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ABSTRACT 

 

Background: Many studies have been conducted on vitamin D supplementation within the 

past few decades. This has been in response to promising results of observational studies 

suggesting additional health benefits, beyond the previously suggested bone health, if desirable 

vitamin D levels achieved. As a result, a number of randomized controlled trials (RCTs) have 

given bolus doses of vitamin D to investigate the suggested health benefits. However, there is 

little data on the safety of long term large dose supplementation with vitamin D, particularly in 

the general population.   

Aims: This thesis aimed to investigate if there is any risk involved with long term (3-4 years) 

supplementation from a bolus dose of vitamin D3 in a RCT on 5110 middle-aged and older 

adults in Auckland, New Zealand.   

Methods: The ViDA study is a randomized double-blind placebo-controlled trial that recruited 

5110 participants mainly from family practices in Auckland, New Zealand, during 2011-2012.  

Participants aged 50-84 years were included if they did not have hypercalcaemia at baseline 

(serum calcium >2.50 mmol/L), any history of sarcoidosis, kidney stones, or other disease that 

interfered with their participation. A monthly dose of 100,000 IU vitamin D3 was sent to 

participants, along with a monthly questionnaire to ask about their health status. This monthly 

questionnaire changed to 4-monthly questionnaire, mid-study. This thesis from the ViDA 

study, used self-reported data on adverse events from monthly/4-monthly questionnaires to 

explore the type and frequency of adverse events reported. It compares time to the first event 

in the vitamin D arm compared with the placebo arm. In addition, the incidence rate of self-

reported adverse events is compared between the study arms.  It also explores the frequency of 

kidney stones from both self-reports and reported hospitalisation. Furthermore, it examines if 

changes in serum calcium are associated with changes in serum 25(OH)D levels from data 
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collected from a 10% sub-sample who returned to the clinics at 6 months, 1 year, and yearly 

afterwards.  Poisson and negative binomial regression methods were used in logistic regression 

analyses. Hazard ratio of time to the first event was calculated using cox-regression while 

hazard ratio to recurrent events was calculated by mean cumulative function (MCF) models in 

SAS. 

Results: There was no significant difference between the treatment arms for the first reported 

adverse event, with 419 (16.4%) participants reporting an adverse event from vitamin D arm 

versus 399 (15.6%) from the placebo arm. A total of 1108 adverse events (604 and 504 in the 

vitamin D and placebo arms, respectively) were reported, including pain, respiratory illnesses 

and infection, gastrointestinal problems, tiredness, dizziness, skin-related symptoms. The 

hazard ratio (HR) of time to the first event in participants of vitamin D arm was not increased 

being 1.03 (95%CI: 0.90, 1.18; p=0.57) compared with placebo arm. There was a slight 

increased risk of reporting recurrent events in vitamin D compared with the placebo arm 

(HR=1.17; 95% CI: 0.97, 1.40; p=0.08). However, it was not significant. Further regression 

analysis showed that ageing, being from minority ethnic groups (Māori, Pacific, South Asian; 

p<0.0001), having a fair-poor self-rated quality of life (p=0.03), having a history of a cold 12 

months prior to baseline (p=0.005), or heart attack (p=0.04), or being a non- or ex-smoker 

(p=0.001), and alcohol drinking frequency (p=0.01) were associated with risk of reporting an 

adverse event. There was a total of 76 and 82 self-reported kidney stone events (HR of self-

reported events: 0.90; 95%CI=0.66, 1.23; p=0.51), with only 11 and 7 hospitalisations reported 

(HR=0.62; 95% CI: 0.24, 1.26; p=0.30), in vitamin D and placebo arms, respectively. Only one 

person in the placebo arm was found with hypercalcaemia, versus none in vitamin D arm. 

Changes in serum calcium from baseline to year 3, were not associated with changes in serum 

25(OH) in sub-study sample.  
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Conclusion: Monthly supplementation with 100,000 IU vitamin D3, given for 3-4 years, was 

safe as it did not increase risk of reporting adverse events. Neither self-reports, nor objective 

data on serum calcium and kidney stones showed an increased risk from this bolus dose in the 

vitamin D arm.
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CHAPTER 1  

1 Introduction 

1.1 Background 

Vitamin D is a fat-soluble vitamin, with its active form in the body known as calcitriol that 

functions as a steroid hormone. Although the main effect of this hormone is on bone 

metabolism through increasing the calcium absorption from intestine, it is also involved in 

many other functions in the body as the vitamin D receptor (VDR) is found in many other cells 

such as parathyroid glands and ovarian and skin cells (1–3). This signifies its crucial role in 

metabolic pathways and potentially in the general health of humans, which is why vitamin D 

deficiency has become an important issue for health researchers and clinicians (4,5). Like many 

other modern diseases, the modern lifestyle that entails decreased outdoor activities is a major 

contributor to vitamin D deficiency since exposure to sun is the main source of vitamin D 

production in the human body (6). Further, the ability of skin to produce pre-vitamin D from 

solar ultraviolet B (UVB) radiation reduces with ageing (7,8), which increases the risk of 

vitamin D deficiency in older age-groups.   

There is an increasing body of research from observational studies showing that low serum 

vitamin D levels, as measured by circulating 25hydroxyvitaminD (25(OH)D), are associated 

with increased risk of cardiovascular diseases, respiratory infections, diabetes and some 

cancers (9–13). This has resulted in a major increase in the number of randomized controlled 

trials (RCTs) to determine if vitamin D supplementation prevents diseases (14–18). In addition, 

the dose of vitamin D in these studies is higher than the 400 IU/d, given in the landmark 

Women’ Health Initiatives (WHI) study (19), and known as the estimated average requirement 

for all adults (20).  
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Despite this trend, there is limited information on the safety of long-term ingestion of high-

dose (2000 IU per day and above) or bolus vitamin D supplementation. The focus in most of 

the previous safety studies has been on the toxicity of acute, short-term doses that were mainly 

concerned with hypercalcaemia and kidney stones (21,22). Some individual studies have 

assessed the safety of high dose versus low dose vitamin D supplementation in patients with 

different health conditions (23–25). A review of data from RCTs and other case reports 

concluded that an upper level (UL) level at which no adverse effect is reported from high daily 

doses of vitamin D supplementation is higher than the recommended upper level of 4000 IU/d 

by Food and Nutrition Board (FNB) (26). However, without sufficient data from long-term 

RCTs with large sample sizes, uncertainty remains.    

According to Vieth (2007), plasma 25(OH)D concentrations must go up to 600 nmol/L (240 

ng/ml) in order to cause a displacement of the active form of vitamin D (1,25-dihydroxyvitamin 

D) which is considered an indicator for vitamin D toxicity. In other words, excessive doses of 

vitamin D or its metabolites may lead to hypercalcaemia when the "free" concentration of 1,25-

dihydroxyvitamin D is inappropriately high (27). However, in an animal study, administration 

of vitamin D and alfacalcidol to mice resulted in hypercalcaemia and vitamin D toxicity 

symptoms with increased serum 25(OH)D, but not 1,25(OH)2D (28). In a meta-analysis, 

O'Donnell, et al (2008) assessed safety of alfacalcidol and calcitriol and reported a higher 

number of participants on these D metabolites with hypercalciuria and hypercalcaemia 

compared to control/ placebo arms (29). Excess vitamin D may also result in 

hyperphosphataemia (30). All of these conditions can result in mineralization of various soft 

tissues including kidneys, heart, aorta, other blood vessels, and cutaneous tissue (28).  

At least four previous RCTs have reported adverse effects from long-term vitamin D 

supplementation. The first is the Women’s Health Initiative (WHI) study which observed a 
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17% increased incidence of kidney stones in 36,282 participants taking 400 IU vitamin D3 and 

1000 mg per day calcium, compared to placebo, followed for seven years (19). It is possible 

that this adverse effect was caused by long term high dose of calcium supplementation rather 

than vitamin D, or possibly a joint effect of vitamin D and calcium supplementation (31). The 

second is a study on 2,256 Australian women of 70 years and older, given annual vitamin D3 

supplementation of 500,000 IU in a single dose for a median period of 3 years, which resulted 

in increased falls and fractures in the vitamin D arm (32). The third trial assessed the impact of 

an annual injection of high dose of 300,000 IU vitamin D2 on fractures and falls in 9,440 

participants (33). In this study, the hazard ratio (HR) for hip fracture was 1.49 (95% CI =1.02–

2.18, P=0.04) in the vitamin D arm compared to placebo. However, these studies are among a 

few large RCTs with a control/placebo arm which found adverse events. In addition to the 

above large RCTs,  another RCT with 173 participants being treated after hip fracture, those 

who were on high dose vitamin D supplementation (2000 IU/d) had insignificantly more falls 

than those on low dose vitamin D (800 IU/d), after 6 months (34). The latter study did not have 

a placebo group. Further studies, with large number of participants and longer supplementation 

periods are required to provide sufficient information on adverse events of large dose vitamin 

D supplementation.  

There are currently several ongoing RCTs with sufficiently large enough sample sizes to 

provide clarity about the efficacy of vitamin D supplementation in preventing bone and 

cardiovascular diseases and all-cause mortality (35). This includes the Australian D-health 

study with 25,000 participants, and the VITAL study in United States with 20,000 participants, 

(36,37). The vitamin D Assessment (ViDA) study, which has been carried out at the School of 

Population Health, University of Auckland, New Zealand with the primary outcome of 
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cardiovascular disease is one of these large trials (38,39). Results of these studies are expected 

to shed more light on this big gap in the literature.  

1.2 Problem statement 

1.2.1 Vitamin D deficiency in adults and older population 

The major source of vitamin D is sun exposure, where the skin produces vitamin D from its 

precursor when exposed to proper UVB radiation (wavelength 280-320 nm) (40). Therefore, 

factors that diminish exposure to UVB, such as the low solar radiation angle in the winter, and 

conditions that limit the skin’s ability to produce vitamin D results in vitamin D deficiency. 

For instance, the time of the day being outside, season of the year, outdoor physical activity, 

use of sun protection products, level of covering skin and clothing, colour of skin, air pollution 

and many other factors influence the amount of vitamin D3 produced in the body (41). In older 

adults, the concentration of pre-vitamin D agent in the skin decreases with ageing which 

contributes to vitamin D deficiency (7). As shown in vivo, young individuals aged 20-30 years 

old produce three times more vitamin D as serum 25(OH)D, compared to that of 62-80 years 

old, when exposed to a standard dose of UVB (8). Furthermore, intestinal absorption of vitamin 

D decreases with ageing (42). These factors when combined with immobility indoors of older 

adults, such as those living in nursing homes, results in vitamin D deficiency/insufficiency in 

aged populations around the world (41,43,44). The highest prevalence of vitamin D deficiency 

is for elderly (>65 years old) living in the Middle East and the lowest in North America region 

(44). A recent systematic review of 195 population-based studies conducted in different 

continents found 37.3% of studies had mean 25(OH)D values below 50 nmol/L, considered the 

cut point for vitamin D insufficiency by the Institute of Medicine (IOM), and 6.7% had mean 

25(OH)D below 25nmol/L, which is considered as severe deficiency (44). The reported 

prevalence of vitamin D deficiency in New Zealand adults, based on finding from New Zealand 
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adult nutrition survey, was increased with ageing in a linear manner. Data has demonstrated 

that about 3.9%, 5.2% and 6.6% of adults at age groups of 55-64, 65-74 and ≥75 years old, 

respectively had 25(OH)D<25 nmol/L in 2008-2009 (45).     

Evidence of vitamin D deficiency has resulted in clinical trials to test different doses of vitamin 

D supplements to determine which dose keeps serum 25(OH)D levels above the deficiency in 

the general population, particularly in older adults (46–50).  

1.2.2 Vitamin D status of adults in New Zealand and recommended dietary intake 

The higher risk of skin cancer in Australia, New Zealand and other countries in the southern 

hemisphere, which is mainly due to unprotected UVB exposure, has partly contributed to the 

high prevalence of vitamin D deficiency (51). Based on the 2012 consensus statement on 

vitamin D and sun exposure, from Ministry of Health of New Zealand, 27.1% and 4.9% of 

adults in New Zealand are either vitamin D insufficient (<50 nmol/L) or deficient (<25 nmol/L) 

(52). Among these, 6.6% of 75 years and older are vitamin D deficient (52). Therefore, taking 

vitamin D supplements is recommended to meet the RDA (Recommended Dietary Allowance) 

for this nutrient in the absence of other sources.  

According to the latest 2011 report of the IOM, USA, the sufficient level of serum vitamin D 

for the general population is set at 50 nmol/L (53). It has also been suggested that better health 

results, beyond bone-health, are achieved at higher levels of 25 (OH)D, in the region of 75-100 

nmol/L (54). A dose of ≥250 µg/ d (10.000 IU) (53) was set as NOAEL (no observed adverse 

events level) for adults by the IOM and allowing for an uncertainty factor for safety, a UL 

(upper level) of 4000 IU/d was suggested for healthy adults (53). 



 

 

 

6 

 

The effectiveness of high doses of vitamin D in increasing the serum 25(OH)D has been shown 

in previous clinical trials (55–57). Therefore, recent clinical trials have targeted not only 

achieving higher levels of vitamin D (25(OH)D>75 nmol/L) but maintaining these levels by 

administering large/bolus doses of vitamin D (33,58–61). However, this may impose a risk as 

the safety of such high bolus doses have not been fully investigated to date.      

Several studies that have given single high doses of vitamin D  rarely reported an adverse effect 

(62–65), however, two studies that gave bolus yearly doses did observe significantly more falls 

and fractures (33,58).  

Overall, there are insufficient data on the safety of long-term vitamin D supplementation at 

doses as high as 100,000 IU/month (less than 4000 IU/d). The risk-benefit of supplementations 

should be ensured before any recommendation can be made to clinicians and the general public. 

Therefore, in the absence of sufficient evidence of possible adverse effects in clinical trials, 

this thesis from the ViDA study investigated the safety of high dose vitamin D supplementation 

over the longer term follow up of 3-4 years.  

1.3 Significance 

Results of a systematic review of vitamin D levels worldwide showed that 37% of 195 

population based studies had a mean value of 25(OH)D <50 nmol/L (44). This justifies the 

many completed and ongoing RCTs aimed at increasing 25(OH)D levels to levels over 50 

nmol/L or even 75 nmol/L (59,60,66–70). Although risk assessment of large dose vitamin D 

supplementation in short-term studies has been previously done in a few studies (26,71–73) , a 

lack of safety analysis for the longer term studies has become of increasing concern.  
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The ViDA study, with a large community based sample size, has the potential to investigate 

possible adverse-effects from vitamin D supplementation in adults and older adults receiving 

a bolus dose of 100,000 IU (2.5 mg)/month of vitamin D3 for up to four years. This potential 

exists as this study has systematically assessed the safety of this supplement through monthly 

questionnaires collected throughout the study. Furthermore, this study has assessed serum 

calcium and 25(OH)D levels of 10% of participants, annually, which has provided an ideal 

opportunity to investigate serum 25(OH)D levels as a marker of the adherence as well as any 

abnormally elevated levels in this sub-sample. Any significant differences in serum 25(OH)D 

and serum calcium between vitamin D and placebo arms in relation to adverse events could 

also potentially be investigated. Thus, the results of the ViDA study (in their totality) have the 

potential to determine the risk-benefit balance for the use of this dose of vitamin D3 

supplementation by community samples through understanding the possible adverse effects.  

There are several RCTs which have cardiovascular disease, falls and fractures and mortality as 

their primary outcome (35). The main focus of this thesis is on other adverse events that have 

rarely been studied in RCTs and review articles. This includes gastrointestinal adverse effects 

such as nausea, vomiting, constipation, or other reported symptoms in relation to vitamin D 

excess intake and dryness of mouth, appetite loss, as well as calcium-metabolism related events 

such as kidney stones and hypercalcaemia. In addition, this thesis will compare the withdrawal 

rate between the two arms which is more commonly reported by individual studies than side 

effects and has the potential to be used as an indicator of adverse effects, not otherwise reported.    

1.4 Definition of adverse events 

There are two main categories of adverse events; i) serious adverse events ii) non-serious 

adverse events.  
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a. Serious Adverse events are those life-threatening adverse events lead to death or 

hospital admission such as myocardial infarction, fractures, any injury or acute 

infection (74).  

b. Non-serious adverse events are other events that are not necessarily related to vitamin 

D supplementation and may or may not result in study tablet discontinuation (74).  

1.5 Scope of this thesis 

The scope of study in this thesis is with the second definition, non-serious adverse events. As 

discussed, with the introduction of UL for dosing of vitamin D supplementation and NOAEL, 

at which no serious adverse events are expected, RCTs are less likely to exceed these levels 

and administer higher levels, nor is it acceptable for Ethic committees to approve such doses. 

Therefore, the main concern with this thesis is with non-serious adverse events which are rarely 

investigated in clinical trials. Falls and fractures are adverse events which have been studied in 

ViDA study by other investigators, so have not been assessed here (75). This study has 

particularly aimed to explore possible adverse events that might have been experienced at 

normal serum 25(OH)D and calcium levels.   
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1.6 Aims and objectives 

This thesis aimed to investigate whether there is any increased risk from long term 

supplementation of 100,000 IU/month vitamin D3 (cholecalciferol) compared to placebo in a 

large randomized controlled ViDA trial of 5,110 adults over 3-4 years. 

1.6.1 Specific objectives  

1. To estimate the cumulative risk ratio of adverse events from long-term vitamin D 

supplementation in the vitamin D arm compared to placebo arm. 

2. To identify the types of self-reported adverse events from monthly supplementation with 

100,000 IU vitamin D3 for 3-4 years.  

3. To examine if there is a difference between the incidence rate of self-reported 

gastrointestinal symptoms, skin disorders and any other un-commonly reported adverse 

events between the two treatment arms. 

4. To examine the baseline factors that predict reporting of self-reported adverse events in 

the ViDA study after 3-4 years. 

5. To identify the incidence rate ratio of kidney stone events after monthly supplementation 

with 100,000 IU vitamin D3 for 3-4 years in the vitamin D compared with placebo arm. 

6. To compare serum calcium levels after monthly supplementation with 100,000 IU vitamin 

D3 in the vitamin D compared with placebo arm in a 10% sub-sample. 

7. To test the association between changes in serum 25(OH)D and serum calcium levels at 

year three compared with baseline.   

8. To test if there is a difference between treatment arms in adherence. 

9. To test if there is an association between adherence in participants with an adverse event 

versus those without. 
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10. To test if there is a relationship between the treatment allocation perception of participants 

and frequency of reported adverse events. 

11. To compare withdrawals/ dropouts of ViDA study participants between the two treatment 

arms. 

With the above introduction to the gap in the field of safety of vitamin D supplementation, and 

aims of the current study, in the following section, a narrative of the flow pathway at which an 

excess vitamin D supplementation may result in toxicity or borderline toxicity status, and 

variables that may contribute to it is presented to summarise the theory behind this safety study.  

1.7 A conceptual framework of vitamin D adverse outcome pathway 

Evidence from case-reports have shown that hypervitaminosis or vitamin D toxicity may occur 

in a wide range of serum 25(OH)D concentrations from 60 nmol/L to over 1500 nmol/L, 

however, it is rarely seen in levels below 350 nmol/L. (53,76).   

Figure 1-1 shows a framework of the hypothesised process leading to hypervitaminosis or 

increased serum 25(OH)D levels that could result in clinical symptoms and/or biochemical 

changes.  

A proposed mechanism for hypervitaminosis is increased serum 25(OH)D resulting from 

excess hydroxylation of vitamin D3 in the liver to 25(OH)D. This metabolite is further 

hydroxylated to 1,25(OH)2D which binds to vitamin D receptors. Excess vitamin D production 

results in hypercalcaemia, by increasing calcium absorption from intestine and bone resorption 

(77), with gastrointestinal symptoms as its clinical manifestation. However, in some cases 

gastrointestinal symptoms are reported after vitamin D supplementation with a normal serum 

calcium level (78,79). Uncontrolled and prolonged hypercalcaemia status damages the kidney 

leading to a deposition of calcium in kidney cells or nephrocalcinosis (80) which may lead to 
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urolithiasis (81). Increased levels of calcium in the kidney also affects its function, which may 

result in polyuria. Hypercalciuria may occur before hypercalcaemia due to increased urinary 

calcium excretion because of renal insufficiency and calcium leak or excess calcium absorption 

from the gut (81,82). Hypercalciuria may also lead to nephrolithiasis (81). Case reports of 

hypervitaminosis are discussed in the literature review chapter (Section 2.3).  

In recent years, vitamin D toxicity, as explained by increased serum 25(OH) D levels, has rarely 

been reported because prolonged intake of pharmacological doses are not common. Therefore, 

the previously mentioned adverse events may not occur. However, some individuals might be 

more susceptible to high doses of vitamin D supplementation which may manifest as clinical 

symptoms of vitamin D excess intake, such as hypercalciuria, gastrointestinal or general 

symptoms, despite having normal serum 25(OH)D levels. In addition, there are some baseline 

factors, such as certain medical conditions including primary hyperparathyroidism, sarcoidosis, 

and renal diseases that might change vitamin D metabolism. All of these should be taken into 

account when the safety of this vitamin is concerned. These baseline factors are discussed in 

the “literature review” chapter.    

1.8 Role of the candidate 

The database used in this thesis, including the coding of self-reported adverse events, are from 

the Vitamin D Assessment (ViDA) Study.  

All other aspects of this thesis are the work of the candidate. This includes: the two systematic 

reviews on the safety of vitamin D supplementation in RCTs, reported in the Literature review 

(Chapter 2); data cleaning and data processing, and all statistical analyses of adverse events 

reported in the questionnaires, in addition to outcomes related to adherence and withdrawals, 

as well as the Ministry of Health hospitalisation data.   
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Covariates/confounding  

Socioeconomic factors 

Age 

Sex 

Ethnicity 

Working status 

Anthropometric factors 

Weight/height 

BMI  

Baseline biochemical status 

Serum 25(OH)D 

Serum calcium 

 

Medical history/medications 

CVD history/Diabetes/etc 

Lifestyle factors 

Physical Activity level 

Smoking 

Alcohol intake 

Sun exposure 

 

Genetic differences 

Environmental factors 

Season/ altitude/latitude  

 

 

 

 

 

Figure 1-1 Vitamin D safety study conceptual framework 
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general symptoms  

GI=Gastrointestinal 

 

 

Bolus dose/excess 

intakes of vitamin 

D 

Supplementation  

 

 

Hypercalciuria 

GI Symptoms 

Kidney stones 

General Symptoms: 

Tiredness, appetite loss 

Hypercalcaemia or/and 

Hypercalciuria 

  

 Increased serum 

25(OH)D (Excess 

vitamin D) 

Confusion/ 

depression/ 

hallucinations 

 



 

 

 

13 

 

CHAPTER 2 

2 Literature review 

This chapter includes three main sections. First, in the introductory section, vitamin D 

discovery, sources of intake, physiological features, history of hypervitaminosis D leading to 

the main section which is clinical symptoms of vitamin D toxicity are explained. Secondly, a 

thorough systematic review of the previous clinical trials on vitamin D supplementation 

determining reported adverse events is presented. Finally, some of the possible factors that 

might be contributing to reporting of adverse events are discussed.  

2.1 Vitamin D discovery  

Rickets, a disease that is now associated with vitamin D deficiency in infants and children, 

became epidemic among children living in big cities such as in England around the 1650s. As 

is stated in Francis Glisson’s book on rickets in 1650, it was probably first seen thirty years 

earlier in some other counties such as Somerset (83). Also known as the “English disease”, 

rickets caused deformity in the bone of children and stunted growth. Daniel Whistler, while 

still a medical student, reported on rickets in his final dissertation in 1856. Trousseau (1861) 

proposed an explanation for the cause of the rickets five years later (84). He believed that 

osteomalacia and rickets had similar roots, both caused by poor diet and lack of sun exposure. 

He also found that cod-liver oil could treat both conditions (84). In the early years of the 

twentieth century, a seasonal difference in the incidence rate of rickets was found, being higher 

in winter (85). In 1922, McCollum and his colleagues differentiated the anti-rachitic and anti-

xerophtalmic factors in diet, and identified a new vitamin which they named Vitamin D (86). 

Soon after, other scientists from the University of Wisconsin extracted the anti-rachitic factor 

from the rat food that had been exposed to the radiation and patented it. Later, the fortification 
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of milk and food products, primarily cereals and then milk, with vitamin D metabolites started. 

Milk and fortified food products dramatically decreased the incidence of rickets by the 1960s 

(85).  

2.2 Sources and physiological features of vitamin D  

The main source of vitamin D in humans is produced from its precursor in the skin through the 

exposure to UVB radiation. Sources of vitamin D in diet are limited and might only provide 5-

10% of an adults’ vitamin D daily requirement (11). Some fish products such as salmon, 

sardines, eel, tuna and herring, some dairy products and eggs are dietary sources of this vitamin. 

In the United States, the main dietary source of vitamin D is fortified food products such as 

milk (87), while very few foods are fortified with vitamin D in New Zealand where fortification 

is not mandatory (88,89). However, the actual amount of vitamin D of these products are being 

investigated and of concern as cooking conditions, farming methods, and storage after 

fortification can affect the actual amount of vitamin D food sources (90). 

Vitamin D3 (cholecalciferol), which is mainly produced from 7-dehydrocholesterol in the skin 

under irradiation of UVB is also known as prohormone. The production of D3 from 7-

dehydrocholestrol is dependent on various factors including skin pigmentation, latitude, 

clothing, application of sun screen, season (7,91,92). Vitamin D2 (ergoalciferol) is produced 

from irradiation of ergosterol in plants by UVB. Both vitamin D2 and D3 are synthesized for 

use in supplements and fortified food products.  

The first hydroxylation of vitamin D results in the production of 25(OH)D by the liver, which 

circulates in the blood with D-binding protein (DBP). Further hydroxylation in the kidney 

forms 1,25 (OH)2D which is highly regulated by parathyroid hormone (PTH) and calcium, as 

well as the phosphorus concentration in the blood (93). In addition, fibroblast growth factor 23 
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(FGF23) also regulates the production of the final active metabolite in the kidney (94). 1,25 

(OH)2D, also called calcitriol, is the active form of vitamin D that acts as a hormone in target 

cells. The main function of vitamin D is calcium and phosphorus haemostasis which is essential 

for the development of bone mineralization (95). Other roles of vitamin D are 

immunomodulatory and anti-proliferative effects which are linked to the presence of VDRs 

(vitamin D receptors) in many tissues throughout the body (53).   

2.3 History of hypervitaminosis D 

After the discovery of the role of vitamin D in the homeostasis of calcium and bone structure, 

fortification of milk and other food products greatly reduced rickets in children and 

osteomalacia in adults. However, it was later found that excess amounts of vitamin D in 

fortified foods, particularly milk, could cause hypervitaminosis D (96). During the 1940s and 

1950s, infant milk powders were fortified with large amounts of vitamin D which later caused 

intoxication in infants. Cereals which were fortified with vitamin D at the same time also 

contributed to toxic intakes of vitamin D (97). Adult cases who were prescribed daily oral 

intakes of extremely high doses of vitamin D supplements for the treatment of osteoporosis 

were reported in case-report studies (98). Some of these studies are summarised in Table 2-1. 

Furthermore, there were mega-dose supplements accessible over the counter which played a 

role in cases of toxicity at the time. Vitamin D toxicity, although rare, is still described in case-

reports (99).  

In a published report on cases of hypercalcaemia due to hypervitaminosis D by the British 

Paediatric Association in 1956, extra amounts of calciferol added to dried milk formula and 

cereals for infants were found the main reasons for this increased incidence, with symptoms 

peaking at 4 months and 8 months of age (100). In addition, many infants were given daily cod 
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liver tablets. The Association assessed the contents of fortified cereals, dried milk and cod-

liver tabs, and found that if taking all these three together, an infant could have received up to 

4000 IU/d vitamin D. However, this was a grey area as discussed in a later report, as other 

theories such as hypersensitivity to vitamin D in some infants due to a cholesterol metabolism 

defect, or malfunctioning of vitamin D binding protein, have been suggested (101).  

Animals studies which were conducted between 1950s -1970s, along with human cases of 

hypercalcaemia and arteriosclerosis, raised concerns over the relationship between 

hypervitaminosis D and arteriosclerosis (102,103). In some other case-reports, however, it was 

found that the symptoms and signs of initial idiopathic hypercalcaemia, later found to be 

originated from a completely different cause, were similar to those of hypervitaminosis D 

(104). This means that many of the arterial calcification cases occurred due to other 

complications, such as primary hyperparathyroidism and renal diseases, irrespective of vitamin 

D excess intake (104). 

An increasing incidence of infantile hypercalcaemia in 1950s was attributed to high vitamin D 

intakes of pregnant mothers and infants at the time (105). Later, it was found that some infants 

might have been more susceptible to high doses of vitamin D intake than others (106). Among 

case reports of idiopathic hypercalcaemia assessed for hypervitaminosis D were babies who 

had received less than 1000 IU/d, and it was hypothesised that a genetic problem related to the 

metabolism of cholesterol resulted in an accumulation of vitamin D in the body of these babies 

(107,108).  

The prevalence of hypervitaminosis in infants and adults has considerably reduced in recent 

years, following a risk assessment of vitamin D supplementation carried out by organisations 

across the Europe and United States such as AAP (American Academy of Paediatrics), PES 
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(Paediatric Endocrine Society), IOM (Institute Of Medicine) and EFSA (European Food Safety 

Authority) (53,109–111). Nowadays, reports of hypercalcaemia in infants or adults are due to 

either inadvertent intake or an error in the fortified products (112–114).
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Table 2-1 Case series of hypervitaminosis D 

Study Sample/s Vitamin D analogue and 

dosage 

Duration of the 

supplementation 

Serum 25(OH)D 

and/or Serum 

Calcium 

Adverse effects /clinical 

symptoms 

Howard and 

Meyer, 1948 

(115) 

10 patients: 5 

women;  

36-65 y   

150,000 IU/d – 600,000 IU/d 2-18 months NR Weight loss& fatigue-severe GI 

symptoms: In 7 of 10: polyuria & 

polydipsia, hypercalcaemia 

Bongiovanni et 

al., 1957 (116) 

3 infants with 

hypercalcaemia  

Estimated for each: Case1:1400 

IU/d (aged 11 month old) 

Case 2: 2500 IU/d 

(aged 18 month old) 

Case 3: 1200 IU/d (aged 13 

month old) 

Unknown 

  

NR  All three infants refused to have 

solid food and showed failure to 

thrive after 3-5 month.  

Lilienfeld-Toal, 

1978 (98) 

One 70 y 

woman with 

osteoporosis 

15 mg D3/d 3 weeks Serum 25(OH)D: 

1235.5 nmol.l 

Hypercalcaemia 

Davies & 

Adams, 1978 

(117) 

8 cases.  

6 cases with 

unknown 

aetiology for 

toxicity. 

 

 

Case 1:  

50,000-100,000 IU/d+ calcium 

supplement regularly. 

Case 2: 150,000 IU D2.  

