV watching, transient ischemic attacks, 

claudication, confidence (to do daily activities without falling), muscle relaxants and 

anti-rheumatoid agents.  Therefore, further research is needed in these areas.  

8.4.2 National Context 

• In NZ, research examining the risk factors for falls among community-dwelling mid 

and older adults is scarce. Previous cohort and case-control studies in NZ have focused 

on falls among young and middle aged (25-60 years) (39, 40) and older adults (≥70 

years and ≥80 years) in the community (25, 129); therefore, this is the first NZ study to 

examine the risk and protective factors for falls among community-dwelling mid and 

older adults (50-84 years).  

• This is the first NZ cohort study to examine the association between fall risk and the 

following exposures among community-dwelling mid and older adults: living alone, 

sun exposure, TV watching, self-rated health, transient ischemic attacks, claudication, 

confidence (to do daily activities without falling), muscle relaxants and anti-rheumatoid 

agents.  

• The robustness of the ViDA study enabled the examination of a comprehensive range 

of risk factors that have not been researched among mid and older adults (50-84 years) 

in a NZ context using a cohort study design. This includes factors such as education, 

living alone, marital status, employment, home-setting, confidence levels to do 
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activities without falling, previous fracture, chronic pain, diabetes, BMI, high blood 

pressure, high cholesterol, heart attack, angina, heart failure, irregular heartbeat, 

claudication, asthma, emphysema. Furthermore, the present study was also able to 

examine a wide range of medications such as nervous system (antiepileptic, analgesic, 

antidepressants, anti-Parkinson’s, antipsychotics, anxiolytics, sedatives and hypnotics), 

cardiovascular (AARAS, alpha adrenoceptor blockers, antiarrhythmic, beta 

adrenoceptor blockers, calcium channel blockers, diuretics, nitrates, and lipid lowering 

agents), respiratory (antihistamines and anticholinergic agents), musculoskeletal 

(NSAIDs, muscle relaxants, anti-rheumatoid agents), and laxatives – adding to the 

limited literature on the impact of medications on falls in NZ. This study is the first to 

report a significant association between antiepileptics, antidepressants and anti-

Parkinson’s medications and increased risk of falls among mid and older adults (50-85 

years) in NZ. 

8.4.3 Study Design 

• Only three previous cohort studies reviewed internationally (68, 85, 109) have utilised 

objective records of prescription data to examine the association between fall risk and 

prescribed medications among community-dwelling mid and older adults (68, 85, 109). 

This is the first cohort study to examine the association between psychotropic, 

antipsychotics and laxatives and fall risk using pharmaceutical dispensing data. Apart 

from one previous study (85), the present cohort study is the second to use 

pharmaceutical objective data to examine the association between fall risk and the 

following medications: benzodiazepines, antiepileptics, antipsychotics, 

antidepressants, analgesics, anti-Parkinson, antihypertensives (alpha blockers, calcium 

channel blockers, and agents affecting the angiotensin system and diuretics), statins, 

nitrates, antihistamine, NSAIDs, and laxatives.  Hence, findings from the present study 

add to the robustness of limited data on the effects of medication on fall risk 

internationally and in NZ.  

• Compared to other NZ studies by Campbell et al. (129) and Atlas et al. (25) (n=761; 

937 respectively), the ViDA study with a sample size of 5,108 is the largest cohort 

study to investigate the risk and protective factors for falls among community-dwelling 

mid and older adults. 
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 Implications for policy and practice  

This study has highlighted the multifactorial nature of risk factors for falls and some protective 

factors which should be prioritised when creating fall intervention strategies in NZ. 

Considering this study focussed on mid and older adults (50-84 years), there is a need for a 

review of the current community falls prevention activities to ensure they are addressing risk 

factors associated with falls in this age group. Furthermore, there is a need for fall prevention 

strategies to commence earlier than current practice in order that behaviour change can occur 

before mid-aged adults are at greatest risk of injury. NZ is one of the front runners in terms of  

designing and creating effective group exercise interventions for falls among the elderly with 

the Otago Exercise Programme study findings successfully improving balance and strength 

among older adults in different countries (270). Delivering this intervention earlier to middle 

aged adults may be a more cost-effective solution.  

The significant association between ethnicity, particularly a protective effect between South 

Asians and fall risk compared to European/Other highlights an ethnic specific difference for 

fall risk across different ethnic groups. Therefore, this suggests there is a need for 

ethnic/culturally specific interventions for mid and older adults to address fall risk. For 

example, Tai Chi as a group exercise intervention has been shown to reduce the rates fall 

dramatically among older community adults by improving balance and postural stability (3, 

271). 

The identification of medical conditions that increase fall risk in older people including TIA, 

angina, fall history, confidence to do activities (without falling), arthritis, previous fracture, 

chronic pain, asthma, and depression, can be used to help clinicians, and community 

health/home nurses to identify patients at high risk and provide appropriate fall prevention 

strategies and intervention.   

Prescribed antiepileptic, antidepressants and anti-Parkinson medications in this study were 

associated with increased risk of falls. Previous interventions have indicated a lower risk of 

falls when introducing a prescribing modification programme aimed at medical practitioners 

which include an educational component and constant self-assessment of medications by the 

patients (3). Although we found a significant association between anti-Parkinson and 

antiepileptic medications and increased risk of falls, we did not examine Parkinson’s disease 

and epilepsy in our study, which are well-known risk factors for falls (203, 272-274). Because 

Parkinson’s disease and epilepsy were not adjusted for in our study, these results should be 
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interpreted with caution. However, efforts should be made to build capacity among medical 

practitioners, pharmacists, and allied health professionals so that they are aware of the 

increased risk associated with antidepressant medications. Furthermore, this also allows health 

professionals to educate patients and caregivers on these risks. The gradual withdrawal of 

psychotropic medications has been shown to reduce the rates of falls, however this is very 

difficult to achieve permanently (3).   



259 
 

 Implications for future research 

This study has identified a number of risk and protective factors for falls among mid and older 

community adults that have been neglected such as asthma, ethnicity (South Asian), current 

smokers, TIA only, anti-Parkinson’s medications, and antiepileptic drugs, which are potentially 

important. Therefore, there is a need for further research in these areas.  

There was a small sample size of participants in the ViDA study who had a history of stroke 

(n=81), claudication (n=23), and were prescribed antipsychotics (n=58), muscle relaxants 

(n=44), anti-rheumatoid agents (n=11). Therefore, there is a need for another NZ cohort study 

with sufficient sample size to better examine the effects of these potential risk factors on fall 

risk.  

Although this study concluded no association between the use of AARAS and falls due to a 

significant difference indicated by the Altman and Bland’s test for interaction analysis between 

any/all type compared to recurrent fallers (See Table 7-16), a significant reduced risk of falls 

was found between AARAS and any/all type of fallers. Hence, further research is needed to 

reaffirm these results.   

This study's findings add to the limited literature on risk factors for injurious falls, mainly 

medication, among mid and older community adults; therefore, further research is needed in 

this area. Furthermore, this study had shown that medications belonging to the same chemical 

groups, agents affecting the renin-angiotensin systems and alpha blockers (See Table 7-16), 

might differ in terms of association with fall risk. There is a need for further research on specific 

medication classes and their effects on fall risk.  

This study found a lower risk of falls among South Asian population groups against any type 

of falls, injurious falls, and recurrent falls. There is a need for further research to investigate 

reasons for why this is and what to do with this information. Furthermore, there is a need for 

further research with sufficient power to investigate other minority groups (i.e., Pacific and 

Māori) and fall risk.   
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9 APPENDIX 

Appendix A: Search Methods 

The databases Medline, Scopus and Google Scholar were searched from inception to April 

2018. This process was carried out with the support of a librarian to develop the search strategy. 

Manuscripts identified and used in this systematic review was limited to those using the English 

language only.  

Database Search Terms 

 

 

Medline 

 

 

1. “Falls” [mp. search as Keyword] OR “Accidental Falls” [Mesh 

Heading] OR “Any falls” [mp. search as Keyword] OR 

“Recurrent Falls” [mp. search as Keyword] OR “frequent falls” 

[mp. search as Keyword] OR “Repeated Falls” [mp. search as 

Keyword] OR “Occasional falls” [mp. search as Keyword] OR 

“Multiple falls” [mp. search as Keyword] OR “Injurious falls” 

[mp. search as Keyword] OR “Fall injuries” [mp. search as 

Keyword]. 

2. Risk Factors: “Risk factors” [Mesh Heading]; [mp. search as 

Keyword] OR “predictors” [mp. search as Keyword]) OR 

“cause [mp. search as Keyword]” OR “Risk/risk” [mp. search as 

Keyword] OR “Assess” [mp. search as Keyword] OR “Predict” 

[mp. search as Keyword] OR “Probability” [mp. search as 

Keyword]; [Mesh Heading] OR “History” [mp. search as 

Keyword] 

3. Community: “Residence Characteristics” [Mesh Heading] OR 

“community” [mp. search as Keyword] OR “community 

dweller” [mp. search as Keyword] OR “community dwelling” 

[.mp. search as Keyword] OR Independent Living [Mesh 

Heading]; [mp. search as Keyword] 

4. Observational studies: “Observational studies” [Mesh Heading] 

OR “Observational studies” [mp. search as Keyword]; “cross-

sectional studies” [Mesh Heading] OR “cross-sectional studies” 

[mp. search as Keyword] OR “prevalence studies” [mp. search 

as Keyword]; “case-control studies” [Mesh Heading] OR  case-

control studies[mp. search as Keyword] OR “retrospective 

studies” [Mesh Heading] OR “retrospective studies” [Mesh 

Heading] OR “retrospective studies” [mp. search as Keyword] 

5. Mid and Older adults: Aged [mp. search as Keyword]; AGED 

[Mesh Heading] Or “Elderly” [mp. search as Keyword] OR 

“Older Adults” [mp. search as Keyword] OR “MIDDLE 

AGED” [Mesh Heading]; “Middle Aged” [mp. search as 

Keyword] OR "AGED, 80 AND OVER"[Mesh Heading] OR 

“Senior” [mp. search as Keyword] OR “Geriatrics” [Mesh 

Heading]; [mp. search as Keyword]. 

Results were combined using the Boolean operator “AND”: 

“1” AND “2” AND 3” AND “4” AND “5". 

Number of Hits             1,393 

 

 

Scopus 

 

1. Falls: TITLE-ABS-KEY (“Falls” OR “Accidental Falls” OR 

“Any falls" OR "Multiple falls" OR "Recurrent Falls" OR 

"Occasional falls" OR "frequent falls" OR "Repeated Falls" OR 

"injurious falls" OR "fall injuries") 
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 2. Risk factor: TITLE-ABS-KEY (“Risk factors” OR “predictors” 

OR "cause" OR "Risk" OR "Assess" OR "Predict" OR 

"Probability" OR "History") 

3. Observational studies: TITLE-ABS-KEY (“observational 

studies” OR “cross-sectional” OR “cohort” OR “case-control” 

OR “prospective” OR “retrospective” OR “prevalence study") 

4. Mid and Older adults: TITLE-ABS-KEY (“Aged" OR "Elderly" 

OR "Older Adults" OR "MIDDLE AGED" OR "AGED, 80 

AND OVER" OR "Senior" OR "Geriatrics") 

 5. Community: TITLE-ABS-KEY (“Residence Characteristics” 

OR “community" OR "community dweller" OR "community 

dwelling" OR "Independent Living") 

 Results were combined: (TITLE-ABS-KEY (“Falls” OR “Accidental 

Falls” OR “Any falls" OR "Multiple falls" OR "Recurrent Falls" OR 

"Occasional falls" OR "frequent falls" OR "Repeated Falls" OR 

"injurious falls" OR "fall injuries"))  AND  ( TITLE-ABS-KEY (“Risk 

factors” OR “predictors” OR "cause" OR "Risk" OR "Assess" OR 

"Predict" OR "Probability" OR "History"))  AND  ( TITLE-ABS-KEY 

(“observational studies” OR “cross-sectional” OR “cohort” OR “case-

control” OR “prospective” OR “retrospective” OR “prevalence study"))  

AND  ( TITLE-ABS-KEY (“Aged" OR "Elderly" OR "Older Adults" 

OR "MIDDLE AGED" OR "AGED, 80 AND OVER" OR "Senior" OR 

"Geriatrics")) AND  ( TITLE-ABS-KEY (“Residence Characteristics” 

OR “community" OR "community dweller" OR "community dwelling" 

OR "Independent Living")) 

Number of Hits               3,213 
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Appendix B: Table of Included Studies 

Citation, year, Country & 

Study Design 

Participants Data Collection Outcome Measure & 

Definition 

Comments & Confounding Factors 

Zur 2018 (60) 

 

Israel  

 

Cohort study 

 

≥70 years 

 

75 men and women 

Community-based 

• Recruited from an independent 

living community in Israel. How 

not reported. 

Collection of info: 

Routinely recorded in 

computer system by in-

house physician. How 

collected not reported.  

Recall period: 2 years 

Follow-up: 2 years 

Falls were categorised as 

single, all or multiple (≥2 

falls) over 2 years.  

Definition of falls not 

reported.  

Response rate: 24% 

 

100% follow-up.  

 

Adjusted for all variables in the model: Balance, 

fall history and no. of medications 

Lavedan 2018 (61) 

 

Spain 

 

Cohort study 

≥75 years 

 

640 men and women  

 

Community-based 

• Recruited from primary 

healthcare centres (Random 

stratified sampling) 

Collection of info: Face 

to face interviews and 

telephone interviews 

 

Recall period: 24 

months 

 

Follow-up period: 2 

years 

 

Any falls (≥1) 

 

Definition of falls not 

reported 

 

67% completed follow-up. 

 

Response rate was not reported.  

 

Adjusted for fear of falling, sex, age, comorbidity, 

cognitive impairment, depression, disability, risk 

of malnutrition, and previous falls. 

Cho 2018 (62) 

 

U.S 

 

Cohort study 

 

≥65 years 

 

3,383 men and women  

Community-based 

• Recruited from randomly from 

household lists 

 

 

 

Collection of info: 

Interview 

 

Recall period: 24 

months 

 

Follow-up period: 24 

months 

Any (≥1), multiple (≥2) and 

injurious falls (≥1).  

 

Definition of falls: not 

reported 

Misclassification bias: Recall 24 months 

 

Response rate was not reported. 

 

Loss to follow-up was not reported.  

 

Adjusted for sex, age, race/ethnicity, physical 

activity level, self-rated health status, swelling in 

feet/ ankles, difficulty with balance, self-rated 

eyesight, persistent dizziness, arthritis, 

osteoporosis, use of medications (heart 

medication, blood pressure medication, stroke 

medication, lung medication, insulin for diabetes, 

psychiatric medication, and sleep medication), 

BMI category, and central obesity status. 

Chen et al. 2018 (63) 

 

Singapore 

 

Cohort study 

 

≥65 years 

 

1,975 men and women 

Community-based 

• Random sampling from national 

database 

Collection of info: 

Interview 

 

Recall period: 12 

months 

 

Any falls (≥1) 

 

Definition of falls: not 

reported 

60% response rate. 

 

65% (3247/4990) completed follow-up.  

 

Adjusted for age, female, married, global 

cognitive function, self-reported pain, 
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Follow-up period: 12 

months 

comorbidities, depressive symptoms, body mass 

index, difficulties with activities if daily living, 

Lubben Social Network score, mobility 

difficulties, dominant hand strength,  ethnicity 

*self-reported pain, ethnicity *global cognitive 

function. 

Atlas et al 2017 (25) 

 

New Zealand 

 

Cohort study 

Māori aged 80-90 years 

Non-Māori: aged 85 years 

 

421 Māori and 516 non-Māori started the 

study, 196 Māori and 358 non-Māori 

completed (554) the study.  

 

Community-based 

• Recruited from defined regions in 

the Bay of Plenty region. 

Kaupapa Māori methods were 

used to recruit participants. 

• Electoral roll and primary health 

care lists  

Collection of info: 

Falls were measured 

using face to face 

interviews.  

 

Recall period 12 

months. 

 

Follow-up period 3 

years. 

 

Depression was 

measured using the 

Geriatric Depression 

Scale short form (GDS-

15). Depression= 

having a GDS score of 

≥5. 

Any falls (≥1)  

 

Definition: “a fall including 

a slip or trip in which you 

lost your balance and 

landed on the floor or 

ground or lower level’ and 

whether they had fallen 

more than once (2-3 times, 

or 4+ times).  

 

Participants who visited a 

physiotherapist (past 12 

months) we further 

questioned on range of 

health services and injuries.  

 

Falls and fall related 

hospitalisations 

Misclassifcation bias:12 months 

 

Loss to follow-up: For Māori: 53% Dropout rate 

Non-Māori: 31% dropout rate. 

 

41% overall dropout 

 

Adjusted for age and sex. 

Allali 2017 (70) 

 

US 

 

Cohort study 

 

 

≥65 years 

 

449 men and women 

 

Community-based 

• Recruited from population lists 

(screening process before inviting 

to join) 

Collection of info: 

Questionnaire 

 

Recall period: 2 to 3 

months 

 

Mean follow-up period: 

20.1 ± 12.2 months 

Any falls (≥1)/ Time to first 

fall 

 

Definition of falls: “A fall 

was defined as 

unintentionally coming 

down to the floor or lower 

level not due to a major 

intrinsic or extrinsic event.” 

449/484= 93% follow-up  

 

Response rate was not reported. 

 

Adjusted for fear of falling (FOF) age, sex, 

education, ABC score, PIGD, bradykinesia, 

rigidity, GHS, falls in the past 12 months, gait 

velocity, GDS-15, and RBANS total score. 

Chen 2017 (69) 

 

US 

 

Cohort study 

≥65 years 

4669 men and women  

Community-based 

• Recruited from the Health and 

Retirement Study (National area 

probability sample of U.S 

Households)  

• Probability sampling 

Collection of info: 

Interviews 

Recall period: 24 

months 

Follow-up period: 24 

months/ 2 years 

 

Any falls (≥1)  

Definition of falls: not 

reported 

Follow-up rate and response rate was not reported. 