6 cases (15-60 y) received 

50,000- 200,000 D2 

Ranging from 4 

and 5 months to 

2,3,4, and 10 years 

 

 

Serum 25(OH)D in 

case 2 was 1243 

nmol/L and in case 3:  

998 nmol/L. 

Serum calcium 

ranged from 3.1-4.3 

mg/dl for all cases. 

Nausea and vomiting, sore eyes, 

anorexia, weight loss, 

hypercalcaemia,  

Paterson, 1980 

(118) 

 

 

 

 

 

21 patients with 

vitamin D 

toxicity 

1 case self-administered. The 

rest were prescribed high 

dosages of  D3 ranged from 

0.625 to 10 mg/d. 

Ranged from a few 

months to 17 years. 

Serum calcium 

ranged: 2.75 to 4.23 

mmol/1. 

13 cases without symptoms, 

others had anorexia, weight-loss, 

headaches, nausea or vomiting, 

apathy, fatigue, confusion. 

12 cases had renal impairment.  
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NR=Not reported; y=years old

Study Sample/s Vitamin D analogue and 

dosage 

Duration of the 

supplementation 

Serum 25(OH)D 

and/or Serum 

Calcium 

Adverse effects /clinical 

symptoms 

Pettifor, et al., 

1995 (22) 

11 people from 

a family (8-69 

y) 

Cholecalciferol in peanut oil 

(2,000,000 IU/g) as a vitD 

concentrate used mistakenly as 

cooking oil 

Period not 

mentioned. 

Serum 25(OH)D 

ranged 847-1652 

nmol.l, with a mean 

of 1162±147 nmol/L. 

Serum calcium 

ranged: 3.46-4.31 

mmol/L 

Hypercalcaemia, abdominal 

cramps, neurologic symptoms, 4 

died regardless of the treatment 

Lowe, 2011 (99) 9 patients aged 

9-92 y 

Received over counter Soladek 

supplement ; 864,000 IU D3 per 

vial 

Weekly or 

monthly; ranged 

from one to several 

virals 

Serum 25(OH)D 

ranged 236-1310 

nmol/L; 

Serum calcium 

ranged: 10.8-17.2 

mg/dl;  

 

Fever, cough, weight loss, 

abdominal pain, Diarrhoea, 

vomiting,  night sweats, malaise, 

fatigue, renal failure 

Pandita, 2012 

(119) 

15 patients aged 

50-85 y 

Oral vitamin D and calcium 

tablets (200-400 IU D+500-1000 

mg calcium) AND intramuscular 

vitamin D: 600,000 IU 

NR Serum 25(OH)D 

range: 257-409 

nmol/L 

Median serum 

calcium: 13.1 mg/dl 

 

Altered sensorium , dehydration , 

vomiting, anorexia, fatigue , 

general weakness, constipation, 

polyuria, polydipsia, 12 of 15 

patients had kidney dysfunction 

Van Den 

Ouweland, et al., 

2014 (114) 

2 residents of 

nursing homes 

of 90 and 95 y 

2,000,000 IU of vitamin D3 Single dose Serum 25(OH)D: 

527nmol/L at 

baseline & 422 

nmol/L, at day14;  

Serum calcium levels 

during the first two 

weeks: 2.68 mmol/L, 

2.73 mmol/L. 

No clinical symptoms were seen.  
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2.4 Vitamin D safety issues and diagnosis of toxicity 

The Institute of Medicine (IOM) of USA published a report in 2011 which reviewed the 

evidence to determine the Recommended Dietary Allowance (RDA) for vitamin D and calcium 

for different age groups. For adults aged ≤70 years, they set the RDA at 600 IU/d and for >70 

years at 800IU/d (53).  This aimed to keep 25(OH)D levels at 50 nmol/L and above. They also 

provided an Upper Level (UL) which is the highest recommended level of vitamin D that a 

healthy adult can consume in a long term supplementation program without resulting in adverse 

effects. This is the same vitamin D dose that body can produce from natural UVB exposure 

without causing toxicity (120). The UL, as suggested by IOM, was set at 4000 IU/d for adults 

based on a maximum 25(OH)D level of 250 nmol/L (53).  

Although it is known that an excess intake of the active form of vitamin D, 1,25(OH)2D, is 

responsible for vitamin D toxicity, pharmacological doses of vitamin  D2 and D3 have also been 

shown to cause toxicity (96,121–124). Nevertheless, vitamin D2 and D3 are considered safer 

than the active form (73,125). Serum 25(OH)D is the best indicator for vitamin D status in the 

blood. It increases by about 2.5 nmol/L per 100 IU vitamin D supplementation in the general 

population (71).  

Hypervitaminosis D is diagnosed if serum levels of 25(OH)D exceeds 80-88 ng/ml (200-220 

nmol/L), when clinical signs of hypercalcaemia are detected (85). Hypercalcaemia induced by 

excess vitamin D intake is due to increased absorption of calcium from the intestine and also 

bone resorption (125,126). It is usually diagnosed upon taking a blood test after observing the 

symptoms of hypercalcaemia, mainly GI tract symptoms (21,27). Increased urinary calcium 

excretion or hypercalciuria, hyperphosphatemia and kidney stones are other complications 

(125,127).  
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Hypercalcaemia is the best indicator of vitamin D toxicity (73) and should be considered in the 

differential diagnosis of this condition (99,124). Although, hypercalciuria occurs earlier than 

hypercalcaemia, it is not often measured. Nevertheless, both conditions may not necessarily 

occur in an individual at the same time (128). Hypercalcaemia usually occurs when 

“pharmacological” doses of vitamin D, above 10,000 IU/d, are taken for a long period of time 

(27,99).  The main symptoms of hypercalcaemia are nausea, dehydration and lethargy. (27). 

Depending on the degree of hypercalcaemia, other symptoms might be seen if it remains 

untreated for a longer period (81).  

As mentioned before, hypervitaminosis D is not defined until 25(OH)D reaches to 200 nmol/L, 

but cases of vitamin D toxicity have been usually seen at higher levels as a lack of toxicity- 

related symptoms precludes an individual from having their blood tested. A review of vitamin 

D toxicity by Jones (2008) concluded that clinical symptoms of toxicity induced by vitamin D 

is rarely seen in 25(OH)D3 levels <750 nmol/L (125). In addition, in a case series in 11 patients 

aged 8-69 years old who were found with vitamin D toxicity, serum 25(OH)D ranged from 

847-1652 nmol/L (22). This finding also explains the results of trials that gave 10,000 IU/d to 

healthy adults for a short period of 8-20 weeks and yet, did not detect toxicity symptoms or 

hypercalcaemia events (71,129).   

Zittermann et al (2013) reviewed some safety aspects of vitamin D supplementation and stated 

that vitamin D toxicity symptoms have rarely been reported until the serum 25(OH)D increases 

to 375-500 nmol/L and above (73), and this does not happen unless doses of 15,000 IU/d of 

vitamin D supplements are taken. Therefore, the main cause of vitamin D toxicity is thought to 

be a susceptibility to vitamin D intake due to diseases such as hyperparathyroidism, 

malignancies, inherent granulomatous diseases (such as sarcoidosis, tuberculosis) or certain 

medications e.g. thiazide diuretics, lithium, hormone-therapy (77). This was evident in a case-
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series where nine people with other health conditions that could have caused hypercalcaemia 

but had no signs of it before receiving 600,000IU vitamin D in 5-ml viral (99). Nevertheless, 

studies conducted on patients in different clinical conditions, such as kidney disease, obesity, 

diabetes mellitus, and hypertension did not find significant adverse effects in patients in the 

vitamin D arm after supplementation with dosage ranged from 3000 IU/d to 100,000 IU/month 

for a few weeks to several months (130–133).  

De Paula and Rosen (2013) recently reviewed health benefits and risks of vitamin D 

supplementation, and questioned whether sufficient RCTs have been carried out on the benefits 

and safety of long term vitamin D supplementation (134). There are two RCTs of long term 

supplementation that have reported increased falls and fractures up to date (33,58).  Community 

dwelling women aged 70 and older were given a single oral 500,000 IU vitamin D3 every 

autumn to winter for 3-5 years (58). They had increased risk of fractures compared to the 

placebo arm in an RCT where the mean serum 25(OH)D levels was 120 nmol/L at its observed 

peak, one year after taking the bolus dose, and just before getting the next dose. Similarly, 

intramuscular administration of 300,000 IU vitamin D2 to 9440 older adults aged 75 years old 

for 3 years increased risk of fractures, but not falls (33).   

Only one RCT has reported significantly higher incidence of kidney stones in vitamin D arm. 

This is the WHI (Women‘s Health Initiative) study, which gave a combination of calcium and 

vitamin D to the  treatment arm versus only placebo to the control arm (19). They found 449 

versus 381 cases with kidney stone in vitamin D+ Calcium arm vs placebo. However, this 

finding cannot be solely attributed to vitamin D and might be related to the calcium intake of 

the treatment arm.  
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In the following sections, main known clinical symptoms of hypervitaminosis D are briefly 

explained.  

2.4.1 Gastrointestinal Symptoms 

As vitamin D toxicity has always been accompanied by hypercalcaemia, the symptoms are 

generally related to hypercalcaemia symptoms. Hypercalcaemia symptoms are mostly 

gastrointestinal, such as nausea, vomiting, diarrhoea, abdominal discomfort and constipation 

(123,135). In most case-studies and case-series of vitamin D toxicity, these symptoms were 

present. For instance, in a recent case study by Koul (2011) in India, 10 cases of 

hypervitaminosis who had ingested weekly sachets of 3.6 million IU (210 million IU over one 

to three months) were diagnosed primarily with clinical manifestations of  polydipsia, 

vomiting, appetite loss, polyuria and oliguria (124). All were adults aged 58-75 years old and 

had hypercalcaemia with a mean calcium level of 13.13 mg/dl (3.28 mmol/L). In a 2-by-2 

factorial design RCT using vitamin D with and without calcium versus placebo for the 

prevention of fracture in the elderly, gastrointestinal symptoms were reported in 428 

participants in the calcium arm compared to 319 participants in non-calcaemic arms (136). 

2.4.2 General symptoms 

Headache and appetite loss are other common symptoms (137). Some other reported adverse 

effects are increased thirst (dryness of mouth), metallic taste, weight loss, bone and 

musculoskeletal pain (109,138) . Dehydration and weight loss are usually seen after prolonged 

exposure to high doses of vitamin D (139). However, cautious objective measurements are 

required to confirm if any of these symptoms are due to hypervitaminosis D.  
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2.4.3 Hypercalcaemia 

In vitamin D supplementation studies, not every case of hypercalcaemia is considered vitamin 

D-induced. Hyperparathyroidism and malignancy-induced hypercalcaemia are usually 

considered early causes in the differential diagnosis (140). If parathyroid hormone (PTH) is 

high, it might be primary hyper-parathyroidism (PHPT). If PTH is reduced or its levels are 

undetectable, it might be either malignancy or vitamin D toxicity. When malignancy is not the 

cause, vitamin D toxicity is investigated (140). Malignancies such as leukaemia and myeloma 

are the most common causes of hypercalcaemia (141).  Some other causes of hypercalcaemia 

which are independent from the vitamin D intake are sarcoidosis and milk-alkali syndrome (as 

a result of prolonged intake of milk products) (142). Thus, clinical examinations as well as 

biochemical tests are required to investigate the possible causes of hypercalcaemia.   

Serum 25(OH)D can predict serum calcium elevations to a hypercalcaemic level (roughly 

higher than 2.6 mmol/L). Hypercalcaemia is not usually evident until levels of serum 25(OH)D 

rise above 220 nmol/L (139). Hypercalcaemia is diagnosed if serum calcium increases above 

10.2-10.5 mg/dl (2.55-2.6 mmol/L) (70,143–145). The threshold of hypercalcaemia, based on 

the latest IOM (53) report, is 2.63 mmol/L, equivalent of 10.5 mg/dl. Most studies use the same 

threshold. Levels above 2.6 mmol/L are considered hypercalcaemic as they are two standard 

deviations above the mean calcium levels seen in the normal population (146). If levels above 

2.6 mmol/L are found, testing a repeated blood sample within a week from the earlier one is 

recommended to confirm hypercalcaemia  (146). In addition, as mentioned before, clinical 

symptoms such as gastrointestinal discomforts could also indicate hypercalcaemia.  
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2.4.4 Hypercalciuria  

According to Vieth (2001), hypercalciuria might be a more sensitive measure of the safety of 

vitamin D than hypercalcaemia (72). It can be measured as 24-hour urinary calcium excretion 

or calcium/creatinine ratio.  

2.4.4.1 24-hour urinary calcium excretion 

Hypercalciuria is defined at 24-hour urinary calcium excretion of 7.5-10 mmol (300-400 mg). 

Some studies consider 7.5 mmol (300 mg) (53) as a cut-off point while others set it at 10 mmol 

(143). Daily urinary calcium excretion above 6.3 mmol (250 mg) for women and 6.9-7.5 mmol 

(275-300 mg) in men is defined as hypercalciuria by the IOM (53).  

In an RCT by Zwart (2013), the efficacy and safety of monthly and weekly supplementation 

of 50,000 IU D3 versus 2000 IU/d  in healthy adults were assessed in a three-month study 

period (147). Those with higher BMI (>26kg/m2) had significantly higher hypercalciuria (>300 

mg/d) compared to subjects with lower BMI. There was no difference in the efficacy of doses 

as both increased serum 25(OH)D equally and effectively. It was concluded that urinary 

calcium should be monitored when supplementing with 50,000IU D3/week. Another study on 

systemic lupus erythematosus (SLE) patients found 2% with hypercalciuria in the vitamin D 

arm after giving 2000 IU/d D3 for a year. These authors did not mention what their cut point 

was (148).  

2.4.4.2 Calcium to creatinine ratio 

Hypercalciuria can also be diagnosed by measuring the ratio of calcium to creatinine. Burton 

et al (2010) investigated the impact of supplementation with escalating doses up to 40,000 IU/d 

of vitamin D3 plus calcium on multiple sclerosis (MS) patients which raised patients’ mean 
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25(OH)D to 413 nmol/L (149). At this dose, the calcium to creatinine ratio increased to 0.61, 

but stayed below the predefined cut-off for the study (1.0). In a comparison study, Kimball et 

al., (2011) tested the relationship between the different levels of 25(OH)D and its probable 

impact on urinary calcium excretion, as indicated by the urinary Ca/Cr ratio (150). A significant 

increase from the baseline levels of Ca/Cr from 0.43±0.30 to 0.76± 0.55 was shown after 6 

weeks of supplementation with 40,000 IU/d vitamin D3. They showed, in further regression 

analyses, that both a low (<75nmol/L) and high (>200 nmol/L) 25(OH)D were associated with 

a high Ca/Cr excretion. Further, a 25(OH)D level between 70-200 nmol/L was considered a 

safe level as it did not significantly increase the urinary Ca/Cr ratio. 

In a study by Rastelli et al (2011) (151), patients with a creatinine level of ≥0.25 mg/g were 

withdrawn from the RCT for hypercalciuria, while in the Goswami study (2012) on young 

female adults, a urinary Ca/Cr ratio of >0.2mg/mg was considered hypercalciuria (145). So, 

there are inconsistencies in cut points from one study to another. When Ca/Cr ratio is measured 

for hypercalciuria, a value above 0.3 mg/mg (>1 mmol/mmol) is the defined threshold by the 

IOM (53). 

2.4.5 Kidney stones 

Concerns about increased risk of renal calculi as a result of long term vitamin D 

supplementation are based on case reports and case series, and seldom reported in RCTs 

(19,136). This relationship was tested on NHANES (III) study participants and 25(OH)D levels 

were not significantly higher among stone formers and non-stone formers (p=0.06) (152). The 

only randomized controlled trial that found an increased risk of kidney stone in participants on 

vitamin D, gave  a combination of vitamin D and calcium for 7 years (19).  
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Despite limited trial evidence, a history of kidney stones is usually an exclusion criterion for 

clinical trials with vitamin D supplementation. Interestingly, a study by Leaf et al (2012) 

questioned the exclusion of participants as a result of a history of kidney stones, irrespective 

of the fact that they were vitamin D deficient or not. The latter study recruited 29 vitamin D 

deficient outpatients at a clinic with a history of nephrolithiasis and urinary calcium excretion 

of 150-400 mg/d, and administered 50,000 IU D2/week for 8 weeks. No cases of 

hypercalcaemia or kidney stones were observed after the supplementation period. Eleven 

patients had increased urinary calcium compared to their baseline, whereas in the other patients, 

urinary calcium did not change significantly. In addition, urinary calcium excretion change was 

not significantly associated with change in 25(OH)D. They considered this dose safe for these 

particular participants as long as their urinary calcium was being monitored. A recent 

prospective analysis of two big cohorts- the Nurses’ Health Study (NHS) and the Health 

Professional’s Follow up Study (HPFS)- measured the relationship between vitamin D intake 

from all dietary and supplemental sources and incidence of kidney stones. The researchers did 

not find an increased risk of kidney stones (HR=1.08; 95%CI=0.80, 1.47) for those with intake 

of 1000 IU/d versus less than 100 IU/d in the HPFS cohort (153). However, they found a trend 

to an increased risk in the NHS II with HR of 1.18 (95%CI=0.94, 1.48), although no risk in the 

NHS I was found (HR=0.99; 95%CI=0.73, 1.35). 

The ViDA study is another long term study with a large sample size that can provide sufficient 

information about any longer term impact of a monthly bolus dose of vitamin D supplement 

on the incidence of kidney stones. 
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2.4.6 Other symptoms of vitamin D toxicity 

In the previous sections, known signs and symptoms of vitamin D toxicity from previous case 

reports, series and some clinical trials have been presented. However, possible other adverse 

events from long term large/ bolus doses of this vitamin are still unknown and require further 

investigation by RCTs with large sample sizes that provide enough power to detect even small 

increases in harm.  

In the following section, I am presenting results of the latest systematic review and meta-

analysis of RCTs with vitamin D2 or D3 supplementation, with a focus on longer term trials. 

This systematic review was performed within the first and second year of this PhD research 

and results of it have been published in two papers (154,155). 
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2.5 Systematic review and meta-analyses of adverse events in RCTs of vitamin D 

supplementation  

2.5.1 Introduction  

The two sources of vitamin D are diet (either from food or supplements) or sun exposure (92). 

Humans have developed a homeostatic mechanism that prevents vitamin D intoxication from 

sun exposure through the conversion of pre–vitamin D to non–vitamin D photoproducts such 

as lumisterol or tachysterol (156). However, this protective mechanism does not apply to 

dietary vitamin D, as evidenced by adverse effects that result from the ingestion of very large 

pharmacologic doses (119). Thus, safety is an issue that is related to vitamin D 

supplementation, which has been made more relevant by several recent, large randomized 

controlled trials (RCTs) of vitamin D supplementation (35,157). The safety of vitamin D 

supplements has been examined in a number of reviews and meta-analyses (74,158–160). The 

safety of a large single dose of vitamin D2 and D3 supplementation was assessed in a recent 

systematic review (2014) that reviewed 30 studies and concluded that large doses ≥300,000 

IU/d do not result in any side effects in healthy elderly populations and can improve the serum 

vitamin D status in the short term (161). In contrast, two recent Cochrane meta-analyses of 

RCTs of vitamin D supplementation (including active analogues), and showed that vitamin D 

supplementation increased the risk of hypercalcaemia and when combined with calcium 

supplements, also increased risk of nephrolithiasis or renal insufficiency (74,160). An 

additional Cochrane review (2014) of RCTs of vitamin D supplementation in relation to cancer 

prevention did not find an increased risk for hypercalcaemia, but there was an increased risk 

for kidney stones in trials that used a combination of vitamin D and calcium, not in the one trial 

which gave calcitriol alone (159). Increased risk of GI symptoms in participants taking vitamin 

D supplements has also been reported in one meta-analysis (160). Other outcomes analysed as 
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adverse effects in these meta-analyses include skin disorders, psychiatric disorders, cancer, 

cardiovascular disease, and mortality (74,159,160). These meta-analyses were restricted to 

studies that reported outcomes either of mortality (74), fractures (160), or cancer (159) and did 

not select studies on the basis of the outcomes that are related to other adverse events, including 

calcium-metabolism events such as hypercalceamia, hypercalciuria, and kidney stones and/or 

non-calcium related events such as gastrointestinal and general symptoms. Moreover, these 

meta-analyses of RCTs included short-term studies, which could have masked possible long-

term adverse effects from vitamin D, or included studies that compared vitamin D given in 

combination with calcium supplements with a placebo, which could have produced joint 

adverse effects from both supplements as there is evidence that calcium by itself causes adverse 

effects (162,163).  

The methodological limitations, and the fact that these meta-analyses have only included RCTs 

that were published up to January 2013, justify an updated meta-analyses. The systematic 

review and meta-analysis of RCTs of vitamin D supplementation in adults (inpatients, 

outpatients, and healthy adults) carried out in this thesis aimed to address the gap in the 

literature for non-serious adverse events of vitamin D supplementation.   

The current meta-analysis also expands on the previous analyses by investigating withdrawals 

as an indirect measure of adverse effects. This is because it has been hypothesized that 

withdrawals would be increased among participants given vitamin D supplementation if this 

was causing nonspecific effects compared with placebo. Withdrawals were analysed in a 

review of observational studies and RCTs on serum vitamin D status and vitamin D 

supplementation in relation to bone health in adults and children (158). However, this above 

review assessed only the adequacy of reports on withdrawals and did not conduct a meta-

analysis of withdrawals from included studies.  
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The current study aimed to update and expand the findings of previous studies to determine 

whether long-term vitamin D supplementation (≥24 week), given by itself against a placebo, 

or with calcium in both arms, increased risk of all adverse effects combined, adverse events 

related to calcium metabolism, specifically hypercalcaemia, hypercalciuria, and kidney stones, 

non-calcium related adverse events, and withdrawals. The results of the review have been 

published in two meta-analyses (154,155).  

2.5.2 Methods 

2.5.2.1 Search strategy:  

The Cochrane library, Medline (Ovid and PubMed) and EMBASE were searched to include 

studies indexed up to 28 October 2015 for calcium-related adverse events; hypercalcaemia, 

hypercalciuria and kidney stones. This was further updated till the second week of May 2016 

for non-calcaemic adverse events and withdrawals. The search strategy included the following 

words: vitamin D or vitamin D2 or ergocalciferol or vitamin D3 or cholecalciferol, AND 

supplement/ supplementation. This search was further limited to English language studies, 

humans, adults, except pregnant and lactating women and RCTs. However, the search term 

“adults” could not be limited in EMBASE and therefore some articles including children were 

retained in search results. Publications from 1970 in EMBASE, and 1946 onward in Medline-

Ovid, were included. Key information on PICOS (P: participants/population, I: intervention, 

C: comparator groups, O: outcome, and S: study design) can be found in Table 2-2. Since 

search dates for each paper were conducted in different times and two manuscripts out of this 

systematic review were published, a PRISMA diagram for each manuscript is shown (Figure 

2-1 and          Figure 2-2).   
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Inclusion criteria: RCTs were included that gave either D2 or D3 or both for a minimum 

administration or follow up period of 24 weeks, had a placebo/control group, were conducted 

among adults (≥ 18 years old), and provided data for each arm of the study.   

Exclusion: Studies were excluded if: i) calcium supplement was given to the vitamin D arm 

but not the placebo without calcium supplement; ii) they were conducted on pregnant women; 

iii) more than 600 IU/d D2 or D3 was given to the control arm, and iv) included participants 

younger than 18 years old. 

For some studies with a 2×2 factorial design, only those two arms which met the inclusion 

criteria were included (50).  Studies that did not specify the number of participants randomized 

to each arm were also excluded (164). 

 

Table 2-2 PICOS criteria for the systematic review 

 

 

 

Population 

 

Intervention Comparator Outcome Study design 

All adults 

(aged ≥18) 

excluding 

pregnant 

and lactating 

women   

Vitamin D2 or D3 with 

supplementation/follow 

up period of 6 months 

Placebo/control -All adverse 

events 

- Calcaemic 

adverse events 

-Non-calcaemic 

specific events 

-withdrawals 

Randomized 

controlled trials 

(open and 

blinded) 
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Figure 2-1 PRISMA flow diagram of number of included and excluded studies for 

calcium related outcomes. 
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         Figure 2-2 PRISMA flow diagram of number of included and excluded studies for 

any non-calcaemic adverse events, and withdrawals 
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2.5.2.2 Data collection method: 

The search was conducted by two researchers who screened studies for eligibility and data 

extraction (Zarintaj Malihi and Robert Scragg). Quality assessment (risk of bias assessment) 

of studies was done separately by two researchers (Zarintaj Malihi and Zenqiang Wu) at the 

study level. Inconsistencies were discussed and resolved. In cases of disagreement, a third 

researcher (Robert Scragg) made the final decision.  

2.5.2.3 Outcomes:  

After reviewing the included studies, sufficient data were available on the following outcomes: 

1) all adverse events combined; 2) hypercalcaemia; 3) hypercalciuria; 4) kidney stones; 5) 

gastrointestinal symptoms; 6) dermatological symptoms; and 7) withdrawals. 

In addition, where data were available for the latter outcome, withdrawals due to adverse events 

were separated from withdrawing consent. 

2.5.2.4 Definitions: 

All adverse events combined: Any adverse event that was recorded by researchers or 

participants, other than the main outcome of studies (such as cardiovascular events, pain, 

cancer, mortality, etc), whether it was related to the supplementation or not, was included in 

all adverse events, provided that events were reported per person per arm.  

Hypercalcaemia: Some studies defined hypercalcaemia as a serum calcium concentration 

from 10.2 to 11 mg/dl (2.55–2.75 mmol/L) depending on the target population. In studies that 

reported cases with the use of different definitions, the definition that was closest to the IOM 

definition [i.e., serum calcium concentration >10.5 mg/dL (equivalent to 2.63 mmol/L)] was 
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used (53). For studies that did not mention a cut-off, the reported number of cases was used for 

this meta-analysis. Cases that were reported as transient hypercalcaemia (on the basis of the 

previously stated definitions) were also entered into the meta-analysis. 

 Hypercalciuria: The IOM defined cut-points as a urinary calcium-to-creatinine ratio >0.3 

mg/mg (equivalent to .1 mmol/mmol) or as a 24-h urinary calcium excretion >250 mg/d for 

women and 275–300 mg/d for men were used where applicable (53).  

Kidney stones: Kidney stone events were generally verified by clinical evidence in studies that 

reported them. 

Gastrointestinal symptoms: Any gastrointestinal related symptom, such as nausea, vomiting, 

upset stomach, diarrhoea, constipation and other disorders that were reported per person per 

study arm were included in this category. 

Dermatological symptoms: Any skin related symptom, such as rashes, itchiness, allergic 

reactions and other disorders that were reported per person per study arm were included in this 

category. 

Withdrawal: Withdrawals were the number of participants who withdrew from the study for 

any reason such as withdrawn consent, side effects, loss to follow up and for any other 

complication or worsening the health status. In some studies the number of non-compliers or 

those who did not follow study protocols were also excluded by the study researchers from the 

final analysis. The main approach in calculating withdrawals for included studies was to 

consider those who left the study either intentionally or as a result of a side effect, and not 

because of a study limitation that came to the researchers’ attention, although for a few studies 

these separate groups could not be identified (165–171).  Hence, in those studies that did not 
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use ‘intention to treat’ approach for their protocol, subjects who were excluded from their 

analysis in the middle of the study, for being noncompliant, were not considered as withdrawn. 

In addition, the number of deaths were deducted from the overall dropouts, but not from the 

denominator as those who died still remained at risk of withdrawal up to their death.  

For earlier studies without a consort diagram which did not provide the exact number of 

participants who were excluded from each arm, withdrawals were calculated as subjects who 

completed the study in each arm minus subjects who were randomized to each arm. Studies 

that did not provide the total number randomized to each arm were excluded from the meta-

analysis. 

2.5.3 Data analysis  

Data were analysed with Review Manager Software using a random-effects model (RevMan 

version 5.2). A p-value of <0.05 (2-tailed) was considered statistically significant in the meta-

analyses. Interactions for sub-groups were tested using difference between relative risks (172).   

Further sub-group analyses were run to determine whether any effect associated with vitamin 

D supplementation was modified by the addition of calcium to both arms, longer periods of 

supplementation, and blinding of participants and researchers.  STATA software (version 13.1; 

StataCorp LP) was used to assess risk of publication bias (with the use of Egger’s test) and to 

carry out the meta-regression (metareg command).  

2.5.4 Characteristics of the included studies 

Table 2-3 summarizes the characteristics of 131 studies included in this review 

(16,18,32,47,50,66,68,131,132,136,145,148,151,165,167,168,170,171,173–287). They had a 

total of 54,069 participants – 22,470, from the vitamin D arm and 31,599 from the placebo. 

The mean age (range) of participants was 57.4 (18-108) years old and 68.8% were women. 
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There were 113 studies which gave the vitamin D3 supplement, 17 studies which gave the 

vitamin D2 supplement, and one study which gave both D2 and D3. The mean follow up time 

of all studies was 1.13 years (range: 0.25-5). The mean daily dose of D3 was 2,158 IU (200-

7140 IU) with the highest dose of 10,000 IU/d. The mean daily dose of D2 was 9011.7 IU with 

the highest dose of 100,000 IU/d given to rheumatoid arthritis patients for one year (288). Mean 

baseline 25(OH)D levels were 45.8 nmol/L and 48.2 nmol/L in vitamin D and the placebo arm 

of studies, respectively and ranged over 16-160 nmol/L.  

A summary of the risk assessment results is presented in Appendix 1. In general, most of the 

recent studies provided details on randomization method and blinding. All studies were double-

blind, apart from nine (50,168,196,207,212,220,227,229,289). Allocation concealment and 

blinding of participants and staff were described in almost 75% and 80%, respectively, of 

included studies. There was low heterogeneity between studies for each outcome (I2 = 0%). 

The funnel plots showed no apparent publication bias (Appendices 2-8), which was confirmed 

with the use of Egger’s test for each outcome (hypercalcaemia: t = 1.58, P = 0.12; 

hypercalciuria: t = 1.61, P = 0.13; kidney stones: t = 20.33, P = 0.75; total adverse events: t= 

1.43, p: 0.16; gastrointestinal: t=1.13, p=0.27; skin: t=0.03, p=0.98; withdrawals: t=-0.24, 

p=0.81). 

 



 

 

 

39 

 

Table 2-3 Characteristics of the included studies in the systematic review 

Study Sample/s 

%
 w

o
m

en
 

M
ea

n
 a

g
e 

(y
) 

Vitamin D analogue and dosage period Main outcome Mean baseline 

serum 25(OH)D  

(nmol/L)  

Vitamin 

D 

Placebo 

Brohult et al. 

(1973) (288) 

49 RA patients 68 52 1)100,000 IU D3/d 

2) placebo 

1 y Improvement in RA 

symptoms and drug 

use  

nr nr 

Alhava et al. 