 

Adjusted for age, any fall, balance, walking speed, 

and vision at baseline and sex and race. 
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Marshall 2017 (67) 

 

US  

 

Cohort study 

≥65 years 

 

5,568 men 

 

Community-based study 

• Recruited from community-based 

listings  

• Recruitment strategy not reported 

Collection of info: 

Questionnaire 

 

Recall period: 4 months 

 

Follow-up: 12 months 

≥1 any and ≥2 recurrent 

falls 

 

Definition of falls not 

reported. 

 

93% completed follow-up. 

 

For any falls (≥1): adjusted for age, dizziness, 

history of arthritis, knee pain, LUTS, and self-

rated health. 

 

For recurrent falls (≥2): Adjusted for age, 

dizziness, history of arthritis, knee pain, LUTS, 

and BMI category 

Ham et al. 2017 (68) 

 

Netherlands 

 

Two cohort studies 

 

Rotterdam Study: 

≥55 years 

7,983 men and women 

Community-based 

• Recruited from municipal 

registers 

 

B-vitamins in the Prevention of 

Osteoporotic Fractures (B-Proof study): 

≥65 years 

2,919 men and women 

Community-based:  

• Recruited from municipal 

registers in areas containing 

research centres.  

• Clustered sampling strategy 

Rotterdam Study: 

Collection of info: 

Collected from hospital 

data. 

Follow-up: 1991 to 

2010 (roughly 20 years) 

 

B-PROOF study:   

Collection of info: 

Fall calendar 

Follow-up: 2-3 years 

Rotterdam study:  

Injurious fall (≥1) 

 

Serious fall injury was 

defined as “a fall leading to 

hospital admission or 

leading to a fracture.” 

 

B-PROOF study:   

Any fall (≥1)  

“an unintentional change in 

position resulting in coming 

to a rest at a lower level or 

on the ground” 

Response and follow-up rate not reported.  

 

Rotterdam Study: adjusted for age and sex. 

B-PROOF study:  adjusted for age and sex. 

McDonald et al. 2017 (66) 

 

UK 

 

Cohort study 

 

≥65 years 

 

297 men and women (93 completed the fall 

diaries) 

 

Community based 

• Recruited via general practice  

• Random sampling 

Collection of info: Fall 

calendars/diaries 

 

Follow-up: 52 weeks 

 

Any falls (≥1) or time to 

first fall  

 

Definition of falls: “any 

occasion when a participant 

had fallen or found 

themselves on the ground, a 

piece of furniture or a wall 

without meaning to.” 

79% (completed follow-up) had completed fall 

diaries and full active stand recordings. 

 

Adjusted for all variables in the model: orthostatic 

hypotension, mini-mental state exam, history of 

falls and psycho-active drugs. 

Nicklett 2017 (8) 

 

US 

 

Cohort study  

 

 

 

 

≥65 years 

 

1442 men and women 

 

Community-based 

• Recruited non-institutionalised 

participants using a subsample of 

the Health and Retirement Study 

Collection of info: 

Survey questionnaire 

 

Recall period: 24 

months 

 

Follow-up period: 24 

months 

 

Single (1) and Recurrent 

Falls (≥2) 

 

Definition of falls: Not 

reported 

Response rate ranging from 85% to 93% across 

survey waves.  

 

86% completed follow-up (1442/1685).  

 

Adjusted for: 

a) Sex only 

b) Age only 

c) Age, sex and chronic illness diagnosis. 



265 
 

(How and recruitment strategy not 

reported) 
d) Age, sex, and house-hold income. 

e) Age, sex, and household wealth.  

Ortola et al 2017 (65) 

 

Spain 

 

Cohort study 

Community-based 

 

≥60 years 

 

2170 men and women 

 

Community-based 

• Recruited from the Seniors-

ENRICA cohort study (non-

institutionalized individuals). 

How not reported. 

 

• Used stratified cluster sampling 

Collection of info: Falls 

were measured using 

phone interviews. 

 

Recall period: 12 

months 

 

Follow-up period:12 

Months 

≥1 falls in the preceding 12 

months. 

 

 

Definition of falls: 

“an event which results in a 

person coming to rest 

inadvertently on the ground 

or floor or other lower 

level” 

2170/ 2614 (83%) fully completed follow-up.  

 

Adjusted for sex, age, and educational level 

(primary or less, secondary, university), tobacco 

smoking (never smoker, former smoker, current 

smoker), living alone, time watching TV (h/week), 

physical activity (MET-h/week), sleep during the 

day and at night (minutes/day), cardiovascular 

disease, hypertension, diabetes, cancer, respiratory 

disease, osteo-muscular disease, depression 

requiring treatment, use of sleeping pills, number 

of medications, number of antihypertensive 

medications, body mass index (kg/m2 ), 

consumption of caffeine, calcium and vitamin D, 

Mediterranean Diet Score (excluding alcohol), 

limitation in instrumental activities of daily living 

at baseline, and number of incident diseases 

during follow-up.  

Welmer, Rizzuto, Calderon 

2017 (64) 

 

Sweden  

 

Cohort study 

 

≥60 years 

 

2934 men and women 

 

Community-based 

• Recruited from the population-

based Swedish National Study on 

Aging and Care in Kungsholmen 

(SNAC-K) study (recruited from 

different municipalities in 

Sweden).  

• Used stratified random sampling. 

Data collection: 

Discharge diagnosis 

assigned from date of 

baseline to last available 

date. 

 

Follow-up 3 and 10 

years 

 

≥1 Injurious fall: 

Hospitalisation due to an 

injury caused by a fall 

 

2934/3363(87%) completed follow-up.  

 

3-year follow-up model: 

Adjusted for age, education, chronic obstructive 

pulmonary disease, and cardiovascular disease, 

and fatigue, number of fall-risk-inducing 

medications, analgesics, depressive 

symptomology, mobility limitation, physical 

exercise, body mass index, and previous injurious 

falls. 

 

10-year follow-up model: 

Adjusted for age, education, and cardiovascular 

disease, and musculoskeletal disease, number of 

fall-risk-inducing medications, analgesics, 

cognitive impairment, physical exercise, and 

previous injurious falls. 

Carriere et al 2016 (75) 

 

France 

 

Cohort study 

Community-based 

 

≥65 years 

 

6599 men and women 

 

Collection of info: Face 

to face interviews 

 

 

Recall period: 24 

months/2 years 

Recurrent falls (≥2) 

 

Definition of falls not 

reported. 

6599/8791: 75% completed full follow-up. 

 

Misclassification bias: Recall of 24 months 

 

Adjusted for age, centre, sex, smoking, BMI, 

cognitive impairment, disability, benzodiazepines, 
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Community-based 

• Recruited from electoral roll  

• Recruitment strategy not reported 

 

 

Follow-up period: 4 

years 

other CNS drugs, difficulties standing up from a 

chair, osteo-articular pains, fear of falling, time 

since first MDE, number of other medications, 

sitting systolic blood pressure, number of 

cardiovascular diseases, and CES-D score. 

Johansson 2016 (74) 

 

Sweden  

 

Cohort study 

 

≥70 years 

 

1390 men and women 

 

Community-based 

• Recruited from population 

registers  

• Recruitment strategy not reported 

Collection of info: 

Telephone survey 

 

Recall period: 6 months 

 

Follow-up period: 12 

months 

Any falls (≥1) 

 

Definition of falls: “as 

unexpected events in which 

participants came to rest on 

the ground.” 

1390/1421 = 98% complete full follow-up.  

 

Adjusted for variables in the model: sex, total 

physical activity, education, smoker, CVD, 

diabetes, mini mental state examination (MMSE), 

gait speed and step width dual task (Step WDT) 

Kalula et al 2016 (10) 

 

South Africa 

 

Cohort study 

Community-based 

 

≥65 years 

 

837 men and women  

 

Community-based 

• Recruited from population census  

• Purposive sampling 

Collection of info: 

Structured 

questionnaires 

 

Recall period: 12 

months 

 

Follow-up period: 12 

months 

Any falls and recurrent falls 

in the preceding 12 months. 

 

Definition: 

“An episode in which a 

person unintentionally 

comes to rest on the ground, 

floor or other lower level 

with or without injury. The 

definition included falls 

which resulted from 

contributing factors, such as 

syncope. 

 

Excluded falls due to a 

violent blow, an epileptic 

seizure, or the sudden onset 

of paralysis such as in a 

stroke. 

76% completed full follow-up. 

 

ORs may have over-estimated the RR of falls in 

this study.  

 

12 months recall may result in underestimation of 

fall events. 

 

Any falls: adjusted for history of falls, 

dizziness/vertigo, ethnicity and cognitive score. 

 

Recurrent falls: adjusted for History of falls, 

dizziness/vertigo, ethnicity, marital status, time up 

and go test and cognitive score. 

Lo et al 2016 (73) 

 

U. S  

 

Cohort study 

≥65 years 

 

940 (477 females and 463 males) 

 

Community-based 

• Medicare beneficiaries 

• Stratified random sampling 

Collection of info: 

Telephone follow-up 

interviews 

 

Recall period: 6 months 

 

Follow-up period: 8.5 

years after baseline 

Any (≥1) falls 6 months 

after baseline (self-report).  

 

Definition for falls not 

reported. 

Completed follow-up: 940/1000=94% 

 

Recall bias: self-report over 6 months 

 

Adjusted for neighbourhood disadvantage, 

income, education, poverty, life space, balance 

deficit, use of assistive devices, living 

dependence. 

Marcum, Wirtz, Pettinger et 

al 2016 (71) 

 

65-79 years 

 

61,451 women 

Collection of info: 

Standardized 

questionnaire 

≥1 and number of falls in 

the previous 4 months.  

 

61,451/67,006= 92% completed follow-up  
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U.S 

 

Cohort study 

 

 

Community-based 

• Recruited women from 40 

Clinical Centres 

• Purposive sampling (Participants 

screened before included) 

 

 

Recall period: 12 

months in observational 

study and 6 months in 

clinical trial.  

 

Follow-up: 1.5 years 

“fell and landed on the 

ground or floor” 

Adjusted for age, diet modification and trial 

randomization arms, race/ethnicity, body mass 

index, poor vision, arthritis, treated diabetes, low 

back pain, Alzheimer’s Disease diagnosis, 

indications for use (Parkinson’s disease, urinary 

incontinence, depression, insomnia scale), self-

reported health, alcohol intake, use of 

antiepileptic, number of psychoactive medications, 

physical function, dizziness, current physical 

activity from walking. 

Marcum, Perera, Thorpe 2016 

(72)  

 

US  

 

Cohort study 

70-79 years 

 

2948 men and women 

 

Community-based 

• Recruited from Medicare records  

• Random sampling 

Collection of info: 

Questionnaire 

 

Recall period: 12 

months 

 

Follow-up period: 7 

years 

Recurrent falls ≥2 in the 

preceding 12 months. 

 

Definition not reported. 

Response rate: 55% 

 

2948/3075= 96% completed follow-up. 

 

12 months recall period may have underestimated 

the number of falls. 

 

Any antidepressant use: Adjusted for site, drugs 

that increase the risk of falls, self-reported 

depression, depressive symptoms per Centre for 

Epidemiologic Studies Depression Scale–10, 

bodily pain, sleep problems, and anxiety 

symptoms) and those from forward selection 

procedures (i.e., age, pulmonary disease, arthritis, 

urinary problems, cerebrovascular disease, 

diabetes, vision problems, hospitalization in 

previous 12 months, and private physician. 

 

Specific subclasses: 

Adjusted for antidepressant subclass use other 

than the subclass being evaluated. 

Marshall et al 2016 (20) 

 

U.S 

 

Cohort study 

≥65 years 

 

6,841 women 

 

Community-based study 

• Recruited from community-based 

listings  

• Type of sampling strategy not 

reported 

Collection of data: 

One-page 

questionnaires 

 

Recall period: 4 months 

 

Follow-up: 12 months 

 

1st outcome: 1-year risk 

(cumulative 

Incidence) of recurrent falls, 

defined as ≥2 falls during 

follow-up.  

2nd outcome measure was 1-

year risk of any fall.  

Not reported 

6841/8,477= 81% completed follow-up.  

 

Recall bias over 3-6 months 

 

Adjusted for age, education, smoking status, 

fainting history, hip pain, stroke history, vertebral 

fracture, and Geriatric Depression Scale (GDS). 

Kvelde 2015 (81) 

 

Australia  

≥70 years 

 

488 men and women 

Fall diaries collected 

monthly 

 

Injurious fall was defined as 

people who had at least one 

injurious or two non-

482/488 (99%) completed follow-up. 
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Cohort study 

 

Community-based 

• Recruited participants from the 

Sydney Memory and Aging 

Study (electoral roll) 

• Random sampling 

Follow-up: 12 months 

 

 

 

injurious falls during 

follow-up. 

Adjusted for physiological profile assessment and 

trail making test.  

 

Kiely 2015 (11) 

 

US 

 

Cohort study 

70 years 

 

765 men and women 

 

Community-based 

• Recruited participant from the 

Mobilize Boston Study  

• Recruited via door-to-door home 

visits. 

 

Collection of info: Fall 

calendar 

 

Follow-up period: 

Ranged from 195 to 

1,577 days or 6 to 53 

months 

 

Recurrent falls (≥2)/ total 

no. of falls and injurious 

falls 

 

Definitions of falls:” A fall 

was defined as 

unintentionally coming to 

rest on the ground or other 

lower level not as a result a 

major intrinsic event (e.g. 

myocardial infarction, 

stroke, seizure or an 

overwhelming external 

hazard, such as being hit by 

a vehicle)” 

666/765 (87%) completed 6 months follow-up.  

 

 

Adjusted for socio-demographic risk factors: age, 

sex, education, income, marital status, physiologic 

risk factors: gait speed, one-leg stand, previous 

history of falls, activity of daily living disability, 

mini-mental state examination score, adjusted trail 

making test, body mass index, systolic blood 

pressure, pain severity, depressive symptoms, 

psychoactive drug use, and antihypertensive drug 

use, types of physical activity: hours of light-, 

moderate-, and strenuous-intensity sports, walking 

outside, sitting, muscle strengthening, volunteer 

activities, community-level characteristics: 

proportion of Whites, proportion of college 

graduates, and proportion of professional 

occupation. 

Machado et al 2015 (80) 

 

Brazil 

 

Cohort study 

Community-based 

 

≥65 years 

 

705 men and women 

 

Community-based 

• Recruited from census records  

• Type of sampling strategy not 

reported 

Collection of info: Face 

to face interviews 

 

Recall period: 12 

months 

 

Follow-up period: 

About 7 years. 

Falls were measured as 

having ≥2 falls.  

 

Definition of falls not 

reported. 

725/1025=71% completed full follow-up 

 

ORs may have overestimated the RR of falls in 

cohort studies. 

 

Adjusted for baseline 25OHD status (Vitamin D 

levels), season of blood draw, baseline BMD, 

intact parathyroid hormone (iPTH), renal function, 

muscle mass, and comorbidities), were visual 

impairment, chronic use of psychotropic drugs, 

and a previous non-vertebral fracture. 

Munch et al. 2015 (77) 

 

U.S  

Cohort study 

 

≥65 years 

 

5994 men  

 

Community based 

• Recruited by mailing, 

advertisements and media 

outreach to local communities. 

Collection of info: 

Mailed questionnaire 

 

Recall period: 12 

months 

 

Falls were measured as:  

Any fall: ≥ 1 fall in the past 

year 

 

Recurrent falls: ≥2 falls in 

the past year 

 

5783/5994 = 97% completed follow-up.  

 

Volunteers: selection bias. 

 

Any pain: Adjusted for age, BMI, clinical site of 

recruitment, race, smoking, alcohol, analgesics, 

meds, co-morbidities, arthritis, walking speed, 

grip strength and ability to rise from chair. 
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• Recruited using targeted mailing 

(purposive sampling). 

Follow-up period: Mean 

follow-up time 9.7 (SD 

3.06) years. 

Definition of falls was not 

reported. 

 

Hip pain: Adjusted for age, BMI, clinical site of 

recruitment, race, smoking, alcohol, analgesics, 

meds, co-morbidities, hip arthritis, walking speed, 

grip strength and ability to rise from chair. 

 

Knee pain: Adjusted for age, BMI, clinical site of 

recruitment, race, smoking, alcohol, analgesics, 

meds, co-morbidities, knee arthritis, walking 

speed, grip strength and ability to rise from chair. 

Marcum, Perera, Thorpe 2015 

(78) 

U.S  

 

Cohort study 

70-79 years 

2,948 men and women 

Community-based 

• Recruited from Medicare records  

• Type of recruitment strategy not 

reported 

Collection of info: 

Questionnaire 

Recall period: 12 

months 

Follow-up period: 7 

years 

Recurrent falls ≥2 in the 

preceding 12 months. 

“participants who reported 

landing on the floor or 

ground 2 or more times in 

the previous 12 months” 

 

2948/3075 (96%) with complete follow-up data 

12 months recall period may have underestimated 

the number of falls. 

ORs may have overestimated the RR of falls in 

cohort studies. 

 

Any use, long and short duration outcomes: 

Adjusted for site, cognitive impairment, 

depression, drugs that increase the risk of falls, 

urinary problems, back pain, and sleep problems 

smoking, alcohol use, cerebrovascular disease, 

diabetes, vision problems, anxiety, and total 

number of prescription medications. 

 

Specific subclasses: 

Adjusted for anticholinergic subclass use other 

than the subclass being evaluated. 

Marcum, Perera, Newman 

2015 (79) 

U.S 

Cohort study 

70-79 years 

2,948 men and women 

Community-based 

• Recruited from Medicare records  

• Type of  recruitment strategy not 

reported 

Collection of info: 

Questionnaire 

Recall period: 12 

months 

Follow-up period: 7 

years 

 

Recurrent falls ≥2 in the 

preceding 12 months. 

“The number of falls in 

which the participant landed 

on the floor or ground” 

2948/3075 (96%) with complete follow-up data 

12 months recall period may have underestimated 

the number of falls. 