(1975) (168)        

86 patients  with Partial 

gastrectomy  

26.7 57 1) 2 gr/d ca + 1000 IU D2/d   

2) 2 gr/d ca 

8 m BMD nr nr 

Johnson, (1980) 

(205) 

120 elderly patients from 

general practitioner list 

nr nr 1) 2000 IU vitamin D/d 

2) Placebo 

6 m Muscle function, 

clinical & 

biochemical change 

nr nr 

Mobarhan et al. 

(1984) (207) 

Men with alcoholic 

Cirrhosis 

0 52 1) 50,000 IU D2/ 2-3 times a week 

2) Control 

6-12 m Bone density 

parameters 

15* 15* 

Corless et al. 

(1985) (208)  

82 patients from geriatric 

ward &outpatient; 

25(OH)D<40  

78.4 82.4 1) 9000 IU D2/d 

2) Placebo 

9 m Capabilities related to 

personal 

independence 

16.6 17.6 

Dawson-

Hughes et al. 

(1991) (209) 

276 postmenopausal 

healthy women 

100 61.5 1) 400 IU vitamin D/d +377 gr ca/d 

2) 377 gr ca/d 

1 y BMD and lean and fat 

body mass change 

nr nr 

Dawson-

Hughes et al. 

(1995) (210) 

247 healthy 

postmenopausal women 

100 63.5 1)100 IU D3/d+500 mg ca/d 

2)700 IU D3/d+500 mg ca/d 

2 y BMD nr nr 

Ooms et al. 

(1995) (211) 

348 ambulatory women 

from home and 

apartments for elderly 

100 70.3 1) 400IU D3/d   

2) placebo  

2 y BMD of hips and 

radius  

27# 

 

25# 

 

Vogelsang et al. 

(1995) (212) 

 

 

 

75Crohn’s  outpatients 

(16-77 years) 

58.6 35 1)1000IU D3/d      

2) Control  

1 y Relative Change in 

BMD 

39.9#* 44.9#* 

 



 

 

 

40 

 

Study Sample/s 

%
 

w
o
m

en
 Mean 

age 

(y) 

Vitamin D analogue and dosage period Main outcome Mean baseline 

serum 25(OH)D  

(nmol/L)  
Vitamin D Placebo 

Lips et al.(1996) 

(213) 

2578 elderly aged  70-79; 

home-care (mean age:80) 

74.3 80 1) 400IU D3/d 

2) Placebo/d 

3.5 y Hip and other 

peripheral bone 

fractures 

27# 26# 

Komulainen et 

al. (1999)(169) 

& Heikkinen et 

al. (1998) (214) 

 

 

 

 

464 early postmenopausal 

women (47-56 years old); 

last period more than 6 

months prior to the study 

start date.  

100 52.7 1) 2mg Estradiol valerate  (days 1-21) 

+1 mg cyproterone acetate (days 12-21) 

no drug (days 21-28) 

2) D3(300 for four yeras+100 IU/d for 

one year)+  500mg ca acetate /d  

3.HRT+  D3 (300IU+100 IU/d) 

4.Placebo+500mg/d ca lactate 

5 y  BMD 2) 

28.1 

4) 

28.0 

Hunter et al. 

(2000) (215) 

79 Young postmenopausal 

Twins 

100 58.7 1)2000 IU D3/d 

2) Placebo 

2 y BMD and fracture 

risk 

70.6* 70.1* 

Meyer et al. 

(2002) (170) 

1144 Nursing home 

elderlies  

75.8 84.7 1) 5 ml Cod liver oil (440 IU D3/d) 

2) 5ml vitamin D-removed cod liver oil 

(20-40 IU D3/d) 

2 y Hip fracture       47 51 

Kenny et al. 

(2003) (216) 

65 community dwelling 

men ≥ 65 years old 

0 76 1)1000 IU D3/d  

2) Placebo/d  

500 mg ca in both 

6 m Muscle strength, 

power and physical 

performance 

64.9* 58.9* 

Cooper et al. 

(2003) (217) 

187  vitamin D deficient 

postmenopausal women  

100 56 1) 10,000 IUD2/ week+ 1000 mg ca/d 

 2)1000 mg ca/d+ placebo 

2 y BMD 81.6 82.6 

 

Latham et al. 

(2003) (218) 

243 fragile elderly, 64-99 

years (mean age: 79.5) 

53 79.5 1) 300,000 IU D3 Bolus dose 

2) placebo 

3) intensive  quadriceps resistance 

exercise  

4) attention control   

Bolus;6m 

follow up 

Physical health; 

Physical performance 

and  self-rated 

function 

37.4#* 47.4#* 

Trivedi et al. 

(2003) (219) 

2686 community based 

sample ,65-85 years old 

24.1 74.8 1) 100.000 IU D3/ 4 month 

2) placebo/ 4 month 

5 y fracture risk and 

overall mortality rate 

nr nr 

Avenell et al. 

(2004) (220) 

 

134 people with a history 

of fracture; age ≥70  

83 77 1) 800 IU  D3/d 

2)1000 mg ca/d  

3) both  

4) control  

1 y Compliance and 

retention as compared 

to a double-blind trial 

nr nr 
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Study Sample/s 

%
 w

o
m

en
 Mean 

age 

(y) 

Vitamin D analogue and dosage period Main outcome Mean baseline 

serum 25(OH)D  

(nmol/L)  

Vitamin 

D 

Placebo 

Avenell et al. 

(2004) (220) 

 

134 people with a history 

of fracture; age ≥70  

83 77 1) 800 IU  D3/d 

2)1000 mg ca/d  

3) both  

4) control  

1 y Compliance and 

retention as compared 

to a double-blind trial 

nr nr 

Dhesi et al. 

(2004) (221) 

139 ambulatory subjects: 

age≥65 years 

78.2 76.7 1)600,000 IU D2 single dose (IM) 

2) Placebo  

IM;6m 

follow up 

Choice reaction time 

(CRT)& aggregate 

functional 

performance time 

(AFPT) 

26.7* 25* 

Harwood et al. 

(2004)  (50) 

 

Post-surgery hip fracture 

female patients from 

rehabilitation ward (67-92 

years) 

100  82.2 1) 300,000 IM D2 ( single dose) 

2) 300,000 D2 ( single dose) +1000 mg 

ca/d   

3)800 IUD3/d+1 gr ca/d 

4)  Controls (arm 1 and 4 were used) 

Single 

IM;1 y 

follow up 

BMD, bone 

biochemical markers, 

Falls 

28 30 

Aloia et al. ( 

2005) (222) & 

Talwar et al.  

2007 (55)  

208 black  

postmenopausal women 

from Long Island 

Community;50-75 years  

100 60 1) 800IU D3/d for 2 years, then 2000 IU 

D3/d for one year  

2) Placebo 

Both received ca to ensure a total intake 

of 1200-1500 mg/d 

3 y PTH levels and bone 

loss 

46.9 

 

43.2 

Grant et al. 

(2005) (136) & 

Avenell et al. 

(2012) (223) 

 

5292 subjects ≥70 y with 

a recent osteoporotic 

fracture from outpatients, 

inpatients or community  

85 77 1) 800IUD3/d 

2) 1000mg ca/d 

3) Both vitamin D and calcium 

4) placebo  

3 y; 

median 

follow up 

6.2y 

Secondary trauma 

fracture prevention 

 

 

38 38 

Flicker et al. 

(2005) (224) 

693 Older people of 

nursing homes &hostels; 

25(OH)D>25 and <90 

nmol/L    

95 83.4 1)10,000 IU D2/week , then 1000 IU D2/d  

2) Placebo  

600 mg Ca/d in all  

 

2 years Falls and fractures nr nr 

Mikati et al. 

(2005) (225) 

 

72 adults who were on  

long-term antiepileptic 

drug (AED) 

54.1 28.7 1) 4000 IU D3/d 

2) 400 IU D3/d 

1 y BMD 34.2* 32.7* 
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Study Sample/s 

%
 w

o
m

en
 Mean 

age 

(y) 

Vitamin D analogue and dosage period Main outcome Mean baseline 

serum 25(OH)D  

(nmol/L)  

Vitamin 

D 

Placebo 

Sato et al. 

(2005) (226) 

96 women hospitalized for 

post-stroke  hemiplegia  

100 74.1 1) 1000 IU D2/d 

2) Placebo 

2 y Falls and hip fractures 24.5* 24.5* 

Wissing et al. 

(2005) (227) 

90 post-kidney 

transplantation patients  

43 42.8 1) 400 mg/d ca +25000IUD3/month  

2) 400mg/d ca 

1y BMD  61.1* 

 

48.7* 

Bunout et 

al.(2006) (228) 

96 healthy elderlies from 

the community 

89.5 76 1)400IU D3/d+800  mg ca /d  

2)800 mg ca /d  

Both groups were randomized to 

exercise/ no exercise groups.  

9 m Physical performance 

(Muscle strength)  

30.9* 32.7* 

Law et al. 

(2006) (229) 

3717 Residents of 118 

nurse homes in Britain; 

≥60 years old  

76 85 1)100,000IUD3/ month 

2)controls 

10 m Non vertebral 

Fractures and falls 

47 

 

47 

Schleithoff et 

al. (2006)  (230) 

 

123 CHF patients (mean 

age 57&54 in vit D & 

placebo  

20 55.5 1) 2000 IU D3/d +500 mg ca/d  

2) Placebo+500 mg ca/d 

9 m/ 

15m 

follow up 

Survival rate and 

biochemical 

parameters 

41# nr 

Lappe et al. 

(2007) (167) 

1179 healthy 

postmenopausal women 

aged >55 years old 

100 66.7 1)1400-1500mg ca/d+1100IU D3/d 

2)1400-1500 mg ca /d  

3) Placebo 

4 y Skeletal status and 

calcium economy 

71.8 71.6 

Lyons et 

al.(2007) (231) 

5745 elderly people  76.3 84 1)100,000 IU D2 Four-monthly  

2) Placebo  

3 y Incidence of first 

fracture 

nr nr 

Aloia, et al. 

(2008) (203) 

138 Healthy Americans 

from community 

(Residents of Long Island, 

NY) aged 18-65 

81  nr 1) Increasing daily D3 dose based on the 

subjects’ serum 25(OH)D to reach a 

target of >80 nmol/L; Mean: 3440 IU/d 

D3 

2) placebo 

6 m Elevating serum 

25(OH)D to >75 

nmol/L 

nr nr 

Andersen, et al. 

(2008)  (171) 

173 Pakistani immigrants 

in Denmark: women   

51.1 37# 1) 400IU D3/d  

2) 800 IU D3/d  

3) Placebo/d 

1 y 25(OH)D status and 

BMD 

1) F: 25#*  

2) F: 35#* 

1) M:57#*  

2) M:47#* 

F: 29#* 

M:50#* 

Bjorkman, et 

al. (2008) (204) 

218 Bed-ridden inpatients 

aged >65  

81 84.5 1) 400 IU/d D3 

2) 1200 IU/d D3 

3) Placebo 

6 m PTH function and 

bone turnover 

1) 21.1  

2) 23.5 

 

3) 23.8 
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Study Sample/s 

%
 w

o
m

en
 Mean 

age 

(y) 

Vitamin D analogue and dosage period Main outcome Mean baseline 

serum 25(OH)D  

(nmol/L)  

Vitamin 

D 

Placebo 

Sneve, et al. 

(2008)(232); 

Jorde et al.  

(2008)(233) 

&(2010) (290)   

445 healthy subjects from 

outpatient clinics, 21-75 

years old, BMI=28-47 

kg/m2 

64 50 1) 2 capsules of 20.000 IU D3/week; 

2)One 20.000 IUD3/week+ one 

placebo/week 

3)two placebo/week 

+500 mg Ca/d for all 

1 y Weight loss; Fasting 

blood sugar and Lipid 

profile 

1) 54.5 

2) 51.4 

53.2 

 

Zhu et al. 

(2008)a (235) 

120 community dwelling 

women 70-80 years old 

100 74.8 1)1000 IU D2/d +1200 mg/d ca 

2)1200 mg ca/d + placebo 

3) Placebo group 

5 y Hip BMD 68.0 

 

1) 70.2  

2) 66.6 

Prince et al. 

(2008)(236) & 

Zhu et al.  

(2008)b (237) 

302 community dwelling 

women) 25(OH)D <60 

nmol/L120 healthy 

women aged 70-80 

100 77.2 1)1000 IU D2/d +1000 mg/d ca 

2) placebo+1000 mg/d Ca 

1 y Risk of fall for those 

with a previous 

history of fall-Bone 

chemistry 

44.3*  

Jorde et al, 

(2009) (234) 

36 Type II diabetic 

patients 21-70 years old  

44 56.2 1) 40,000 IU D3/ week  

2) Placebo/week 

6 m Change in HbA1c 60.0 

 

58.5 

McCullough & 

Fedirko et al 

.(2009)(238,291) 

& Hopkins et 

al. (2011)  (292)  

92 adults with a history of  

adenomatous colonic or 

rectal polyp; 30-75 years 

(mean age:60.5) 

30 60.5 1) 800 IU D3/d 

2) 800IUD3/d + 2 g ca/d 

3) 2000mg ca/d 

4) placebo 

6 m 

 

25(OH)D/markers of 

colon cancer   

1) 52.2 

2) 52.4 

3) 64.1 

  4) 51 

Moreira-

Pfrimer et al. 

(2009) (47) 

56 elderly aged >60 from 

geriatric-care centre  

78.5 78.2 1) 1000mg Calcium/d +150,000IU 

D3/.month for 2months, then 90,000 IU 

D3/month for four months  

 2) 1000mg ca/d+ placebo 

6  m  25(OH)D, serum 

calcium and Muscle 

strength 

45.9 39.5 

Viljakainen et 

al. (2009) (239) 

54 white men (21-49 

years old) 

0 29 1) 400 IU D3/d  

2) 800IU D3/d  

3) Placebo 

6 m Seasonal variations in 

calcitropic hormones 

1) 60.3 

2) 62.3 

64.7 

 

Wejse et al. 

(2009)(240) 

367 Tuberculosis patients 39.2 37.5 1) 100,000 IU D3 at baseline, 5&8 m 

2) Placebo at baseline, 5th and 8th months 

1 y Clinical outcome and 

mortality rate 

77.5 79.1 

Zittermann et 

al. (2009) (241) 

& Pilz et al. 

(2011) (293)  

200 overweight subjects; 

mean 25(OH)D:75nmol/L 

(18-70 years old)  

69 48 1) 3332 IU D3/d 

2) Placebo/d 

12 m Weight loss and CVD 

risk markers 

30.0# 30.3# 
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Study Sample/s 

%
 w

o
m

en
 Mean 

age 

(y) 

Vitamin D analogue and dosage period Main outcome Mean baseline 

serum 25(OH)D  

(nmol/L)  

Vitamin 

D 

Placebo 

Wejse et al. 

(2009)(240) 

367 Tuberculosis patients 39.2 37.5 1) 100,000 IU D3 at baseline, 5&8 m 

2) Placebo at baseline, 5th and 8th months 

1 y Clinical outcome and 

mortality rate 

77.5 79.1 

Zittermann et 

al. (2009) 

(241)& Pilz et 

al. (2011) (293)  

200 overweight subjects; 

mean 25(OH)D:75nmol/L 

(18-70 years old)  

69 48 1) 3332 IU D3/d 

2) Placebo/d 

12 m Weight loss and CVD 

risk markers 

30.0# 30.3# 

Janssen et al. 

(2010) (242) 

70 women aged >65 with 

25(OH)D between 20 &50 

nmol/L 

65.9 37 1) 400 IUD3/d +500 mg ca/d 

2) 500mg ca/d +placebo 

6 m Muscle strength and 

mobility  

32.6 34.3 

Jørgensen et al. 

(2010) (243) 

94 patients with Crohn’s 

disease in their remission. 

Aged >18 years 

65.9 37 1)1200 IU D3/d +1200 mg ca/d  

2)Placebo/d+1200 mg ca/d 

12 m Crohn’s disease 

activity index  

(CDAI) 

69 76 

Laaksi et al. 

(2010) (244) 

164 Finnish men during 

compulsory military 

training aged 18-28 years 

0 nr 1) 400 IU D3/d  

2) Placebo 

6 m No of days absent of 

work for respiratory 

infection 

78.7 74.4 

Von Hurst et al. 

(2010) (245) 

 

81 insulin resistance 

South Asian women aged 

23-68;25(OH)D <50 

nmol/l 

100 41.6 1)4000IU D3/d  

2)Placebo  

6 m Insulin resistance/ 

Markers of metabolic 

syndrome 

21# 19# 

Grimnes et al. 

(2011) (247) 

108 cases with vit D <42 

nmol/L from Tromso  

75 52.1 1) 40,000 IU D3/week  

2) Placebo 

6 m Insulin sensitivity and 

secretion 

42.2 39.2 

Mosayebi et al. 

(2011) (248) 

62 MS patients  71.2 36 300,000 IU D3/m  6 m Disability status scale 

scores & number of 

gadolinium-

enhancing lesions 

25.0^ 25.0^ 

Rastelli et al. 

(2011) (151) 

58 Non-metastatic breast 

cancer women after 8 

weeks of adjuvant or 

anastrozole therapy   

100 61.5 1)25(OH)D:50-72 nmol/L=50,000 IU/ 

week D2 for 8 weeks,  

then monthly for 4months Or placebo 

2) 25(OH)D: 25-50= 50,000 IU/week D2 

for 16 weeks then monthly for 2 months 

Or placebo.  

All received 400 mg/d ca and 400IUD3.  

6 m FIQ pain score; BPI-

SF pain severity and 

interference scores.  

57.4 

 

55 
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Study Sample/s 

%
 w

o
m

en
 Mean 

age 

(y) 

Vitamin D analogue and dosage period Main outcome Mean baseline 

serum 25(OH)D  

(nmol/L)  

Vitamin 

D 

Placebo 

Cherniack et al.      

(2011) (246) 

34 elderly veterans ≥70 

years from geriatric centre 

2.2 79.6 1) 2000 IU D3 /d 

2) Placebo 

6 m Serum 25(OH)D, 

calcium, PTH & 24-

hour urinary calcium 

70.1* 69.1* 

Sanders et al. 

(2010) (32) 

2317 women >70 years 100 76.1 1) 500,000 IU D3/ year 

2) Placebo 

3-5 y Falls and fractures 53# 45# 

Steffensen et al. 

(2011&2013)  

(249,294)  

71 Multiple Sclerosis  

patients aged 18-50 years 

old 

70.5 40 1) 20,000 IU D3/week 

2) Placebo 

All 500 mg ca/d 

96 weeks  BMD 55.6 

 

57.3 

 

Soilu-

Hanninen, et al. 

(2012) (78)  

 

30 patients as a sub-group 

of 66 relapsing-remitting 

MS patients  on IFNB-1α 

therapy  

60 35# 1) 20,000 IU D3/week 

2) Placebo/week 

12 m Patients with 

enhancing T1 lesions 

or  with a new/ 

enlarging T2 lesions 

via MRI scanning 

55 50 

Alvarez et al. 

(2012 & 2013) 

(131,295) 

46  patients with Chronic 

kidney disease (CKD) 

8.6 62.5 1) 50,000IU/week D3  for 12 weeks, then 

changed to fortnightly for 40 weeks  

2) placebo 

1 y Maintaining a 

25(OH)D>75 nmol.l 

66.5* 79.8* 

Bergman et al 

(2012)  (251) 

140 Antibody deficient 

patients or any immune 

disorder & susceptibility 

to RTIs (18-75 years old) 

72.8 53.1 1) 4000 IUD3/d 

2) Placebo 

1 y   Infectious score 

based on respiratory 

symptoms of tract, 

ears, sinuses, Malaise 

& Antibiotic use 

51.5* 46.9* 

Gallagher et al. 

(2012) (252) 

ViDOS 

163 Caucasian 

postmenopausal white 

women  

50-90 years  

With vit D insufficiency 

(≤50nmol/L) 

100 67 8 groups of treatment =  

1) Placebo, 2) 400 IU/d, 3) 800 IU/d, 

4)1600 IU/d, 5) 2400 IU/d, 6) 3200 

IU/d, 7) 4000 IU/d, 8) 4800 IU D3/d or 

matched placebo. 

Plus ca supplements to reach a total of 

1200-1400 mg/d intake.  

1 y  

25(OH)D and PTH 

change 

38.2 

 

 

37.7 

 

 

Glendenning et 

al. (2012) (253)  

686 women >70 years old, 

mean; community based 

100 67.7 1) 150,000 IU D3 /3monthly in Vit D 

arm; 2) Placebo/3monthly 

Ca supplementation advice to ensure an 

intake of 1300 mg/d  

9 m Falls, muscle strength 

and mobility 

65 66.5 
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Study Sample/s 

%
 w

o
m

en
 Mean 

age 

(y) 

Vitamin D analogue and dosage period Main outcome Mean baseline 

serum 25(OH)D  

(nmol/L)  

Vitamin 

D 

Placebo 

Goswami et al. 

(2012)(145) & 

Das et al. (2014) 

(296) 

173 healthy females  100 21.7 1) 60,000IUD3/w for 8 weeks, then 

60,000 IU/twice a month 

2) D3+1000mg ca /d  

3)1000 mg/d ca 

4)Double placebo,  

6 m  

Handgrip for Muscle 

strength  

1) 22.9 * 

2) 23.7* 

 

3) 21.4* 

4) 24.7* 

 

Grossmann et 

al. (2012) (297) 

30 Cystic Fibrosis 

inpatients hospitalized for 

pulmonary exacerbations   

91.5 26.5 1)250,000 IU D3 oral bolus 

2)Placebo once 

1 y 

follow up  

25(OH)D after12 

weeks and clinical 

outcome 

after12weeks and 1 

year 

76.4* 71.6* 

Kjaergaard et 

al. (2012) (254) 

237 healthy adults with 

25(OH)D<55 or >70  

50 53.6 1) 40,000 IU D3/w   

2) Placebo 

6 m Depressive symptoms 

improvement 

47.4 

 

47.7 

 

Lagari et al. 

(2012) (255) 

105 ambulatory elderly 

subjects:25(OH)D<75 

nmol/L or ≥ 75 nmol/L; 

65-95 years old. 

83 73.5 1) 25(OH)D<75: 2000 IU D3/d  

2) 25(OH)D≥75nmol/L :2000 IU D3/d  

3) 25(OH)D<75 nmol/L :400IU D3/d  

4) 25(OH)D≥75nmol/L :400IU D3/d  

6 m Maintain 25(OH)D > 

75nmol/L 

1) 54.9* 

2) 97.3* 

 

3) 57.4* 

4) 92.3* 

 

Lehouck et al. 

(2012) (256) 

 

 

182 patients with Chronic 

obstructive pulmonary 

disease (COPD) 

7.6 73 1)100,000 IUD3/m 

2) placebo/m 

1 y First COPD 

exacerbation 

49.9 

 

49.9 

 

Murdoch et al. 

(2012)(257); 

Scragg et al 

(2014) (298)  

322 healthy adults (75% 

women) 

 

75 47.4 1) At baseline and 1st m: 200.000IU 

D3/m, then 100.000 IU D3/m for 16 

months. 

2) placebo in control arm 

1.5 y No of URTI episodes  

73.1* 

 

71.1* 

Nieves et al. 

(2012) (258) 

 

 

 

Postmenopausal women 

(black) with 25(OH)D<50 

nmol/L 

100 61.7 1)1000 IU D3/d 

2)Placebo 

ca supplement in both arms, up to 1000 

mg/d 

2 y Hip BMD turnover  

29* 

 

29* 
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Study Sample/s 

%
 w

o
m

en
 Mean 

age 

(y) 

Vitamin D analogue and dosage period Main outcome Mean baseline 

serum 25(OH)D  

(nmol/L)  

Vitamin 

D 

Placebo 

Tran et al.  

(2012 ) (259)& 

Waterhouse et 

al. (2014) (166) 

644 adults 60-84 years old 

people from the 

community in Australia.  

47 72 1) 60,000 IU D3/ month (n=215) 

2) 30,000 IU D3/ month (n=215) 

3) Placebo(n=214) 

≤12 m Change in 25(OH)D  1) 41.7 

2) 41.6 

41.9 

Toss et al. 

(2012) (260) 

45 subjects from 

community (55-84 years 

old) 

71.4 70 1)1600IU/d D3+1000 mg ca /d  

2)1000 mg ca/d 

1 y Serum 25(OH)D  50.4 47.3 

Wasse et al. 

(2012)& (2014) 

(261,299) 

 

 

52 Haemodialysis patients 

with a mean age of 51.1 

before Arteriovenous 

Fistula creation  

31.8 51.1 1) 200,000 IU/week D3 for three weeks 

2) Placebo/week for three weeks 

 

  

6 m 

follow up 

25(OH)D at 6 weeks 

and arteriovenous 

access maturation 

after 6 months 

41.9 46.4 

Abou-Raya et 

al. (2013) (148) 

228 premenopausal 

women and 39 men  with 

Systemic lupus 

erythematous  

85 38.8 1) 2000 IU D3/d  

2) Placebo 

12 m Alternation in 

proinflamatory 

cytokins and 

homeostatic markers  

49.4 

 

49.4 

 

Aloia et al  

(2013) (262)  

159 healthy 

Postmenopausal women 

from community 

100 59 1) 4000IU D3/d + 1200 mg ca 

2) 4000 IU D3/d  

3) 1200mg ca/d 

4) Double placebo 

6 m Serum PTH; Cross 

linked C-telopeptide 

1) 69 

2) 64 

3) 66 

4) 67 

 

Bolland et al. 

(2013)  (263) 

27 Sarcodiasis patients 

with 25(OH)D<50 nmol/L 

and normal serum calcium  

70 57 1) 50,000IU D3/week for 1 month, then 

50,000 IU D3/month for 11 months. 

2) Placebo 

1 y 

 

Change in serum ca 35 

 

38 

 

Boxer et al. 

(2013) (264) 

64 Heart Failure patients 

≥50 years old; 

25(OH)D≤93.6nmol/L  

48 65.8 1)50,000 IUD3/week 

2) placebo/week 

800 mg ca/d in both arms 

6 m Peak VO2 47.7* 44.4* 

Breslavsky et 

al. (2013) & 

(2014) (265,266) 

 

 

47 diabetic patients  53.2 66 1)1000 IU D3/d  

2) Placebo/d 

1 y  Arterial properties, 

Glucose homeostasis, 

adiponectine, leptin 

29.4* 29.2* 

http://www.sciencedirect.com.ezproxy.auckland.ac.nz/science/article/pii/S0261561413000472
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Study Sample/s 

%
 w

o
m

en
 Mean 

age 

(y) 

Vitamin D analogue and dosage period Main outcome Mean baseline 

serum 25(OH)D  

(nmol/L)  

Vitamin 

D 

Placebo 

Delanaye et al. 

(2013) (267) 

43  haemodialysis 

patients; ≥18; 25(OH)D< 

75nmol/L 

10.8 74 1) 25,000 IU D3/fortnightly 

2) Placebo 

1 y Serum 25(OH)D  30#* 30#* 

Derakhshandi 

et al. (2013) 

(268) 

30 patients with optic 

neuritis diagnosis with 

25(OH)D<50 nmol/L ;20-

40 years;  

91.6 25 1) 50,000 IU D3/week 

2) Placebo/week 

1 y 

 

Conversion of optic 

neuritis to MS risk 

reduction 

34.2* 40.9* 

Gallagher et al. 

(2013a) (269) 

(ViDOS for 

African 

American) 

110 Healthy African 

American aged 57–90 

years;25(OH)D≤50nmol/L 

and >12.5 nmol/L 

Serum ca<10.3 mg/dl 

100 66.3 1) One of the following daily doses 400, 

800, 1600, 2400, 3200, 4000, 4800 IU 

D3/d++ ca supplement to ensure an intake 

of 1200-1400 mg/d; 2) placebo + ca 

supplement to ensure an intake of 1200-

1400 mg/d 

1 y Change in 25(OH)D 

and  PTH 

 

33* 33.9* 

Hewitt et al. 

(2013) (270) 

60 haemodialysis patients 

(thrice/week) with 

25(OH)D<65 nmol/L  

52 62# 1) 50,000 IU D3/week for eight weeks. 

Then monthly for four months. 

2) Placebo 

6 m Muscle strength, 

functional muscle 

capacity, HR-QOL 

44.9* 39.9* 

Lewis et al. 

(2013) (271) 

45 young athletes 28.8 19 1) 4000 IU D3/d 

2) Placebo/d 

6 m 25(OH)D levels 130* 159* 

Logan et al. 

(2013) (272) 

95 adults from university 

staff and students (18-

50years old; mean: 29) 

79 29 1)1000 IU D3/d  

2)1000 IU D2/d  

3) Placebo/d 

25 weeks 25(OH)D and PTH 1) 80 

2) 74 

81 

McAlindon et 

al. (2013) (273) 

146 patients with  knee 

Osteoarthritis  

61 62.4 1) 2000 IU D3/d  

2) Placebo 

2 y Knee pain severity 

(WOMAC pain 

score) 

56.6* 

 

54.6* 

 

Petchey et al. 

(2013) (18) 

28 Adult CKD patients  

(Stage III-IV); mean 

age:66 

29 66 1) 2000 IU D3/d  

2) Placebo 

6  m Insulin resistance; 

Glucose disposal rate 

(GDR) 

95 88 

Reddy et al. 

(2013) (274) 

40 pancreatitis patients  

(tropical calcific type) 

with 25(OH)D<75 nmol/L  

35 33 1) 600,000 IM D3 

2) 300,000IM D3 

3) Placebo 

+500IUD3/d and 1gr ca/d in all arms 

9 m Proportion of patients 

with (25(OH)D 

<75nmol/L) 

1) 30.8 

  2) 23.5 

 

 

26.9 
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Study Sample/s 

%
 w

o
m

en
 Mean 

age 

(y) 

Vitamin D analogue and dosage period Main outcome Mean baseline 

serum 25(OH)D  

(nmol/L)  

Vitamin 

D 

Placebo 

Sanghi et al. 

(2013)  (275) 

106 Subjects with primary 

knee Osteoarthritis (OA) 

≥40; 25(OH)D≤50 nmol/l 

64 53 1) 60,000 IU D3/d for 10 days and then 

60,000 IU D3/m for 12 months. 

2) Placebo/d for 10 days, then per month  

12 m Knee pain and 

function 

37.0* 37.5* 

Suzuki et all. 

(2013) (276) 

114 Parkinson patients 

aged 45-85  

48 72 1)1200 IU D3/d 

2) Placebo 

1 y Clinical change for 

Hoehn and Yahr) 

stage 

56.2* 

 

52.6* 

 

Wamberg et al. 

(2013) (277) 

52 healthy and obese 

people 18-50 years with 

25(OH)D<50 nmol/L and 

BMI> 30kg/m2 

71 40.5 1) 7000IU D3/d  

2) Placebo 

26 weeks BMD 34.5 

 

34.6 

 

Witham et al. 

(2013)a (132) 

159 patients with 

“Isolated systolic 

hypertention)  

49 76.8 1)100,000 IU D3 every 3months 

2) Placebo every 3months 

1 y Blood pressure 44.92 

 

44.92 

 

Witham et al. 