ORs may have overestimated the RR of falls in 

cohort studies. 

Any use, long and short duration: Adjusted for 

site, heart failure, BPH, cognitive impairment, 

depressive symptoms, self-reported hypertension, 

drugs that increase risk of falls, education, age, 

marital status, alcohol use, cerebrovascular 

disease, diabetes, pulmonary disease, arthritis, 

urinary problems, vision problems, total number 

of prescription medications, syncope.  

Subclass: Adjusted for antihypertensive subclass 

use other than the subclass being evaluated 
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Rouzi et al 2015 (76) 

 

Saudi Arabia  

 

Cohort study 

 ≥50 years 

 

707 women 

 

Community-based 

• Randomly identified during a 

health survey from 40 primary 

healthcare centres 

 

Collection of info: 

Fall diaries 

 

Recall period: 

Fall calendars. 

 

Follow-up period: 5 

years after baseline 

Fall diary-any falls in the 

past month and frequency 

(Single and Multiple falls).  

 

“a sudden unintentional 

change in position causing 

an individual to land at a 

lower level on an object, on 

the floor, or on the ground 

other than as a consequence 

of a sudden onset of 

paralysis, epileptic seizure, 

or overwhelming external 

force”. 

 

707/707= 100% completed follow-up  

 

No info on medication was collected. 

 

Selection bias: women in the study are more aware 

of health issues and are generally healthier than 

other woman. 

 

Majority of the women in this study were 

overweight/obese.  

 

Adjusted for age, knee osteoarthritis, physical 

performance measures, hormones, lifestyle 

factors, and BMD, time since menopause, dietary 

calcium intake, serum 25(OH) D levels, serum 

PTH, handgrip strength, physical activity (PA) 

score, FR test, OLS test, timed up and go (TUG) 

test, 8-FW test, 5-STS test, and bone mineral 

density (BMD) measurements, university 

education experience, knee pain, lower back pain, 

and cognitive impairment. 

Clemson et al 2015 (82) 

 

Australia  

 

Cohort study 

 

 ≥65 years 

 

1000 men and women  

 

Community-based 

• Recruited from Australian 

Electoral Commission 

• Clustered sampling method 

Data collection: 

Face to face interview 

Recall period: 12 

months 

Follow-up 11 years 

 

 

Asked if they had any fall 

and needed medical 

treatment. 

98% of participants completed follow-up.  

 

Response rate= 70% 

 

Adjusted for all variables in the model: age, 

slower gait speed, and being depressed, BMI. 

Richardson et al 2015 (12) 

 

Ireland 

 

Cohort study 

≥50 years 

 

6,666 men and women 

 

Community-based 

• Recruited from clustered sample 

of residential addresses. 

Collection of info: 

Questionnaire. 

 

Recall period: 24 

months/2 years 

 

Follow-up period: 24 

months/ two years. 

Falls were measured as any 

falls and the number of falls 

reported 2 years later. 

 

Definition of falls not 

reported. 

6,666\8143= 82% completed follow-up. 

 

Response rate: 62%  

 

Two year recall period may resulted in 

underestimation of falls. 

 

Adjusted for age, sex, living alone, education, 

employment status, income, smoking status, time 

between interviews, co-morbidities (listed in text), 

incontinence, pain, sleep problems, depressive 

symptoms, cognition, self-rated vision, self-rated 

hearing, disability, public health-care coverage, 
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history of falls, fracture, fainting and 

hospitalisation. 

Wong et al 2014 (83) 

 

Australia 

 

Cohort 

Community-based  

 

70-90 years 

 

531 men and women 

 

Community-based 

• Recruited from the electoral roll. 

• Random sampling 

Collection of info: Fall 

diaries 

 

Follow-up period: 12 

months 

Falls were classified as non-

fallers or fallers (≥1 falls). 

 

Definition of falls: “A fall 

was defined as an 

unexpected event in which a 

person comes to rest on the 

ground, floor, or other 

lower level” 

468/531 (88%) completed falls follow-up 

 

Adjusted for the use of psychotropic and 

cardiovascular medications, age, sex, body mass 

index, seated systolic blood pressure, heart rate, 

and diabetes status. 

Ham et al 2014 (85) 

 

Netherlands 

 

Cohort study 

Community-based 

 

≥65 years 

 

2,407 men and women 

 

Community-based 

• Recruited from three Dutch 

Cities; Rotterdam, Wageningen, 

and Amsterdam 

• Sampling via invitations to 

participate –strategy not reported 

Collection of info: Fall 

calendar 

 

2 to 3 year follow-up 

Any (≥1) falls (time to first 

fall) 

 

Definition of falls: “A fall 

incident was defined as an 

unintentional change in 

position resulting in coming 

to a rest at a lower level or 

on the ground” 

2407/2,919= 83% completed follow-up.  

 

Model 2: 

adjusted for age, sex, intervention status, MMSE, 

GDS, and study centre  

 

Model 3: Adjusted for age, sex, intervention 

status, MMSE, GDS, and study centre, and other 

sig assoc. drugs:  CVD drug-antiarrhythmic, 

antihypertensive; non-selective and statins, CNS 

drugs; benzodiazepines and antidepressants. 

 

Nicklett 2014 (84) 

 

U.S  

 

Cohort study 

65-102 years 

 

10,484 men and women 

 

Community-based: 

• Subsample of the Health and 

Retirement Study: recruited non-

institutionalised participants. 

• Used a multistage, national area-

clustered probability sample 

frame.  

Collection of info: 

Telephone or face-to-

face interviews 

 

Recall period: 24 

months 

 

Follow-up period: 10 

years 

 

Dichotomous: Any falls in 

the preceding 24 months- 

Yes or No. 

 

Frequency of falls: Number 

of falls during follow-up. 

 

Definition of falls not 

reported. 

10,484/12,297= 85% completed follow-up. 

 

Response rate: 85-93% 

 

Residual Confounding  

Misclassification bias: 24 months-recall bias 

 

Adjusted for age, sex, number of comorbidities, 

and number of functional limitations. 

 

Pohl 2014 (13) 

 

Sweden 

 

Cohort study 

75-93 years 

 

230 men and women 

 

Community-based 

• Recruited via senior citizen 

organisations, physiotherapists, 

occupational therapists in primary 

Collection of info: Fall 

calendars 

 

Follow-up period: 12 

months 

 

Time to first injurious fall 

(≥1) 

 

Definition of injurious falls: 

“A fall was defined as an 

event in which the 

participant unintentionally 

came to rest on the floor or 

230/230= 100% completed follow-up. 

 

Adjusted for age, sex, Short Physical Performance 

Battery score, and potential risk medications. 
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care, and advertisements in the 

local press  

• Sampling strategy not reported. 

ground regardless of the 

cause or the consequences 

of the fall, and a fall-related 

injury as one that was 

severe enough to cause a 

visit at the emergency 

department.” 

Diem et al 2014 (86) 

 

U.S 

 

Cohort study 

≥ 71 years  

 

4450 men 

 

Community-based 

• Recruited from population-based 

listings (voter registrations, motor 

vehicle registrations, and HICFA 

listings) 

• Multifaceted recruitment 

approaches 

Collection of info: 

Mailed questionnaire 

 

Recall period: 4 months 

 

Follow up period: 1 

year 

 

≥1 and number of falls in 

the previous 4 months.  

 

Not reported. 

4450/5994=74% 

 

Response rate: 

Response rate not reported. 

 

Adjusted for age, site, geriatric depression scale 

score, educational status, body mass index, 

comorbidity index, ability to stand from a chair, 

physical activity scale for the elderly score, self-

reported health status, instrumental activities of 

daily living impairments, alcohol use, and mini-

mental state examinations. 

Wong et al 2013 (88) 

 

Australia 

 

Cohort study 

73-92 years 

520 men and women 

Community-based 

• Recruited via electoral roll  

• Random approach 

Collection of info: Fall 

calendar 

Follow-up period: 12 

months 

≥1 falls vs non-fallers (0 

falls). 

 

520/889= 59% completed follow-up. 

Small sample size 

 

Adjusted for angiotensin system–blocking 

medications (ASBM) medication, physiological 

profile assessment (PPA) fall risk, female, body 

mass index (BMI) and statin use. 

Wu, Chie, Yang & Kuo  et al 

2013 (87) 

 

Taiwan/ 

China 

 

Cohort study 

Community-based 

 

≥65 years 

 

3,680 men and women 

 

Community-based 

• Recruited from local hospitals by 

drawing paper lots  

• Random sampling. 

Collection of info: 

Telephone interview  

 

Recall period: 12 

months 

 

Follow-up period: 12 

months 

Single fallers were those 

who fell only once during 

the study period (1), and 

recurrent fallers fell twice 

or more (≥2). 

 

Definition of falls: “…when 

a subject unintentionally 

comes to rest on the ground 

or on some other lower 

level” 

97.3% completed follow-up. 

 

Recalling falls over 12 months may result in recall 

bias. 

 

ORs may overestimate the relative risk of falls in 

this study. 

 

Adjusted for history of falls, vision, frailty, taking 

sedatives or hypnotics, Hypercholesterolemia, 

over-reactive thyroid/parathyroid, time spent 

outdoors and height. 

De Vries, Peeters, Elders et al 

2013 (90) 

 

Netherlands  

 

Analysis of two different prospective 

studies 

 

Study 1: 

≥65 years 

Study 1: 

Collection of info: Fall 

calendar collected every 

3 months. 

 

Study 1 and 2: Time to the 

first fall. 

 

Study 1: 

Study 1: 1509/1720= 88% response rate. 

Study 2: 564/2015= 28% response rate. 

 

100% follow up for both studies.  
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Cohort studies  

1509 men and women 

Community-based  

• Recruited from national database- 

random sampling 

 

Study 2: 

≥65 years 

564 men and women 

Community-based  

• Recruited from emergency 

department in medical centres -

randomly 

Followup period: 3 

years 

 

Study 2: 

Collection of info: Fall 

calendar collected every 

3 months. 

 

Followup period:1 year 

“an unintentional change in 

position resulting in coming 

to rest at a lower level or on 

the ground” 

 

Study 2: Not reported. 

 

Adjusted for age, sex, number of chronic diseases.  

 

Quach et al 2013 (89) 

 

U.S 

 

Cohort study 

≥70 years 

 

763 men and women 

 

Community-based 

• Recruited from a list of 

households within a five-mile 

radius of health centre 

• Random sampling 

Collection of info: Fall 

calendars 

 

Follow-up period: 18 

months 

All falls (≥1): indoor and 

outdoor falls. 

 

Indoor falls: Defined as one 

that occurred inside the 

participant’s home, inside 

someone else’s home, 

inside another building, or 

inside another location. 

 

Outdoor falls: Falls that 

occurred anywhere outside 

58% completed follow-up. 

 

Adjusted for age, sex, race, education, body mass 

index, comorbidity, vision, executive function, 

physical activities, gait speed, and mini-mental 

state examination as covariates. 

Landi 2012 (92) 

Italy 

Cohort study  

≥80 years 

260 men and women 

Community-based 

• Recruited from registry office list 

of all people living in the area 

• Random sampling.  

 

Collection of info: 

Interview 

Recall period: 24 

months/ 2 years 

Follow-up period: 2 

years 

Any falls (≥1) during 2-year 

follow-up 

 

“fall event was considered 

to be a sudden loss of 

balance causing the contact 

of any part of the body 

above the feet with the 

floor” 

 

260/364= 71% completed follow-up.  

Response rate not reported. 

 

Small sample size 

Recall bias: 2 years 

 

Derived HRs from MLR 

 

Adjusted for age, sex, cognitive impairment, 

activities of daily living (ADL) impairment, 

sensory impairments, body mass index, 

depression, physical activity, cholesterol, stroke, 

diabetes, number of medications, and reactive C 

protein. 

Pijpers 2012 (91) 

 

Netherlands 

 

≥65 years 

 

1,145 men and women 

 

Collection of info: Fall 

calendars 

 

Recurrent falls (≥2) 

 

Definition of falls: not 

reported 

1145/1509= 76% completed follow-up 

1145/1720= 67% response rate. 
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Cohort study 

 

 

 

Community-based 

• Recruited from the Longitudinal 

Aging Study Amsterdam (LASA) 

- population registries 

• Stratified sampling 

 

Follow-up period: 3 

years 

 

Adjusted for age, sex, education level, level of 

urbanisation, dogs and cats in household, special 

adjustments in house, body mass index, alcohol 

and smoking status, medication, number of 

medications, physical impairment and general 

health, pain score, self-perceived health, activity 

and mobility, physical activity, grip strength, 

functional limitations in activities of daily living, 

physical performance, psychosocial functioning 

and mini-mental scale examination score ≤23. 

Chen et al 2012 (93) 

 

U.S 

 

Cohort study 

63-90 years 

 

509 men and women 

 

Community-based 

• Recruited participants from the 

Staying Keen in Later Life 

(SKILL) study-from 

advertisements in community 

newspapers and through 

community organizations  

• Random Sampling. 

Collection of info: 

Questionnaire  

 

Recall period: 2 months 

 

Follow-up period: 3 

years 

≥1 falls and ≥2 falls in the 

last 2 months. 

 

Definition of falls: 

“Accidentally losing your 

balance and falling on the 

ground or falling against 

something such as 

furniture.” 

• 509/675=75% completed follow-up. 

• Response rate not reported 

• Small sample size=low power  

• Selection bias: selected only participants who 

were well educated. 

• Adjusted for balance, chronic conditions, 

medication status, socio-demographic , vision, 

characteristics, cognitive function and psycho-

motor speed 

Stanaway et al 2011 (14) 

 

Australia  

 

Cohort study 

 

≥70 years 

 

1183 men. 

 

Community-based 

• Recruitment from electoral roll 

• Random sampling. 

Collection of info: 

Phone call interview at 

4-month intervals.  

 

Recall period: 4 months  

 

Follow-up: Ranged 

from 4 to 40 months 

with a mean of 26.4 

months in Italian-born 

and 26.8 months in 

Australian-born men. 

Recurrent falls (≥2) in the 

preceding 4 months  

 

Not reported 

1067/1183= 90% completed follow-up. 

1511/2815=54% response rate plus 194 men 

recruited without invitation.  

 

Misclassification bias: recall period of 4 months.  

 

Adjusted for age, years of education, dementia, 

current drinker, dizziness, medication use, timed 

chair stand (slow vs fast), and height. 

Swanenburg 2010 (94) 

 

Switzerland 

 

Cohort study 

≥60 year 

 

270 men and women 

 

Community-based 

• Recruited from a local patient 

organisation via envelopes of 

invitation to participate.  

• Random sampling. 

Collection of info: Fall 

calendar 

 

Follow-up period:12 

months 

Multiple fallers (≥2 falls) vs 

Non-fallers (0-1 falls) 

 

Definition of falls: “A fall 

was defined as 

unintentionally coming to 

the ground or some lower 

level, excluding the 

consequence of sustaining a 

270/303= 89% completed full follow-up 

 

315/2000= 16% response rate. 

 

Small sample size= low power 

In analysis, stratified participants by age. 

 

Adjusted for root mean square amplitude in 

medial lateral (RMS-ML), fall history (≥2) in the 
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violent blow, loss of 

consciousness, or sudden 

onset of paralysis, such as 

during a stroke or epileptic 

seizure” 

past year, drugs, sex and 19 other covariates not 

reported. 

Peeters, Van Schoor 2010 

(95) 

 

Netherlands 

 

Cohort  

 

≥65 years  

 

1,337 men and women 

 

Community-based 

• Recruited randomly via 

population registries. 

 

Collection of info: Fall 

calendars 

 

Follow-up period: 3 

years/36 months 

 

Any falls (≥1) and 

Recurrent falls (≥2) 

 

Definition of falls: “an 

unintentional change in 

position resulting in coming 

to rest at a lower level or on 

the ground” 

12% dropped out, therefore 88% completed full 

follow-up.  

 

Response rate not reported. 

 

Adjusted for age, sex, body mass index, chronic 

diseases, psychotropic medication, mini-mental 

state examination, depressive symptoms, and fear 

of falling. 

Kelsey 2010 (96) 

 

US 

 

Cohort study 

 

≥70 years 

 

765 men and women 

 

Community-based 

• Recruited via door-to-door 

recruitment in randomly sampled 

households (town lists) 

Collection of info: fall 

calendars 

 

Follow-up period: 

ranged from 0.5 to 38.4 

months 

 

Total no. of falls ≥2 (indoor 

and outdoor) 

 

Definition of falls: “as 

unintentionally coming to 

rest on the ground or other 

lower level.”  

99% completed follow-up. 

 

765/5655= 14% response rate. 

 

Adjusted for age and sex. 

Buatois 2010 (97) 

 

France  

 

Cohort study 

≥65 years 

 

1618 men and women (volunteers) 

 

Community-based 

• Recruited from Medical Centres 

• Random sampling 

Collection of info: 

Questionnaire 

 

Recall period: Ranged 

from 18 to 36 months. 

 

Follow-up period: 

Ranged from 18 to 36 

months 

Falls were classified as 

“non-fallers” (no fall), 

single fallers (one fall), and 

recurrent fallers (2 or more 

falls)”. 

 

A fall was defined as “A 

fall was defined as an event 

resulting in a person coming 

to rest unintentionally on 

the ground or other lower 

level, and not as the result 

of a major intrinsic event 

(eg, stroke, syncope) or 

overwhelming hazard” 

59% completed follow-up. 

1958/2735= 72% response rate. 

 

Volunteers: selection bias 

 

Adjusted for age, sex, living status, body mass 

index, health perception score, medications, 

history of falls, use of psychotropic drugs 

Berdot 2009 (104) 

 

France 

 

Cohort study 

≥ 65 years  

 

6343 men and women 

 

Community-based 

• Recruited from electoral roll  

Collection of info: Face 

to face interviews 

 

Recall period: 2 years 

 

Falls during follow-up were 

categorised as ‘no falls’, 

‘one fall’ or ‘two or more 

falls’. 

 

Definition not reported 

6343/9294 (68%) completed follow-up. 

 

Response rate: 37%  

 

2-year recall period may have underestimated the 

number of falls. 
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• Random sampling Follow-up period: 4 

years 

 

 

Adjusted for age, sex, and study centre, body mass 

index, and diurnal drowsiness, number of drugs 

(excluding inappropriate medication), cognitive 

functioning, depressive symptoms and impaired 

mobility. 

Fletcher 2009 (102) 

 

Canada 

 

Cohort study 

Mean age: 80.7 (SD, 6.3); age range not 

reported. 

 

453 men and women 

 

Community-based 

• Recruited from Health agency 

sites  

• Sampling strategy reported 

Collection of info: 

Questionnaire 

 

Recall period: 3 months 

 

Follow-up period: Not 

reported 

Non-fallers (0) vs fallers 

(≥1) and non-fallers/ one 

time fallers (0-1) vs 

recurrent fallers (≥2) 

 

Definition of fallers: not 

reported 

Follow-up and response rate not reported. 

 

Small sample size 

 

Adjusted for site of intervention, medications, fall 

history, activities of daily living. No further 

confounders were reported. 

Lim 2009 (98) 

 

U.S 

 

Cohort study 

≥65 years 

 

8127 women 

 

Community-based 

• Recruited from the study of 

Osteoporotic Fractures (SOF). 

Several sources: membership lists 

(health maintenance 

organization), jury selection lists, 

list of Minnesota residents, voter 

registration list, driver license 

holders and identifications list.  

• Random sampling 

Collection of info: 

Postcard or telephone 

questionnaire. 

 

Recall period: 4 months 

 

Follow-up period: 12 

months 

Recurrent falls (≥2 falls) 

 

Definition of falls:  

‘‘falling all the way down 

to the floor or ground or 

falling and hitting an object 

like a chair or stair.’’ 

Proportion that completed the fifth, sixth and 

eighth follow-up waves: 95%, 93%, and 75%.  

 

8412/9704=87% response rate. 

 

Recall bias: 4 months 

 

Adjusted for age, weight, self-rated health, history 

of hypertension, coronary heart failure, COPD, 

type 2 diabetes mellitus, IADL impairments, 

alcohol consumption, smoking status, use of statin 

medications, and calcium intake, and physical 

activity, history of multiple falls. 

Hanlon 2009 (101) 

 

U.S  

 

Cohort study 

70-79 years 

 

3075 men and women 

 

Community-based 

• Recruited from specified zip code 

areas.  

• Random sampling 

Collection of info: 

Questionnaire 

 

Recall period: 12 

months 

 

Follow-up period: 5 

years 

Recurrent falls (≥2 falls) 

 

Definition not reported 

3055/3075 (99%) completed follow-up.  

 

Response rate not reported. 

 

Adjusted for sociodemographic, health behaviour, 

health status factors, and indications for central 

nervous system medications. 

Leveille et al. 2009 (99) 

 

U.S 

 

Cohort study 

Community-based 

 

≥70 years 

 

749 men and women  

Collection of info: Fall 

calendars 

 

Follow-up period: 18 

months 

Falls measured as any falls 

(≥1) 

 

Definition of falls: “A fall 

was defined as 

76% completed follow-up (18 monthly calendars).  

 

Response rate: 53% 

 

Small sample size 
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Community-based 

• Recruited from town lists 

• Simple random sample  

unintentionally coming to 

rest on the ground or other 

lower level not as a result of 

a major intrinsic event (eg, 

myocardial infarction, 

stroke, or seizure) or an 

overwhelming external 

hazard (eg, hit by a 

vehicle)” 

 

Recurrent falls: adjusted for age, sex, race, 

educational achievement, heart disease, diabetes, 

Parkinson disease, history of stroke, vision score, 

body mass index, cognitive function, physical 

activity, balance score, repeated chair stand time, 

gait speed, and psychotherapeutic medications, 

daily use of analgesic and non-pain clinical 

criteria for hand and knee osteoarthritis. 

 

Any falls: Adjusted for age, sex, race, education, 

heart disease, diabetes, Parkinson disease, history 

of stroke, vision score, body mass index, 

neuropathy, cognitive function, physical activity, 

balance test score, repeated chair stand time, gait 

speed, use of psychotherapeutic medications, daily 

use of analgesic medications, hand and knee 

osteoarthritis clinical criteria excluding pain. 

Iinattiniemi et al 2009 (100) 

 

Finland 

 

Cohort study 

 

Community-based 

 

≥85 years 

 

555 men and women 

 

Community-based 

• Recruited from population 

registers  

• Random sampling. 

 

Collection of info: 

Telephone interviews 

 

Recall period: Two 

months 

 

Follow-up period: 11 

months 

Falls: Fall rate (Total 

number of falls) over 11 

months. 

 

Definition of falls not 

reported. 

526/555 (95%) completed follow-up. 

555/827= 67% response rate. 

 

Short follow-up period 

 

Adjusted for 2 falls past year; rather or very poor 

self-rated health; somewhat or clearly worsening 

mental agility past year; anxiety, nervousness, or 

fear; urination problem last two weeks; trouble 

with vision when moving; body mass index; Short 

Geriatric Depression scale; number of drugs used; 

use of an antipsychotic drug; use of a hypnotic 

drug; use of an antidepressant drug. 

Faulkner et al 2009 (103) 

 

U.S 

 

Cohort study 

Community-based 

 

≥65 years 

 

8,378 women 

 

Community-based 

• Recruited from Study of 

Osteoporotic Fractures (from 

population-based lists) 

• Random sampling. 

Collection of info: 

Postcard questionnaire 

 

Recall period: 4 months 

 

Follow-up: 4 years 

Outcome measured as the 

total no. of falls (Rate) in 

last 4 months. 

 

Definition of falls: “landing 

on the floor or ground, or 

falling and hitting an object 

like a table or a chair” 

86% completed follow-up. 

 

Response rate not reported. 

 

Adjusted for all variables in the model including 

age, clinic, waist-to-hip circumference, stroke, 

Parkinson's disease, diabetes, arthritis, self-rated 

health, standing balance with eyes open, rapid 

stepping, grip strength, alcohol consumption, 

hours per day spent on feet, and hours per week 

does household chores. 
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Barrett-Connor et al 2009 

(105) 

 

US 

 

Cohort study 

Community-based 

 

≥50 years 

 

66,134 women 

 

Community-based 

• Recruited from primary care 

practices  

• Random sampling 

Collection of info: 

Mailed survey 

 

Recall period: 12 

months 

 

Follow-up period: 6 

years 

Falls: ≥1 falls in the past 12 

months vs no falls. 

 

No definition of falls 

reported. 

66134/200160 = 33% completed follow-up. 

Response rate = 80.5% 

 

Adjusted for all other variables in the model: age, 

fall history, years of education, depression, stroke 

history, limited function, prior fracture, arthritis, 

BMI, history of kidney/liver disease, poor 

memory, poor/fair health, poor hearing, history of 

diabetes, relatives with fracture history, 

hypothyroidism, loss of height, and history of 

estrogenic therapy. 

Stone 2008 (106) 

 

U.S 

 

Cohort study 

≥70 years 

 

2978 women 

 

Community-based 

• Recruited from population 

listings  

• Random sampling 

Collection of info: 

Post card or telephone 

questionnaire 

 

Recall period: 4 months 

 

Follow-up period: >16 

years 

≥2 falls vs 1 or 0 falls. 

 

Definition of falls: “falling 

all the way down to the 

floor or ground or falling 

and hitting an object like a 

chair or stair.” 

2978/3676 (81%) completed follow-up 

Response rate not reported. 

 

4-month recall may have underestimated the 

number of falls. 

 

Adjusted for age, race, body mass index, exercise, 

instrumental activities of daily living, medical 

conditions, possible dementia, use of 

antidepressants, use of antipsychotics, and total 

sleep time. 

Iinattiniemi 2008 (107)  

 

Finland 

Cohort study 

 

 

≥85 years 

 

512 men and women 

 

Community-based 

• Recruited from population 

registers  

• Random sampling 

 

 

 

Collection of info: 

medical records at the 

end of follow-up 

(injurious fall)   

 

Follow-up period: 24 

months 

 

Any injurious falls (≥1) 

 

Definition of falls: “an 

unexpected event 

where a person fell to the 

ground from an upper level 

or from the same level” 

 

Fall related injuries: “Fall-

related injuries included 

major soft-tissue injuries 

(wounds needing suturing, 

dislocations or more severe 

injuries) and fractures” 

387/512 = 76% completed follow-up. 

 

555/827 = 67% response rate. 

 

Adjusted for self-rated health at the time of 

exercise (poor/average/good), phone-call round 

number (1–8), injury-causing fall during the 

preceding phone-call round (yes/no), having 

received recommendations for exercise in a 

pragmatic intervention (yes/no), age at baseline 

(years), sex (female/male), body mass index, 

trouble with near vision (yes/no), lower extremity 

performance score (0–12). 

Heesch et al 2008 (108) 

 

Australia  

 

Cohort study 

 

Between 70-75 years 

 

8188 women 

 

Community-based 

• Recruited from National Health 

Insurance database 

Collection of data: 

Completed surveys on 

falls 

 

Recall period: 12 

months 

 

Experienced a fall, injury 

due to a fall or 

broken/fractured any bones 

in the last 12 months.  

 

Follow-up and response rate not reported. 

 

Recall bias-surveys 

 

Generalizable in the first phase of the study but 

those who continued the study were healthier and 

of higher SES.  
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• Random sampling 

 

Follow up period: 4 

years 

‘‘a fall to the ground (does 

not include stumbles, 

trips)’’ 

 

Selection bias- focus on women who reported not 

having a serious injurious fall in the previous year 

only 

 

Table 2, Model 5 

Adjusted for country of birth, leaking urine, 

number of stressful life events, number of chronic 

conditions, eyesight problems, and elder 

vulnerability 

 

Table 3, Model 5: Any fall: 

Adjusted for education, use of medication for 

nerves, leaking urine, number of chronic 

conditions, eyesight problems, elder vulnerability 

score, and previous fall, injury from fall or 

fractured bone 

Table 4, Model 5 fall with fracture/injury: adjusted 

for country of birth, number of chronic conditions, 

eyesight problems, body mass index, and previous 

fall, injury from fall or fractured bone 

Duh 2008 (109) 

 

US 

 

Cohort study 

 

≥65 years 

 

47,530 men and women 

 

Community-based 

• Recruited participants from 

Medicare provider and enrolled in 

Medicare plan  

• Random sampling. 

Gathered results from : 

Health insurance claims 

and laboratory test 

results data 

 

Results data from 

January 1999 to April 

2004 

 

Injurious falls outcomes 

were defined as an injurious 

event claim, within 30 days 

after a fall claim, for 

fractures of the 

hip/pelvis/femur, 

vertebrae/ribs, humerus or 

lower limbs; Colles’ 

fracture; or head 

injuries/haematomas. 

100% follow-up due to retrospective cohort study 

design. 

 

Adjusted for age, sex, health plan, history of falls, 

co-morbidities and concomitant medications. 

Clough-Gorr 2008 (208) 

 

England 

 

Cohort study 

≥65 years 

 

1644 men and women 

 

Community-based 

• Recruited from primary care 

practices  

• Random sampling. 

Collection of info: 

Questionnaire 

 

Recall period: 12 

months 

 

Follow-up period: 12 

months 

Any falls (≥1) in the past 12 

months at follow-up. 

1644/2772 (59%) completed follow-up 

 

Response rate not reported. 

 

Recall period of 12 months may result in 

underestimation of falls. 

 

Adjusted for age, sex, perception of health, no. of 

chronic medical conditions, no. of medications, 

arthritis, depression, and visual impairment, 

activities of daily living limitations, mobility 

disability status and history of falls. 
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Chan et al 2007 (111) 

 

U.S 

 

Cohort study 

≥65 years 

 

5,995 men 

 

Community-based 

• Recruited using community and 

health provider lists  

• Random sampling 

Collection of info: 

Mailed questionnaires  

 

Recall period: 4 months 

 

Follow-up period: 5 

years 

Fall is measured as the 

probability of falling within 

a 4-month triannual cycle.  

 

Definition of falls not 

reported. 

Follow-up was not reported. 

 

Response rate: 9.3% (mailings) and 27.3% 

(referrals) 

 

Adjusted for age at baseline, non-White race, 

college education or higher, body mass index, 

height, alcohol abuse, use of psychotropic 

medications, fair to very poor general health, 

Parkinson’s disease, arthritis or gout, cancer, 

trouble with dizziness, and fallen in the 12 months 

prior to baseline. 

Cawthon et al 2006 (113) 

 

U.S  

 

Cohort study 

 

> 65 years 

 

5,974 men 

 

Community-based 

• Recruited from 6 clinical centres 

• Random sampling. 

Collection of info: 

Questionnaire 

 

Recall period: 4 months 

 

Follow-up period: 3.65 

years after baseline 

≥2 falls after 12 months 

from osteoporotic fracture  

 

Not reported 

5974/5995= 99% completed follow-up 

Response rate: 9.3% (mailings) and 27.3% 

(referrals) 

 

Adjusted for age, walking for exercise, calcium 

intake, grip strength weight, smoking status, and 

education. 

Pluijm 2006 (112) 

 

Netherlands 

 

Cohort study 

≥65 years 

 

1,365 men and women 

 

Community-based 

• Recruited from population 

registries Random sampling. 

 

 

Collection of info: fall 

calendars 

 

Follow-up period: 3 

years/ 36 months 

 

Recurrent falls (≥2) 

 

Definition of falls: ‘an 

unintentional change in 

position resulting in coming 

to rest at a lower level or on 

the ground’.  

A ‘recurrent faller’ was 

defined as a subject who 

fell at least twice within a 6-

month period during the 3-

year fall follow-up. 

96% completed follow-up. 

81.7% response rate. 

 

Adjusted for all variables in the model: fall history 

(≥2), dizziness, functional limitations, grip 

strength, body weight, fear of falling, dogs or cats 

in household, education, alcohol use, alcohol pool 

use*education, and fall history*fear of falling. 

Chu et al 2005 (9)  

 

 

China  

 

Cohort study 

 

 ≥ 65 years  

 

1517 (51% male, 49% female) 

 

Community-based  

• Recruited from census reports  

• Random sampling. 

 

 

Collection of info: 

Telephone interview 

 

Recall period: 2 months 

 

Follow-up period: 12 

months or until loss to 

follow-up 

 

Occurrence and injury 

(outcome) from fall in the 

preceding 2 months.  

 

“an event which results in a 

person coming to rest 

unintentionally on the 

ground or other lower level, 

not due to any intentional 

movement, a major intrinsic 

event (e.g., stroke) or 

extrinsic force (e.g., 

100-8.63=91.4% completed follow up.  

Response rate: 73.2% 

 

Adjusted for age, stroke, Parkinson’s disease, 

history of falls and self-perceived mobility 

problem. 
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forcefully pushed down, 

knocked down by a car).” 

Gerdhem 2005 (114) 

 

Sweden 

 

Cohort study 

75 years 

 

1044 women  

 

Community-based  

• Recruited from city lists  

• Random sampling. 

 

Collection of info: 

Questionnaire 

 

Recall period: 12 

months 

 

Follow-up period: 12 

months 

Any falls (≥1) since the 

baseline visit. 

 

Definition of falls not 

reported.  

984/1044 = 94% completed follow-up. 

1044/1604=response rate. 

 

Recall period of 12 months may result in 

underestimation of falls. 

 

Adjusted for age, previous falls, balance, tendency 

to fall, walking aid, psychoactive drugs, ≥4 drugs, 

any diuretic, any antihypertensive, alcohol, 

balance test (Romberg). 

Mukamal et al 2004 (116) 

 

US 

 

Cohort study 

≥65 years  

 

5841 men and women 

 

Community based  

• Recruited from Medicare 

eligibility lists in 4 communities  

• Random sampling 

Collection of info: 

Reported falls during 

yearly clinic visits.  

 

Recall period: 12 

months 

 

Follow-up period: 4 

years 

Any (≥1) falls  

 

Definition of falls not 

reported. 

5473/5841 (94%) completed follow-up 

 

Response rate not reported. 

 

Adjusted for age, sex, race, marital status, income, 

current smoking, former smoking, baseline 

cardiovascular disease, diabetes mellitus, history 

of arthritis, history of cancer treatment, use of 

psychoactive medication, use of antihistamines, 

physical activity (in kcal), depression score, Mini-

Mental State Examination (MMSE) score, 15-foot 

walk time (in seconds), self-reported difficulty 

walking, and self-reported loss of balance. 

Zhang 2004 (115) 

 

China 

 

Cohort study 

 

 

≥60 years 

 

1654 men and women 

 

Community-based 

• Recruited from three urban 

communities in Nanjing, China 

(how recruited no reported). 

Collection of info: fall 

calendar 

 

Follow-up period: 12 

months 

 

Any falls (≥1) 

 

Definition of falls: “falling 

all the way down to the 

floor or ground, or falling 

and hitting an object like a 

chair or stair” 

879/1038= 85% completed follow-up.  

1038/1654 = 63% response rate. 

 

Adjusted for all variables in the model: age, 

unable to walk fast, and type A behaviour pattern. 

Stalenhoef 2002 (117) 

 

Netherlands 

 

Cohort study 

 

 

≥70 years 

 

311 men and women 

 

Community-based 

• Recruited from four primary 

health centres (stratified random 

sampling) 

Collection of info: 

telephone interview 

 

Recall period: six weeks 

 

Follow-up period: 36 

weeks 

 

 

Recurrent falls (≥2) 

 

Definition of falls: “the 

subject unintentionally 

coming down on the floor 

or to a lower level.” 

287/302 (95%) completed follow-up 

60% response rate. 

Adjusted for all variables in the model: sex, age, 

falls, depression, hand dynamometer, and postural 

sway. 
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Hanlon 2002 (118) 

 

U.S 

 

Cohort study 

≥65 years 

 

4,162 men and women 

 

Community-based 

• Recruited from community 

census lists (random sampling) 

Collection of info: 

Interview 

 

Recall period: 12 

months 

 

Follow-up period: 3 

years 

Any falls (≥1) and recurrent 

falls (≥2). 