(2013)b (278) 

75 post-miocardial 

infarction patients (in 6 

weeks and before) 

31 66 1)100,000 IU D3 for three times: 

baseline-2 months-4months 

2) Placebo with the same protocol for 

vitD arm 

4 m; 

follow 

for 6 m 

Reactive hyperaemia 

index 

49 

 

45 

 

Amrein et al. 

(2014) (279) 

492 ICU patients with 

25(OH)D<50nmol/L;  

35 64.6 1) Day1:540,000IU D3 in vitD, then 

day28 :90,000IU/ month for 5 months 

2) placebo with the same protocol for 

vitD arm 

6 m Length of hospital 

stay 

32.7 

 

32.5 

 

Dalbeni et al. 

(2014)  (165) 

 

 

 

 

36 CHF patients with 

25(OH)D<75nmol/L 

38.8 74 1) 600,000 IU D3oral dose at baseline 

followed by 100,000 IU D3 at week 10 

and 20 

2) Placebo at baseline and week 10 and 

20 

6 m Ejection Fraction 

(EF) and other 

echocardiography 

parameters. 

42.9* 43.9* 

Castro et al. 

(2014) (280) 

408 subjects with 

symptomatic asthma; 

25(OH)D<75 nmol/L; 

Aged ≥18 years 

68.1 39.7 1)100,000 (single dose) D3 +4000 IU 

D3/d for 28 weeks  

2) Placebo 

Both arms took inhaled ciclesonide 

28 weeks Time to first 

treatment failure 

46.9* 46.9* 
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Study Sample/s 

%
 w

o
m

en
 Mean 

age 

(y) 

Vitamin D analogue and dosage period Main outcome Mean baseline 

serum 25(OH)D  

(nmol/L)  

Vitamin 

D 

Placebo 

Chen et al. 

(2014) (281) 

126 Patients with 

hypertention: Blood 

pressure>140:90 mmHg 

42 62 1) 2000 IU D3/d 

2) Placebo 

6 m 24-hour mean Blood 

pressure 

48.4* 48.6* 

Dreyer et al. 

(2014) (282) 

38  non-diabetic patients 

with  chronic kidney 

disease stage 3– 4 and  

25(OH)D ≤40 mg/dl 

26.3 47 1) 50,000 IU D2/w for 1 month, then 

monthly for 6 months. 

2) Placebo/week for 1 month then 

monthly for 6 month 

6 m Microcirculatory 

endothelial 

Function and  

microvascular 

parameters such as 

skin 

autofluorescence 

(AF) 

nr nr 

Gallagher et al. 

(2014) (283) 

198 white and black 

women aged 25-45.  

100 36.7 1) 400 IU D3/d           2) 800 IU D3/d  

3) 1600IU D3/d          4) 2800 IU D3/d  

5) Placebo 

+200 mg elemental ca for all arms 

1 y Change in 25(OH)D 

and  PTH 

1) 32.7* 

2) 34.4* 

3) 33.2* 

4) 33.2* 

P 

35.2 

 

 

Islam et al. 

(2014) (284) 

200 Low income 

premenopausal women 

(garment workers) aged  

18-36 years 

100 22.5 1) 400IU/d D 

2) 400IU/d D+600mg Ca /d  

3) D+ 600mg Ca /d + Multivitamins 

4) Placebo 

1 y Lipid profile 37* 35* 

Jehle et al. 

(2014) (206) 

55 patients with TM type 

II 

63.6 65.3 1) 300,000 IU D3 IM bolus at baseline + 

150,000 IU D3 at three months to those 

with 25(OH) D< 80 nmol/L 

2) Placebo (Nacl) intramuscular 

6 m glycosylated 

haemoglobin 

(HbA1c); Insulin 

resistance : HOMA-

IR; changes in 24-

hour ambulatory 

blood pressure values  

36 28.1 

Li et al. (2014) 

(289) 

 

 

 

96 haemodialysis patients 

aged≤18 &25(OH)D<62  

43.7 59 1) 50,000 IU D3/week for 6 weeks, then 

10,000 IU/w in those with 

25(OH)D>87.4nmol/L and continue on 

500000/w in those with 25(OH)D≤87.4 

2) controls 

12 m Change in 25(OH)D 33.7* 

 

32.7* 
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Study Sample/s 

%
 w

o
m

en
 Mean 

age 

(y) 

Vitamin D analogue and dosage period Main outcome Mean baseline 

serum 25(OH)D  

(nmol/L)  

Vitamin 

D 

Placebo 

Maggi et al. 

(2014) (285) 

30 Type II diabetic 

patients 

16 69 1) 300,000 IU D3 Bolus 

2) Placebo 

Bolus;  

6-m 

follow up  

Change in Bone 

turnover markers 

27.8 31.7 

Mason et al.  

(2014) (286) 

218 overweight or obese 

women; 25(OH)D≥50 

nmol/L and<80 nmol/L 

(50-75 years;  

100 59.6 1) weight loss program+2000IU D3/d  

2) weight loss program+ placebo 

12 m Weight loss 53.4* 53.4* 

Mose et al. 

(2014) (287) 

64 chronic dialysis >18 

years old with 3 months 

treatment history.  

58 50 1) 3000 IU D3/d  

2) Placebo/d 

6 m Cardiac function and 

blood pressure 

28# 

 

28# 

 

Ramly et al.  

(2014) (173) 

93 postmenopausal 

women with a mean age 

of 42 

100 42.5 1) 50,000 IUD3/ week for two months, 

then monthly for 10 months 

2) Placebo with the same protocol for the 

treatment.  

1 y 25(OH)D, serum 

lipid, blood pressure 

and HOMA-IR  

30.2 30.0 

Rizzoli et al. 

(2014) (174) 

518 men and 

postmenopausal women 

with primary osteoprosis 

and 25(OH)D>22.5 

nmol/L 

91 66.7 1)  strontium ranelate 2 g daily +1000 

IUD3/d  

2)  strontium ranelate 2 g daily 

6 m Safety and efficacy of 

combination 

treatment of  

strontium ranelate 

with vitamin D 

44 44.4 

Rolighed et al. 

(2014) &(2015) 

(175,300) 

46 Preoperative HPT 

patients with 

hypercalcaemia and 

vitamin D deficiency  

76 59 1) 2800 IU D3/d for 25 weeks 

2) Placebo/d for 25 weeks 

52 w 

follow up 

Change in pre-

operative plasma 

PTH level 

50.2 57 

Ryu  et al. 

(2014) (176) 

158 Type II diabetic 

patients ; 25(OH)D<50 

nmol/L ; HbA1c<8.5% 

Aged 30-69 

50 55.3 1) 2000 IU D3/d +200 mg/d elemental ca 

2) Placebo+ 200 mg/d elemental ca 

24 w Glucose, HbA1c, 

HOMA-IR 

26.9* 25.2* 

Sollid. et al. 

(2014) (177) 

511 subjects with IFG or 

IGT aged 21-70; IFG>7.0 

nmol/L & IGT>7.7 

nmol/L &<11.1 

39 62.1 1) 20,000IU D3/ week  

2) Placebo 

1 y Blood glucose, lipid 

and Blood pressure.  

 

59.9 

 

 

61.1 
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Study Sample/s 

%
 w

o
m

en
 Mean 

age 

(y) 

Vitamin D analogue and dosage period Main outcome Mean baseline 

serum 25(OH)D  

(nmol/L)  

Vitamin 

D 

Placebo 

Strobel et al. 

(2014) (178) 

62 patients with type II 

DM 

44.1 60 1) 2000 IU D3/d 

2) Placebo 

6 m Change in fasting 

blood glucose and 

insulin  

29.7*# 29.7*# 

Turner et al. 

(2014) (179) 

118 women with 

symptomatic Bacterial 

vaginosis (median age) 

100 26 1) 50,000 IU D3 (9 capsules) weekly for 

first month and then monthly.  

2) Placebo/d (9 capsules) given in the 

same order as for D arm.  

Both received +500 mg metronidazole 

for 7 days 

24 w Bacterial vaginosis 

recurrence  

41.4* 

 

39.4* 

 

Wepner et al. 

(2014) (180) 

30 Orthopaedic in & 

outpatients (3men) with  

fibromyalgia (FMS) and 

25(OH)D < 80 nmol/L  

90 48.4 1) 1200 IU D3/d if 25(OH)D:60-80 

nmol/L 

2) 2400 IU D3/d if  25(OH)D<60 nmol/L 

6 m  

 

Pain reduction 

 

Fibromyalgia 

47.4* 

 

52.1* 

 

Wood  et al. 

(2012) 

(16)&(2014)(15) 

305 Post-menopausal 

white women  

100 63.8 1) 400 IU D3/d 

2) 1000 IU D3/d 

3) Placebo/d 

1 y Serum lipid profile, 

Insulin resistance, 

inflammatory  

1) 32.7 

2) 32.4 

 

36.2 

 

Åberg et al. 

2015(301) & 

Norenstedt et 

al. (2013) (181) 

150 PHPT patients after 

parathyroidectomy 

(age=30-80) 

80.7 62# 1) 1600 IU D3+1000 mg ca 

2) placebo+1000 mg ca 

 

 

12 m BMD 40# 45# 

Arora et al. 

(2015) (182) 

Patients with Systolic BP: 

120-159 mmHg & 

diastolic BP<99 mm Hg; 

25(OH)D < 62.4nmol/L 

32 36.5 1) 4000 IU D3/d  

2) 400 IU D3/d  

6m Mean 24-hour 

systolic blood 

pressure 

38.9* 

 

 

39.4* 

 

 

Barengolts  et 

al. (2015) (66) 

Prediabetics African 

American men; Vitamin D 

deficient (in nmol/L): 

72.4>25(OH)D>12.5 

0 58.8 1) 50,000 IU D2/ week  

2) Placebo/week 

All took 400 IU/d for the whole study 

period. 

1 y Insulin sensitivity and 

secretion and 

glycemic status 

31.2* 34.5* 

Baron et al. 

(2015) (183) 

2259  patients with 

recently diagnosed 

adenomas & no known 

colorectal polyps 

15 58 1)1000 IU D3/d 

2)1000 IU D3/d +1200 mg calcium 

3)1200 mg calcium 

4) Double placebo 

3-5 y Colorectal adenomas 61.6* 

 

60.8* 
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Study Sample/s 

%
 w

o
m

en
 Mean 

age 

(y) 

Vitamin D analogue and dosage period Main outcome Mean baseline 

serum 25(OH)D  

(nmol/L)  

Vitamin 

D 

Placebo 

Cangussu  et al. 

(2015) (184) 

160 Brazilian young (50-

65)postmenopausal 

women, 12 months from 

the last amenorrhea with 

one fall  

100 59 1)1000 IU D3/d 

2) Placebo 

 

 

9 m Muscle function 37.4* 

 

42.2* 

 

Daley et al. 

(2015) 

(185) 

247 Pulmonary 

Tuberculosis patients aged 

41.6 and 43.7 in vitD and 

placebo 

23.5 42 1) 100,000 IU D3/fortnightly 

2) Placebo/fortnightly 

supplementation at  weeks 0, 2,4 and 6 

8 w, 

+ 6m 

Follow 

up  

Time to sputum 

culture conversion 

58 53.7 

Garg et al. 

(2015) (186) 

Women with PCOS (18-

35 year) who are 

receiving Metformin 1500 

mg/d  

100 22.4 1)120,000IU D3/ month 

2) Placebo/ month 

6 m Insulin sensitivity, 

resistance and 

secretion 

19.2* 

 

16.9* 

 

Hansen et al. 

(2015) (187) 

Postmenopausal women 

with    25(OH)D of  35-

67.5 nmol/L 

100 61 1) 50,000 IU D3/d for 15 days, then 

fortnightly for 11.5 months. 

2) Placebo capsule for 15 days, then 

fortnightly for 15 months 

1 y Total fractional 

calcium absorption, 

bone mineral density 

were primary 

outcomes 

52.5*# 52.5*# 

Kearns, et al. 

(2015) (188) 

Healthy young people 

(20-30 years old) 

78.5 27.4 1) 250,000 IU D3 Single dose 

2) Placebo 

1 y 

follow up 

25(OH)D and PTH 

change 

41.4 41.2 

Krul-poel et al. 

(2015)(189) 

274 outpatients with type 

II diabetic from 5 general 

practices in Netherland 

35 67 1) 50,000 IU D3/ month 

2) Placebo/month  

 

6 m 

Change in HbA1c 60.6 59.1 

Mazahery et al. 

(2015) (190) 

Premenopausal Middle 

eastern women aged 20-

50 

100 43.5 1) 50,000IUD3/ month  

2) 100,000 IU D3/month  

3) Placebo  n=21 

6 m 25(OH)D change 1) 40.9 

2) 46.1 

 

45.2 

Martineau et al. 

(2015)a (191) 

(NCT00978315) 

250 Asthmatic adults  

(mean age: 49.4 in vitD 

and 46.4 in placebo arm) 

56 48 1)120,000 IU D3 every two months  

2) Placebo 

 

1 y Incidence of asthma 

exacerbation and URI  

49.8 49.4 

Martineau et al. 

(2015)b (192) 

(NCT00977873) 

240 Patients with COPD 

 

40 64.7 1)120,000 IUD3 every 2month  

2) Placebo  

 

 1 y Time to first 

moderate/ severe 

exacerbation and URI  

45.4 46.7 
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Study Sample/s 

%
 w

o
m

en
 Mean 

age 

(y) 

Vitamin D analogue and dosage period Main outcome Mean baseline 

serum 25(OH)D  

(nmol/L)  

Vitamin 

D 

Placebo 

Martineau et al. 

(2015)c 

(ViDiFlu) (193) 

(NCT01069874) 

Shelter residents and their 

carer in shelter 

accommodation in UK 

65.5 67 1) 120000 IU D3 2monthly in carer (6 

doses) 

2) 96000IUD3/2monthly in 

resident+400IU D3/d 

3) Placebo in carer 

4) Placebo +400IU D3/d in resident 

1 y Time to first AIR 

(acute respiratory 

infection) 

42.4 43.6 

Muñoz-Aguirre 

et al.  (2015) 

(194) 

104 postmenopausal 

women, BMI ≥25;  (45-65 

years ) with diabetes II 

100 57 1) 4000 IU/d D3 

2) Placebo 

 

6 m CRP and insulin 

resistance 

54.8 54.3 

Qin et al. (2015) 

(195) 

56 Patients with 

hypercholesterolemia 

(Mean age: 67.7-67.8) 

44.6 67.7 1) 2000 IU  D3/d  

2) Placebo 

Both received Statin 

6 m Change in serum total 

cholesterol level 

52.6* 55.4* 

Rajanandh et 

al. (2015) (196) 

141  Patients with severe 

and persistent asthma 

50.7 57.5 1) Budesonide (800μg)+ Formoterol (24 

μg) 

2) treatment of 1 +1000 IU D3/d  

6  Pulmonary function 

and HR-QOL 

nr nr 

Sadiya et al. 

(2015) (197) 

obese diabetic (II) adults 

with vitD deficiency 

(mean age:49 years old) 

81.6 48.5 1) 6000 IUD3/d for 3 months, then 3000 

IU D3/d for the next three months; then 

2200 IU D3/d for 6 months (Not-blinded 

in this stage) 

2) placebo/d for 12 months 

1y; 

+6m 

follow up  

Body composition  28.5 30 

Uusi-Rasi et al. 

(2015)(198)  

409 home-dwelling 

women (70-80 years old) 

with at least one fall event 

in last12 m 

100 74.2 1) Exercise+ 800IU D3/d  

2) 800IU D3/d  

3) Exercise+ placebo 

4)  Placebo only 

2 y Falls  1) 65.4* 

2) 65.9* 

3) 69.4* 

4) 67.6* 

Witham et al. 

(2015) (199) 

50 Patients with Chronic 

Fatigue Syndrome 

60 49 1)100,000 IU D3 at baseline, month 2 and 

4 

2) Placebo (same as treatment arm) 

6 m  

Follow 

up 

Arterial stiffness 44 48 

Yeow et al. 

(2015) (200) 

26 Women with recent 

record of GDM (6-48 

months post-partum) & 

25(OH)D:15-50nmol/L 

100 35.5# 1) 4000 IU D3/d  

2) Placebo 

6 m Glucose metabolism 

and cardio- metabolic 

risk markers 

35.6# 35.1# 
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Abbreviations: Y, Year; m, month; AIMSS, aromatase inhibitor-associated musculoskeletal symptoms; BMD, bone mineral density; BMI, body mass index; 

BP, blood pressure; BPI-SF, Brief Pain Inventory–Short Form; CHF, chronic heart failure; COPD, chronic obstructive pulmonary disease; DM, diabetes 

mellitus; FIQ, Fibromyalgia Impact Questionnaire; HbA1c, glycated hemoglobin; HOMA-IR, homeostasis model of assessment-insulin resistance; HR-QoL, 

health-related quality of life; ICU, intensive care unit; IFG, impaired fasting glucose; IFNB, interferon beta; IGT, impaired glucose tolerance; IM, intramuscular 

injection; MRI, magnetic resonance imaging; MS, multiple sclerosis; NaCl, sodium chloride; NR, not reported; PCOS, polycystic ovary syndrome; PHPT, 

primary hyperparathyroidism; PTH, parathyroid hormone; RA, rheumatoid arthritis; RTIs, respiratory tract infections; vitD, vitamin D; URTI, upper respiratory 

tract infection; VO2, maximal oxygen consumption; WOMAC, Western Ontario and McMaster Universities Arthritis Index; 25(OH)D, 25-hydroxyvitamin D.  

* Value converted from ng/dl to nmol/L by multiplying by 2.496.  

# Median.  

c Estimated

Study Sample/s 

%
 w

o
m

en
 Mean 

age 

(y) 

Vitamin D analogue and dosage period Main outcome Mean baseline 

serum 25(OH)D  

(nmol/L)  

Vitamin 

D 

Placebo 

Jin et al. (2016) 

(201) 

413 vitamin D deficient 

subjects with symptomatic 

knee osteoarthritis  

50 63.2 1) 50,000 IU D3/m 

2) Placebo 

2 y change in tibial 

cartilage volume and 

WOMAC pain score 

43.8 43.8 

Shapiro et al. 

(2016) (202) 

Postmenopausal women 

with  AIMSS while being 

treated with  anastrozole, 

letrozole, or exemestane 

for minimum one month 

100 60.9 1) 4000 IU D3/d  

2) 600 IU D3/d 

6 m the change in 

Musculoskeletal 

symptoms 

37 36.4 

Välimäki et al. 

(2016) (68) 

 

60 Caucasian women 

from community 

dwelling, southern 

Finland 

100 75 1) 100,000 IU  D3/ 3-monthly+1 gr Ca/d 

2) 200,000 IU D3 / 3-monthly+1 gr Ca/d 

3) Placebo/ 3-monthly+1 gr Ca/d 

1 y 25 (OH)D reaches to 

75 nmol/L or 50 

nmol.l  

1) 59 

2) 64 

3) 61 
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2.5.5 Results 

A total of 62 studies (with 19,405 participants) reported all combined adverse events per 

participant in each arm of the study. The forest plot for this analysis is shown in Figure 2-3. 

There was no increase in the risk of all adverse events from vitamin D supplementation, 

compared with placebo,  in studies which reported this outcome (RR=0.98; 95% CI: 0.95, 1.02; 

p=0.35).  Further sub-group analyses for studies with calcium in both arms, and studies only 

with vitamin D or placebo, did not show significant effects in either group for this outcome 

(Table 2-4). The risk of all adverse events did not vary by length of study (p-interaction = 

0.68), by baseline 25(OH)D concentration (p-interaction= 0.81), by adding calcium to both 

arms (p-interaction=0.91) or by whether vitamin D2 or D3 was taken (p-interaction = 0.32).  

In 37 studies (with 17,473 participants) that reported on hypercalcaemia in either one or both 

arms, there was an increased risk of hypercalcaemia from vitamin D compared to placebo (RR: 

1.54, 95% CI: 1.09, 2.18; P = 0.01, Figure 2-4). As shown in Table 2-4, the effect of vitamin 

D on hypercalcaemia was not modified by the co-intervention of calcium (in both arms or in 

neither arm), the dose of vitamin D (≤800 or >800 IU), baseline vitamin D status (≤50 or >50 

nmol/L), or the duration of supplementation (≤1 or >1 y). The meta-regression showed no 

association between vitamin D dose and risk of hypercalcaemia (P = 0.52). 

Overall, 14 studies (with 1987 participants) reported on hypercalciuria and showed an 

increased risk in the vitamin D arm compared with the placebo arm (RR: 1.64; 95% CI: 1.06, 

2.53; P =0.03, Figure 2-5). Subgroup analyses did not show any interactions (P > 0.05) with 

regard to the dose, duration, baseline D status, or combination with calcium on the effect of 

vitamin D on of hypercalciuria (Table 2-4). The removal of the study with the greatest number 

of events (252) did not change the effect size (RR: 1.62; 95% CI: 0.99, 2.06; P = 0.06).  
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There were 9 studies (with 9619 participants) that reported on kidney stones ( Figure 2-6). 

Overall results showed no increase in risk of kidney stones from vitamin D supplementation 

(RR: 0.66; 95% CI: 0.41, 1.09; P = 0.10). The effect of vitamin D on risk of kidney stones did 

not vary between subgroups (Table 2-4). The study of Baron et al. 2013 (183) had the greatest 

number of events, and the removal of the study changed the effect size only slightly to 0.63 

(95% CI: 0.24, 1.62; P = 0.34). 

GI tract symptoms in one or both arms were reported in 27 studies (9,189 participants) as shown 

in Figure 2-7. Results showed that vitamin D did not increase these symptoms (RR=1.01; 95% 

CI: 0.87, 1.17; p=0.90). Further sub-group analysis for studies with vitamin D only, or in 

combination with calcium, did not show a difference. Nor was the vitamin D effect different if 

given for longer than one year versus one year and less; although, there were only two studies 

with follow up of more than one year (136,201).   Further subgrouping based on baseline 

25(OH)D <50 nmol/L, as opposed to ≥50 nmol/L, did not change the results. Interaction tests 

for all study subgroup comparisons showed no significant difference in the effect of vitamin D 

supplements on risk of GI symptoms (Table 2-4).  

Only 8 studies reported dermatological events in 67 out of 1695 participants (Figure 2-8); 44 

and 23 in the vitamin D and placebo arms, respectively. Vitamin D did not increase the risk of 

dermatological events (RR=1.33; 95% CI: 0.82, 2.15).  

For withdrawals, 123 studies (41,898 participants) reported on this outcome (Figure 2-9). Total 

withdrawals were not significantly different between vitamin D and placebo arms for all studies 

(RR=1.01, CI: 0.96, 1.07; p=0.63). Sub-group analyses in studies which reported the reasons 

for withdrawing did not show an increased  risk of withdrawals for side effects when compared 

to the risk of withdrawal due to withdrawn consent (Table 2-4; p for interaction=0.12).   
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Participants in studies which gave vitamin D with calcium were more likely to report 

withdrawals, compared to calcium with placebo (RR=1.16; 95% CI: 1.02, 1.33; Figure 2-10), 

than those in studies which gave vitamin D by itself, compared to placebo (RR=1.00; 95% CI: 

0.95, 1.06; Figure 2-10; p for interaction = 0.04). There were no significant interactions 

(p>0.05) for other subgroup analyses of withdrawals when comparing open-labelled and 

double-blinded studies, high and low baseline 25(OH)D concentration, short-term and long-

term supplementation duration and vitamin D2 with vitamin D3 (Table 2-4).      
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Table 2-4 Risk ratios for all adverse events, hypercalcaemia, hypercalciuria, kidney stones, gastrointestinal and dermatological symptoms, 

and withdrawals in RCTs with vitamin D supplementation 

Side effects No of 

studies 

No of 

participants 

1RR (95% CI) Z P-value 2Interaction test 

Z P-value 

1. All Adverse events 62 19,405 0.98 [0.95, 1.02] 0.94 0.35 - - 

   1.1 Studies with calcium in both arms 15 4,905 0.97 [0.82, 1.15] 0.34 0.73 -0.11 0.91 

   1.2 Studies with vitamin D only versus placebo 47 9,180 0.98 [0.91, 1.06] 0.43 0.66 

   1.3 Studies with 6-12 months supplementation  51 7,381 0.98 [0.94, 1.01] 1.37 0.17 -0.41 0.68 

   1.4 Studies with one year or more 

supplementation 

11 11,996 1.05 [0.89, 1.24] 1.03 0.31 

   1.5 In studies whose subjects had 25(OH)D 

≥50nmol/L 

21 5,790 1.00 [0.85, 1.18] 0.03 0.98 0.23 0.81 

   1.6 Studies with subjects who had baseline 

25(OH)D<50 nmol/L 

32 10,582 0.98 [0.94, 1.02] 0.93 0.35 

   1.7 Studies which gave vitamin D2 supplement 8 674 1.37 [0.68, 2.67] 0.89 0.38 0.98 0.32 

   1.8 Studies which gave vitamin D3 supplement 54 18,715 0.97 [0.92, 1.02] 1.09 0.27 

2. Hypercalcaemia 37 17473 1.54 [1.09, 2.18] 2.47 0.01 - - 

 2.1. Hypercalcaemia in studies with Calcium in 

Both arms 

12 1916 1.02 [0.58, 1.78] 0.06 0.95  

-1.77 

 

0.07 

 2.2. Hypercalcaemia in studies with Vitamin D 

only vs Placebo/control 

25 7993 2.04 [1.21, 3.45] 2.66 0.008 

 2.3. Hypercalcaemia in studies using ≤800 IU/d 3 5715 1.76 [0.78, 3.99] 1.35 0.18  

0.66 

 

0.51  2.4. Hypercalcaemia in studies using >800 IU/d 33 11362 1.31 [0.95, 1.80] 1.67 0.1 

 2.5. Hypercalcaemia in studies with mean 

baseline 25(OH)D≤50 nmol/L 

24 13406 1.85 [1.23, 2.78] 2.96 0.003  

1.96 

 

0.05 

 2.6. Hypercalcaemia in studies with mean 

baseline 25(OH)D>50 nmol/L 

 

9 3766 1.00[0.63, 1.57] 0.01 0.99 
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Side effects No of 

studies 

No of 

participants 

1RR (95% CI) Z P-value 2Interaction test 

Z P-value 

 2.7 Hypercalcaemia in studies with ≤1 year 

supplementation/follow up 

31 9226 1.62 [1.07, 2.47] 2.27 0.02 1.25 

 

0.20 

 
 2.8 Hypercalcaemia in studies with >1 year 

supplementation/ follow up 

6 8238 1.11 [0.73, 1.68] 0.49 0.63 

3. Hypercalciuria 14 1987 1.64 [1.06, 2.53] 2.24 0.03 - - 

  3.1. Hypercalciuria in studies using ≤800 IU/d 3 585 1.02 [0.46, 2.28] -0.06 0.95 -1.13 0.25 

  3.2. Hypercalciuria in studies using >800 IU/d 11 1215 1.82 [1.0, 3.33] 1.95 0.05 

  3.3. Hypercalciuria in studies with calcium in 

         both arms 3 

7 884 1.62 [0.87, 3.02] 1. 53 0.13 0.014 1.00 

  3.4. Hypercalciuria in studies with vitamin D  

         only vs Placebo/control 3 

9 1103 1.61 [0.88, 2.96] 1.54 0.12 

  3.5. Hypercalciuria in studies with baseline 

         25(OH)D≤50 nmol/L 

7 914 1.94 [1.07, 3.52] 2.17 0.03 0.41 0.68 

  3.6. Hypercalciuria in studies with baseline  

         25(OH)D>50 nmol/L 

3 363 1.54 [0.61, 3.91] 0.91 0.36 

  3.7. Hypercalciuria in studies with ≤ 1 year 

         supplementation/follow up 

11 1387 1.66 [1.02, 2.71] 2.04 0.04 0.22 0.82 

  3.8. Hypercalciuria in studies with >1 year 

         supplementation/follow up 

3 601 1.54 [0.60, 3.95] 2.23 0.03 

4. Kidney stones 9 9619 0.66 [0.41, 1.09] 1.63 0.10 - - 

 4.1. Kidney stone in studies used calcium  in 

both arms 3 

6 6311 0.66 [0.39, 1.10] 1.60 0.11 -0.08 0.38 

 4.2. Kidney stone in studies with vitamin D only  

        vs placebo/ control 3 

4 3155 1.00 [0.18, 5.73] 0.00 0.10 

 4.3. Kidney stone in studies with ≤ 800 IU/d 1 5292 1.00 [0.14, 7.08] 0.00 1.00 0.41 0.67 

 4.4. Kidney stone in studies with >800 IU/d 

 

8 4327 0.65 [0.39, 1.07] 1.68 0.09 
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Side effects No of 

studies 

No of 

participants 

1RR (95% CI) Z P-value 2Interaction test 

Z P-value 

 4.5. Kidney stone in studies ≤ 1 year 

        supplementation/follow up 

3 515 0.70 [0.11, 4.39] 0.38 0.70 0.06 0.95 

 4.6. Kidney stone in studies with >1 year 

supplementation/follow up 

6 9104 0.66 [0.40, 1.10] 1.58 0.11 

 4.7. Kidney stone in studies with baseline 

25(OH)D≤50 nmol/L 

3 5533 0.62 [0.14, 2.73] 0.63 0.53 -0.09 0.92 

 4.8. Kidney stone in studies with baseline 

25(OH)D>50 nmol/L 

6 4106 0.67 [0.40, 1.13] 1.52 0.13 

5. Gastrointestinal Symptoms 27 9,189 1.01 [0.87, 1.17] 0.12 0.90 - - 

  5.1 Studies with calcium in both arms 8 3,712 0.98 [0.80, 1.19] 0.27 0.79 -0.34 0.73 

  5.2 Studies with vitamin D only versus placebo 19 5,456 1.03 [0.83, 1.27] 0.12 0.90 

  5.3 Studies with 6-12 months supplementation 

period 

25 3,681 1.14 [0.92, 1.42] 1.21 0.22 -1.44 0.14 

  5.4 Studies with >1 year supplementation 

period 

2 5,705 0.92 [0.76, 1.12] 0.83 0.41 

  5.5 Studies whose subjects had baseline 

25(OH)D≥50nmol/L 

9 1,298 1.21 [0.81, 1.79] 0.93 0.35 0.82 0.46 

  5.6 Studies with subjects who had baseline 

25(OH)D<50 nmol/L 

14 7,494 1.01 [0.86, 1.19] 0.13 0.90 

  5.7 Studies which gave vitamin D3 supplement 24 8,714 1.02 [0.88, 1.19] 0.31 0.76 0.85 0.39 

  5.8 Studies which gave vitamin D2 supplement 3 414 0.68 [0.27, 1.70] 0.83 0.41 

6. Dermatological symptoms 8 1,695 1.33 [0.82, 2.15] 1.17 0.24 - - 

7. Overall Withdrawal 123 41,898 1.01 [0.96, 1.07] 0.48 0.63 - - 

  7.1 Withdrew for side effects 40 10,312 1.21 [0.92, 1.58] 1.38 0.17 1.51 0.12 

  7.2 Withdrew Consent 27 9,493 0.91 [0.71, 1.17] 0.71 0.48 

  7.3 double-blinded studies 114 37,504 1.01 [0.95, 1.09] 0.73 0.47 0.78 0.42 

  7.4 Open-labelled studies 9 4,394 1.26 [0.73, 2.17] 0.82 0.41 
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Side effects No of 

studies 

No of 

participants 

1RR (95% CI) Z P-value 2Interaction test 

Z P-value 

  7.5 Studies with additional calcium in both 

arms 

34 7,212 1.16 [1.02, 1.33] 2.21 0.03 2.03 0.04 

  7.6 Studies with vitamin D only vs placebo   91 28,989 1.00 [0.95, 1.06] 0.36 0.72 

  7.7 Studies with 6-12 months supplementation  

        period 

100 19,123 0.94 [0.85, 1.03] 1.36 0.17 -1.09 0.27 

  7.8 Studies with > 1 year supplementation  

        period 

23 22,738 1.09 [0.98, 1.21] 1.60 0.11 

  7.9 Studies with baseline 25(OH)D <50 nmol/L 83 29,389 1.01 [0.95, 1.08] 0.39 0.69 0.13 0.89 

  7.10 Studies with baseline 25(OH)D ≥50 

nmol/L 

34 8,531 1.02 [0.90, 1.17] 0.33 0.74 

  7.11 Studies which gave vitamin D2 supplement 17 9,028 1.19 [0.97, 1.46] 1.66 0.10 1.48 0.14 

  7.12 Studies which gave vitamin D3 supplement 107 32,865 1.01 [0.94, 1.08] 0.18 0.86 
1 Mantel-Haenzel test used to measure RR, using a random effects model. 
2 Test of interaction for difference between two estimates was used (172). 
3 For those studies with four arms, we have combined two arms into appropriate sub-groups (calcium and calcium plus vitamin D in one sub-group, versus 

vitamin D and placebo in the other one). Therefore the total number of studies in sub-groups may not match the total included studies for the outcome of interest.  
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Figure 2-3 All adverse events reported in RCTs with vitamin D supplementation 
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Figure 2-4 Hypercalcaemia events in RCTs with vitamin D supplementation 

 

 

 

Figure 2-5 Hypercalciuria events in RCTs with vitamin D supplementation 
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 Figure 2-6 Kidney stone events in RCTs with vitamin D supplementation 

 

 

 

Figure 2-7 Gastrointestinal adverse events in RCTs with vitamin D supplementation 
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Figure 2-8 Skin related adverse events in RCTs with vitamin D supplementation 
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Figure 2-9 Withdrawal rate in RCTs with vitamin D supplementation 
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Figure 2-10 Comparing withdrawal rate in sub-groups with/without additional calcium 
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2.5.6 Discussion 

This large systematic review and meta-analysis included studies published up to October, 2015 

for calcium-related events. The meta-analyses showed that vitamin D supplementation resulted 

in changes in calcium metabolism with increased risks of hypercalcaemia and hypercalciuria 

but no increase in risk of reported kidney stones. The duration of supplementation, co-

supplementation with calcium, dosage, and baseline 25(OH)D in sub-study analyses did not 

change the calculated effects. The results show, for the first time to my knowledge, that vitamin 

D3 or D2, when given alone or in studies with calcium in both arms, significantly increased risk 

of hypercalcaemia (Figure 2-4; RR=1.54; 95% CI=1.09, 2.18; p= 0.01).  