 

Definition of falls not 

reported.  

Follow-up rate and response rate: Not reported 

 

Recall period of 12 months may result in 

underestimation of falls. 

 

Adjusted for age (per year), female, African 

American, rural residence, Education e(years), 

income, weight, alcohol use (ounces per day), 

smoking (pack-years), depression, nagi 

disabilities, arthritis, diabetes, broken bones, sleep 

problems, incontinence, self-rated, health, cut 

down on activities, benzodiazepine, nonsteroidal, 

anti-inflammatory drugs, diuretic, Other cardiac 

drugs, Phenytoin, Other central nervous system 

drugs, Prednisone, Number of prescription drugs 

and the number of over-the-counter drugs. 

Ensrud 2002 (19) 

 

 

U.S 

 

Cohort study 

 

≥65 years 

 

8,127 women 

 

Community-based 

• Recruited from population-based 

listings (randomly). 

 

 

Collection of info: 

Contacted via post card 

or telephone.  

 

Recall period: 4 

months. 

 

Follow-up period: 12 

months 

 

 

≥1 falls in the preceding 4 

months. 

 

 “falling all the way down 

to the floor or ground, or 

falling and hitting an object 

like a chair or stair” 

Response rate: 84% 

 

98% completed follow-up. 

 

4-month period: Underreporting 

 

Any falls: 

Adjusted for age, health status, one or more 

medical conditions, functional impairment, 

dizziness, and fall in previous year, depression, 

weight change, gait speed and inability to rise 

from chair. 

 

Frequent falls: 

Adjusted for age, health status, one or more 

medical conditions, smoking, functional 

impairment, dizziness, fall in previous year, 

cognitive function, depression, weight change, gait 

speed, inability to rise from chair, and femoral 

neck bone density. 

Friedman et al 2002 (119) 

 

U.S 

 

Cohort study 

Community-based 

 

65-84 years 

 

2,212 men and women 

 

Community-based 

Collection of info: 

Home administered 

questionnaire 

 

Recall period: 12 

months 

 

Any falls in the preceding 

12 months. 

 

 

Definition of falls not 

reported. 

88.9% response rate. 

99.6% completed follow-up.   

 

Adjusted for sedative use, arthritis, walking speed, 

contrast sensitivity, visual acuity, visual fields, 

vibratory sensation, vertigo, and mini-mental state 

examination. 
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• Recruited from eligibility 

Medicare list (random sample). 

Follow-up period: 20 

months 

Tromp 2001 (120) 

 

Netherlands 

 

Cohort study 

 

55-85 years 

 

1374 men and women 

 

Community-based 

• Recruited from population 

registers (random sample). 

Collection of info: Fall 

calendar 

 

Follow-up period: 12 

months 

Falls were measured as any 

(≥1) or recurrent (≥2) falls. 

 

Definition of falls: “A fall 

was defined as an 

unintentional change in 

position resulting in coming 

to rest on the ground or 

other lower level” 

Response rate: 62.3% 

1285/1374 = 94% completed follow-up. 

 

Recall bias: 12months 

 

Adjusted for previous falls, urinary incontinence, 

visual impairment and benzodiazepine use. 

Kario et al 2001 (121) 

 

U.S 

 

Cohort study 

 

≥65 years 

 

226 men and women 

 

Community-based 

• Recruited via invitations to 

participants from the Systolic 

Hypertension in the Elderly 

Project (SHEP) 

• Purposive sampling 

Collection of info: 

Telephone and postcard 

 

Recall period: 1 month 

 

Follow-up period: 12 

months 

Fallers: ≥1 falls in at least 

12 months follow-up 

(average 21 months). 

 

Definition of falls not 

reported. 

266/411 (65%) completed follow-up.  

867/6486 = 13% response rate.  

 

Author state that ORS calculated from coefficients 

of multiple logistic regression analysis provide an 

unbiased estimate of the RR. 

 

Adjusted for age, sex, number of medical 

conditions, history of falls, systolic blood 

pressure, antihypertensive therapy 

Bath 1999 (122) 

 

England 

 

Cohort study 

≥65 years 

 

690 men and women 

 

Community-based 

• Recruited from national census 

list (random approach) 

Collection of info: 

Interview 

 

Recall period: 12 

months 

 

Follow-up period: 4 

years (1985-1989) 

Falls: Fallen in the past year 

(Yes vs No)/ All falls, 

indoor and outdoor falls 

 

Definition of falls not 

reported. 

 

690/1042= 66% survived and re-interviewed at 

follow-up.  

80% response rate. 

 

Recall bias: 12 months 

 

Adjusted for age group, sex, social class, physical 

health status, smoker status, whether housebound 

or not, number of prescribed drugs, body-weight; 

maximum handgrip strength, typical walking 

speed, total time spent walking for purposeful 

activity in minutes, time spent shopping in 

minutes, and the total time spent walking for 

relaxation. 

Schwartz et al 1999 (15) 

 

U.S 

 

Cohort study 

Community-based 

 

≥59 years 

 

152 women 

 

Community-based 

Collection of info: 

Telephone interviews 

 

Recall period: 1 month 

 

Follow-up period: 3 

years 

Any fall: ≥1 falls in the 3 

years of follow-up  

 

Definition of falls: “A fall 

was defined as falling and 

landing on the floor or 

ground or falling and hitting 

an object like a table or 

82.2% completed follow-up for 33 months.  

 

Response rate not reported. 

 

Adjusted for age, arthritis, high thyroid, history of 

fainting, psychotropic medication, chair stand and 

walking. 
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• Recruited from Hispanic 

community service agencies, 

senior centres, churches, and 

media announcements (How not 

reported). 

stair. Falls caused by an 

overwhelming force, such 

as a moving vehicle, were 

excluded” 

Weiner 1998 (123) 

 

US 

 

Cohort study 

≥70 years 

 

305 males  

 

Community-based 

• Recruited from ambulatory care 

clinics (volunteers- how not 

reported) 

Collection of info: Fall 

calendar 

 

Follow-up period: 6 

months 

Any fallers (≥1 falls) vs 

non-fallers (0 falls) 

 

Definition not reported 

 

293/324= 90% completed follow-up.  

324/707 = 46% response rate.  

 

Adjusted for age, depression, cognition and 

mobility status 

 

 

Tromp 1998 (124) 

 

Netherlands 

 

Cohort study 

≥65 years 

 

1469 men and women 

 

Community-based 

• Recruited from population lists 

(Random sampling) 

Collection of info:  

Falls were registered 

(self-report) 

 

Recall period: 12 

months  

 

Follow-up period: 38 

months 

Recurrent falls (≤2). 

 

Definition of falls: “A fall 

was defined as an 

unintentional change in 

position resulting in coming 

to rest on the ground or 

other lower level such as a 

chair or stair” 

1469/1508=97% completed follow-up. 

 

87.7% response rate.  

 

Adjusted for age and sex.  

 

 

Graafmans et al 1996 (22) 

 

Netherlands 

 

Cohort study 

 

 

≥70 years 

 

354 men and women 

 

Community-based 

• Homes and apartment houses for 

elderlies, less care than nursing 

homes.  

• Purposive sampling: participants 

chosen due to their large numbers 

and relationships with research 

workers.  

Collection of info: Fall 

diaries 

 

Follow-up period: 28 

weeks. 

Fall diaries/Two outcome 

measures= Any falls (≥1) 

and recurrent falls (≥2) over 

the preceding 28 weeks.  

 

“A fall was defined as 

unintentionally coming to 

rest at a lower level or on 

the ground.” 

368/458 = 80% response rate. 

354/368= 96% completed follow-up.  

 

Adjusted for dizziness, history of stroke, poor 

mental state, orthostatic hypotension. 

 

Luukinen 1995 (126) 

Finland  

Cohort study 

 

≥70 years 

1,016 men and women 

Community-based 

• Recruited from population lists. 

• How recruited not reported. 

Collection of info: Fall 

calendar 

Follow-up period: 2 

years 

Recurrent falls (≥2) 365 

days after the day of 

examination 

Multivariate logistic 

regression: OR 

88% completed follow-up. 

Response rate not reported. 

ORs may have overestimated the RR of falls in 

this study. 

Adjusted for sex, age, pain sense on knees 

reduced, knee extension muscle strength, impaired 

balance (Tinetti score tests), impaired gait, ≥5 

drug use, psychotropic drugs, use of digitalis, 

laxatives and history of falls. 
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O’loughlin et al 1993 (7) 

 

Canada  

 

Cohort study 

>65 years 

 

409 men (37%) and women (63%) 

 

Community-based 

• Randomly selected from electoral 

roll 

Collection of info: 

Used memory aid 

calendars  

 

 

Follow-up period: 12 

months 

 

Fall calendar: Any (≥1) falls 

or injurious falls experience 

in the preceding 4 weeks.  

 

“an event which results in a 

person’s coming to rest 

inadvertently on the ground 

or other lower level” 

 

375/409= 92% completed follow-up.   

409/556 = 74% response rate.  

 

Misclassification bias: short recall periods result in 

underestimation of time-varying exposures.  

 

Adjusted for age, different activities, sex, history 

of falls, and days of limited activity, days spent in 

bed, dizziness, trouble walking, and trouble 

bending, and alcohol. 

Vellas et al 1998 (16) 

 

US 

 

Cohort study 

 

≥60 years 

 

482 men and women 

Community-based 

• Recruited from Medicare lists. 

• Random sampling.  

 

 

 

 

Collected via post card. 

 

Recall period: 2 weeks 

 

Follow-up period: 2 

years 

 

 

 

≥1 falls and injurious falls 

 

 

"an event which results in a 

person coming to rest 

inadvertently on the ground 

or other lower level and 

other than as a consequence 

of the following: sustaining 

a violent blow; loss of 

consciousness; sudden onset 

of paralysis, as in a stroke 

and an epileptic seizure”. 

 

Injurious falls were defined 

as any fall for which the 

subject reported an 

immediate need for first aid 

or, in most cases, the 

attention of a nurse or 

physician. Self-reported 

need for first aid was used 

in conjunction with 

information on the type of 

injury to exclude falls 

resulting in trivial soft 

tissue injuries that did not 

require any form of 

treatment. 

405/482 = 84% completed follow-up. 

Response rate not reported. 

 

Recruited volunteers 

 

Study reported RR but analysis method reported  

was a MLR  

 

Both any and injurious falls: Adjusted for age, sex, 

BMI, balance and gait abnormalities, and 

medication use. 

 

 

Vellas et al 1997 (125) 

 

U.S 

 

 ≥ 60 years 

 

316 men and women 

 

Collection of info: 

Post-card  

 

Recall: Monthly 

All falls (≥1): “A fall is an 

event which results in a 

person coming to rest 

inadvertently on the ground 

316/483 = 65% completed follow-up. 

Response rate not reported.  
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Cohort study Community-based 

• Recruited from Medicare lists. 

• Random sampling.  

 

 

Follow-up period 3 

years 

 

 

or other lower level and 

other than as a consequence 

of a violent blow; loss of 

consciousness or sudden 

onset of paralysis”. 

 

Injurious falls: Injurious 

falls were defined as falls 

for which medical attention 

was sought. 

Adjusted for all variables in the model: One leg 

balance test, age, sex, gait abnormality and mini-

mental state examination. 

 

 

Cauley 1993 (127) 

U.S 

Cohort study 

 

≥65 years 

9,704 women 

Community-based 

• Recruited from health 

maintenance organizations, list of 

residents from other studies, jury 

selection lists, voter-registration 

lists and driver license holder’s 

lists. 

• Recruited randomly  

Collection of info: 

Postcard or telephone 

Recall period: 4 months 

Follow-up period: 12 

months after baseline. 

Falls were categorised as 

“≥1 fall vs o fall” or ≥2 falls 

vs 0-1 falls”. 

Multivariable linear 

regression: OR 

Definition of falls not 

reported. 

99.5% completed follow-up. 

Response rate not reported.  

Misclassification bias: 4-month recall period may 

underestimate the number of fall events. 

Adjusted for age only. 

Teno et al. 1990 (128) 

 

U.S 

 

Cohort study 

65-99 years 

 

736 men and women 

 

Community-based 

• Recruited from Medicare data 

• Probability sampling: random 

Data collection: Survey 

 

Recall period: 12 

months 

 

Follow-up: Follow-up 

average 11 months ±48 

days. 

Any falls (≥1) 

 

“ an event that brought the 

subject at rest on the ground 

, floor, or on a lower level 

such as a table or stair” 

 

82% completed follow-up. 

 

Response rate: 71% 

 

Adjusted for all variables in the model: age, fall 

history, stumbles, ADL dependencies, sex 

(female), leaves house <1 per week, poor vision, 

days spent in bed, living alone, health status, lives 

in senior housing, ethnicity (white). 

Campbell et al 1989 (129) 

 

New Zealand  

 

Cohort study 

 

≥70 years  

 

761 participants (men 296, women 465) 

 

Community-based 

• Recruited via health centre 

records 

• How not reported. 

Collection of data: 

Participants recorded all 

falls on forms provided.  

 

Follow-up period: 

12 months 

Fall forms on all falls 

monthly.  

Hospital records and nurse 

records were examined if 

admitted to hospital.  

 

“A fall was defined as any 

unintended contact with the 

ground.” 

92.2% completed all assessments during follow-

up. 

Response rate not reported.  

 

A larger sample size could detect more significant 

effect estimates. 

 

Women: 

Adjusted for age, frequency outdoors, signs of 

knee arthritis, stroke, body sway, grip strength. 

 

Men: 

Adjusted for age, unable to rise from chair, stroke, 

signs of knee arthritis, body sway. 
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Sorock et al 1988 (130) 

 

U.S 

 

Cohort study 

Community-based 

 

≥60 years 

 

159 men and women 

 

Community-based 

• Recruited from six senior citizens' 

buildings in New Jersey. 

• Randomly 

Collection of info: 

Telephone interview 

 

Recall period: Monthly 

 

Follow-up period: 8 

months 

Falls: ≥1 over 8 months 

follow-up. 

 

Definition of falls: “A fall 

was defined as 

unintentional contact with 

the floor, or contact with an 

object below the level of the 

hip without coming to rest 

on the floor” 

165/170= 97% completed follow-up.  

15.5% response rate. 

Small sample size. 

 

Adjusted for differences in follow-up time, age, 

and sex. 

Tinetti et al 1988 (5) 

 

U.S  

 

Cohort study 

 

≥75 years and older 

 

336 men (45%) and women (55%) 

 

Community-based 

• Recruited from the Yale Health 

and Aging Project (health care 

institutions). Stratified sampling 

strategies. 

 

Collection of info: 

Fall diary and phone 

call. A proxy was used 

for those who needed 

one.  

 

Recall period: 1 month 

 

Study period: 12 

months 

Fall diaries- collected 

monthly/any falls in the 

preceding month 

 

“A fall was defined as a 

subject unintentionally 

coming to rest on the 

ground or at some other 

lower level, not as a result 

of a major intrinsic event 

(e.g. stroke or syncope) or 

overwhelming hazard 

(hazard that results in a fall 

for a young or healthy 

person-assessed by 

consensus of 3 physicians).” 

Response rate: 73% 

98% completed follow-up.  

 

Adjusted for foot problems, cognitive impairment, 

lower extremity disability, palm-omental reflex, 

and balance and gait imbalances. 

 

Citation, year, Country & 

Study Design 

 

Participants Data Collection Outcome Measure & 

Definition 

Comments & Confounding Factors 

Helgadottir et al 2014 (131) 

 

 

Sweden  

 

Nested case-control study 

 

 ≥65 years 

 

Cases (n=498): Those with injurious falls. 

Controls (n=21249): Those without an 

injurious fall 

 

Community-based 

• Recruited via population register, 

national patient register and 

prescribed drug register. 

• Area stratified random sampling. 

Data collection: 

Gathered injurious fall 

data from the national 

patient register using 

discharge diagnosis data 

(ICD-10 codes). 

Cases: Hospitalised for an 

injurious fall 

Controls: Those without an 

injurious fall 

 

Definition of falls not 

reported. 

 

Response rate= 73.5% 

 

Adjusted for age and sex. 

 

Pariente et al 2008 (132) 

 

France 

≥65 years 

 

Collection of info: 

Report forms and death 

certificates 

Cases: Injurious falls were 

defined as falls causing 

Response rate was not reported. 
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Nested Case-control 

 

382 cases and 1146 controls (men and 

women) 

 

Community-based 

• Recruited from electoral rolls 

• Randomly selected 

 

 

 

10 year follow-up 

hospitalization, fractures, 

head trauma or death.  

 

Potential cases: 

Each subject with no report 

of injurious fall from 

baseline to the end of 

follow-up. 

Adjusted for frequency-matching variables (index 

period, administrative area of residence, vital 

status) and marital status, institutionalization, 

incapacity, visual deficiency, hearing deficiency, 

urinary incontinence, depressive symptomatology, 

dementia, exposure to other psychotropic 

medications and neurological treatments. 

Citation, year, Country & 

Study Design 

 

Participants Data Collection Outcome Measure & 

Definition 

Comments & Confounding Factors 

Alex 2018 (139) 

 

Malaysia 

 

Cross-sectional study 

≥55 years 

 

1565 men and women 

 

Community-based 

• Recruited from the electoral roll  

• Simple random sampling 

Collection of info: 

questionnaire 

 

Recall period 12 months 

 

Any falls (≥1) 

 

Definition of falls: “A fall 

was defined as 

‘unintentionally coming to 

rest on the ground, floor, or 

lower level” 

Response rate: 5815/8769 = 66% 

 

Adjusted for age, sex, marital status and education 

level. 

Agudelo-Botero 2018 (140) 

 

Mexico  

 

Cross-sectional study 

≥60 years 

 

9598 men and women 

 

Community-based 

• Mexican Health and Aging study 

(U.S. Census Bureau) 

• Purposive sampling (selective) 

 

Collection of info: Face 

to face interviews 

Recall period: 24 

months 

 

Fall measured as: No falls, 

one fall (occasional) and 

recurrent falls. 

Response rate was not reported. 

 

Recall bias: 24 months 

 

Adjusted for all variables in the model: 

Sex, age, education, marital status, place of 

residence, self-perception of health, activity 

limiting pain, urinary incontinence, vision 

problems, hearing problems, cognitive decline, 

depression, hypertension, diabetes, cancer, chronic 

obstructive pulmonary disease, heart attack, 

angina, stroke, rheumatoid arthritis, limitations in 

activities in daily living, instrumental activities in 

daily living and advanced activities of daily living. 

Lukaszyk 2018 (137) 

 

 

Australia 

 

Cross-sectional study 

 

≥60 years 

 

336 men and women 

 

Community-based 

• Recruited from population/census 

lists and also used snowball 

sampling techniques to capture 

those not in the list. 

Collection of info: 

Questionnaire 

 

Recall period: 12 

months 

 

Any falls (≥1) 

 

Definition: “an unexpected 

loss of balance resulting in 

coming to rest on the floor, 

the ground, or an object 

below knee level” 

Response rate: 62% 

 

Adjusted for age, sex, osteoarthritis and/or 

inflammatory arthritis and inability to do house 

work. 
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Reyes-Ortiz 2018  (136) 

 

Columbia 

 

Cross-sectional study 

≥60 years 

 

2,000 men and women 

 

Community-based 

• Recruited through population lists 

(Random sampling of clusters of 

10 houses). 

Collection of info: 

Survey 

 

Recall period:12 

months 

 

 

Any (≥1) and recurrent (≥2) 

falls. 

  

Definition of falls: not 

reported 

 

Response rate: 82% 

 

Any falls: Adjusted for age, sex, psychotropic 

drugs, any type of abuse. 

 

Recurrent falls: Adjusted for age, psychotropic 

drugs, depression, high comorbidity, any type of 

abuse. 

Sotoudeh et al 2018 (135) 

 

Iran 

 

Cross-sectional study  

 

≥65 years 

 

653 men and women 

 

Community-based 

• Stratified random sampling: 

Recruited from 22 different 

districts in Tehran (How not 

reported) 

Collection of info: Face 

to face interviews 

 

Recall period: 12 

months 

 

 

Any falls (≥1)  

 

Definition of a fall: 

“unintentionally coming to 

rest on the ground, floor or 

other lower level with or 

without loss of 

consciousness” 

Response rate not reported. 

 

Adjusted for all variables in the model: sex, 

education, and concerns about living. 

Yang 2018 (134) 

 

Taiwan 

 

Cross-sectional study 

≥65 years 

 

1067 men and women 

Community-based 

• Recruited from their homes and 

randomly selected to participate 

in this study. 

Collection of info: 

Home interview 

 

Recall period: 12 

months 

 

 

Any (≥1) fall  

 

Fall definition not reported. 

Response rate not reported. 

 

Misclassification bias: 12 months recall 

 

Adjusted for all variables in the model: Sex, age, 

living alone status, chronic physical ability, 

cognitive impairment, strength, muscle mass and 

exercise per week. 

El Fakiri 2018 (138) 

 

 

Netherlands 

 

Cross-sectional study 

 

≥65 years 

 

8,892 men and women 

 

Community-based 

• Recruited from population 

registers (random sampling) 

 

 

Collection of info: 

Questionnaire 

 

Recall period: 12 

months 

 

Recurrent falls (≥2) 

 

Definition of falls: not 

reported 

 

Response rate differed across ethnic groups:  

Dutch= 57.7% to 60.4%, Moroccan= 22.5% to 

32.6%, Turkish=27.7% to 30.3%, and 

Surinamese= 39.9 to 55.0%.  

 

Adjusted for ethnicity, age, sex, education, 

income, deprivation, living state, overweight, and 

physical inactivity, and alcohol use, poor 

perceived health, hearing limitations, slight 

limitations, mobility limitations, and loneliness 

and depressive symptoms. 

Zhao 2018 (133) 

 

U.S  

 

Cross-sectional study 

≥65 years 

 

5,930 men and women 

 

Community-based 

• Recruited using data of Medicare 

beneficiaries  

Collection of info: 

Survey 

 

Recall period: 1 month 

 

 

Any falls  

 

Definition: “any fall, slip, or 

trip in which the participant 

loses balance and lands on 

the floor or ground or at a 

Response rate not reported. 

 

Adjusted for all variables in the model: home-

bound status, sex, ethnicity, living alone, 

depression/anxiety, arthritis, arthritis, and 

problems moving around, balance and hearing 

impairments. 
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• Secondary data analysis: Data 

from National Health and Aging 

Trends study (NHATS): Random 

sampling 

lower level than the one at 

which he/she started” 

Sharma 2017 (141) 

 

India 

 

Cross-sectional study 

≥60 years 

 

561 men and women 

 

Community-based 

• Recruited via database (REACH) 

of population lists (random 

sampling). 

Collection of info: 

Questionnaire 

 

Recall period: 12 

months 

 

Any falls (≥1) and recurrent 

falls (≥2) 

 

Definition of falls: Not 

reported 

561/863=65% response rate. 

 

Adjusted for age, sex, arthritis, depression, 

diastolic blood pressure, and short physical 

performance battery (SPPB), and BMI, 

cardiovascular disease, stroke, vision, and height, 

activities of daily living, diabetes, education, and 

marital status. 

Paliwal 2017 (142) 

 

US 

 

Cross-sectional study 

≥65 years 

 

159,336 men and women 

 

Community-based 

• Recruited participants via random 

digit dialling methods (phone). 

Collection of info: self-

report (Questionnaire) 

 

Recall period: 12 

months 

 

Any falls (≥1) 

 

Definition: “a person 

unintentionally comes to 

rest on the ground or 

another lower level” 

Response rate: 149876/159,336= 94% 

 

Adjusted for all  chronic health conditions, 

sociodemographic and behavioural factors in the 

model: Age, ethnicity, sex, marital status, 

employment, income and binge drinking 

 

Lastrucci 2017 (144) 

 

Italy 

 

Cross-sectional Study 

≥ 65 years  

 

1220 (57% men and 43% women) 

 

Community-based 

• Data extracted from GP routine 

medical records (secondary data). 

 

Collection of info: 

Data extracted from GP 

records. 

 

Data extraction period: 

January to March 2016. 

 

First fall event over 3 

months.  

 

Not reported 

Secondary data analysis: response rate not 

applicable. 

 

Adjusted for age, sex, generalized osteoarthritis, 

tinnitus, cognitive impairment.    

Noh 2017 (143) 

 

 

Korea  

 

Cross-sectional study 

≥65 years 

 

38,627 men and women  

 

Community-based 

• Recruited via community health 

centres 

• Standardized sampling methods. 

Collection of info: 

Survey questionnaire 

 

Recall period: 12 

months 

 

Any fall injury (≥1) 

 

Definition: Not reported but 

asked the question, “Did 

you experience hurt from a 

fall this year?” 

 

Secondary data analysis: response rate not 

applicable.  

 

Adjusted for all variables in the model: sex, age, 

types of household, employment, household 

income, stress, no. of chronic diseases, mobility, 

self-care, usual activities, pain/discomfort, 

anxiety/depression, Euro Quality of life 

(EuroQol)-Visual Analogue Scale. 

Gazibara et al 2017 (145) 

 

Serbia 

 

Cross-sectional study 

≥65 years 

 

354 men and women 

 

Community-based 

Collection of info: 

Interviews 

 

Recall period: 6 months 

 

≥1 any falls 

 

Definition of falls : “an 

individual who came to rest 

inadvertently on the ground 

or the floor” 

Response rate: 74% (354/480) 

 

Adjusted for income, marital status, medications, 

fall efficacy scale, fear of falling and interruptions 

of activities due to fear of falling. 
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• Recruited from health centres 

(random sampling) 

Du 2017 (146) 

 

Germany 

Cross-sectional study 

65-79 years 

 

1833 men and women 

Community-based 

• Recruited from a complete list of 

German communities. 

• Stratified: two stage random 

sampling 

 

Collection of info: Self-

administered 

questionnaires 

 

Recall period: 12 

months 

 

Any falls (≥1) and recurrent 

falls (≥2) 

 

Definition of falls: 

participants were asked the 

question: “Within the past 

12 months, have you fallen, 

stumbled or slipped, so that 

you became unbalanced 

and, as a result, rested on 

the floor or lower surface?” 

Response rate: 64% (28-79 years) and 42% for 

newly recruited 18-79 year olds (two stage 

random sampling).  

Adjusted for sex, age group social status, 

community size, region of residence, living alone, 

daily alcohol drinking, BMI, frailty, 

polypharmacy, disability, vision impairment, 

systolic blood pressure, antihypertensive, 

antidiabetic medications, non-steroidal anti-

inflammatory drugs (NSAIDS), statins and thyroid 

therapy medications. 

Bhangu 2017 (147) 

 

Ireland 

 

Cross-sectional study 

 

 

≥50 years 

 

8,172 men and women 

 

Community-based 

• Recruited from a residential list 

of addresses in the Republic of 

Ireland (random sampling- 

RANSAM sampling system). 

Collection of info: 

Questionnaire 

 

Recall period: 12 

months 

 

All falls (≥1) 

 

 

Definition of falls: not 

reported 

 

Response rate: 62% 

 

Adjusted for each parameter listed in the model 

(sex, age group category, depression severity, 

composite cardiovascular disease (CVD) score 

and unsteadiness during walking). 

Frank-Wilson 2016 (150) 

 

Canada 

 

Cross-sectional study 

 

 

≥60 years 

 

183 men and women 

 

Community-based 

• Recruited participants from the 

Canadian Multicentre 

Osteoporosis Study (CaMOs). 

Participants belonged to one of 

the nine CAMOS study centres. 

• Random sampling 

Collection of info: 

Questionnaire  

 

Recall period: 12 

months 

 

Any falls (≥2) 

 

Definition of falls: “an 

unexpected event in which 

the participants come to rest 

on the ground, floor, or 

lower level” 

Response rate = 96% (183/190). 

 

Adjusted for all variables in the model: age, sex, 

BMI, general health status, diabetes, cumulative 

number of comorbidities), muscle density and 

TUG test. 

 

 

 

Gale et al 2016 (21) 

 

England  

 

Cross-sectional study 

≥60 years 

 

4301 men and women  

 

Community-based 

• Recruited from postcode sectors 

• Stratified sampling 

 

 

Collection of info: 

Survey questionnaire 

 

Recall period: 24 

months 

History of falling: Fallen in 

the past 2 years (yes or no).  

 

Not reported 

 

 

Response rate: 73.2% 

 

Selection bias: 

Only used those who completed wave 6 and 

agreed to be visited by a nurse at home, 73% of 

participants in wave 1. 

 

Men: 

Age (as a continuous variable), smoking status, 

physical activity, frequency of alcohol intake, 
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 number of medications, number of diagnosed co-

morbid conditions, frailty status, poor eyesight, 

incontinence, depressive symptoms, balance, 

walking speed, grip strength and lung function. 

 

Women: 

Age (as a continuous variable), BMI, number of 

medications, number of diagnosed co-morbid 

conditions, frailty status, incontinence, troubled by 

pain, depressive symptoms, balance, walking 

speed and grip strength. 

Hammarlund et al 2016 (149) 

 

Sweden 

 

Cross-sectional study 

 

≥70 years 

 

1,471 men and women 

  

Community-based 

• Recruited from municipal registry 

• Purposive sampling- participants 

without homecare services. 

Collection of info: Face 

to face interview  

 

Recall period: past year 

(12 months) 

 

Any falls (≥1) 

 

Definition of fall: “an 

unexpected event in which a 

person comes to rest on the 

ground, floor, or lower 

level” 

Response rate not reported. 

 

Adjusted for age ≥80 years, sex, sex and 

cohabitation, inability to walk, climb stairs, 

tiredness/fatigue, and worry. 

Maruf et al 2016 (148) 

 

Nigeria 

 

Cross-sectional study 

Community-based 

 

≥65 years 

 

131 men and women 

 

Community-based 

• Recruited volunteers using 

advertisement campaigns. 

Collection of info: face 

to face interviews 

 

Recall period: 12 

months 

Falls were measured as 

either any (≥1) falls and 

recurrent (≥2) falls. 

 

“as an individual who fell at 

least once in the past 1 year, 

whereas a recurrent faller is 

an individual who fell two 

or more times in the past 1 

year.” 

Response rate not reported. 

Small sample size 

 

Recall bias: 12 months 

Yeong et al 2016 (23) 

 

Malaysia  

 

Cross-sectional study 

 

≥ 60 years  

 

811 (35% males, 55% females) 

 

Community-based 

• Randomly selected from a list of 

villages in Perak  

 

Collection of info: 

Face to face interviews 

 

Recall period: 

12 months 

No. of falls (≥1) in the past 

12 months (irrespective of 

frequency of falls).  

 

“Fall was defined as an 

unexpected event in which 

the individual comes to rest 

on the ground, floor or 

lower level. Those resulting 

from outside events, such as 

a motor vehicle accident or 

violence were excluded.” 

Response rate not reported. 

 

Recall bias- recall duration was 12 months- 

elderly less likely to remember 

 

Medication use was not specified-fall risk 

increasing drugs could not be identified. 

 

Adjusted for income, sex, ethnicity, living alone, 

physical activity level, number of co-morbidities 

and number of medications used.  

Cevizci et al 2015 (160) 

 

≥65 years 

 

Collection of info: 

Survey forms  

Falls at home or outside. 

 

Response rate not reported. 
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Turkey 

 

Cross-sectional study 

1001 men and women 

 

Community-based 

• Recruitment of volunteers was 

done in various neighbourhoods 

and visits to elderly social 

venues. 

 

Recall period: 6 months 

Type of falls was not 

specified. i.e. recurrent or 

any. 

 

No definition of falls 

reported. 

Selection bias: Volunteers 

 

Recall bias: 6 months 

 

Adjusted for sex, age, presence of chronic disease, 

physical or mental impairment, ability to bath by 

themselves, ability to sit and stand by themselves, 

ability to dress by themselves, ability to move 

outside of the house alone, total quality of life 

scores, and care needs linked to ageing and 

disease. 

Chang 2015 (159) 

 

Canada 

 

Cross-sectional study 

≥65 years 

 

14,887 men and women  

 

Community-based 

• Recruited via census data, private 

residences (Stratified and 

clustered sampling) 

Collection of info: 

Questionnaire survey 

 

Recall period: 12 

months 

 

 

Any fall injury (≥1) 

 

Definition of fall injury: 

“one that was serious 

enough to limit some of the 

respondent’s normal 

activities.” 

Response rate: 74.4%  

 

Men: adjusted for age, marital status, education, 

BMI, physical activity, nutritional risk, 

medications, arthritis, stroke, eye disorder 

 

Women: adjusted for age, income, alcohol, 

physical activity, nutritional risk, medications, 

arthritis, osteoporosis, heart disease, stroke, 

diabetes, urinary incontinence, mood/anxiety 

disorder.  

Fonad 2015 (158) 

 

Sweden 

 

Cross-sectional study 

≥75 years 

 

1,243 men and women 

 

Community-based 

• Participants were recruited using 

post codes and Statistics Sweden 

(how not reported). 

Collection of info: 

Postal questionnaire 

 

Recall period: 12 

months 

 

Any falls (≥1) 

 

Definition of falls: not 

reported 

Response rate: 71 % (1193/1690) 

 

Adjusted for poor health, loss of appetite, low 

food intake, poor dental health and taking ≥4 

medications daily. 

Mitchell 2015 (155) 

 

Australia 

 

Cross-sectional study 

 

≥65 years 

 

5681 men and women 

 

Community-based 

• Recruited from computer-

generated lists of population 

telephone numbers. 

• Stratified sampling (two stage 

random sampling) 

Collection of info: 

Interview 

 

Recall period: 12 

months 

 

Any falls (≥1) 

 

Definition of falls: 

“accidentally lost their 

balance, tripped or slipped 

and found themselves on 

the floor or ground” 

Response rate: 60.8 % 

 

Adjusted for all variables in the model: obesity, 

arthritis, sedentary behaviour, mood and 

medication use. 

Morsch 2015 (154) 

 

Brazil 

≥60 years 

 

7,184 men and women 

Collection of info:  

Questionnaire  

 

Any falls (≥1) 

 

Response rate not reported. 
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Cross-sectional study 

 

 

Community-based 

• Recruited via National Census 

information. 

• Cluster and systematic sampling. 

Recall period: 12 

months 

 

Definition of falls: Not 

reported 

Adjusted for all variables in the model: age, sex, 

income, race, education, reduced activity, anxiety 

diagnosis, depression medication, depression 

diagnosis, and feeling calm and relaxed. 

 

Jansen 2015 (157) 

 

Ireland 

 

Cross-sectional 

≥50 years 

 

8,175 men and women 

 

Community-based 

• Random stratified sample of 

population list (residential 

address).  

Collection of info: 

Survey/Questionnaire 

 

Recall period: 12 

months 

Any falls (≥1) 

 

Definition of falls: Not 

reported.  

Response rate: 62% 

 

Adjusted for adjusted for depressive symptoms, 

any activity of daily living disability, arthritis, 

impaired vision, cognitive measures and the use of 

psychotropic drugs.  

Stubbs et al 2015 (153) 

 

England 

 

Cross-sectional study 

Community-based 

 

≥60 years 

 

295 men and women 

 

Community-based 

• Recruited from 5 day centres, 2 

sheltered housing schemes and 

three community “clubs” for 

older adults. 

• Sampling strategy not reported. 

Collection of data: 

Questionnaire 

(recorded) 

 

Recall period: 12 

months 

Non fallers, any fallers and 

recurrent fallers. 

 

Definition of falls: “an 

unexpected event in which 

the participants come to rest 

on the ground, floor, or 

lower level.” 

Response rate: 73.5%. 

 

Adjusted for age, sex, number of chronic 

conditions, number of prescribed medications, 

health-related quality of life, Timed Up and Go 

scores, International Physical Activity 

Questionnaire – short form, and fear of falling. 