In the hypercalcaemia analyses, 17,801 participants from 38 studies were included. These 

numbers were higher than those reported in previous meta-analyses of natural vitamin D. For 

example, Bjelakovic et al. (74) showed a nonsignificant RR of 1.36 (95% CI: 0.85, 2.18) in 

11,323 participants from 15 studies and concluded that vitamin D3 or D2 did not cause 

hypercalcaemia. Avenell et al. (302) also reported a nonsignificant RR of 1.57 (95% CI: 0.80, 

3.05) in 11,355 participants from 8 studies for vitamin D3, vitamin D2, and 25(OH)D (160). 

The effect size of the current study was similar to that of the aforementioned studies, but the 

larger sample size provided greater power to detect an effect.  

The study results showed that natural vitamin D has hypercalcaemic effects and increases risk 

by about 50% (as demonstrated by increased risk ratio), when calcium is balanced in both 

vitamin D and placebo arms. This finding complements the stronger 3-4 fold higher risk from 

active vitamin D that was reported by both previous meta-analyses (74,302). Although the 

presence of calcium did not modify the effect of vitamin D, results of this meta-analysis showed 

that the cumulative incidence of hypercalcaemia was much higher in studies that provided 
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calcium supplements in both arms (3.9% and 3.0% in vitamin D plus calcium and calcium-

only arms, respectively) than in studies that did not (1.2% and 0.4% in vitamin D and placebo 

arms, respectively). Thus, calcium seems to increase risk of hypercalcaemia much more than 

vitamin D does, which indicates that studies that compared both vitamin D and calcium in 

combination with a placebo (plus calcium) have overestimated the effect of vitamin D. In 

studies that gave both calcium and vitamin D, the additional intake of calcium supplements 

may have hidden any increase in the risk of hypercalcaemia from vitamin D, which was more 

apparent in studies that gave only vitamin D (Table 2-4).  

These results also show, for the first time to my knowledge, that natural vitamin D significantly 

increases risk of hypercalciuria by 64%, when calcium supplementation is balanced in both 

arms (Figure 2-5). For hypercalciuria analyses, 1987 participants from 14 studies were 

included, which was more than in the only previous meta-analysis with 695 participants from 

3 studies that reported an RR of 4.64 (95% CI: 0.99, 21.8) (74). Because the P value for the 

latter result was 0.051, the authors concluded that vitamin D did not cause hypercalciuria. 

However, the current study with a larger sample size indicated that there is an effect from 

vitamin D, but the effect size is much smaller. Hypercalciuria may be a more sensitive criterion 

for excessively increased vitamin D status because more cases of it were reported than that of 

hypercalcaemia in those studies that investigated both variables in all patients (143,283), 

although this finding was not completely consistent (145). The mechanism by which vitamin 

D supplements increases risk of hypercalciuria is unclear. Although there is evidence that 

vitamin D supplements increase risk of hypercalcaemia by increasing calcium absorption from 

the gut and increasing resorption from bone (303), episodes of hypercalciuria may not 

necessarily be associated with episodes of hypercalcaemia (143). Nevertheless, a natural 
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response to hypercalcaemia is increased calcium excretion to prevent further rise in serum 

calcium (304). 

Contrary to previous meta-analyses, this study did not find an increased risk of renal stones 

from natural vitamin D in 9,619 participants from 9 studies (RR: 0.66; 95% CI: 0.41, 1.09). 

Both Cochrane meta-analyses reported a significant 17% increased risk of kidney stones from 

vitamin D (74,160). However, the analyses were dominated by the Women’s Health Initiative 

(19), which compared vitamin D and calcium, combined, with neither and reported an HR of 

1.17 (95% CI: 1.02, 1.34). The study had a weight of 99% in the Cochrane analysis (74). When 

natural vitamin D or 25(OH)D was given (without any calcium), the RR of stones or renal 

insufficiency from 5,844 participants in 3 studies was 0.59 (95% CI: 0.24, 1.42) in one of the 

previous meta-analyses (160), which was a result that was very similar to the value which is 

reported in this thesis. The current meta-analysis results suggest that controlling for the effect 

of calcium supplementation removes any adverse effect of vitamin D supplementation on risk 

of kidney stones. The lack of an effect of vitamin D supplementation on risk of kidney stones, 

in contrast with increased risks of hypercalcaemia and hypercalciuria, may have been due to 

the transient and asymptomatic nature of the latter two conditions (143,148,151,270) and the 

relatively short period of follow-up (6–12 month in most studies), which may not have been 

long enough for kidney stones to form (182,270,279). However, the kidney stone results were 

consistent with observational studies that reported no association between vitamin D status and 

risk of kidney stones, and there is no known mechanism for any such association (152).  

Unlike the hypercalcaemia and hypercalciuria results, this review which included published 

RCTs up to October, 2015 for non-calcaemic events and withdrawals, found no significant 

effect of vitamin D supplementation on risk of GI symptoms, dermatological symptoms, or all 

adverse events combined. Neither was the risk of withdrawal affected by vitamin D 
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supplementation given alone, although risk was increased by vitamin D combined with 

calcium. Overall, the findings suggest that vitamin D by itself does not increase the risk of non-

calcaemic adverse effects. The finding that the risk of all adverse effects combined was not 

increased by vitamin D (Figure 2-3) is consistent with previous meta-analyses that did not find 

higher risks of specific adverse effects from vitamin D supplementation (74,159). However, 

the present review also adds to the existing knowledge, as it includes the first meta-analyses of 

all adverse events combined and of withdrawals as a marker of clinical adverse effects.  

The results for GI symptoms (RR=1.01; 95%CI:0.87, 1.17; p=0.90) contrast with findings of 

previous meta-analyses which included studies that administered either active vitamin D or 

vitamin D with calcium compared with placebo without calcium (74,160). For example, a 

modest increase in GI symptoms (RR=1.04; 95%CI: 1.0–1.08; P=0.043) was found in a meta-

analysis that included studies with a fracture risk outcome (160). It is noteworthy that, in their 

subgroup analysis, vitamin D increased GI symptoms only in those studies that also gave 

calcium supplements (RR=1.05; 95%CI, 1.01–1.09; P=0.025), with the highest weighting 

contributed by the Women’s Health Initiative study (19). 

In a meta-analysis of mortality prevention, Bjelakovic et al. (2014) reported a 36% increase 

(albeit nonsignificant) in the risk of GI symptoms due to supplementation with vitamin D and 

its analogues (RR=1.36; 95%CI, 0.87–2.13; P=0.17). The approach of the current meta-

analysis (ie, to include only studies that administered vitamin D with calcium supplementation 

in both arms or in neither arm), might explain the difference in effect size between this study 

and the two earlier ones. In the current meta-analysis, there was no difference in the risk of GI 

symptoms between studies that used calcium in both arms compared with studies that used 

vitamin D only in the treatment arm (Table 2-4, P for interaction=0.73). However, the 

cumulative risk of GI symptoms for calcium (10.1% and 9.8% for calcium plus vitamin D and 
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for calcium only, respectively) was higher than that for vitamin D only and placebo (each 

5.6%). This confirms the evidence that calcium intake increases GI symptoms, as investigated 

in the RECORD study which reported that GI symptoms were more prevalent in arms with 

calcium intake than those without it (136). Similarly, a Cochrane review found that studies of 

vitamin D with calcium had a cumulative incidence of 18.5% and 17.7% for vitamin D and 

placebo arms, respectively, compared to studies without calcium which had a cumulative 

incidence of 6.7% and 7.1% in vitamin D and placebo arms, respectively (160).  

The meta-analysis of 8 studies with 1695 participants in this review found no increase in the 

risk of dermatological adverse effects with vitamin D supplementation (RR=1.33; 95%CI, 

0.82–2.15; P=0.24; Figure 2-8). Likewise, the latest Cochrane review of mortality prevention 

found no significant impact of vitamin D on skin disorders (RR=3.27; 95%CI, 0.17–62.47; 

P=0.43). The results of the Cochrane review were based on 3,810 participants in two studies, 

one of which had 3,139 participants and administered vitamin D in combination with calcium 

in the treatment arm only (74). Thus, the Cochrane review had limited power to detect 

dermatological adverse effects of vitamin D alone (without the co-intervention of calcium). 

Given the small number of participants in the 8 studies analysed in the current review, as well 

as the elevated point estimate of effect in the Cochrane review, further research is required to 

determine whether vitamin D causes dermatological adverse effects. 

As far as withdrawals are concerned, the current meta-analysis with 41,898 participants in 123 

studies found no effect of vitamin D supplementation on withdrawals (RR=1.01, 95%CI: 0.96, 

1.07; p=0.63). However, the increased effect on withdrawals from adding calcium to vitamin 

D (RR=1.16; 95%CI: 1.02, 1.33; p=0.03; Figure 4-2) suggests that these two supplements may 

be combining in a subtle way that is not strong enough to cause specific symptoms, since an 

interaction with calcium was not observed for all adverse events or GI symptoms, nor for 
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calcaemic adverse effects. Of 123 studies that provided information on withdrawals, only five 

reported whether withdrawal was due to hypercalcaemia (177,208,232,252,287). These studies 

showed that only a small proportion of withdrawals in the vitamin D arm (4 of 70) was due to 

hypercalcaemia, indicating that hypercalcaemia is not a major reason for withdrawals in people 

given vitamin D supplementation.  

No other systematic review and meta-analysis has investigated withdrawals from studies of 

vitamin D supplementation. An RCT by Avenell et al.(2004) assessed the difference in 

withdrawals between the participants of the blinded, open-label RECORD study and found that 

significantly more patients in the treatment group of the open- label study withdrew compared 

with the control group, while there was no difference in the rate of withdrawal from the blinded 

study arms (220). In the current review, there were only 9 open-label studies, and when these 

were separated from double-blinded trials, there was no difference in the effect of vitamin D 

on withdrawals. Withdrawals were not affected by the type of vitamin D supplements. 

Additional data from ongoing large-scale trials of vitamin D may clarify these results in the 

future. 

To the best of my knowledge, there has been no previous meta-analysis that targeted long-term 

vitamin D supplementation with a focus on vitamin D2 and D3. Previous meta-analyses were 

limited to studies that reported other specific outcomes (mortality or fractures), included studies 

with short-term durations of supplementation with any type of vitamin D analogue, and 

included studies in their analyses with vitamin D plus calcium as a combination therapy without 

a calcium supplement in the placebo arm (74,160). Unlike previous meta-analyses, this meta-

analysis only included randomized controlled trials that only applied vitamin D2 or D3. As well, 

the effect of calcium supplement was controlled to ensure that any adverse effects were due to 

vitamin D. In addition, all randomized controlled trials were included regardless of the primary 
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outcome, resulting in a larger number of RCTs and participants than in previous meta-analyses 

of adverse effects, which maximized the statistical power to detect adverse effects. Finally, the 

subgroup analyses provided an opportunity to better identify potential factors that might 

modify the effect of vitamin D supplements on adverse effects or withdrawals.  

The current study does have some limitations, too. The analysed outcomes were not 

systematically searched for in all participants of the RCTs in our meta-analysis. Thus, we may 

have underestimated the effect of vitamin D, although this measurement error should have been 

similar in both vitamin D and placebo arms. In addition, by only including studies that provided 

supplementation ≥24 weeks, this study may not have detected short-term calcium-related 

effects from vitamin D supplements, although these effects are less likely to have occurred than 

those that arise from longer-term supplementation. In addition, the fewer studies and 

participants in studies with hypercalciuria, renal stone and skin disorders outcomes decreased 

the power to detect any effect modification in the subgroup analyses, and thus, the presence of 

effect modification could not be ruled out for the former three outcomes. There was a potential 

loss of data caused by the exclusion of studies that reported adverse events without describing 

in which study arm they occurred, and by the exclusion of studies that reported adverse events 

that could have been counted more than once because of their inclusion in more than one 

category of adverse effect. The inclusion of these studies, however, is unlikely to change the 

results, at least for all adverse events, hypercalcaemia and GI tract symptoms, as the power of 

this meta-analysis for each outcome was high, with 62, 37 and 27 studies included, 

respectively. Another limitation is that withdrawals were defined differently between studies. 

Finally, early RCTs did not provide enough data on withdrawals because it was not common 

or necessary to provide such information before 1993 (305). 
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In addition, this meta-analysis did not find many studies which gave vitamin D2 for long term 

(17 studies) compared with studies which gave vitamin D3. This could, to some extent, be due 

to studies that showed lower effectiveness of vitamin D2 in increasing serum 25(OH)D 

compared with vitamin D3 (272,306,307). There is a difference in a side chain of vitamin D2 

and D3 due to an extra methyl group in vitamin D2 (308). This may result in lower affinity of 

vitamin D2 for vitamin D receptor and vitamin D binding protein and therefore it having a 

shorter half-life in the circulating system than vitamin D3 (308). This extra methyl group has 

been shown to affect 25 (OH) hydroxylation of vitamin D at a lower rate than that of 

cholecalciferol (307,308). Whether this difference in metabolism would affect the risk of 

toxicity after large dosing of both forms of vitamin D is unknown and should be further 

investigated. We did not find a difference between these two vitamins in our systematic review. 

However, this could be due to reduced power from fewer studies giving vitamin D2.  

In conclusion, our results show that vitamin D supplementation results in changes in calcium 

metabolism with increased risks of hypercalcaemia and hypercalciuria, which are not related 

to the dose of vitamin D, but does not increase risk of all adverse events, gastrointestinal events, 

skin disorders and kidney stones. Nor does it increase the risk of withdrawals. The clinical 

significance of our results is unclear because of the asymptomatic adverse effects that are 

linked to vitamin D. Additional large RCTs of long-term vitamin D supplementation are 

required to confirm these findings. 

2.5.7 Updated results  

Main outcomes of the above systematic review were later updated in Feb 2018, with studies 

published since October 2015 for calcium-related adverse events and since May 2016 for non-

calcaemic related adverse events, with the same criteria explained in Section 2.5.2. The 
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PRISMA flow diagram of included studies is shown in Appendix 9 with the information for 

additional studies included in meta-analyses of results shown in Appendix 10. Findings of this 

update are discussed in Chapter 5, along with ViDA study result. Results from large dose (2800 

IU) vitamin D supplementation taken for one year and longer from this updated systematic 

review were later published in the Journal of Steroid Biochemistry and Molecular Biology 

(309).   
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2.6 Baseline factors that might predict adverse event of vitamin D supplementation 

Despite numerous publications on vitamin D supplementation in relation to health benefits, 

information on adverse events are mainly limited to frequency of adverse events between arms, 

which was systematically reviewed in Section 2.5. This is partly because most trials exclude 

people who are known to be susceptible to vitamin D supplementation with pre-existing 

conditions such as hyperparathyroidism, sarcoidosis, kidney stone history, etc (59,60,133,153). 

Therefore, participants who report adverse events may either have developed some of these 

conditions later, regardless of the capsule type, or could be susceptible to vitamin D capsules 

for other environmental or genetic factors. Knowing what characteristics may result in 

symptoms would help clinicians in making decisions for a suitable dose for an individual with 

particular sociodemographic, medical history or life-style characteristics. As well, such 

knowledge has the potential to guide researchers to better understand the factors related to 

adverse events that might affect adherence in future clinical trials of vitamin D 

supplementation.  

2.6.1 Baseline 25(OH)D level 

There is accumulating evidence that baseline vitamin D status influences the 25(OH)D 

response to vitamin D supplementation (310). Zhao et al. (2012) assessed the predictive factors 

in increasing 25(OH)D levels after supplementation, using data from a randomized controlled 

trial on white and non-Hispanic postmenopausal women (167,311). After one year of 

supplementation with 1000 IU/d vitamin D plus calcium or vitamin D alone, baseline 25(OH)D 

levels, season and dosage of supplementation were all predictors of post-supplementation 

serum 25(OH)D status (311). In another RCT, women with breast cancer who were taking 

anastrozole for 8 weeks were stratified based on their baseline 25(OH)D value to different 
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doses of vitamin D (151). Interestingly, in this study where patients were given doses 

appropriate for their baseline status, four participants in vitamin D arm versus one in placebo 

arm were found with hypercalcaemia after two months of supplementation. One RCT on 

immigrant women from the Middle-East in Auckland, New Zealand, found that 20% of the 

increase in serum 25(OH)D levels was determined by subjects’ baseline serum 25(OH)D 

levels, after 6-months of supplementation with either 50,000 IU/month or 100,000 IU/month 

vitamin D3 [β= −0.6±0.1, P=0.001 (190,312)]. Overall, these results were in agreement with a 

recent meta-regression analysis of RCTs with vitamin D supplementation on adults that found 

baseline 25(OH)D is the main determinant of post-supplementation 25(OH)D status, along 

with age (310).  

Baseline levels are affected by many other factors, though. Most recently a strong correlation 

between the baseline 25(OH)D and genetic variants of vitamin D-binding protein (DBP) has 

been found (313). Depending on a single nucleotide polymorphism of DBP, which in some 

individuals is related to baseline 25(OH)D and in others not, response to vitamin D intake 

significantly varies.  This suggests that baseline 25(OH)D is not the only determinant for post-

supplementation response.  

This raises the possibility that, in well-designed randomized double blind controlled trials of 

vitamin D supplementation, if subjects in the vitamin D arm are found with more adverse event, 

it may to some extent be related to their baseline serum 25(OH)D.  

2.6.2 Age 

The need for vitamin D intake in aged people increases as the production of the active form, 

1,25 (OH)2 vitamin D is considerably reduced (314). Older adults are more susceptible to the 

negative health outcomes of vitamin D deficiency. Yet, they may have other health conditions 
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such as hyperparathyroidism (315) as well as decreased renal function (125) which put them at 

a risk of hypervitaminosis D when receiving long term large doses of D supplements. 

Hypercalcaemia as a result of hypervitaminosis D in RCTs that recruited teenagers and younger 

adults is rarely reported (294,316–318) compared to the more frequent reports in older adults 

(132,233,262,319). However, this could partly due to fewer young people being recruited into 

these studies, as opposed to recruitment of more older adults due to a higher frequency of 

vitamin D deficiency which makes them target population for supplementation studies. 

Nevertheless, results of the meta-regression by Shab-Bidar et al. (2017) showed that age was 

directly associated with the 25(OH)D response to vitamin D supplementation, using data from 

33 RCTs (310). 

Though, it is rare now, cases of hypervitaminosis are still being reported around the world 

(21,109,123), mainly due to long term large doses of this vitamin, either prescribed or from 

over the counter supplements (114,119,124,320). Among these, there were case-reports of 

older people who received high doses of vitamin D, and were found with hypervitaminosis D 

after a few weeks of supplementation (119). Therefore, age should be considered as an 

indicator in toxicity-related symptoms.  

2.6.3  Race/Ethnicity 

The variations among races for their susceptibility to rickets has long been reported in the 

literature and dates back to 1940s and 1950s (102). Rickets was more prevalent among Blacks 

than Whites (321,322).  

Blacks not only have a greater bone mass but also less coronary calcification (323,324). 

Doherty et al., (1997) found that Blacks had higher 1,25 (OH)2  D and lower coronary calcium 

mass than Whites (324). It was concluded that these differences might be due to genetic or 
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metabolic differences. However, in the current US population, Blacks have the lowest 

25(OH)D levels (325), there is no difference between races in terms of a response to vitamin 

D supplementation (269). A direct relationship was also found in Blacks between 25(OH)D 

(mean: 50 nmol/L) and carotid artery and aorta calcified atherosclerotic plaque (326). In 

addition, in the Women’s Health Initiative study (WHI), a direct relationship was found 

between fracture risk and increased 25(OH)D to 50 nmol/L and above, when compared to 

levels below 50 nmol/L, but only in African and Asian women (327).  

From a New Zealand perspective, a recent study compared mean 25(OH)D of 566 older adults 

aged ≥80 years old and found a significantly lower mean in Māori (Mean= 59; 95% CI=55, 62 

nmol/L) than Non-Māori (Mean=75; 95%CI= 72 to 78 nmol/L) (328). The latter study reported 

a higher proportion of Non-Māori New Zealanders (24%) were taking vitamin D supplements 

than Māori (7%).  

These finding justifies the importance of considering ethnicity as a factor to understand 

possible adverse effects of prolonged vitamin D supplementation.   

2.6.4 Medical history 

Some people are more susceptible to vitamin D toxicity due to different health conditions. An 

example is those with renal failure, such as haemodialysis patients who do not have balanced 

serum calcium-phosphorus levels. However, as is explained by Vieth (1999), doses of vitamin 

D supplements as high as 40,000 IU/d are required to raise the serum 25(OH)D to >200 nmol/L 

which may result in hypercalcaemia induced by vitamin D in cases without sensitivity to 

hypercalcaemia (329). Those with primary-hyperparathyroidism are more susceptible to 

vitamin D intake because parathyroid hormone increases the production of 1,25 dihydroxy-

vitamin D which, in turn, induces hypercalcaemia (330). Thus, patients with a medical history 
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of PHPT are usually excluded at the baseline assessments of clinical trials, especially if high 

doses of vitamin D being administered (59,143,234). In addition, people are being excluded 

from RCTs of vitamin D supplementation if they have a history of sarcoidosis, renal diseases, 

hypercalcaemia and kidney stones, because they might be more prone to hypervitaminosis D.   

A history of oestrogen therapy in women may also predict the baseline 25(OH)D. Those who 

have received oestrogen containing drugs had higher 25(OH)D compared to those who did not 

(331). This should be taken into account if we hypothesise that having a higher baseline 

25(OH)D level will predispose an individual to adverse events after receiving bolus doses of 

vitamin D.  

2.6.5 Weight status and BMI 

Since vitamin D is stored in fat tissue, obese and overweight individuals are more prone to 

develop vitamin D deficiency (332). The actual mechanism by which blood vitamin D status 

may result in weight gain or weight loss is not thoroughly understood (333).  

In an animal study, three different genotypes of VDR in mice (334), including knock out VDR 

mice, had significantly lower fat mass and gained less fat than those with VDR.  Later it was 

observed that a high calcium diet triggers weight loss, presumably due to a suppression of the 

active form of vitamin D synthesis (335). Some of the clinical trial results show that obese 

subjects have lower baseline 25(OH)D compared to those with a normal BMI (232,336). On 

the other hand, weight loss is also a common symptom of vitamin D toxicity, based on reports 

from case-series (21,99). However, this symptom was seen in cases of the aforementioned 

studies when serum calcium levels of patients were abnormally high.  
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In an RCT by Blum (2008), older people were randomized to vitamin D3 plus calcium versus 

placebo. Results of the regression analysis showed an inverse relationship between change in 

25(OH)D and body mass index (337). Similar results about dose response were evident in a 

randomized controlled trials on obese and overweight individuals by Gallagher (2013) and 

Sneve (2008). They  showed that obese subjects had lower 25(OH)D level (232,336,338). This 

was not consistent in all studies, as supplementation with 7000 IU vitamin D3/week did not 

increase 25(OH)D levels differently between obese and non-obese nursing home residents 

(339). In a three-arm RCT, weekly vitamin D3 supplements of 40,000 IU or 20,000 IU versus 

placebo to overweight and obese participants did not decrease participants’ weight after one 

year (232). This indicates that monthly vitamin D3 supplementation at levels equivalent of 5700 

IU/d does not necessarily result in weight loss, despite an existing inverse relationship between 

25(OH)D and BMI at the baseline. Similarly, one year supplementation with 3300 IU/d vitamin 

D3 did not result in weight reduction in overweight subjects with a mean baseline 25(OH)D of 

30 nmol/L (241).  The latter studies did not find vitamin D toxicity as indicated by an increased 

25(OH)D levels to >250 nmol/L, which is considered a more conservative cut-off point by 

Jones (2008).  

2.6.6 Dietary intake of calcium and phosphorus 

The function of vitamin D is mainly defined by its homeostatic effect in the presence of calcium 

which highlights the importance of considering dietary intake of calcium and phosphorus when 

it comes to vitamin D or/and calcium supplementation.  As a result, many clinical trials use a 

combination of calcium and vitamin D supplementation to enhance the response rate of serum 

25(OH)D (163,291,340,341). A few studies have compared calcium and vitamin D 

supplementation together or alone as compared to placebo/ control with a 2-by-2 factorial 

design (19,136,145). In one of them, gastrointestinal related adverse events, in particular 
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constipation, were reported in 10.3% of participants in the calcium-vitamin D arm versus 8.9% 

in placebo arm (19). This study was among the few that reported an increased incidence of 

urinary tract stone in the vitamin D plus calcium arm compared with the placebo arm (HR= 

1.17; 95% CI: 1.02, 1.34) (342).  As mentioned in a study by Grant et al. (2005), significantly 

more gastrointestinal adverse effects were reported in those who were in calcium plus vitamin 

D and/or calcium arms than those in non-calcium arms (136).  

Since calcium might be a confounding factor for investigating a relationship between vitamin 

D supplementation and any reported adverse events, it is better to control for an average daily 

calcium intake either from diet or as a supplement to avoid the contamination of any effect.  

2.6.7 Seasonal variation in serum 25 (OH) D 

Many clinical trials have targeted winter for vitamin D supplementation because levels of 

25(OH)D are usually lowest at that time of the year due to a lower sun-exposure (63,343–345). 

The season of the serum sample collection and the amount of exposure to sun are considered 

as confounding factors for serum 25(OH)D and were measured in clinical trials, including the 

ViDA study (59,346). That is why some studies adjust serum 25(OH)D levels for the season, 

when assessing the efficacy of vitamin D supplementation (311,347).  

In addition, vitamin D supplementation can increase baseline 25(OH)D beyond the levels that 

trials aim for if the baseline level is already high. Thus, if giving large doses of vitamin D 

results in adverse events, it could be more common in summer than in winter. This, besides 

avoiding a co-intervention of sun-exposure, could be the reason why some trials with high dose 

D supplementation deter their participants from tanning or too much sun exposure to minimise 

the effect of UVB  on serum 25(OH)D (348).  
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2.6.8 Latitude/Altitude  

As shown in ecological studies and systematic reviews, those who live at a higher latitude 

require higher doses to meet the optimum 25(OH)D of 70-75 nmol/L and above because of 

having lower baseline values (349,350). In a study by Durazo-Arvizu et al. (2014), who 

investigated the distribution of serum 25(OH)D in dark-skin populations of African origin in 

different latitudes (41°, 17°, 6° and 4°) (351), those who lived in a higher latitude had a lower 

serum 25(OH)D as compared to those from Ghana with only a 6° latitude.  Living above or 

below 33˚ latitude significantly reduces the amount of vitamin D3 produced in the skin from 

UVB because of the longer distance that photons has to travel to reach the earth (352).  

Similarly, altitude has a direct impact on UVB exposure as the higher the altitude, the more 

vitamin D3 is produced in the skin  because of the lower ozone at high altitudes (352).  

Environmental factors are particularly important for assessment of an adverse event as a higher 

baseline 25(OH)D may contribute to a later toxicity/sensibility to large dose of vitamin D 

supplementation. 

In the ViDA study, since all the participants are living in Auckland, latitude and ambient UV 

exposure was the same.  

2.6.9 History of smoking 

It is known that people who smoke have lower levels of 25(OH)D (353). A report based on the 

NHANES III data found that being smoker, along with having higher BMI, higher age and 

female sex, were associated with higher odds of 25(OH)D deficiency (353). In another 

retrospective study by Zheng et al (2013), vitamin D had a protective effect in smokers in 

relation to adenocarcinoma disease (354) and lung function (355). This suggests that large dose 
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supplementation could correct the potential vitamin D deficiency in smokers which could, in 

turn, improve their health status. It would be interesting to investigate if this improvement will 

be pronounced in reporting of adverse events after long-term large dose vitamin D 

supplementation.   

2.6.10 Genetic factors 

One mechanism that may lead to hypervitaminosis D is saturation of vitamin binding protein 

(DBP).  As the production of 1,25 (OH)2D increases in the kidney, free 1,25 (OH)2D increases 

in blood to enter target cells and increase gene expression, which could lead to toxicity-related 

symptoms such as hypercalcaemia (125). However, whether 1,25(OH)2D causes toxicity has 

been questioned, as its production in the kidney is highly regulated, whereas serum 25(OH)D 

can be increased to 1000-1700 nmol/L in animal studies (28), and similar levels are seen in 

accidental toxicity in human cases (122).   

Nevertheless, the key difference in serum 25(OH)D level between individuals and different 

races might be genetic variations (356,357). Recently many Genome Wide Association Studies 

(GWAS) have been conducted to find variants of gene encoding DBP (D-binding protein), 

VDR (Vitamin D receptor) and hydroxylase hormones that act in vitamin D metabolism and 

result in vitamin D deficiency (358,359).  The same factors that might affect baseline serum 

25(OH)D and any change after vitamin D supplementation, may affect the mechanism that 

leads to toxicity/near toxicity levels. Thus, there might be genetic difference among individuals 

that make them more vulnerable to large doses of vitamin D. Having said that, this is a new 

area in vitamin D related studies and requires more experimental and clinical studies before 

any scientific inference can be made. 
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To sum up, there is little information in the literature on factors that may contribute to adverse 

events of vitamin D supplementation. The discussed factors could be some of these, 

considering that they explained variations in serum 25(OH)D levels. Thus, if prolonged intake 

of large dose vitamin D supplements results in hypercalcaemia or any other clinical symptoms, 

due to an undesired increase in serum 25(OH)D to 200-250nmol/L, the same variables that 

contribute to variations in a response to the vitamin D supplementation may explain variations 

in reporting of adverse events.   

In ViDA study, environmental factors are the same for all participants. Nevertheless, the time 

of the year that blood tests are collected to measure baseline 25(OH)D levels could result in 

seasonal changes to serum 25(OH)D and thus should be controlled. In addition to this, age, sex, 

and ethnicity are the main key determinants of many health conditions and thus should be 

controlled when assessing adverse events. Anthropometric factors such as weight may or may 

not be explained by ethnicity, but could have adverse health effects and so worth considering 

as covariates. Lifestyle factors such as smoking, exercise, and outdoor physical activity might 

be contributing to serum 25(OH)D levels mediating with vitamin D metabolism pathways (for 

smoking) or increased exposure to the sun. They can also indirectly affect reporting of adverse 

events by influencing the health quality of participants. Finally, medical conditions that are not 

directly mediating with vitamin D metabolism and therefore not considered as exclusion 

criteria when recruiting participants in RCTs, may contribute to reporting of adverse events.  

These are all speculations that should be put into test in clinical trials before any conclusion 

could be made.  

In the following chapter data collection of ViDA study and examination methods for serum 

25(OH)D and calcium are explained. In addition, statistical methods to address the possible 

confounding impact of the discussed variables on reporting of adverse events are explained.
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CHAPTER 3 

3 Material and methods 

3.1 Hypothesis 

The null hypotheses of this thesis are that vitamin D supplementation does not increase either 

the incidence rate of self-reported adverse events, or the objective outcomes of hypercalcaemia 

(as indicated by a serum corrected calcium >2.60 mmol/L) and kidney stones, compared with 

those receiving placebo. The secondary hypotheses are that vitamin D supplementation does 

not increase dropout/ withdrawals in participants of the vitamin D arm compared with those in 

the placebo arm, nor do participants of either treatment arm adhere to the study capsules 

differently.  

3.2 Research Design of the ViDA Study 

3.2.1 Study design 

The ViDA (Vitamin D Assessment) Study was a randomized, double-blinded, placebo-

controlled trial (RCT) to determine if a monthly dose of vitamin D3 (100,000 IU) prevents 

cardiovascular disease (primary outcome) and respiratory infections (secondary outcome) in 

people aged 50-84 years. This study was funded primarily by the HRC (10/400), with the ACC 

providing extra funds to increase the sample size to 5,100 which ensured sufficient power to 

compare falls and fractures between treatment arms.  

The ViDA study was conducted from April 2011-May 2015 and recruited participants within 

the targeted age range, mainly from family doctor registers and some from community groups 

in Auckland, New Zealand. The study was approved in October 2010 by the Multi-region 
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Ethics Committees, Wellington (MEC/09/ 08/082), and registered with the Australian New 

Zealand Clinical Trials Registry in April 2011 (ACTRN12611000402943). The last day of 

study follow up was 31 July 2015. Details of the main study methods have been previously 

published (59).   

3.2.2 Recruitment 

A total of 47,905 patients were sent a personalized mail, along with the approved information 

sheet, inviting them to participate in the study. The latter was accompanied with a reply-paid 

envelope. The flow diagram in Figure 3-1 shows the total number of participants who were 

assessed for eligibility (n=8851). Participants who were interested in participating were phoned 

and asked about their intake of vitamin D supplements. Finally, 5,107 from family doctors and 

143 from communities were eligible to come to the University of Auckland clinics for a 

baseline assessment.  

3.2.2.1 Inclusion criteria 

ViDA study had the following inclusion criteria: 

- Residents of Auckland aged 50-64 years old who planned to stay in New Zealand for 

the entire study period.   

- Being able to give informed consent.  

3.2.2.2 Exclusion criteria 

ViDA study had the following exclusion criteria: 

- Already taking a vitamin D supplement (>600 IU/d for up to 70 years old adults; and 

>800 IU/d for >70 years old).  
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- Having a history of hypercalcaemia, nephrolithiasis, sarcoidosis, parathyroid disease or 

gastric bypass surgery or current evidence of any psychiatric disorders that might affect 

their compliance 

- Being enrolled in another study which could affect participation in the vitamin D study; 

- Having a serum corrected calcium of >2.50 nmol/L from baseline blood sample. 

3.2.3 Baseline Assessment  

After exclusions, baseline assessments were carried out on 5,250 participants during Aril 2011-

Nov 2012, within one month of the confirmation for eligibility of each participant. The baseline 

assessment consisted of an interview-based questionnaire and some physical measurements: 

First, a consent form was signed by each participant. Then, questions in the following 

categories were asked in the baseline interview: 

1) Sociodemographic and economic status, including age, sex, self-defined ethnicity, the 

current marital status, the highest education level attended, the main lifetime 

occupation, housing status, living alone or with others. 

As for the ethnicity, a multiple choice question was asked about the country where 

participants were born. In addition, a question was asked about the ethnic group with which 

participants most identified. This latter one had 34 choices, including “other Asian”, “other 

European”, “other Pacific”, and “other”. Based on answers to these questions, ethnicities 

were then categorized to European and Other, Maori, Pacific, and Asian. Since minor 

ethnicities such as MELAA (Middle Eastern, Latin American, and African) were too small, 

and they were added to the European category. 

2) The current prescribed medications, and intake of supplements. 
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3) A comprehensive section asking about medical history, including but not limited to a 

history of fracture (since birth), cancer, coronary heart disease, respiratory infections 

and skin disorders, history of a cold, runny nose, flu-like symptoms in 12 months prior 

to the study baseline, etc.  

4) Lifestyle variables over the previous three months (e.g., consumption of milk, vitamin 

D-fortified milk, work-related physical activity, hours of leisure time physical activity, 

sun-exposure and TV-watch per day).  

Anthropometric measurements: Height was measured to the nearest 0.1 cm and weight to 

the nearest 0.1 kg with participants wearing light clothing, with shoes removed. BMI was 

calculated from weight and height, as weight (kg)/height (m)^2.  

Blood test: A non-fasting blood sample was collected for immediate measurement of serum 

corrected calcium using an Advia 2400 analyzer (Siemens Healthcare Diagnostics), and the 

remainder stored frozen at -80◦ C for later measurement of 25-hydroxyvitamin D (25(OH)D) 

with a liquid chromatography–tandem mass spectrometry (ABSciex API 4000). In the ViDA 

study, a deseasonalized 25(OH)D concentration was calculated from the baseline observed 

25(OH)D data and date of blood sample collection, using parameters derived from a sinusoidal 

model fitted to baseline values for all participants (59). 

3.2.4 Randomization and blinding  

Participants with a baseline corrected calcium level of ≤ 2.50 mol/L were sent a run-in blinded 

placebo capsule along with a questionnaire by mail to their home. Participants were 

randomized only if they returned the run-in questionnaire within four weeks confirming that 

they had taken the capsule. The ViDA study statistician did the randomization with computer 

generated numbers using blocks of 8, 10 or 12, stratified by 5-year age and ethnicity. Neither 
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study staff, nor participants were aware of the treatment allocation. A total of 5110 participants 

were randomized, of whom two withdrew their consent and therefore their data were not used 

in this or other analyses. 

3.2.5 Intervention 

All participants were given two 100,000 IU vitamin D3 (or placebo) oral soft-gel capsules 

(Tishcon Corporation, Westbury, New York, USA) at baseline, then, one capsule (100,000 IU 

D3 or placebo) monthly thereafter throughout the study period. This dose of vitamin D was 

chosen as its efficacy in keeping serum 25(OH)D to ≥80 nmol/L was proven in the previous 

studies (360). Furthermore, it was an equivalent of 3300 IU of daily dose that fell well below 

the upper level threshold, at the time of the study (53). Capsules were identical in their 

appearance; size and colour. They were mailed to home addresses monthly up to June 2013, 

and, for cost reasons, 4-monthly from July 2013 with a monthly reminder (by email or letter) 

to take the capsule. 
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Figure 3-1 Flow diagram of ViDA study for screened, excluded, and randomized                 

participants  
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3.2.6 Questionnaires 

3.2.6.1 Monthly/ 4-monthly Questionnaire  

A 1-page duplex questionnaire (with a reply-paid envelope) was enclosed with the capsule 

letter. Monthly mailings of questionnaires continued until November 2013, then, from March 

2014, 4-monthly questionnaire were sent with 4 capsules, to be taken one per month. The 

change from monthly mailings to four-monthly was cost-related. The questionnaire included 

questions on adverse-effects attributed to the study capsule. Participants were asked in the 

monthly questionnaire “Have you had any side effects from the study capsule you took last 

month?” The same question was asked in the 4-monthly questionnaire, with a slight rewording: 

“Over the last four months, have you had any side effects from the study capsules?” with a 

Yes/No response for each month. Both versions of the questionnaire had a space for writing 

open-ended responses describing the type of any side effects experienced (Appendix 11 and 

Appendix 12). 

For kidney stones, participants also were asked: “Since you took your last capsule (about one 

month ago) have you been diagnosed by a doctor as suffering from any of the following 

conditions?” one of which was “Kidney stones”, with “Yes/No” response options. In the 4-

monthly questionnaire, the same question was asked about suffering from kidney stones over 

the last 4 months, along with the number of times (if at all) the participant was admitted to 

hospital for kidneys stones.  

3.2.6.2 Final Questionnaire 

In the final questionnaire mailed to home addresses in July 2015, participants were asked 

“Which type of study capsule do you think you received?” with responses being “Vitamin D”, 
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“Placebo” and “Not sure/don’t know”. This question was used to measure the allocation 

perception of participants of ViDA study. 

3.2.7 Hospitalisation for kidney stones 

All New Zealand residents are allocated a unique National Health Index (NHI) number by the 

Ministry of Health. This was collected at the baseline assessment and used to link study 

participants to any hospitalisations for urolithiasis (ICD-10 codes N20-N21) in the Ministry of 

Health database from randomization to 31 July 2015. 

3.2.8 Adherence  

Adherence was assessed through a question in the monthly questionnaires which asked 

participants if they had taken their capsule or not. This question was asked four times for each 

month of the 4-monthly questionnaire. In addition, objective data on serum 25(OH)D 

concentrations were available from blood samples collected at 6, 12, 24 and 36 months after 

baseline, in a randomly selected sub-sample to the confirm adherence. The timing of blood 

sample collection was completely random. If participants took the capsule once it was sent to 

them, as recommended, we can presume that blood was collected 1-3 weeks after capsules were 

taken.  

3.2.9 Data processing 

A number of databases were available to the investigator. For each specific objective, a new 

dataset using the available variables was created to suit that outcome of interest. The following 

steps were taken before data analysis: 
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3.2.9.1 Baseline data 

Weight status, age category and baseline 25(OH)D categorical variables were developed as 

follows:  

- Weight status: based on BMI to Normal/Thin (≥18.5- <25 kg/m2), overweight (≥25-30 

kg/m2) and obese (≥30 kg/m2);  

- Age was recoded in three categories as 50-60, 60-70 and 70-84 years old.  

- Baseline 25(OH)D levels were categorized to either <50 , 50-75 and >75 nmol/L and, 

also <75 nmol/L and ≥ 75 nmol/L for different outcomes.  

To calculate time to the first adverse event, monthly, 4-monthly questionnaires were merged 

and time to each adverse event calculated using the questionnaire ID number for the date. The 

same was done to calculate time to recurrent events.  

3.2.9.2 Coding system of adverse effects from the monthly/4-monthly questionnaire 

The study clinician reviewed adverse events as they were reported by participants. All reported 

adverse-effects were coded using a study-specific coding system. To develop this, adverse-

effects were coded from an initial sample of 375 questionnaires with reported adverse-effects 

received from 31 March 2012 until 28 September 2012, which were subsequently grouped into 

study-developed symptom categories (Table 3-1). Each adverse effect was coded separately. 

So, if one person reported two adverse effects at the same time, they were coded separately 

into their specific adverse effect codes. All coding was done without any knowledge of the 

assigned treatment group (vitamin D versus placebo).  
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Table 3-1 The summary codes of adverse events of ViDA study  

 

Grouping Number code Text Code 

 1. Pain 

  

  

  

  

1.1 Pain/cramps - headache 

1.2 Pain/cramps - torso (chest/back) 

1.3 Pain/cramps - abdomen 

1.4 Pain/cramps - upper limbs 

1.5 Pain/cramps -lower limbs 

1.6 Pain/cramps - generalised 

 2. Respiratory / infection 

  

2.1 Cold / runny nose / sore throat 

2.2 Cough 

2.3 Flu like symptoms 

3. Gastro- intestinal 

  

  

  

  

3.1 Nausea 

3.2 Indigestion / flatulence 

3.3 Constipation 

3.4 Diarrhoea 

3.5 Change in appetite 

3.6 Weight change 

3.7 Unspecified irritable/upset stomach 

4. General symptoms: tiredness 

and weakness  

4.1 Tiredness  

4.2 Weakness 

5. Dizziness / Issues with balance 

or vision 

  

5.1 Light headed / dizziness 

5.2 Issues with balance 

5.3 Visual disturbances 

5.4 collapse/faint'/'turn' 

  

6. Skin 

  

6.1 Skin - rash 

6.2 Skin - itchy / dry 

6.3 Skin - other condition / irritation 

  

  

  

7. Events related to other health 

conditions/e.g. surgeries  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

7.1 Palpitations 

7.2 Falls  

7.3 Hot flushes /sweating 

7.4 Nose bleeds / increased bruising  

7.5 Breathlessness  

7.6 Increased thirst / dry  or tingling mouth 

7.7 Changes to hair / nails 

7.8 Developed a ‘lump’ or swelling on body 

7.9 General un-wellness 

7.11 Report relating to other health condition / 

procedure 

7.12 Swollen legs 

7.13 Vaginal bleeding 

7.14 Tinnitus 

7.15 Sleep disturbance 

7.16 Depressed or altered mood 

7.17 Irritable/sore eyes 

7.18 Decreased concentration/forgetfulness 

7.19 Change in taste 

7.21 Urinary symptoms 

8. Improved wellbeing 8.1 Improved health / well-being 

9. Unknown (unable to read the 

text) 

9.1 Unclear description/ text unable to be read  

 None 0 Not a side effect 
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3.2.10 Safety sub-sample 

To measure adherence of participants and monitor safety of the supplementation, 10% of 

participants were invited at baseline to be included in the “Safety study”. Out of 515 who were 

initially invited, 435 participants agreed to come back after 6 months, 12-months and annually 

thereafter for a repeat collection of a non-fasting blood sample. This thesis used serum calcium 

measurements to check for the safety of the supplementation and 25(OH)D to assess the 

compliance. It also used repeated data for serum 25(OH)D of the sub-sample to compare 

changes from baseline in serum calcium with that of the 25(OH)D levels. A cut off of 2.60 

nmol/L for corrected calcium was considered as the upper limit for normal serum calcium in 

ViDA study.  

If any follow-up blood test showed hypercalcaemia, a repeated calcium test was performed, 

and if still elevated, the participant was referred to an endocrinologist.   

3.3 Sample size  

There is very little research which has systematically assessed adverse events in healthy 

subjects, in the same way as the ViDA study, with similar bolus or daily vitamin D3 dose for a 

long enough period of time to be used for calculating post-hoc power. The power of this safety 

study of ViDA study was calculated using incidence rate of adverse events from the study of 

Jin et al., (2016) which gave 50,000 IU D3 a month for two years to 413 participants with 

asymptomatic knee osteoarthritis (mean age=63 years old), (361). With 18.1% of participants 

in the placebo arm of this latter study reporting at least one adverse event, the ViDA study has 

86.2% power to detect a 3.4% absolute risk difference in reporting at least one adverse event 

from long term vitamin D supplementation (Table 3-2).  
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Table 3-2 Sample size calculation for the safety study 
 

Input Data 

Two sided-confidence interval (%) 95 

Sample size of Treatment Group 1 2558 

Percent with outcome in Treatment Group 1 (%) 21.5 

Sample size of Treatment Group 2 2550 

Percent with outcome in Treatment Group 2 (%) 18.1 

Risk ratio detected 1.2 

 

Power based on: 
    

Normal approximation 86.2% 

Normal approximation with continuity correction 85.4% 

 

3.4 Data analysis  

Data from baseline and monthly questionnaires, and also from other databases such as MOH, 

with any information regarding adverse effects for study participants were gathered in separate 

data sheets in Excel or SAS. These databases were cleaned and maintained for the purpose of 

data analysis for each specific objective. 

3.4.1 Statistical analyses 

Analyses were conducted using SAS statistical package version 9.4 (SAS Institute, Cary, NC, 

USA). To calculate confidence intervals for incidence rates of each adverse event category for 

each arm of the study, online OpenEpi (Version 3.01: http://www.openepi.com/Power/ 

PowerRCT.htm) was used. Incidence rate ratios were calculated using SAS to account for 

covariates. Aside from cross-sectional analyses to compare distributions of baseline 

characteristics between the treatment arms which included all participants who were 

randomized, and longitudinal analyses for hospitalisation data on kidney stone events, all the 

other data analyses were restricted to participants who returned at least one home questionnaire.  

 

http://www.openepi.com/Power/%20PowerRCT.htm
http://www.openepi.com/Power/%20PowerRCT.htm
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3.4.1.1 Descriptive analysis 

Chi-square, t-test and one-way ANOVA were used to compare distributions of baseline 

characteristics and follow up characteristics such as withdrawal/dropouts and adherence 

between the treatment arms. To calculate adherence (as a percentage), cumulative capsule 

counts for all participants, at the end of study, were divided by the total number of capsules 

sent, multiplied by 100. 

3.4.1.2 Incidence rate ratio (person-time) 

To calculate the incidence rate of reporting an adverse event in the vitamin D and placebo arms, 

respectively, the follow-up months in the study per participant was calculated.  Total follow up 

time was calculated for all as follows; the randomization date was subtracted from the last date 

on the study (date of lost to follow up).    

Thus, the incidence rate (IR) was calculated as follow:   

𝐼𝑅 =
Number of adverse events 

Sum of follow up time (months each person was followed till the study end )
 

For each reported event, and cumulative reported events, the rate per person month was 

calculated. If a participant dropped out or died, and did not return questionnaires, he/she was 

censored at the time of death/dropout, so that their contribution to person-months was limited 

to the time they had been in the study.  

Negative binomial regression: The negative binomial model (or Poisson regression, 

depending on the best model fit) were used to calculate incidence rate ratios of adverse events 

for all subjects who had reported at least one event, as well for subjects who have reported 

specific adverse events. The PROC GENMOD procedure in SAS was used to run these tests. 
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The dependent variable was number of events reported per participant. All models were 

adjusted for age, sex and ethnicity.  

Negative binomial regression analysis was also run to investigate the association between the 

allocation perception and reporting of adverse effects to calculate relative risk, with reporting 

adverse events as a dependent variable. 

3.4.1.3 Hazard ratios 

Hazard ratios comparing time to the first adverse-effect in the vitamin D compared with 

placebo arm were calculated using the Cox proportional hazards model (PROC PHREG 

procedure) for each adverse event, including kidney stones reported in the monthly and 4-

monthly questionnaires.  

For each adverse event reported in the questionnaire, the date of the adverse effect was defined 

as halfway through the coverage period of the questionnaire. It was assumed that no adverse-

effect occurred during the period of the questionnaire if a questionnaire was not returned. 

Participants were censored (ie, last date calculated for estimation of the follow up time) at their 

last returned questionnaire.  

Before calculating hazards, the number of participants who either left a text-note after ticking 

the box, or did not, as well as those who left a text-note in the free-text area without ticking the 

box were merged. It was assumed that participants who have either ticked the box or left a text-

note have had an event, the same as those who did both. As the type of event of those who did 

not leave a text-note was not known, nor for those with unclear text/unknown adverse event, it 

was decided to consider all events as one self-reported complaint, and calculate the hazard ratio 

for any new or recurrent self-reported event in the vitamin D compared to placebo arm. 
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Kaplan Meier curves using PROC LIFETEST were calculated for urolithiasis events from 

hospitalisation data. 

Hazard ratio of recurrent events: To test the hypothesis of whether there is a statistically 

significant increase in the rate of recurrent events in the vitamin D versus placebo arm, a 

proportional means model (using PROC PHREG) was applied. Thus, the mean cumulative 

function (MCF) and hazard ratios were calculated with all models adjusted for age, sex and 

ethnicity. This was calculated for all adverse events, and each specific adverse event and 

considered the time between recurrent events for participants with more than one event. The 

MCF compared the accumulated number of adverse events between the vitamin D and placebo 

arm, over time.   

3.4.1.4 Linear general modelling/ Logistic regression modelling/Mixed model 

General linear model (using PROC GLM in SAS) was run to determine if any changes in serum 

calcium at year 3 were associated with changes in serum 25(OH)D. This was controlled for 

treatment, age, sex and ethnicity. 

Logistic regression analysis (using PROC GENMOD in SAS) was run to test characteristics of 

participants with/without reported adverse events. For this, a dummy variable for the outcome 

of interest was created (the dependant variable was “adverse event”, coded as: Yes=1, No=0). 

The same approach was used to compare characteristics of participants with one versus 

recurrent adverse events (the dependant variable was “recurrent events”, coded as: more than 

one event=1, one event=0). 

First, univariate analyses were run for all variables to test any univariate relationship. Then, 

each variable with a significant univariate relationship was added (one by one) to several 
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models to see if their relationship remained significant after controlling for age, sex and 

ethnicity. The final model was run for those variables that remained significant after controlling 

for the above-said sociodemographic variables.  

Ethnicity and BMI (or weight status as calculated by BMI) were not entered to the final model 

together as there was a direct correlation between them, so that variations in one could be 

explained by the other variable. Ethnicity was used in all models.  

Mixed models were used for analysis of repeated measurements of serum calcium and serum 

25(OH)D levels to test time effect and time*treatment effect.  

3.5 Budget and expenses 

The budget for this thesis has been covered by the main study grant. Ethics approval given to 

the main ViDA study covers the work of this thesis. In addition, the first year PReSS Account 

budget was allocated to contribute to the cost of measuring the baseline 25(OH)D of all people 

who were randomized.  
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CHAPTER 4 

4 Results  
 

4.1 Introduction 
 

This chapter presents results of an investigation to first detect types and frequencies of self-

reported adverse events in monthly-4-monthly questionnaires of ViDA study and tests their 

relationship with vitamin D supplementation. In the second part, characteristics of participants 

with any self-reported adverse events are investigated to understand risk factors involved in 

reporting adverse events. Next, calcium-related adverse events from vitamin D 

supplementation using self-reported kidney stones from questionnaires, objective data on 

kidney stones that resulted in hospitalisation, as well as serum calcium measurements from the 

sub-study sample are explored. Then, possible differences in adherence to the study capsules 

between arms and its relationship with adverse events are investigated. Finally, total 

withdrawals/dropouts for side effects and other reasons are compared between the two study 

arms.  

4.2 Baseline characteristics of participants 

As shown in PRISMA diagram (Figure 4-1), total of 5,110 participants were recruited and 

randomized. Out of 5,110, two completely withdrew from the study, and a further 52 

participants did not return any questionnaire, leaving 5,056 in the analysed sample (vitamin D 

2,539, placebo 2,517). 

Sociodemographic- economic and biochemical characteristics of participants who were 

randomized are shown and compared by the study arms in Table 4-1 to Table 4-7. Participants’ 

mean (SD) age was 65.9 (8.3) years, and 58% (n=2935) were male. The majority of participants 
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were European/other minor races (83%), followed by 6.5% Pacific Islands, 5.3% Māori and 

4.9% South Asian. Regarding country of birth, 68.6% of participants were born in New 

Zealand, 9.6% in England and 21.8% other countries (Table 4-1).    

Regarding education, 56.4% of participants had tertiary education whereas 41.6% had a 

secondary school degree, and around 2% had primary school education. Almost half of the 

population (51.2%) were doing paid work with a mean of 36.4±14.7 hours a week, and about 

40.1% were retired (Table 4-2). 

There was no difference in sociodemographic and housing status of participants of vitamin D 

and placebo arms (p>0.05; Table 4-1 to Table 4-3).  

In terms of baseline vitamin D status, mean (SD) observed serum 25(OH)D was 63.6 ±23.6 

nmol/L in the vitamin D arm and 62.9 ±23.5 nmol/L in the placebo arm. These were about 3 

nmol/L less than the deseasonized 25(OH)D levels which stood at 66.9 ±22.5 and 65.7 ±22.5 

nmol/L in vitamin D and placebo arms, respectively (Table 4-4).   

The mean (SD) baseline serum calcium level in all participants was 2.28 ±0.07 mmol/L and 

did not differ between the study arms at baseline.   

Table 4-5 shows participants’ medication history and any vitamin D supplementation intake at 

baseline. Overall, 77.4% of participants were taking some sort of medication at the baseline 

level, there was no difference between the study arms in terms of medication intake. There 

were 14.2% and 13.7% of participants in vitamin D and the placebo arms, respectively, who 

were taking vitamins and minerals supplements of whom 8.1% and 7.8% of participants were 

taking vitamin D, as well 4.9% and 5% were taking calcium supplements in vitamin D an 

placebo arms, respectively (Table 4-5). The mean daily vitamin D intake from supplements 
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was 227.1 ±179.3 and 212.4±173.8 IU/d in participants of the vitamin D and placebo arm (p of 

difference=0.40).  

Overall, 21.0% and 19.7% of participants in the vitamin D and the placebo arms, respectively, 

reported having a cold during the 12 months before their baseline assessment, of whom 15.1% 

and 14.0%, respectively, had taken antibiotics for their cold.  

As shown in Table 4-5 on participants’ history of diseases, 46.5% had a history of fracture, 

36.9% had a history of hypertension and were taking pills for it, 35.4% hypercholesterolemia, 

34.3% arthritis, 23.8 cancer, 7.2% heart attack, 13.7% asthma, 12.2% diabetes, and 10.5% of 

participants also had a history of depression. No arm had significantly higher proportion of a 

disease over the other one.    

The same trend was true for the quality of life as 75.5% of participants had ranked their quality 

of life as “very good or excellent” followed by 20.2% as “Good”, whereas around 4% in each 

arm rated it as “poor or fair” (Table 4-6). 

Looking at the lifestyle factors shown in Table 4-7, over 90% were drinking milk with their 

breakfast cereal or coffee/tea (no difference found between arms; p=0.10) while only 8.7% 

stated to having vitamin D-fortified milk. Many did not answer to this question, possibly 

because of not knowing about the fortification of their choice milk products. Only 6.3% of 

participants were current smokers at the study baseline while 85.1% and 86.7% were drinking 

alcohol in vitamin D and placebo arms, respectively, of whom, 55.6% and 55.8%, respectively, 

were drinking from a few times a week to everyday.   

Out of nearly 50% of the participants who were doing part-time, full-time work, 49% did 

sedentary work, 28% standing work and 22% were doing work that involved physical or heavy 
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labour. None of these baseline life-style factors were significantly different between the study 

arms (p>0.05). In terms of physical activity, 55.4% of participants were doing some sort of 

vigorous physical exercise for a minimum of an hour a week. The mean daily sun exposure of 

participants was 2.0±1.6 hours/day which was similar between arms. 

The mean daily TV watching of participants was 2.8±1.6 hours and it was not significantly 

different between arms.  

In summary, from the baseline variables, there was no variable significantly different in one 

arm than the other, indicating that there was no selection bias arising out of the randomization 

process. 
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Figure 4-1 Flow diagram of participants of ViDA study with numbers included in data 

analyses  
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Table 4-1 Baseline demographic characteristics of participants 

Variable *Vitamin D *Placebo P-value 

Age    

N  2558  2550  0.91 

Mean (Sd) 65.92 ±8.31 65.89 ±8.30        

Min; Max 50.00;84.00       50.0;84.00       

    

Sex    

N  2558  2550 0.15 

Female 1046 (40.9%) 1093 (42.9%) 

Male 1512 (59.1%) 1457 (57.1%) 

    

Ethnicity Group    

N  2558      2550  0.99 

European/Other 2127 (83.2%) 2126 (83.4%) 

Māori 137 (5.4%) 135 (5.3%) 

Pacific 168 (6.6%) 166 (6.5%) 

South Asian 126 (4.9%) 123 (4.8%) 

    

Country of Birth    

N  2556      2548        0.61 

New Zealand 1749 (68.4%) 1758 (68.9%)      

Australia 32 (1.3%) 33 (1.3%)        

England 267 (10.4%) 226 (8.9%)       

Scotland 29 (1.1%) 38 (1.5%)        

China (People's 

Republic of) 

15 (0.6%) 12 (0.5%) 

South Africa 30 (1.2%)   31 (1.2%)        

Samoa 52 (2.0%) 44 (1.7%)        

Cook Islands             32 (1.2%) 26 (1.0%)        

Tonga                    45 (1.8%)    43 (1.7%)        

Niue                     12 (0.5%) 14 (0.5%)        

Fiji                     36 (1.4%) 39 (1.5%)        

India                    67 (2.6%)   56 (2.2%)        

Other                   190 (7.4%) 228 (8.9%)       

    

*Numbers are presented as frequency (column percentage), unless otherwise stated.  
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Table 4-2 Baseline education and occupation status of participants 

Education Vitamin D 

 

Placebo p-value 

N  2556  2548  0.14 

Primary School 53 (2.1%) 42 (1.6%) 

Secondary school 1091 (42.7%) 1036 (40.6%) 

Tertiary (eg. 