 

Kitayuguchi et al 2015 (156) 

 

Japan 

 

Cross-sectional study 

≥60 years 

 

491 men and women 

 

Community-based 

• Recruited by inviting all 

participants living Unnan city 

using newsletters and kairanban/ 

circulars. 

• Census-sampling strategy 

Collection of info: Self-

administered 

questionnaires. 

 

Recall period: 12 

months 

Falls divided into three 

categories: 

(i) Not at all;  

(ii) Once a year 

(single fall);  

(iii) Twice or more a 

year (multiple falls). 

 

Falls defined as 

“unintentionally coming to 

rest on the ground, floor or 

other lower level” 

Response rate was not reported. 

 

Adjusted for sex, age, body mass index (BMI), 

self-rated health, psychological distress, number 

of medication use, gait speed, exercise time. 

Tripathy 2015 (152) 

 

India 

 

Cross-sectional study 

≥60 years 

 

300 men and women 

 

Community-based 

Collection of info: 

Semi-structured 

interview 

 

Recall period: 12 

months 

Any falls (≥1) 

 

Definition of falls: not 

reported 

Response rate = 84%. 

 

Adjusted for all variables in the model: age and 

body mass index; residence place, sex, no. of 

medications used and poor body balance. 
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• Recruited using population voters 

list 

• Cluster sampling 

 

Vieira 2015 (151) 

 

U.S 

 

Cross-sectional study 

 

≥60 years  

 

550 men and women 

 

Community-based 

• Recruited using adds, word of 

mouth at health fairs, senior 

centres, housing developments, 

and by referrals from other 

participants. 

• Convenience sampling 

Collection of info: 

Questionnaire 

 

Recall period: 2 

years/24 months 

 

Any falls (≥1) 

 

Definition of falls: not 

reported 

Response rate not reported. 

 

Adjusted for all variables in the model: ethnicity, 

age, sex, sports per week, ambulatory device, 

difficulty shopping, fatigue and dysfunction, 

anxiety medication, arthritis medication, 

depression medication, persistent feet swelling, 

shortness of breath, dizziness or light headedness, 

back pain and urinary incontinence. 

Choi 2014 (163) 

 

Korea 

 

Cross-sectional study 

 

 

≥65 years 

 

43,367 men and women 

 

Community-based 

• Recruited participants from the 

Korean Community Health 

Survey (KCHS). 

• Multi-stage sampling design of 

household lists.  

Collection of info: 

Survey questionnaire 

 

Recall period: 12 

months 

 

Any falls (≥1) 

 

Definition of falls: not 

reported 

Response rate= 77% (43,367/56,624). 

 

Adjusted for all variables in the model: age, sex, 

BMI, marital status, income. Education, 

residential type, location of residence, self-rated 

health, smoking, alcohol, physical activity, 

hypertension, diabetes, dyslipidemia, stroke, 

coronary heart disease, osteoarthritis, 

osteoporosis, urinary incontinence, cataracts, 

depression and stress. 

Shi 2014 (161) 

 

China 

 

Cross-sectional study 

 

 

≥60 years 

 

472 men and women 

 

Community-based 

• Recruited randomly from four 

residential neighbourhoods in 

Beijing (Using household list). 

• Stratified cluster sampling 

method. 

  

Collection of info: Face 

to face interviews 

 

Recall period: 12 

months 

 

Any (≥1) and recurrent (≥2) 

falls and injurious falls 

(single and ≥1) 

 

Definition of falls: “ fall 

event was defined as a 

sudden, unintentional 

change in position causing 

an individual to land at a 

lower level or on an object, 

the floor or other surface, 

other than as a consequence 

of a sudden onset of 

overwhelming external 

force” 

 

Response rate= 91.8%. 

 

Adjusted for all variables in the model. 

 

All/any falls (single and recurrent): age, 

width/height of stairs, lighting of stairs, living 

alone, gait disturbance, balance, and fear of falls, 

exercise, and alcohol. 

Recurrent falls: width/height of stairs, ease of 

access to daily supplies, income, poor vision, low 

physical activity, balance, and fear of falls/ 

 

Single falls: age, width/height of stairs, lighting of 

stairs, Housing with elevator, living alone, gait 

disturbance, and exercise. 

 

Single injurious falls: age, ease of access to daily 

supplies, sufficient lighting for stairs, living alone, 
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caregivers when sick, frequent physical 

examination, self-rated health, and alcohol.  

 

Recurrent injurious falls:  age, living alone, 

frequent physical examination, dependence on 

walking aid, self-rated health, balance and fear of 

falls. 

Mitchell et al 2014 (162) 

 

Australia  

 

Cross-sectional study 

 ≥65 years  

 

5681 (42.5% men and 57.5% women) 

 

Community-based 

• Used a computer-generated list of 

random telephone numbers. 

• Two stage stratified sampling  

Collection of info: 

Participants were 

contacted via phone and 

interviewed by trained 

interviewers.  

 

Recall period: Past 12 

months. 

Any falls in past 12 months, 

including falls resulting in 

injuries and admission to 

hospital.  

 

“accidentally lost their 

balance, tripped or slipped 

and found themselves on 

the floor or ground.” 

Response rate: 60.8% 

 

Self-report nature of the study and recall bias (due 

to 12 months recall period).  

 

Small sample size in underweight individuals- no 

examination of fall risk in this group (n=44). 

 

Adjusted for age, fall perception, quality of life, 

comorbidity, medication, physical activity level. 

Maia Ribeiro et al 2013 (166) 

  

Brazil 

 

Cross-sectional study 

≥60 years 

 

637 men and women 

 

Community-based 

• Recruited via invitation through 

phone calls and home visits by 

investigators and/or through 

contact and invitation. 

• Two stage sampling process: 1st; 

selection of basic health units 

(BHU) and 2nd; random selection 

from each BHU. 

Collection of data: 

structured interview 

 

Recall period: 12 

months 

Dichotomised into those 

with a history of falls and 

without falls. 

 

No definition of falls 

provided. 

Response rate was not reported. 

 

12-month recall may result in underestimation of 

falls. 

 

Adjusted for having any disability or specific 

chronic conditions, sex and age. 

 

Study excluded elderly living in riverbanks due to 

difficulty of access. 

Launay et al 2013 (167) 

 

France 

 

Cross-sectional study 

≥65 years 

 

2594 men and women 

 

Community-based 

• Recruited volunteers from health 

examination centres. 

Collection of info: Face 

to face  

 

Recall period: 12 

months 

Recurrent falls (≥2) falls. 

 

Definition of falls: “…a fall 

was defined as an event 

resulting in a person coming 

to rest unintentionally on 

the ground or at other lower 

level, not as the result of a 

major intrinsic event or an 

overwhelming hazard.” 

Response rate not reported. 

 

Recall over 12 months may result in 

underestimation of falls. 

 

Adjusted for sex, number of drugs per day, 

distance vision acuity, stronger handgrip, 

abnormal geriatric depression scale score. 
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Hedman 2013 (170) 

 

Sweden 

 

Cross-sectional study 

≥75 years 

 

1243 men and women 

 

Community-based 

• Recruited via demographic facts 

from population statistics. 

• Census recruitment strategy: 

included all men and women aged 

≥75 years in two municipality 

districts. 

Collection of info: 

Questionnaire 

 

Recall period: 12 

months 

Any falls (≥1) 

 

Definition of falls: not 

reported. 

Response rate: 74%. 

 

Adjusted for all variables in the model: self-rated 

health, pain, headache/ migraine, anxiety, and 

tiredness, sleeping disorders, eczema, tinnitus, 

incontinence, stomach problems and 

over/underweight. 

Kamel et al 2013 (169) 

 

Egypt 

 

Cross-sectional study 

>60 years 

 

340 men and women 

 

Community-based 

• Recruited from primary health 

care centres.  

• Continuous recruitment strategy 

of all those satisfying the 

inclusion criteria (how not 

reported). 

Collection of info: 

Questionnaire 

 

Recall period 12 months 

History of falls in the 

preceding 12 months. 

 

Definition of falls: “…a 

sudden, unintentional 

change in position causing 

an individual to land at a 

lower level, on an object, 

the floor, or the ground, as a 

consequence of sudden 

onset of paralysis, epileptic 

seizure, or overwhelming 

external force” 

Response rate not reported. 

 

Recall bias: 12 months 

 

Small sample size 

 

Adjusted for age, sex, physical activity, living 

alone, use of a cane, medication use, home hazard, 

activities of daily living, mini-mental state, 

geriatric depression scale, nutrition risk 

assessment. 

Klein 2013 (168) 

 

Australia  

 

Cross-sectional study 

≥60 years 

 

3544 men and women 

 

Community-based 

• Recruited volunteers via general 

practices. 

Collection of info: 

Questionnaire 

 

Recall period: 3 months 

Any falls(≥1) 

 

Definition of falls: not 

reported. 

Response rate not reported. 

 

Adjusted for age, subjective feeling of illness and 

number of medical conditions. 

Mizukami et al 2013 (165) 

 

Japan 

 

Cross-sectional study 

≥65 years 

 

602 men and women 

 

Community-based 

• Recruited from a list taken form 

resident registrations.  

• Random sampling. 

Collection of info: 

Questionnaire 

 

Recall period: 12 

months 

Any falls (≥1) 

 

“A fall was defined as 

falling and landing on the 

floor or ground, or falling 

and hitting something like a 

table or stairs” 

Response rate: 75.3% 

 

Recall bias: 12 months 

 

Small sample size 

 

Adjusted for age only (Residual confounding).  
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Wu, Chie, Yang, Liu 2013 

(164) 

 

Taiwan 

 

Cross-sectional study 

>55 years 

 

671 men and women 

 

Community-based 

• Recruited from hospitals (health 

examinations) 

• Random sampling 

Collection of info: 

Questionnaire 

 

Recall period: 12 

months 

Any falls (≥1) 

 

Definition of falls: “a 

subject unintentionally 

comes to rest on the ground 

or on some other lower 

level, not as a result of a 

major intrinsic event or 

overwhelming hazard.” 

Response rate was not reported. 

 

Small sample size 

 

Adjusted for sex, civil servant, hypertension, loss 

of body height, BMI group (dummy variable), 

central obesity, frailty, depressive disorder, 

polypharmacy, hyperglycaemia, drinking, 

exercise, and riding/driving. 

Ferrer et al 2012 (171) 

 

Spain  

 

Cross-sectional study 

Community-based 

 

≥85 years 

 

328 men and women 

 

Community-based 

• Recruited from primary care 

centres. Elderly participants who 

agreed to participate were 

recruited (how not reported). 

Collection of info: 

Interview 

 

Recall period: 12 

months 

Presence of a fall during the 

year prior to the study. 

 

Classified as a faller vs non-

faller. 

 

Definition of falls: “any 

incident in which the patient 

ends 

up on the ground or at a 

lower level against his/her 

will (not due to an 

intentional movement” 

Response rate: 67.5% 

 

Adjusted for sex, cognition status and functional 

status. 

Fong 2011 (174) 

 

China 

 

Cross-sectional study 

≥65 years 

 

554 men and women 

 

Community-based 

• Recruited from community 

centres (convenience sampling) 

 

 

Collection of info: face 

to face 

 

Recall period: 12 

months 

 

Any (≥1) and recurrent falls 

(≥2) 

 

Definition of falls: “A fall is 

defined as an event 

resulting in a person coming 

to rest inadvertently on the 

ground that is not due to 

sustaining a sudden blow, a 

loss of consciousness, or 

sudden onset of paralysis 

such as stroke or an 

epileptic seizure” 

Response rate not reported.  

 

Any falls (≥1): Adjusted for sex, timed up and go 

test, previous fracture, drug intake (≥4), receiving 

rehabilitating services, living with a couple only. 

 

Recurrent falls (≥2): Adjusted for stroke, 

depression, previous fracture and receiving 

rehabilitating services. 

Lin 2011 (173) 

 

Taiwan 

 

Cross-sectional study 

≥65 years 

 

1377 men and women 

 

Community-based 

• Recruited from one hospital 

(receiving geriatric health 

Collection of info: 

Questionnaire 

 

Recall period: 12 

months 

 

Any falls (≥1) 

 

Definition of falls: “an 

event that results in a 

person coming to rest 

unintentionally on the 

ground or another lower 

level, not due to any 

Response rate not reported.  

 

Adjusted for variables in the model: age, sex, 

waist, visual acuity, karnofsky scale, and albumin. 
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examinations). How recruited not 

reported. 

intentional movement, 

major intrinsic event, or 

extrinsic force.” 

Rustom 2011 (172) 

 

Brazil 

 

Cross-sectional study 

≥60 years 

 

865 men 

 

Community-based 

• Recruited via the census tracts 

(probabilistic samples). 

Collection of info: 

interview 

 

Recall period: 12 

months 

Any falls (≥1) 

 

Definition of falls: not 

reported. 

 

Response rate not reported. 

 

Adjusted for age and nocturia. 

Bekibele 2010 (177) 

 

Nigeria 

 

Cross-sectional study 

 

 

≥65 years 

 

2,096 men and women 

 

Community-based 

• Recruited via multistage stratified 

area probability sampling of 

households. If there is ≥1 eligible 

participant per household, the 

Kish table was used to select a 

participant.  

Collection of info: Face 

to face interviews 

 

Recall period: 12 

months 

 

Any falls (≥1) 

 

Definition of falls: not 

reported 

Response rate: 74.2%. 

 

Adjusted for age and sex. 

Chang 2010 (176) 

 

Taiwan 

 

Cross-sectional study 

 

 

≥65 years 

 

1361 men and women 

 

Community-based 

• Recruited from house-hold 

registration systems. 

• Census recruitment strategy: all 

participants aged ≥65 years were 

invited to participate. 

Collection of info: 

Interview 

 

Recall period: 12 

months 

 

Any fall injury (≥1) 

 

Definition of falls: 

“an event that resulted in a 

person’s coming to rest 

inadvertently on the ground 

or another lower level 

during the past 12 months” 

 

Response rate: 36% (1361/3746) 

 

Adjusted for sex, history of diabetes, arthritis, 

psychiatric disorders, visual impairment, and/or 

orthostatic hypotension. 

Rossat et al 2010 (175) 

 

France 

 

Cross-sectional study 

Community-based 

 

1066 men and women 

 

≥65 years 

 

Community-based 

• Recruited volunteers from 

medical health institutes 

Collection of info: 

Standardized 

questionnaire  

 

Recall period: 12 

months 

Recurrent falls (≥2) 

 

Definition of falls: “A fall 

was defined as an event 

resulting in a person coming 

to rest unintentionally on 

the ground or at other lower 

level, not as the result of a 

major intrinsic event or an 

overwhelming hazard.” 

Response rate not reported. 

 

Adjusted for age, sex, institutionalized, BMI, no. 

of drugs, use of psychoactive drugs, cognitive 

status, timed up and go, handgrip strength, vision, 

lower limb proprioception, use of walking aid and 

fear of falling. 

Yu et al 2009 (178) 

 

Community-based 

 

Collection of info: Face 

to face interview. 

Falls: any falls in the 

preceding year.  

Response rate 95.3%. 

Recall bias 
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China 

 

Cross-sectional study 

≥60 years 

 

1512 men and women 

 

Community-based 

• Recruited via randomised cluster 

sampling. Four neighbourhoods 

were randomly selected for 

recruitment. 

 

Recall period: 12 

months 

 

Definition of falls: “a fall 

event was defined as an 

unintentional fall to the 

ground or other lower 

levels. According to the 

classification of fall (ICD-

10), fall could be classified 

into the falling from one 

surface to another surface 

and falling on the same-

level surface. 

Adjusted for sex, age, living alone, vision, and 

impact of health problems on daily life, activity of 

daily living, fear of falling, function, gait, 

diabetes, hypertension, orthostatic hypotension, 

stroke sequela, cataract, osteoarthritis, dementia, 

and depression, no. of comorbidities, antidiabetic 

drugs, and sedative/hypnotic drugs. 

Kuang 2008 (180) 

 

Taiwan 

 

Cross-sectional study 

≥65 years 

 

2,045 men and women 

 

Community-based 

• Recruited via household 

registration systems  

• Random selection 

Collection of info: 

Questionnaire 

 

Recall period: 12 

months 

 

Recurrent falls (≥2) 

 

Definition of falls not 

reported 

Response rate: 66.6% 

 

Adjusted for sex, age, waist-to-hip ratio, alcohol 

use, and history of 

diabetes/hypertension/cardiovascular 

disease/stroke/arthritis. 

Suzuki et al 2008 (179) 

 

Japan 

Cross-sectional study 

 

 

≥65 years 

 

2,957 men and women 

 

Community-based 

• Recruited from health 

examination centres (recruitment 

strategy not reported) 

Collection of info: 

Interviews 

 

Recall period: 12 

months 

Any falls (≥1) 

 

Definition of falls: “A fall 

was defined as an 

unintentional change in 

position resulting in coming 

to rest at a lower level or on 

the ground.” 

Response rate not reported. 

 

Adjusted for age, walking, albumin and vitamin D 

status. 

Lee 2006 (181) 

 

China 

 

Cross-sectional study 

≥65 years 

 

4,000 men and women 

 

Community-based 

• Recruited from community 

centres. 

• Stratified sampling method. 

Collection of info: 

Questionnaire 

 

Recall period: 12 

months 

 

Any (≥1) and recurrent (≥2) 

falls 

 

Definition of falls: “any 

unexpected loss of balance 

resulting in coming to rest 

on the ground or floor. 

Recurrent fallers were 

defined as those subjects 

with two or more falls in the 

past year.” 

Response rate = 100%. 

 

Adjusted for age and sex. 

Gill 2005 (182) 

 

Australia 

≥65 years 

 

2,619 men and women 

Collection of into: 

Telephone interview 

(computer assisted) 

Any falls (≥1) 

 

Response rate: 70.5%  
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Cross-sectional study 

 

Community-based 

• Recruited via the electronic white 

pages/phone book. 

• Random sampling. 

 

Recall period: 12 

months 

 

Definition of falls: Not 

reported 

Adjusted for age, country of birth, education, 

income, living arrangements, health improvement, 

general health, driving, home in need of 

maintenance, and receiving assistance for daily 

tasks. 

Larsen 2004 (183) 

 

Germany 

 

Cross-sectional study 

≥66 years 

 

4,281 men and women 

 

Community-based 

• Recruited from the population 

registry. 

• Census recruitment strategy: all 

residents aged ≥66 years. 

Collection of info: 

Questionnaire 

 

Recall period: 24 hours 

 

Any falls (≥1) 

 

Definition of falls: not 

reported. 

Response rate = 57%. 

 

Adjusted for age, social background, and family 

history of fracture, health status, medication, diet, 

mobility, disability, and use of aids, indoor 

environment, and indoor footwear. 

De Rekeneire et al 2003 (184) 

 

U.S 

 

Cross-sectional Study 

70-79 years 

 

3,075 men and women 

 

Community-based 

• Recruited from Medicare 

beneficiaries 

Collection of info: 

Baseline questionnaire 

 

Recall period: 12 

months 

Falls: ≥1 falls in the past 12 

months 

 

Definition of falls not 

reported 

Response rate = 96% (2962/3075) 

 

Adjusted for age, race, study site, and body mass 

index. 

Bergland 2000 (185) 

 

Norway 

 

Cross-sectional study 

67-97 years 

 

431 men and women 

 

Community-based 

• Recruited from census files. 

• Random sampling 

Collection of info: 

Structured interview 

 

Recall period: 6 months 

Any falls (≥1) 

 

Definition of falls: Not 

reported 

Response rate not reported. 

 

Adjusted for difficulty in keeping balance, 

troubled by heart pounding/ shortness of breath, 

depression/ hopelessness, and BMI. 

Ho et al 1996 (24) 

 

China  

 

Cross-sectional study 

 

≥ 70 years   

 

1,947 (997 men and 1035 women) 

 

Community-based 

• Stratified random sampling from 

a list of those receiving the Old 

Age and Disability Allowance 

(OADA). 

Collection of info: Face 

to face interviews 

 

Recall period: 12 

months 

 

Any falls (including 

frequency) in the past years.  

 

“A fall was defined as an 

event in which a subject fell 

all the way down to the 

floor or ground” 

 

Response rate = 96% (1947/2032). 

 

Recall bias: 1 year to remember- memory 

decreases with age. 

 

Adjusted for age, sex, self-perceived health, 

memory loss, constipation, chronic diseases, and 

activities of daily living, BMI, gait velocity, lower 

limb joint pain, walking, and medication use. 

Yasumura 1994 (186) 

 

Japan 

 

65-84 years 

 

807 men and women 

 

Collection of info: 

interviews 

 

Any falls (≥1) 

Definition of falls: “'events 

that cause subjects to fall to 

Response rate: 81% 

 

Men 



302 
 

Cross-sectional study 

 

Community-based 

• Recruited from the electoral list. 

• Random sampling 

Recall period: 12 

months 

 

the ground against their 

will”. 

Adjusted for age, hypertension, stroke, and contact 

with a doctor, urination at night, and visual deficit. 

 

Women:  

Adjusted for age, hypertension, and contact with a 

doctor, urination at night and incompetence in 

toileting. 

Lord et al 1993 (187) 

 

 

Australia  

 

Cross-sectional study 

 65-99 years  

 

704 women 

 

Community-based 

• Randomly selected from the 

electoral roll 

Collection of info: 

Phone interview 

 

Recall period for falls:  

 12 months. 

Number of falls in the 

previous 12 months.  

 

“A fall was an event which 

resulted in a person coming 

to rest unintentionally on 

the ground or other lower 

level, not as the result of a 

major intrinsic event (such 

as a stroke or syncope), or 

overwhelming hazard.” 

Response rate: 

60% 

 

Non-English speakers were left out. 

 

Adjusted for age only. 

 

 

Cumming et al 1991 (188) 

 

U.S.  

 

Cross-sectional study 

≥65 years 

 

1358 men and women 

 

Community-based 

• Probability sample of participants 

from an educational organization 

(OASIS) for elderly. 

Collection of info: 

Interview 

 

Recall period: 12 

months 

 

≥2 falls (recurrent) in the 

preceding year.  

 

“Any unexpected loss of 

balance resulting in coming 

to rest on the ground or 

floor”. 

Response rate: 66% 

 

Adjusted for age, sex, age-sex interaction, 

depression (ever), cognitive impairment, number 

of treated illnesses in past year, number of very 

upsetting stressful life events in past year, history 

of drinking alcohol in past month, use of 

antipsychotics. 

Blake et al 1988 (189) 

 

England  

 

Cross-sectional study 

 

≥65 years  

 

1042(men and women: ratio not reported) 

 

Community-based 

• Nationally representative: 

Recruited from family 

practitioners list. 

• Age stratified sampling. 

Collection of info: 

Interviews at the 

participants homes. 

 

Recall period of fall: 

12 months 

No. of falls in the preceding 

12 months. 

 

 “A fall was classified as 

such if it occurred from an 

upright position” 

 

Response rate: 80% 

 

Recall bias: 1 year more likely to forget 

 

Adjusted for age, sex, anthropometric 

measurements of dominant handgrip strength, 

weight, flexibility and stature, the presence or 

absence of specific health problems and drug use. 

Citation, year, Country & 

Study Design 

 

Participants Data Collection Outcome Measure & 

Definition 

Comments & Confounding Factors 

Ravindran 2016 (190) 

 

India  

 

Case control study 

≥60 years 

 

501 men and women 

Cases: 251 

Controls: 250 

Fall related injury data 

collected from a tertiary 

care and training 

hospital 

Injurious falls: fall related 

injurious that required 24-

hour hospitalisation.  

 

Response rate was not reported. 

 

Adjusted for age, history of falls, vision 

impairment, marital status, slippery floor, door 

threshold. 



303 
 

 Recruited from a tertiary care and training 

hospital (how not reported). 

 

Case: Admitted with injury 

following a fall. 

Control: Admitted for other 

illnesses were recruited as 

control without matching. 

 

Kuhirunyaratn 2013 (191) 

 

Thailand 

 

Case-control study 

 

≥60 years 

 

333 men and women (111 cases, 222 

controls) 

 

Cases and controls recruited from those 

registered in a primary care unit (how not 

reported).  

Collection of info: 

Questionnaire 

 

Cases: Elderly who had 

fallen within the previous 6 

months  

 

Controls: elderly who had 

not fallen within the 

previous 6 months, 

 

Response rate = 100%. 

 

Adjusted for hospital admission, medication use, 

co-morbidities, mobility, depression, cluttered 

rooms, slippery floor, toilets without handrails, 

sufficient exercise, rapid change in posture, and 

wearing slippers. 

Kelly et al 2003 (192) 

 

Canada 

 

Case-control study 

 

≥66 years 

N=11390 men and women 

Cases =2278 persons presenting to 

emergency department with an injurious 

fall. 

Controls=9112 persons from the 

community who did not report an injurious 

fall. 

Random selection 

An injurious fall was 

identified using ICD-9 

External Cause of 

Injury Codes (E880.0-

E886.9 and E888): 

therefore, any injurious 

fall requiring 

presentation to the 

emergency department.  

 

Cases: any person ≥66 years 

presenting to emergency 

department, 

 

Controls: 5 people were 

randomly selected from 

community (≥66 years) and 

matched with cases, 

Response rate was not reported.  

 

Adjusted for age, sex, income, previous 

hospitalisations, all co-morbid conditions, and all 

medication classes. 

Nelson 1992 (193) 

 

U.S 

 

Case-control study 

≥65 years 

 

Cases: 320 persons sought treatment for 

injury caused by falls 

 

Control: 609 controls matched for age and 

sex, selected randomly from Medicare data 

Collection of info: 

Interviews 

 

Recall period: 6 months 

 

Any injurious falls (≥1) 

 

Injurious fall: “Seeking 

medical treatment for an 

injury relating to a fall.” 

Response rate: 62.8% 

 

Adjusted for age, sex, Quelet’s index, and 

activities of daily living, cognitive impairment, 

neurologic disease, psychotropic medication use 

and cigarette smoking. 
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Appendix C: Coding of Baseline Variables during Analysis  

Appendix C1: Baseline Data 

• Age was categorised into those “age 50 to 59 years”, “age 60 to 69 years”, “age 70 

to 79 years” or “age 80 to 84 years”. 

• Sex was coded dichotomously as being female, yes or no. 

• Ethnicity was recoded into four categories: ‘European/other’, ‘Māori’, ‘Pacific’ and 

‘South Asian’. 

o European/other: European/Pakeha New Zealander, European not defined, 

African, Asian not defined, Chinese, Southeast Asian, Other Asian, Iraqi, 

Latin American, Middle Eastern, Other European, South African, Other. 

o Māori  

o Pacific: Cook Island Māori, Fijian, Niuean, Samoan, Tongan, Tokelau, 

Pacific not further defined and Other Pacific (i.e. Kiribati, Tahitian) 

o South Asian: Indian, Fijian Indian, Bangaleshi, Afghan, Sri Lanka, South 

African Indian and Nepalese. 

• Education was coded into participants that last completed education at either a 

‘primary’, ‘secondary’ or ‘tertiary (University) level’. 

• Marital status was categorised into four groups: ‘married/have a partner’, ‘separated 

or divorced and living alone’, ‘widow/widower’ or ‘never been married/partnered’.  

• Living alone was categorised as either ‘living alone’ or not. 

• Employment was categorised into those who are either in ‘paid employment’, 

‘retired’ or ‘other’ (unemployed or on the sickness benefit).  

• Home-setting was recoded into three categories during analysis as ‘living in a house, 

flat or apartment’, ‘living in a retirement village, rest home or private hospital’, and 

‘other’ which includes those that reported living at a Mārae.  

Appendix C.1.2 Lifestyle 

• Smoking was categorised as being a current smoker, yes versus no during analysis.  

• Vigorous activity was categorised in three groups: ‘no hours’, ‘one to two hours’ and 

‘two or more hours’ of vigorous activity per week.  

• Alcohol use was categorised in two ways.  

o First, alcohol use was recoded into how often participants consumed alcohol 

over the last 12 months. This was recoded as ‘lifetime non-drinkers or not in 
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last 12 months’, ‘drink monthly or less often’, ‘drink 2-4 times per month’, 

‘drink 2-3 times per week’, ‘drink 4-6 times per week’  and ‘daily’.   

o Second, how often participants consumed six or more drinks was also 

categorised as ‘non-drinkers’, ‘never drink six or more’, ‘less than monthly’, 

‘monthly’ and ‘daily/weekly’. 

• Sun exposure was categorised into those spending ‘0- 6 hours’, ‘7 hours’, ‘8-14 

hours’, ‘15-21 hours’ and ‘22 or more’ hours in the sun per week. 

• TV watching categorised into ‘0-14 hours’, ‘15-21 hours’, ‘22-28 hours’ and ‘29 or 

more’ total hours per week. 

Appendix C.1.3 Self-Reported Medical History 

The following medical conditions were categorised dichotomously, as either yes or no, if they 

were told by a doctor that they had heart failure, irregular heartbeat, heart attack, angina, stroke 

or transient ischemic attack (TIA), claudication, arthritis, previous fracture/broken bone, high 

blood pressure, high cholesterol or diabetes (not including gestational), asthma, emphysema, 

chronic pain and depression.  

General health (Self-rated health) was classified dichotomously as participants self-rating their 

health as ‘excellent, very good or good’ compared to ‘fair or poor’.  

Fall history was classified dichotomously as ‘yes or no’ for having a fall in the last four weeks.  

Confidence to carry out daily activities without falling was categorised into three levels; 

‘completely’, ‘quite’ and ‘not at all’ confident. 

Because of their similar clinical pathophysiology, some CVD variables were combined in the 

multivariable analysis. Participants with heart attacks and angina were combined and 

categorised as having a ‘heart attack and/or angina’, ‘angina only’ and ‘neither’. Heart failure 

and irregular heartbeat was combined and coded as having either ‘heart failure and/or irregular 

heartbeat’, ‘irregular heartbeat only’ or ‘neither’. Finally, the variables stroke and TIA were 

also combined and categorised as those with ‘stroke and/or TIA’, ‘TIA only’ or ‘neither’.  
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Appendix C2 Ministry of Health Prescription Data 

Appendix C.2.1 Prescription Nervous System Medications  

Nervous system medications were coded dichotomously as either ‘yes or no’ if prescribed the 

following medications at baseline during 12 months before randomisation:  

 

Drug Classification 

 (ATC Level 2 Category) 

Chemical Name 

Antiepileptic medication Lamotrigine, gabapentin, topiramate, carbamazepine, clobazam, clonazepam, 

diazepam, phenobarbitone sodium, phenytoin sodium, primidone, sodium 

valproate, phenobarbitone or levetiracetam. 

Analgesic drugs (non-opioid or opioid 

analgesics) 

Codeine phosphate, dextropropoxyphene with paracetamol, methadone 

hydrochloride, morphine hydrochloride, morphine sulphate, nefopam 

hydrochloride, paracetamol with codeine, pethidine hydrochloride, morphine 

tartrate, dihydrocodeine tartrate, fentanyl or oxycodone hydrochloride. 

Antidepressants Amitriptyline, citalopram hydrobromide, clomipramine hydrochloride, 

dothiepin hydrochloride, doxepin hydrochloride, imipramine hydrochloride, 

nortriptyline hydrochloride, phenelzine sulphate, tranylcypromine sulphate, 

trimipramine maleate, fluoxetine hydrochloride, moclobemide, venlafaxine or 

paroxetine hydrochloride. 

Anti-Parkinson agents Amantadine hydrochloride, benztropine mesylate, tolcapone, bromocriptine 

mesylate, levodopa with benserazide, levodopa with carbidopa, orphenadrine 

hydrochloride, selegiline hydrochloride, entacapone or ropinirole 

hydrochloride. 

Antipsychotics Risperidone, clozapine, olanzapine, quetiapine, chlorpromazine hydrochloride, 

haloperidol, levomepromazine maleate, trifluoperazine hydrochloride, lithium 

carbonate or ziprasidone.  

Anxiolytics Diazepam, lorazepam, oxazepam, alprazolam or buspirone hydrochloride. 

Sedatives and hypnotic drugs Lormetazepam, nitrazepam, temazepam, triazolam, zopiclone or midazolam. 
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Appendix C.2.2 Prescription Cardiovascular Disease Medications  

Cardiovascular drugs were also coded dichotomously as either ‘yes or no’ if prescribed the 

following medications at baseline during 12 months before randomisation:  

 

Drug Classifications  

(ATC Level 2 Category) 

Chemical Name 

Agents affecting the renin-angiotensin 

system 

Losartan potassium, cilazapril with hydrochlorothiazide, candesartan cilexetil, 

enalapril maleate with hydrochlorothiazide, enalapril maleate, cilazapril, 

quinapril, lisinopril, perindopril, captopril, or quinapril with 

hydrochlorothiazide. 

Alpha adrenoceptor blockers Prazosin, doxazosin or terazosin drugs. 

Antiarrhythmic medications Amiodarone hydrochloride, digoxin, disopyramide phosphate, flecainide 

acetate, lidocaine hydrochloride or propafenone hydrochloride drugs. 

Beta adrenoceptor blockers Atenolol, labetalol, metoprolol succinate, metoprolol tartrate, nadolol, pindolol, 

propranolol, sotalol, timolol, celiprolol or carvedilol. 

Calcium channel blockers Nifedipine, perhexiline maleate, verapamil hydrochloride, felodipine, diltiazem 

hydrochloride, isradipine or amlodipine. 

Diuretics Amiloride hydrochloride, amiloride hydrochloride with furosemide, amiloride 

hydrochloride with hydrochlorothiazide, bendroflumethiazide 

[Bendrofluazide], bumetanide, chlortalidone [Chlorthalidone], furosemide 

[Frusemide], indapamide or spironolactone.  

Nitrates Glyceryl trinitrate or isosorbide mononitrate. 

Lipid lowering agents Atorvastatin, bezafibrate, cholestyramine, colestipol hydrochloride, 

gemfibrozil, nicotinic acid, acipimox, simvastatin, pravastatin, ezetimibe or 

ezetimibe with simvastatin 
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Appendix C.2.3 Other Prescription Medications  

Other prescribed medications such as respiratory (antihistamines & anticholinergic agents), 

musculoskeletal (NSAIDs, muscle relaxants & anti-rheumatoid agents) and alimentary tract 

and metabolism drugs (laxatives) were categorised as either ‘yes or no’ if prescribed at baseline 

during 12 months before randomisation.  

 

Drug Classifications (ATC Level 2 

Category) 

Chemical Name 

Musculoskeletal Medications  

Anti-rheumatoid agents Hydroxychloroquine or leflunomide drugs. 

Muscle relaxants Orphenadrine citrate or baclofen. 

Non-steroidal anti-inflammatory 

drugs 

Diclofenac sodium, indomethacin, ketoprofen, mefenamic acid, piroxicam, 

sulindac, tenoxicam, tiaprofenic acid, naproxen, naproxen sodium, ibuprofen or 

meloxicam. 

Respiratory Medications  

Antihistamines Fexofenadine hydrochloride, chlorpheniramine maleate, dexchlorpheniramine 

maleate, promethazine hydrochloride, loratadine or cetirizine hydrochloride. 

Anticholinergic agents Ipratropium bromide, tiotropium bromide, glycopyrronium or salbutamol with 

ipratropium bromide. 

Alimentary Tract Medications  

Laxatives Glycerol, sodium citrate with sodium lauryl sulphoacetate, docusate sodium, 

poloxamer, lactulose, ispaghula (psyllium) husk, senna, sodium acid phosphate, 

bisacodyl, magnesium hydroxide, mucilaginous laxatives with stimulants, 

macrogol 3350 with potassium chloride, sodium bicarbonate and sodium 

chloride, or docusate sodium with sennosides medications. 
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Appendix D: Monthly and Four-monthly Questionnaire 
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Appendix E: Baseline Questionnaire of Relevant Factors 
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