University) 

1412 (55.2%)  1470 (57.7%) 

   

Occupation (Current 

paid work) 

   

N  2556  2547  0.72 

Yes 1301 (50.9%) 1317 (51.7%) 

No 1255 (49.1%) 1230 (48.3%) 

   

Hours of paid 

work/week in those 

who have worked 

   

N  1293  1295 0.32 

Mean (Sd) 36.73±15.04                      36.06±14.43  

Min; Max 1.00;99.00 1.00;90.00 

   

Which one applies if 

not employed 

   

N  1252  1230  0.18 

Retired 1041 (83.1%) 1018 (82.8%)      

Currently 

Unemployed 

48 (3.8%) 54 (4.4%) 

On sickness benefit  60 (4.8%) 44 (3.6%) 

Student  7 (0.6%) 10 (0.8%) 

House duties 34 (2.7%) 51 (4.1%) 

Other 62 (5.0%) 53 (4.3%) 

*Values are presented as frequency (column percentage), unless otherwise stated.  
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Table 4-3 Baseline marital and home-setting status of participants 

Marital Status Vitamin D 

N (Col %) 

Placebo 

N (Col %) 

P-value 

N  2556        2548   0.28 

Married / partnered 1874 (73.3%) 1840 (72.2) 

Separated or divorced 

and living by myself 

(without partner) 

305 (11.9%) 340 (13.3%) 

Widow / Widower 231 (9.0%) 209 (8.2%) 

I have never been married 

/ partnered     

146 (5.7) 158 (6.2%) 

    

Home-setting    

N  2555  2548  0.33 

House/Flat/Apartment 2466 (96.4%) 2473 (97.0%)   

Retirement village 60 (2.3) 53 (2.1) 

Rest home/Private 

hospital/ (own or shared 

room)/ Marae or iwi 

based housing 

0 (0.0%) 3 (0.1%) 

Other  29 (1.1%) 19 (0.7%) 

 

    

Who do you live with 

most of the time 

   

N  2555  2548  0.74 

Partner/husband/wife 1299 (50.8%) 1282 (50.3%) 

Alone 458 (17.9%) 481(18.9) 

Husband/wife/ partner 

and children 

395 (15.5 %) 389(15.3%) 

With child (Children/ no 

other adult) 

85 (3.3%) 72 (2.8%) 

Extended family 129(5.0%) 135(5.3%) 

Non-family members 48(1.9%) 59 (2.3%) 

Others 141 (5.5%) 130 (5.1%) 

* Col%= column percentage 
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Table 4-4 Baseline biochemical and anthropometric characteristics of participants 

Variable Vitamin D       Placebo                 P-value 

Observed baseline 25(OH)D (nmol/L)       

N  2557        2549  0.27 

Mean (SD) 63.6 ±23.6       62.9 ±23.5                      

Min; Max 7.0 ;180.0       9.0 ;206.0      

    

25(OH)D deseasonized (nmol/L)   

N  2547  2537         0.83 

Mean (SD) 66.4 ±22.5                      65.7 ±22.5       

Min; Max 40.7 ;184.5                     34.0 ;214.8      

    

Serum calcium  (nmol/L)   

N  2558     2550         0.19 

Mean (SD) 2.28 ±0.07                        2.28 ±0.07         

Min; Max 2.02 ;2.50                        1.90 ;2.50        

    

Weight (kg)    

N  2547 2537 0.87 

Mean (SD) 81.3 ±16.5 81.2 ±16.0       

Min; Max 40.7;184.5 34.0;214.8 

    

Height (cm)    

N  2547  2537        0.065 

Mean (SD) 169.1 ±9.2 168.7 ±8.8       

Min; Max 140.5;196.0                    143.0;196.7     

    

BMI (kg/m2) 28.3 ±5.1 28.4 ±4.9  

    

Weight status (by BMI)   N (Col%) N (Col%)  

N 2547 2537 0.76 

Obese (BMI≥30)  782 (30.6)  801 (31.4) 

Overweight 

(30>BMI≥25) 

1145 (44.8) 1149 (45.0) 

Normal (25>BMI≥18.5)  609 (23.8)   573 (22.5) 

Thin (18.5>BMI)    11 (0.4)     14 (0.6) 

    

Col%= column percentage 
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Table 4-5 Medications/medical history of participants at baseline 

Currently on any 

medication 

Vitamin D 

N (Col %) 

Placebo 

N (Col %) 

P-value 

 

Yes 1981(77.4%) 1973 (77.4%) 0.91 

No 573 (22.4%) 575 (22.4%) 

    

Currently on vitamin-

Minerals’ 

supplementation 

   

Yes 361 (14.2%) 344 (13.7%) 0.55 

No 2177 (85.8%) 2176 (86.3%) 

    

Vitamin D intake frequency and amount in those who took any  

Number (col %) 207 (8.1) 199 (7.8) 0.40 

Mean+-SD 227.14 ±179.3 212.42 ±173.8 

Min/Max 1.67 ;800.0 3.00 ;742.0 

    

Categories of vitamin D intake among those who took any  

<200 IU 103(49.8%) 104 (52.3%)       0.53 

200IU-400 IU  44 (21.3 %)   47 (23.6 %)       

400IU-800 IU  60 (29.0%)   48 (24.1%)        

    

Calcium supplements 125 (4.9) 127 (5.0) 0.51 

    

Had a cold within the 

last 12 months 

538 (21.0%) 501 (19.7%) 0.20 

    

Had antibiotics for cold 

in the past 12 month    

385 (15.1%)       358 (14.0%) 0.56 

    

Had a heart attack 188 (7.4%)        179 (7.0%)  0.65 

    

Had heart Attack and 

were hospitalized for it 

  16 (0.6%)   16 (0.6%) 0.91 

    

Angina 166 (6.5%) 187 (7.4%)       0.23 

    

Irregular heartbeat 346 (13.5%) 318 (12.5%) 0.25 

    

Diabetes 325 (12.7%) 297 (11.6%)       0.24 

    

Had high blood 

pressure and on 

treatment? 

955 (37.5%)  930 (36.8%)      0.84 

    

Had high cholesterol 

levels and on treatment? 

884 (34.9%)   924 (36.7%)       0.23 
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Currently on any 

medication 

Vitamin D 

N (Col %) 

Placebo 

N (Col %) 

P-value 

 

 

Had asthma 342 (13.4%) 360 (14.2%)       0.42 

    

Chronic bronchitis    94 (3.7%)  99 (3.9%) 0.69 

    

Psoriasis 114 (4.5%) 136 (5.4%)       0.14 

    

Eczema 304 (12.0%) 296 (11.7%)       0.76 

    

Depression? 283 (11.1%) 253 (9.9%)       0.17 

    

Had cancer? 622 (24.4%) 592 (23.3%)       0.34 

    

Arthritis? including 

gout, and arthritis from 

lupus or psoriasis  

881 (34.4%) 874 (33.2%)       0.88 

    

Osteoporosis?     42 (1.6%)     29 (1.1%) 0.12 

    

Ever fractured a bone? 1178 (46.0%) 1200 (47.0%) 0.77 

Shingles symptoms or 

use any shingles 

Treatments? In the past 

twelve months  

    52 (2.0%)     51 (2.0%)        0.95 

    

Chronic pain and on 

Treatment for Pain 

   

Yes, on tabs/injection or 

exercise 

211 (8.2%) 218 (8.5%) 0.43 

Yes, other treatments   52 (2.0%)   42 (1.6%) 

Yes, no treatment 135 (5.3%) 145 (5.7%) 

Col%= column percentage;  
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Table 4-6 Baseline quality of life status of participants by treatment arm 

Col%= column percentage 

 

 Vitamin D  

N (Col %) 

Placebo 

N (Col %) 

P-value 

In general, would you say your health is:   

Excellent   750 (29.3%)   727 (28.5%)       0.53 

Very good              1192 (46.6%) 1188 (46.6%)      

Good                      504 (19.7%)     529 (20.7%)       

Fair                       100 (3.9%)     90 (3.5%)       

Poor                         8 (0.3%)     14 (0.5%)         

    

In the past two weeks have you felt down depressed 

or hopeless? 

  

N (nmiss) 2551 (7)      2546 (4)        0.67 

Yes   226 (8.9%)   217 (8.5%)       
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Table 4-7 Baseline life-style characteristics of participants by treatment arm 

Values are presented as frequencies (column percentage), unless otherwise stated. 

 

  

 Vitamin D  

N (Col %) 

Placebo 

N (Col %) 

P-value 

Do you drink milk including in tea or coffee or add it to breakfast cereal?  

Yes 2334 (91.4%)   2312 (90.7%)      0.42 

   

Do you usually drink milk with added vitamin D?  

Yes 240 (9.4%) 205 (8.0%)       0.10 

    

How often do you drink alcohol in the past 12 months?  

Never/not in the last 12 months 375(14.7%) 337 (13.2%)       0.43 

Monthly/weekly 754 (29.5%) 787 (30.9%)       

Two to four times a week 873 (34.1%) 872 (34.2%)       

Daily 550 (21.5%) 552 (21.6%)       

    

Smoking status    

Current smoker   164 (6.4%)   156 (6.1%)       0.69 

Ex-smoker 1099 (43.0%) 1073 (42.1%)      

Never smoked 1291 (50.5%) 1319 (51.8%)      

    

Sun exposure hours on an average 

week/weekend day?            

   

Mean±Sd                2.06 ±1.61                        2.02 ±1.57         0.39 

Min;Max 0.00 ;17.43 0.00 ;13.14        

    

TV Watch per day on an average week or 

weekend day? 

   

Mean±Sd                2.85 ±1.60 2.76 ±1.58         0.055 

Min;Max 0.00 ; 21.00                       0.00 ;17.14        

    

For those who currently work, what type of physical activity does it involve?  

Sedentary 656 (49.9%)       635 (48.9%) 0.07 

Standing Occupation 367 (27.9%)       366 (28.2%)      

Physical work 257 (19.5%)       278 (21.4%) 

Heavy manual work   32 (2.4%)          19 (1.5%) 

    

In a typical week during the past three months did you practise any of these 

activities vigorously enough to cause sweating or faster heartbeat?  

If Yes, how many hours?  

 

None              1015 (39.6%)      1018 (39.9%) 0.62 

1-2 hours 609 (23.8%) 585 (22.9%) 

>2 hours 804 (31.4%) 832 (32.6%) 
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4.3 Number of people reporting an adverse event  

Out of 5,108 participants who were randomized, 52 participants did not return a questionnaire. 

Of the 5,056 participants with at least one returned questionnaire, 818 (16.1%) reported at least 

one event that they attributed to the study capsules (419 in vitamin D arm and 399 in placebo 

arm; p=0.38). Table 4-8 shows the distribution of participants who reported at least one event, 

and those who did not report any.  

Figure 4-2 shows frequency of reported adverse events from participants per month by 

treatment arm. Fewer adverse events in the initial months are explained by the recruitment 

stage of the study when participants were joining the study with an increasing trend from March 

2011 till November 2012. From November 2012 till November 2013, despite fluctuations, a 

declining trend can be seen. However, this trend reversed after November 2013 because of the 

change from the monthly questionnaire to 4-monthly questionnaire. This is apparent in a sharp 

increase from a maximum of 20 events per month, prior to November 2013 in both arms to 

nearly 35 events per months in the vitamin D arm in March 2014. Events reported in March 

2014 represents the previous 4-months which explains this sudden rise. Noteworthy, in four 

out of the final five questionnaires from March 2014-July 2015, participants in the vitamin D 

arm reported around 5-15 more events than the placebo arm.  

The total number of reported adverse event events was 1,957. Of these, descriptions were given 

for only 1,108 (56.6% of reported events), comprising 604 (54.5%) events in the vitamin D, 

and 504 (45.5%) events in the placebo arm (p difference between arms=0.01). As explained 

earlier in Section 3-2-9, these events were distributed across nine different categories based on 

the study-developed classification. However, the 8th was not an adverse event, but improved 
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events and therefore was deleted from data analysis of this thesis. Nine people had reported 11 

improved events (3 participants in vitamin D and 6 participants in placebo arm).   

Figure 4-3 illustrates the difference between study arms in the distribution of categories of 

reported events (including recurrent events). This figure shows that only skin disorders were 

evenly reported by both study arms. Adverse events from all other categories were slightly 

more common in the vitamin D than the placebo arm, particularly the results for dizziness.  

Table 4-9 summarises frequency of each individual adverse event that were described, by 

treatment arm. The most common were pain (n=300; 27.1%), respiratory infection symptoms 

(n=171; 15.4%) and dizziness and/or issues with balance and vision (n=121; 10.9%). They 

were closely followed by “GI symptoms” (n=90; 8.1%) and “skin disorders” (n=70; 6.3%). 



 

 

 

119 

 

 

 

Figure 4-2 Number of all events reported in each monthly/4-monthly questionnaire per arm
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Table 4-8 Number of participants who reported at least one adverse event, by study arm  

 

 

Figure 4-3 Distribution of adverse events’ categories between study arms 

“Other” refers to the adverse events that were related to other health outcomes.  

“Unknown” refers to unclear texts written by participants.  

“General” refers to tiredness and weakness. 

Adverse event               Treatment  

Frequency  

(Column %) 

Vitamin D Placebo Total Chi-Square P 

Yes 419 (16.5%) 399 (15.8%)   818 1.93 0.38 

No 2120 (83.5%) 2118 (84.2%) 4238 

Total 2539 

 

2517 5056 
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 Table 4-9 Type and number of self-reported adverse events, by study arm 

* Col %= column percentage

Category of 

adverse events 

Adverse event                Treatment 

Vitamin D Placebo 

n *Col % n Col % 

Pain 1.1 Pain/cramps - headache 21 3.6 18 3.5 

1.2 Pain/cramps - torso (chest/back) 26 4.3 30 5.9 

1.3 Pain/cramps - abdomen 9 1.5 8 1.6 

1.4 Pain/cramps - upper limbs 24 4.0 25 5.0 

1.5 Pain/cramps -lower limbs 45 7.4 44 8.7 

1.6 Pain/cramps - generalised 29 4.8 21 4.2 

Respiratory 

infection 

2.1 Cold / runny nose / sore throat 64 10.6 49 9.7 

2.2 Cough 13 2.2 13 2.6 

2.3 Flu like symptoms 16 2.6 16 3.2 

Gastro- 

intestinal 

symptoms 

3.1 Nausea 7 1.2 17 3.4 

3.2 Indigestion / flatulence 4 0.7 8 1.6 

3.3 Constipation 15 2.5 5 1.0 

3.4 Diarrhoea 11 1.8 7 1.4 

3.5 Change in appetite 1 0.2 0 0 

3.6 Weight change 2 0.3 0 0 

3.7 Unspecified irritable/upset stomach 8 1.3 5 1.0 

General 

symptoms 

(tiredness and 

weakness) 

4.1 Tiredness  27 4.5 13 2.6 

4.2 Weakness 5 0.8 7 1.4 

Dizziness / Issues 

with balance or 

vision 

5.1 Light headed / dizziness 49 8.1 23 4.6 

5.2 Issues with balance 21 3.5 15 3.0 

5.3 Visual disturbances 4 0.7 4 0.8 

5.4 collapse/faint'/'turn' 2 0.3 2 0.4 

Skin 6.1 Skin - rash 13 2.1 11 2.2 

6.2 Skin - itchy / dry 8 1.3 12 2.4 

6.3 Skin - other condition / irritation 14 2.3 12 2.4 

Other (Events 

related to other 

health 

conditions) 

7.1 Palpitations 10 1.6 4 0.8 

7.2 Falls 5 0.8 9 1.8 

7.3 Hot flushes /sweating 3 0.5 3 0.6 

7.4 Nose bleeds/increased bruising 5 0.8 4 0.8 

7.5  Breathlessness 7 1.2 5 1.0 

7.6 Increased thirst / dry or tingling mouth 3 0.5 3 0.6 

7.7 Changes to hair 2 0.3 5 1.0 

7.8 Developed a ‘lump’ or swelling on body 2 0.3 1 0.2 

7.9 General un-wellness  2 0.3 2 0.4 

7.11 Related to other health conditions/surgery  50 8.3 31 6.1 

7.12 Swollen legs 2 0.3 4 0.8 

7.13 Vaginal bleeding 0 0.0 1 0.2 

7.14 Tinnitus 2 0.3 0 0.0 

7.15 Sleep disturbances  4 0.7 3 0.6 

7.16 Depressed or altered mood 1 0.2 1 0.2 

7.17 Irritable/sore eyes 1 0.2 2 0.4 

7.18 Decreased concentration/forgetfulness 3 0.5 4 0.8 

7.19 Change in taste 2 0.3 1 0.2 

7.21 Urinary symptoms 3 0.5 5 1.0 

Unknown  8 Unclear description/ unable to read  59 9.8 51 10.1 

 Total reported events  604  504  
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4.3.1 Hazard ratio of time to first adverse event 

Table 4-10 shows the proportions of participants who reported one or more adverse-effects. 

These were similar in the vitamin D (16.5%) compared to the placebo (15.8%) group, with the 

hazard ratio (HR) being 1.03 (95% CI: 0.90, 1.18), adjusting for age, sex and ethnicity. The 

same result was seen when participants were categorised by baseline 25(OH)D concentrations 

into three categories of vitamin D insufficiency with 25(OH)D<50 nmol/L, sufficiency with  

25(OH)D between 50-75 nmol/L, and with 25(OH)D>75 nmol/L as shown in Table 4-10. 

Hazard ratios for time to the first adverse event for each category of adverse events did not 

show any significant difference (p>0.05). 

Re-categorizing of all participants with at least one adverse event based on baseline 25(OH)D 

to sub-groups, with 25(OH)D >75 nmol/L and 25(OH)D≤75 nmol/L, did not significantly 

change these results (p=0.98).  

The cumulative hazard plot showed no difference between the two treatment arms in time to 

first reported adverse event (Figure 4-4). This figure shows an increasing number of 

participants reporting an adverse event throughout 48 months of the study duration, and the 

trend is very similar in vitamin D and the placebo arm.   

Table 4-11 demonstrates that while treatment arm did not have a role in reporting adverse 

events, minor ethnicities (p<0.001) and increasing age (p<0.001) were significantly associated 

with reporting an adverse event. 
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Table 4-10 Proportion of participants reporting an adverse event, and hazard ratios for time to first adverse event in vitamin D compared 

to placebo  

 

 

  

*Adjusted for age, sex and ethnicity. 

**Includes participants who indicated they had an adverse event, some of whom did not describe it in the free text box. 
‡ Total who described an adverse event is less than the sum who reported the individual adverse-event categories as more than one adverse-event could be 

reported in the free-text box of a questionnaire.        

25(OH)D = 25-hydroxyvitamin 

adverse event category 

 

Participants reporting an adverse-

event        n (%) 

*Hazard Ratio  

(95% CI) 

P-value 

(Wald Χ2) 

Vitamin D 

(2539) 

Placebo 

(2517) 

**Total who reported having an adverse event 419 (16.5) 399 (15.8) 1.03 (0.90, 1.18) 0.57 

 

Deseasonalised 25(OH)D: nmol/L 

    

<50 115 (4.5) 108 (4.3) 1.23 (0.95,1.60) 0.11 

50-75 166 (6.5) 167 (6.6) 0.93 (0.75,1.15) 0.50 

>75 138 (5.5) 124 (4.9) 1.08 (0.85,1.38) 0.50 

Participants who described their adverse event     

- Pain 80 (3.1) 85 (3.4) 0.93 (0.68, 1.26) 0.62 

- Respiratory infection  59 (2.3) 42 (1.7) 1.39 (0.94, 2.06) 0.10 

- Gastrointestinal symptoms 35 (1.4) 34 (1.3) 1.01 (0.63, 1.62) 0.94 

- General symptoms (tiredness/weakness) 22 (0.4) 19 (0.4) 1.14 (0.62, 2.11) 0.67 

- Dizziness/ issues with balance/vision 43 (1.7) 36 (1.4) 1.18 (0.76, 1.83) 0.47 

- Skin 25 (1.0) 26 (1.0) 0.94 (0.54, 1.62) 0.94 

- Event related to other health conditions 83 (3.3) 72 (2.9) 1.15 (0.84, 1.57) 0.39 

- Unknown 50 (2.0) 49 (1.9) 1.01 (0.68, 1.50) 0.95 
‡Total who described their adverse event 288 (11.3) 277 (11.0) 1.01 (0.86, 1.19) 0.84 
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Figure 4-4 Cox-regression hazard model for time to the first adverse event by treatment 

arm (shaded area shows 95% Confidence Intervals of each arm) 

 

 

Table 4-11 Hazard ratio of an adverse event in vitamin D versus placebo arm, adjusted 

for covariates 

Parameter   DF Parameter 

Estimate 

Standard 

Error 

Chi-Square P Hazard 

Ratio 

Treatment Vitamin D 1 0.03 0.07 0.21 0.64 1.03 

Ethnicity 

 

Māori 1 0.76 0.13 33.69 0.0005 2.13 

Pacific 1 1.18 0.11 122.28 3.26 

South Asian 1 0.48 0.15 9.50 1.61 

Age (year)   1 0.02 0.004 11.94 0.0005 1.02 

Sex Female 1 0.05 0.07 0.45 0.501 1.05 

 

 

HR= 1.03, (95%CI=0.90, 1.18; p=0.57) 
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4.4 People with recurrent adverse events  

There were participants who reported several adverse events, ranging from 1-20 times during 

the study period. Since the number of participants with more than 6 events was too small, 

participants with ≥6 events were pooled. According to Table 4-12, about half of those who 

reported an event reported just one event (48.6%). There was not a significant difference 

between arms in terms of repeated events. Although, about twice the number of participants in 

vitamin D arm reported ≥6 recurrent events than participants in the placebo arm, this only 

accounts for 1.3% and 0.7% of participants of vitamin D and placebo arms, respectively (Table 

4-12).  

Number and percentage of participants who reported events from different categories is shown 

in Table 4-13. There was no difference between arms in terms of reporting from different 

categories of adverse events (p=0.61). This latter table is based on participants who had 

specified the type of event that they experienced and shows that 25.5% (144 people) of 

participants who reported events, did so for 2-4 different categories and only 3 people reported 

from 5 or 6 different categories of events. This means that 74.5% of event reporters did so for 

a single category such as pain, once or more times.  
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Table 4-12 Number of participants with none, one or several adverse events 

*ᵡ2 test 
 

 

 Table 4-13 Number of participants with reports from one or multiple categories of   

adverse events  

*Fisher test 

 

 

Number of adverse events                    Treatment  

Vitamin D Placebo Total *P 

Number of events  2120 (83.5) 2118 (84.1) 4238 0.20 

1 event  195 (7.7) 203 (8.1) 398 

2 events 65 (2.6) 72 (2.9) 137 

3 events 45 (1.7) 42 (1.7) 87 

4 events 72 (2.8) 54 (2.1) 126 

5 events 9 (0.35) 11 (0.4) 20 

≥ 6 events 33 (1.3) 17 (0.7) 50 

Total 2539 2517 5056 

Number of categories of 

events 

                     Treatment  

Vitamin D Placebo Total *P 

0 2251 (88.6) 2240 (89.0) 4491 0.61 

1  212 (8.3) 209 (8.3) 421 

2  54 (2.1) 53 (2.1) 107 

3 14 (0.6) 13 (0.52) 27 

4 6 (0.3) 1 (0.04) 7 

5 1 (0.05) 1 (0.04) 2 

6 1 (0.05) 0 (0.0) 1 

Total  2539 2517 5056 
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4.4.1 Hazard ratio of recurrent events  

The hazard ratio of reporting recurrent events was 1.18 (95% CI: 0.98, 1.41; p=0.08) in the 

vitamin D arm compared to the placebo arm, adjusting for age, sex and ethnicity (Table 4-14). 

Analyses show that while there was an 18% increased risk of repeated adverse events 

participants of the vitamin D arm, this was not significantly different to the placebo arm.  

From the Figure 4-5 , MCF (mean cumulative function) shows the average number of events 

that each subject experienced within 48 months of the study period. It shows the distribution 

of cumulative number of events per study subject, at each time of the study. Based on this study 

results, the majority of participants had zero recurrent event, a fraction with one adverse event 

and some more than one event. The two study arms have quite similar trends throughout the 

study. However, towards the last months of the study, the plot for the vitamin D arm slightly 

deviated from that of the placebo one, although the confidence intervals of the two lines have 

shadowed each other over the whole study period and so the difference remained non-

significant. In this model, ethnicity was associated with reporting recurrent adverse events with 

those from Māori, Pacific and South Asian ethnic background having a higher probability of 

reporting recurrent events (p<0.001). Aging (as a continuous variable), although small, was 

another factor that contributed to recurrent adverse events (HR=1.01; 95%CI=1.00, 1.02; 

p=0.01).  
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Table 4-14 Hazard ratio of repeated adverse events in vitamin D versus placebo arm 

Parameter   DF Parameter 

Estimate 

Standard 

Error 

*Hazard 

Ratio 

95% CI P-

value  

Treatment 

(Ref=Placebo) 

1 1 0.16 0.09 1.18 0.98,1.41 0.08 

Sex (ref=Male) Female 1 0.001 0.09 1.00 0.91,1.09 0.99 

Ethnicity 

(Ref=European 

/others 

Māori 1 0.94 0.17 2.56 1.82,3.60 <.0001 

Pacific 1 1.54 0.14 4.68 3.58,6.12 

South 

Asian 

1 0.56 0.2 1.76 1.18,2.62 

Age   1 0.01 0.005 1.01  1.00,1.02 0.01 

*Adjusted for age, sex and ethnicity  

 

 

Figure 4-5 Mean cumulative recurrent total adverse events during the follow up (shaded 

area shows 95% Confidence Intervals of each arm)

HR=1.18 (95% CI: 0.98, 1.41; p=0.08) 
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4.4.1.1 Analysis of recurrent event plot for each event category of adverse events 

a) Pain: There was no difference in recurrent events for participants who reported pain as 

an adverse event, one or more times during the study. The adjusted hazard ratio was 

0.97 (95% CI=0.67, 1.42; p=0.89; Figure 4-6). 

b) Infection and respiratory symptoms: Figure 4-7 shows that there was no difference 

between the treatment arms in reporting recurrent infection and respiratory events. The 

adjusted hazard ratio for recurrent events in the vitamin D versus placebo arm was 1.12 

(95% CI=0.65, 1.92; p=0.67). 

c) Gastrointestinal symptoms: Figure 4-8 shows that there was no difference between 

the treatment arms in reporting recurrent gastrointestinal events. The adjusted hazard 

ratio for recurrent events in the vitamin D versus placebo arm was 1.12 (95% CI=0.65, 

1.93; p=0.69). 

d) General symptoms; tiredness, weakness: Figure 4-9 shows that there was no 

difference between treatment arms in reporting recurrent general tiredness/weakness 

events.  The adjusted hazard ratio for recurrent events in the vitamin D versus placebo 

arm was 1.57 (95% CI=0.81, 3.05; p=0.18). This non-significant increased risk reflects 

only 32 versus 20 events reported by 22 and 19 participants in the vitamin D and 

placebo arms, respectively.  
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Figure 4-6 Mean cumulative recurrent “pain” events during the follow up (shaded area 

shows 95% Confidence Intervals of each arm) 

 

 

 

Figure 4-7 Mean cumulative recurrent “respiratory and infection” events during the 

follow up (shaded area shows 95% Confidence Intervals of each arm)

HR=0.97; (95% CI: 0.67, 1.42; p=0.89) 

HR=1.12; (95% CI: 0.65, 1.92; p=0.67) 
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Figure 4-8 Mean cumulative recurrent “gastrointestinal” events during the follow up 

(shaded area shows 95% Confidence Intervals of each arm) 

 

  

Figure 4-9 Mean cumulative recurrent “general symptoms” during the follow up (shaded 

area shows 95% Confidence Intervals of each arm)

HR=1.57; (95% CI=0.81, 3.05; p=0.18) 

 

HR=1.12; (95% CI=0.65, 1.93; p=0.69) 
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e) Dizziness/ Issues with balance and vision: Figure 4-10 shows that the adjusted hazard 

ratio for recurrent events due to dizziness, balance and vision issues in the vitamin D 

versus placebo arm was 1.73 (95% CI=0.97, 3.07; p=0.06). Of the 79 participants who 

reported a dizziness event, 18 had reported more than one event (15 in vitamin D and 3 

in placebo arm), and there was one participant in the vitamin D arm who reported 12 

dizziness events. Excluding this person changed the HR to 1.42 (95%CI=0.86, 2.23; 

p=0.16).  

 

  

Figure 4-10 Mean cumulative recurrent “dizziness and issues with balance” events during 

the follow up (shaded area shows 95% Confidence Intervals of each arm) 

HR=1.73;  

(95% CI=0.97, 3.07; p=0.06) 
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f) Skin disorders: Figure 4-11 shows that there was no difference between the study 

arms in reporting recurrent skin events. The adjusted hazard ratio for recurrent events 

in the vitamin D versus placebo arm was 0.95 (95% CI=0.51, 1.76; p=0.86).  

g) Other events (related to other conditions/diseases): Figure 4-12 shows that there 

was no difference between treatment arms in reporting recurrent other health related 

conditions such as a surgery, heart attack, etc. The adjusted hazard ratio for recurrent 

events in the vitamin D versus placebo arm was 1.18 (95% CI=0.84, 1.65; p=0.33).  

h) Unknown events/unclear text/unable to read: Figure 4-13 shows that there was no 

difference between treatment arms in reporting recurrent unknown events. The adjusted 

hazard ratio for recurrent events in the vitamin D versus placebo arm was HR=1.15 

(95% CI=0.75, 1.76; p=0.51).  

The hazard ratio of recurrent events in the vitamin D arm was not significantly higher than the 

placebo arm for any of the adverse event categories, nor was it increased for all adverse events. 

Although, the hazard ratio for dizziness and issues with balance/vision was high, it did not 

reach statistical significance, with overlapping confidence intervals (Figure 4-10). Adverse 

events related to other health conditions/surgery category also had a higher HR rate being 1.18, 

but the confidence intervals of the two treatment arms were wider, with a non-significant p-

value of 0.33. In the following section (Section 4.4.2), incidence rates of reporting each of these 

categories is calculated based on person-months in the study to check the results of this section.   
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Figure 4-11 Mean cumulative recurrent “skin” events during the follow up (shaded area 

shows 95% Confidence Intervals of each arm)  

 

 

 

Figure 4-12 Mean cumulative recurrent “Other” events during the follow up (shaded area 

shows 95% Confidence Intervals of each arm) 

 

0.95 (95% CI=0.51, 1.76; p=0.86) 

 1.18 (95% CI=0.84, 1.65; 

p=0.33) 
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Figure 4-13 Mean cumulative recurrent “Unknown” events during the follow up (shaded 

area shows 95% Confidence Intervals of each arm)  

 

 

 

HR=1.15 (95% CI=0.75, 1.76; p=0.51) 
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4.4.2  Incidence rate of reporting adverse events per person months 

In total, among 818 participants reporting adverse events; 1,066 versus 891 events were 

reported in the vitamin D and placebo arms, respectively. The incidence rate ratio (RR) for all 

reported adverse events was not significantly elevated, being 1.17 (95% CI= 0.97, 1.41; 

p=0.10; Table 4-15). The increased rate of reporting an event (for any adverse event) was two 

participants per1000 person months higher in vitamin D arm than the placebo arm (p=0.10).   

There were 565 participants who described the type of event in the free-text; 288 in vitamin D 

and 277 in placebo arm. The incidence rate ratio (RR) of reporting each specific adverse event 

category, in the vitamin D compared with the placebo arm, is shown in Table 4-15. Although 

in all categories, events were more common in vitamin D than the placebo arm, these 

differences were not statistically significant. In particular, participants in the vitamin D arm 

more commonly reported dizziness, with an incidence rate ratio of 1.66 compared with 

participants in the placebo arm. However, this difference did not reach statistical significance 

(RR=1.66; 95% CI: 0.94, 2.92; p=0.08).  

In summary, for self-reported adverse events, neither the number of people with an adverse 

event was higher in the vitamin D that the placebo arm (Table 4-10); Nor was the number of 

events, including recurrent events, significantly higher in vitamin D arm than the placebo arm 

(Table 4-15).  Although, there was a trend in many specific categories of adverse events where 

participants of vitamin D arm reported more recurrent events than the placebo arm, in particular 

for dizziness, issues with balance and vision, as well as events relating to other health outcomes, 

they remained non-significant after testing with two methods; MCF and person-time incidence 

rate.   
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Table 4-15 Incidence rate ratio of all events and each adverse event category in vitamin D versus placebo arm 

* Calculated by negative binomial regression, adjusted for age, sex, and ethnicity. 

** Includes events reported by participants who did not describe the type of event, in the free text box. 

25(OH)D = 25-hydroxyvitamin D 

 

 

Adverse event category 

 

Vitamin D Placebo *Incidence Rate 

Ratio  (RR) 

(95% CI) 

P-

value 
Adverse 

events  

N 

 Incidence Rate (95% 

CI) per 1000 person-

months 

Adverse 

events  

N 

 Incidence Rate (95% 

CI) per 1000 person-

months 

**Total reported adverse events  1066 11.89 (11.20, 12.61) 891 9.80 (9.16, 10.64) 1.17 (0.97, 1.41) 0.10 

Deseasonalised 25(OH)D nmol/L:       

<50 331   15.8 (14.2,17.6) 277 10.2 (8.95, 11.7) 1.40 (0.83, 2.35) 0.20 

50-75 408   10.15 (9.19,11.18) 375 9.92 (8.95, 10.98) 1.05 (0.79, 1.41) 0.71 

>75 327   10.51 (9.40, 11.72) 239 7.70 (6.76, 8.75) 1.50 (0.94,2.40) 0.09 

Described adverse events       

 Pain 154 1.67 (1.42, 1.96) 146 1.60 (1.36, 1.89) 1.11 (0.87, 1.41) 0.40 

 Respiratory infection  93 1.01 (0.81, 1.23) 78 0.86 (0.68, 1.07) 1.28 (0.78, 2.10) 0.32 

 Gastrointestinal symptoms 48 0.52 (0.38, 0.69) 42 0.49 (0.39, 0.60) 1.34 (0.76, 2.33) 0.30 

 General symptoms 

(tiredness/weakness) 

32 0.35 (0.24,0.49) 20 0.22 (0.13, 0.34) 1.66 (0.94, 2.92) 0.08 

 Dizziness/ issues with balance/vision 76 0.82 (0.65, 1.03) 44 0.49 (0.36, 0.65) 1.66 (0.94, 2.92) 0.08 

 Skin 35 0.38 (0.26, 0.53) 35 0.38 (0.30, 0.48) 0.79 (0.40, 1.56) 0.51 

 Events related to other health 

conditions 

107 1.16 (0.95, 1.40) 88 0.97 (0.77, 1.19) 1.20 (0.91, 1.61) 0.17 

 Unable to read/unclear 59 0.64 (0.49, 0.82) 51 0.56 (0.42, 0.74) 1.14 (0.78, 1.66) 0.49 

Total described adverse events 604 6.55 (6.04, 7.10) 504 5.54 (5.10, 6.05) 1.19 (0.97, 1.46) 0.094 
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4.5 Characteristics of people with an adverse event  

If vitamin D does not increase the reporting of adverse events, what factor might have caused 

reporting them? To answer this, baseline characteristics between those who reported an adverse 

event and those who did not were compared. First, univariate regression analyses were 

conducted for each of sociodemographic and economic, anthropometric, biochemical, lifestyle, 

nutrition and medical history variables using Poisson regression analysis. Then, variables with 

a p-value of <0.10 were entered into several multivariate regression analyses, using Poisson 

regression (in PROC GENMOD) to identify those independently associated with reporting of 

events.  

4.5.1 Sociodemographic and economic factors and adverse events 

The univariate analyses for sociodemographic and economic factors are shown in Table 4-16. 

The number and row percentage of each variable category is shown to make a comparison 

between those who had an event, versus those without it, within each strata.   

Marital status, ethnicity and education were associated with risk of reporting an adverse event 

which was increased for: being a widow/widower (RR=1.32; 95% CI=1.08, 1.61; p=0.006) 

compared to married/partnered; Māori (RR=1.72; 95% CI=1.37, 2.15; p<0.001), Pacific Island 

(RR=2.29; 95% CI=1.93, 2.73; p<0.001) and South Asian ethnicities (RR=1.33; 95% CI=1.02, 

1.74; p=0.04) compared to European/other races; and having an educational status of primary 

(RR=1.77; 95% CI=1.23, 2.54; p=0.002) or secondary (RR=1.15; 95%CI= 1.02, 1.32;p=0.02) 

compared to people with a tertiary education. Age also had a borderline inverse association 

with reporting of adverse events. Working status, housing, and hours of working in those who 

work, were not associated with reporting an adverse event.  
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Multivariate models for Sociodemographic variables and reporting adverse events 

Based on the univariate analysis results, age, marital status, ethnicity and educational status 

were associated with reporting an adverse event. Each of these were controlled for age, sex and 

ethnicity in the multivariate models and results are presented in the last column of Table 4-16. 

According to this, only ethnicity remained a significant determinant of reporting one adverse 

event (p<0.001). Those from Pacific Islands, Māori, and South Asians were more likely to 

report an adverse event compared with European/other ethnicities. Although older aged group 

had 16% higher probability of reporting an adverse event compared to 50-60 year olds, it was 

not significant anymore (RR=1.16; 95% CI=0.96, 1.39).  

The association of marital status and education became null when ethnicity was taken into 

account. However, age, sex and ethnicity could be main contributors of health outcomes and 

therefore were adjusted for, in the following models. 
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Table 4-16 Association between sociodemographic and economic factors and risk of reporting an adverse event  

Parameter Level Side effect=Yes    

N (Row %) 

Side effect=No      

N (Row %) 

Univariate analysis #Multivariate analysis 

RR 95%CI P-value RR 95%CI P-value 

Age  50-60 (Ref) 197 (17.7) 915 (82.3) 1.00 - 0.048 1.00 - 0.11 

60-70 326 (14.8) 1882 (85.2) 0.84 0.70, 0.98 1.00 0.84, 1.18 

70-85 295 (17.0) 1441 (83.0) 0.96 0.81, 1.13 

 

1.16 0.96, 1.39 

 

Sex  Male (Ref) 462 (15.7) 2473 (84.3) 1.00 - 0.32 1.00 - 0.73 

Female 356 (16.8) 1765 (83.2) 1.07 0.94, 1.21 

 

1.02 0.89, 1.16 

 

Marital status 

 

Married / 

partnered (Ref) 

574 (15.6) 3107 (84.4) 1.00 - 0.02 1.00 

 

- 0.17 

Never 

married/partnered 

41 (13.5) 262 (86.5) 0.88 0.65, 1.16 0.86 0.64, 1.15 

Separated or 

divorced and 

living by myself 

(without partner) 

111 (17.6) 520 (82.4) 1.13 0.94, 1.36 1.31 0.97, 1.77 

Widow / 

Widower 

90 (20.6) 346 (79.4) 1.32 1.08, 1.61 

 

1.20 0.98, 1.48 

 

Ethnicity group 

 

European/other 

(Ref) 

603 (14.3) 3626 (85.7) 1.00 - <0.001 1.00 - <0.001 

Māori 64 (24.5) 197 (75.5) 1.72 1.37, 2.15 1.75 1.38, 2.22 

Pacific 104 (32.7) 214 (67.3) 2.29 1.93, 2.73 2.29 1.89, 2.77 

South Asian 47 (18.95) 201 (81.05) 1.33 1.02, 1.74 

 

1.40 1.06, 1.86 

 

Educational 

status 

Tertiary eg. 

University (Ref) 

428 (14.9) 2434 (85.1) 1.00 - 

 

0.003 1.00 - 0.42 

Secondary  366 (17.4) 1737 (82.6) 1.15 1.02, 1.32 1.06 0.93, 1.20 

Primary 

 

 

23 (26.4) 64 (73.6) 1.77 1.23, 2.54 

 

1.25 0.87, 1.79 
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Parameter Level Side effect=Yes    

N (Row %) 

Side effect=No     

N (Row %) 

       Univariate analysis     #Multivariate analysis 

RR 95%CI P RR 95%CI P 

Do you work? 

Ref=No 

No (Ref) 420 (17.1) 2035 (82.9) 1.00 - 0.08 

 

1.00 - 0.30 

Yes 397 (15.3) 2199 (84.7) 0.90 0.79, 1.02 

 

0.93 0.80, 1.07 

*Hours at work 

/ week in 

participants 

who work  

 - 36.7±16.2 36.3±14.4 1.00 0.99, 1.01 0.63 - - - 

Housing status 

(Ref=House/ 

Flat/Apartment)  

Own 

house/apartment/ 

flat 

783 (16.0) 4106 (84.0) 1.00 - 

 

0.20 - - - 

Retirement 

village – villa or 

own unit 

22 (19.5) 91 (80.5) 1.22 0.83, 1.77 - - - 

Other (including 

Marae or iwi 

based 

housing/Rest 

home/  

12 (24.5) 37 (75.5) 1.53 0.93, 2.51 - - - 

CI=confidence interval;  

RR=prevalence rate ratio; 

*Mean± SD 

# Adjusted for age, sex and ethnicity. 
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4.5.2 Medical history, baseline vitamin D/ calcium status and adverse events 

All medical history variables, and baseline biochemical variables were examined as 

determinants of reporting an event where adverse event was dependent variable in several 

univariate analyses (Table 4-17).  

From these univariate analyses, those who were currently taking a medicine (RR=1.20; 

95%CI=1.02, 1.41), had a cold in the last 12 months (RR=1.35 95%CI= 1.15, 1.592), had a 

history of heart attack (RR=1.94; 95%CI=1.16, 3.26) or diabetes (RR=1.40; 95% CI=1.140, 

1.66) had significantly higher risk of reporting an adverse event. However, the relationship was 

inverse for those who had a history of kidney/urine or bladder infection (RR=0.74; 95% 

CI=0.59, 0.93). Having had an antibiotic for a cold was not entered to the next multivariate 

analyses as it could be explained by “having had a cold” alone. 

A trend was also found for an inverse association between quality of life and reporting of 

adverse events as those with ‘very good’, ‘good’, and ‘fair and poor’ rating had significantly 

higher risk of reporting an adverse event compared to those who had an ‘Excellent’ rating 

(p=0.004).  

Baseline serum 25(OH)D and serum calcium were not associated with reporting an adverse 

event in univariate analysis (p>0.05). When categorizing 25(OH)D to <75 nmol/L or ≥75 

nmol/L, the effect size increased to 1.14 (95%CI=0.99, 1.31; p=0.06) for those with lower 

baseline 25(OH)D levels. 
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Multivariate models: medical history variables and reporting adverse events, adjusted 

for age, sex and ethnicity 

Adding significant medical history variables from the univariate analysis to the main 

sociodemographic factors showed that being on medications, having a history of heart attack, 

or cold/ flu like symptoms in the last 12 months, and being prescribed antibiotics as well as 

having had kidney infection, all remained significant indicators in the multivariate models as 

shown in the last column of Table 4-17. Unlike the previous variables, a history of diabetes 

was not associated with reporting an event. 

Similarly, quality of life remained significantly associated with reporting an adverse event after 

adjusting for sociodemographic factors (Table 4-17). However, the number of participants in 

one of these categories was too small. Therefore, “Fair” and “Poor” categories were pooled to 

one category to have a better estimation. Considering “excellent” as the reference, those with 

quality of life rating of “very good”, “good”, “fair/poor” were more likely to report an adverse 

event (p=0.01). The effect size increased in a linear way from “very good” to the “fair/poor” 

category. 

The mean baseline 25(OH)D was not significantly different between those with a report of an 

adverse event (65.4±22.8) compared with those without it (66.3±22.5; p difference=0.26). As 

a categorical variable, there was not a relationship between vitamin D insufficiency at baseline 

25(OH)D<50 nmol/L and reporting of an adverse event, compared with a baseline serum 

25(OH)D≥50 nmol/L, when adjusted for age, sex and ethnic group (RR=1.00; 95%CI=0.87, 

1.16). Similarly, there was no difference between mean serum calcium levels in adverse event 

reporters (2.28±0.06) compared with non-reporters (2.28±0.06; p difference=0.14). Thus, it 

was not entered to the multivariate analysis.  
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Therefore, a history of being on medicine, a cold, heart attack and kidney infection were entered 

to several multivariate models, adjusted for age, sex and ethnicity (Appendix 13- model 1-3). 

Having had a heart attack remained significantly associated with reporting an adverse event 

(p=0.04). As shown in model 4 of the same appendix (Appendix 13-model 4) having had a 

cold in the last 12 months and/or a heart attack and kidney infection remained associated with 

reporting an adverse event. However, when adding “medications” to this model, only having a 

cold remained significantly associated with reporting an adverse event (Table 4-18; model 1), 

while heart attack remained at the borderline significance (p=0.05), indicating that medications 

was explaining variations in these medical history variables.  

The quality of life variable was added to the medical history variables in the final model, 

adjusted for age, sex and ethnicity. None of the previously significant variables remained 

associated with reporting an adverse event, but having had a cold in the last 12 month (Table 

4-18; model 2). The quality of life remained at the borderline significance, with having 

“fair/poor” status associated with the risk of reporting an adverse event, compared to those with 

“excellent” status (RR=1.23; 95%CI=1.04, 1.45). 
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Table 4-17 Association between baseline medical history, biochemical variables, and risk of reporting an adverse event 

Parameter Level Side 

effect=Yes    

N (Row%) 

Side 

effect=No      

N (Row%) 

Univariate analysis #Multivariate analysis 

RR 95% CI P RR 95% CI P 

Currently take prescribed 

medications?  (Ref=No) 

Yes 658 (16.8) 3255 (83.2) 1.20 1.02, 1.41 0.02 

 

1.17 0.99, 1.38 0.06 

 No 159 (14.0) 978 (86.0) 1.00 - 1.00 - 

Currently take vitamin, 

calcium supplement? 

(Ref=No)  

Yes 120 (17.1) 582 (82.9) 1.06 0.89, 1.27 0.46 

 

- - - 

No 688 (16.0) 3616 (84.0) 1.00 - - - - 

Had a heart attack? (Ref=No) Yes 74 (20.5) 287 (79.5) 1.94 1.16, 3.26 0.03 1.27 1.02, 1.57 0.03 

No 742 (15.8) 3941 (84.2) 1.00 - 1.00 - 

Had angina? (Ref=No) Yes 67 (19.2) 282 (80.8) 1.21 0.97, 1.52 0.09 1.15 0.92, 1.44 0.22 

No 741 (15.8) 3937 (84.2) 1.00 - 1.00 - 

Had irregular heart beat? 

(Ref=No) 

Yes 108 (16.6) 543 (83.4) 1.03 0.86, 1.24 0.74 - - - 

No 701 (16.1) 3660 (83.9) 1.00 - - - - 

Had asthma- received any 

treatment for? 

(Ref=No asthma) 

Yes, inhalers, aerosa 88 (18.7) 382 (81.3) 1.17 0.96, 1.43 0.24 

 

- 

 

- 

 

- 

 Yes, no treatment 32 (14.4) 190 (85.6) 0.90 0.65, 1.25 

No 695 (16.0) 3649 (84.0) 1.00 - 

In the last 12 months had a 

cold, runny nose, sore throat, 

flu-like symptoms? (Ref=No) 

Yes 209 (20.4) 814 (79.6) 1.35 1.17, 1.55 0.001 1.25 1.08, 2.44 0.002 

No 605 (15.1) 3397 (84.9) 1.00 - 1.00 - 

Had kidney-Infection and 

were hospitalized? 

Ref= (No kidney infection) 

Yes 64 (21.3) 237 (78.7) 0.74 0.59, 0.93 0.02 

 

1.72 1.06, 2.79 0.048 

No 748 (15.8) 3985 (84.2) 1.00 - 1.00 - 

Had diabetes?  (Ref=No)  Yes 129 (21.6) 469 (78.4) 1.40 1.18, 1.66 0.001 1.16 0.98, 1.38 0.09 

 No 686 (15.4) 3765 (84.6) 1.00 - 1.00 - 

Had hypertension? (Ref=No) Yes 320 (17.2) 1545 (82.8) 1.10 0.95, 1.25 0.15 - - - 

No 498 (15.6) 2693 (84.4) 1.00 - - - - 

Had hypercholesterolemia? 

(Ref=No) 

Yes 304 (17.0) 1484 (83.0) 1.08 0.95, 1.23 0.24 - - - 

No 514 (15.7) 2754 (84.3) 1.00 - - - - 

Had cancer? (Ref=No) Yes 85 (17.8) 394 (82.3) 0.97 0.83, 1.12 0.69 - - - 

No 622 (16.3) 3202 (83.7) 1.00 - - - - 
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Parameter Level Side 

effect=Yes    

N (Row%) 

Side 

effect=No      

N (Row%) 

Univariate analysis #Multivariate analysis 

RR 95% CI RR 95% CI RR 95% 

CI 

Have arthritis? (Ref=No) Yes 293 (16.9) 1440 (83.1) 1.14 0.94, 1.38 0.18 

 

- - - 

No 519 (15.8) 2766 (84.2) 1.00 - - - - 

Have osteoporosis? (Ref=No) Yes 13 (18.3) 57 (81.7) 1.13 0.69, 1.86 0.62 - - - 

No 801 (16.1) 4163 (83.9) 1.00 - - - - 

Have ever had a fracture? 

(Ref=No) 

Yes 360 (15.3) 1992 (84.7) 0.90 0.79, 1.02 0.10 - - - 

No 457 (17.0) 2227 (83.0) 1.00 - - - - 

Had eczema- received any 

treatment? (Ref=No) 

Yes, ointments, 

creams or tablet 

50 (18.3) 704 (15.9) 1.02 0.79, 1.33 0.59 - - - 

Yes, no treatment 52 (18.2) 233 (81.8) 1.15 0.89, 1.48 

No 704 (15.9) 3718 (84.1) 1.00 - 

Chronic pain (Ref=No) Yes, on medicine  or 

injection 

56 (19.5) 231 (80.5) 1.25 0.97, 1.59 0.34 

 

- - - 

Yes, exercise 26 (19.3) 109 (80.7) 1.23 0.86, 1.74 - - - 

Yes, no treatment 47 (17.1) 227 (82.9) 1.09 0.83, 1.43 - - - 

Yes, other 17 (18.7) 74 (81.3) 1.19 0.77, 1.83 - - - 

No 656 (15.7) 3525 (84.3) 1.00 - -   

Had been on hormone 

replacement therapy (women 

only); (Ref=No) 

Yes 14 (12.5) 98 (87.5) 0.74 0.45, 1.21 0.20 

 

- - - 

No 340 (16.9) 1665 (83.0) 1.00 - - - - 

Had depression? (Ref=No) Yes 95 (17.9) 436 (82.2) 1.12 0.92, 1.36 0.25 - - - 

No 718 (591) 3795 (84.1) 1.00 - - - - 

Quality of life (Ref=Excellent) Excellent 188 (12.8) 1280 (87.2) 1.00 -  

0.004 

1.00 -  

0.01 Very good  398 (16.9) 1958 (83.1) 1.32 1.23, 1.55 1.26 1.07, 1.48 

Good 188 (18.4) 836 (81.6) 1.43 1.19, 1.73 1.29 1.07, 1.55 

Fair/Poor 42 (21.8) 150 (78.1) 1.62 1.20, 2.19 1.39 1.03, 1.90 

Baseline Deseasonalized 

25(OH)D 

(Ref ≥75 nmol/L) 

≥75 nmol/L 595 (15.6) 3212 (84.4) 1.00 - 0.062 1.00 - - 

<75 nmol/L 223 (17.8) 1028 (82.2) 1.14 0.99, 1.31 1.005 0.87, 1.16 0.94 

#Adjusted for age, sex and ethnicity; RR=prevalence risk ratio; CI=confidence interval 
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Table 4-18 Medical history variables and reporting of an adverse event 

RR=prevalence risk ratio adjusted for age, sex and ethnicity  

CI=confidence interval 

Model 1=Being on medicine, had a cold, had a heart attack, and kidney infection, adjusted for age, sex 

and ethnicity. 

Model 2= Model 1 variables +quality of life, adjusted for age, sex and ethnicity. 

Parameter Level Model 1 Model 2 

RR 95%Cl P RR 95%CI p 

In the last 12 months had a 

cold, runny nose, sore 

throat, flu-like symptoms? 

(Ref=No) 

Yes 1.22 1.06, 1.41 0.006 1.21 1.05, 1.40 0.01 

No 1.00 - 1.00 - 

Being on medicine 

(Ref=No) 

Yes 1.14 0.96, 1.56 0.13 1.10 0.92, 1.30 0.28 

No 1.00 -  1.00 - 

Had kidney-Infection and 

were hospitalized? 

(Ref=No kidney infection) 

Yes 1.24 0.99, 1.56 0.06 1.23 0.98, 1.54 0.09 

No 1.00 - 1.00 - 

Had a heart attack? 

(Ref=No) 

Yes 1.24 1.00, 1.54 0.05 

 

1.22 0.98, 1.52 0.09 

No 1.00 - 1.00 - 

Quality of life 

(Ref=Excellent) 

Excellent - - - 1.00 - 0.07 

Very 

good 

- - 1.21 1.01, 1.46 

Good - - 1.43 0.67, 3.02 

Fair/Poor - - 1.23 1.04, 1.45 
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4.5.3 Anthropometric variables/ weight status and adverse events  

Associations of weight, height, BMI, and weight status as measured by BMI, with a risk of 

reporting adverse events were assessed. The mean weight, being 81.95±16.4 kg in those who 

reported an adverse event, was not significantly different from those without an adverse event, 

with a mean weight of 81.00±16.0 kg (RR=1.003; 95%CI= 0.99, 1.01; p=0.12). However, BMI 

was significantly higher in those who have reported an adverse events with a mean BMI of 

29.0±5.30 kg/m2 compared with those who did not, with a mean BMI of 28.30±5.0 kg/m2 

(RR=1.02; 95%CI=1.01, 1.03; p=0.003). In the univariate analysis, when categorizing BMI to 

obese (BMI>30 kg/m2), overweight (BMI: 25-30 kg/m2), normal (18.5<BMI≤25 kg/m2) and 

thin (BMI≤18.5 kg/m2), obese subjects had significantly higher prevalence of reporting an 

adverse event (RR=1.32; CI=1.12, 1.57; p<0.001). Since there were only 25 people fell into 

the “thin” category, normal and thin categories were pooled to get a more meaningful effect 

size.  

In the multivariate analysis age, sex and ethnicity were controlled (Table 4-19). Fewer people 

in overweight group reported an adverse event than those of normal-thin group (RR=0.93; 

95%CI=0.79, 1.0; p=0.40). In contrast, more people in the obese category reported an adverse 

event (RR=1.13; 95%CI=0.95, 1.35; p=0.16). Multivariate results did show a significant 

difference between categories (p=0.043), but it did not follow a linear trend from normal to 

obese people. The association between weight status, as calculated by BMI, and risk of 

reporting an adverse event was significantly mediated by ethnic group as 50% and 72.6% of 

participants with Māori and Pacific Island ethnicities were obese, compared to 27% and 19.6% 

of European/other and South Asian ethnic groups, respectively (Appendix 14).  
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Table 4-19 Association between weight status and risk of adverse events, controlled for ethnicity 

RR= Prevalence risk ratio; 

CI: Confidence interval 

*Controlled for age, sex and ethnicity 

 

Parameter 

 

 Level Side effect=Yes 

N (Row %) 

Side effect=No      

N (Row %) 

Univariate *Multivariate 

RR 95%CI P RR 95%CI P 

Weight status 

(Ref=Normal 

BMI=18.5-25 

kg/m2) 

 

Thin+ Normal  

18.5<BMI<25 

179 (14.90) 1022 (85.10) 1.00 - 0.001 1.00 - 0.043 

Overweight 

25≤BMI<30 

326 (4.3) 1950 (85.7) 0.96 0.81, 1.14 0.93 0.79, 1.11 

Obese  

BMI≥30 

307 (19.7) 1249 (80.3) 1.32 1.12, 1.57 1.13 0.95, 1.35 
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4.5.4 Life-style and nutrition factors at the baseline and adverse events  

Univariate associations that reporting an adverse event have with each of the lifestyle factors, 

such as physical activity at work for those who work, having frequent weekly vigorous physical 

activity, smoking, alcohol intake, daily sun-exposure, are shown in Table 4-20. Two nutrition 

related questions that were asked about participants’ daily milk intake, and having milk with 

added vitamin D at baseline, were also included in the univariate analyses.  

Of 5,056 participants who returned at least one questionnaire, 2,588 stated that they were 

working at the baseline interview. Among these, people who had a standing occupation, or did 

heavy/physical work were more likely to report an adverse event than those doing a sedentary 

work. Prevalence of reporting an adverse event was particularly higher in those who did 

standing work (RR=1.38; 95%CI=1.12, 1.70). 

There was an inverse relationship between reporting an adverse event and doing vigorous 

physical activity. However, the prevalence risk ratio was only significant for those doing 1-2 

hours/ week of vigorous physical activity (RR=0.74; 95%CI=0.63, 0.90). 

The mean hours of sun exposure were 1.96±1.6 and 2.05±0.6 hours/d in those reporting an 

adverse event and those who did not, respectively, which was not significantly different 

(RR=1.00; 95%CI=0.99, 1.005; p=0.53). When categorizing this variable, those with longer 

than an hour per day exposure to sun were less likely to report an adverse event (p=0.01).  

However, increased watching TV, as a continuous variable, was positively associated with 

increased risk of reporting an adverse event (RR=1.05; 95%CI=1.01, 1.09; p=0.02), this 

relationship did not show a significant trend when TV-watching was considered as a categorical 

variable (Table 4-20).  
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Participants who were current smokers were less likely to report an adverse event compared to 

ex-smokers and never-smokers (p=0.04). For alcohol consumption, those who were drinking 

frequently on daily, several times weekly basis were less likely to report an adverse event 

compared with non-drinkers (p<0.001). 

Multivariate analysis to test an association of life-style factors with risk of reporting an 

adverse event, adjusted for age, sex and ethnicity 

Several models were run for the lifestyle factors, adjusting for age, sex and ethnicity (Table 

4-20).  

In multivariate analysis, the results of univariate for alcohol drinking was moderated when 

ethnicity, age, and sex have been taken into account. However, it still remained significantly 

associated with reporting of an adverse event so that daily/weekly drinking frequencies were 

associated with less probability of reporting an event, (Table 4-20, p=0.003) compared with 

non-drinkers/ex-drinkers.  

Smoking held its significant association as ex-smokers (RR=1.40, 95%CI=1.02, 1.90) and 

never-smokers (RR=1.57, 95%CI=1.16, 2.14) were more likely to report an adverse event 

compared with current-smokers (p=0.004; Table 4-20). 

Vigorous physical activity reached borderline significance (p=0.054), having an inverse 

relationship with reporting an adverse event, after controlling for sociodemographic factors 

(RR=0.74; 95%CI=0.63, 0.90 for 1-2 hours/ week, and RR=0.89, 95%CI=0.77, 1.03 for >2 

hours/week). For those who were working, standing or physical work were associated with 

increased risk of reporting an adverse event compared with doing sedentary work (p=0.025).  
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For hours of TV-watching in a day, a direct relationship was found indicating that 0.15 

hour/day longer time spent on watching TV was associated with increased risk of reporting an 

adverse event (RR=1.06; 95%CI=1.02, 1.09). When considering TV watch a categorical 

variable, similar to the univariate results, it did not hold as strong when covariates were 

controlled (Table 4-20). In this model, watching more than four hours TV per day, compared 

with two hours or less, was significantly associated with higher risk of reporting an adverse 

event (RR=1.22; 05%CI=1.02, 1.46).    

The final model for all life-style variables, adjusted for age, sex and ethnicity is shown in 

Appendix 15. Since 48.6% of participants were not working, only vigorous physical activity 

from activity related variables was entered into the final model. 

In this model, drinking alcohol, smoking, and having Māori, Pacific or South Asian ethnicity 

were associated with risk of reporting an adverse event (p<0.05). Those who were drinking 

once to four times a week, or daily, were less likely to report an adverse event compared with 

non-drinkers (p=0.01). Similarly, ex-smokers were more likely to report an adverse event 

compared with smokers (RR=1.52; 95%CI=1.09, 2.12), and the same trend was seen for never-

smokers (RR=1.67; 95% CI=1.20, 2.33). Vigorous physical activity did not remain associated 

with risk of reporting an adverse event (p=0.08). 
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Table 4-20 Association between life-style factors and risk of reporting an adverse event  

Parameter Level Side 

effect=Yes     

N (Row %) 

Side 

effect=No      

N (Row %) 

Univariate analysis #Multivariate analysis 

RR 95% CI P RR 95% CI P 

Do you drink milk with 

your tea or coffee on daily 

(Ref=no) 

Yes 753 (16.4) 3844 (83.6) 1.18 0.92, 1.49 0.17 - - - 

No 63 (13.9) 390 (86.1) - - - - - 

Do you drink milk with 

added D? (Ref=no) 

Yes 72 (16.4) 367 (83.6) 0.99 0.79, 1.24 0.95 - - - 

No 733 (16.5) 3763 (83.7) 1.00 - - - - 

Type of physical activity 

which is involved in 

work? 

(Ref= sedentary 

occupation) 

Sedentary 171 (13.3) 1112 (86.7) 1.00 - 0.01 1.00 - 0.025 

Standing  134 (18.4) 593 (81.6) 1.38 1.12, 1.70 1.32 1.07, 1.62 

Physical work. Including 

handling of heavy objects, 

use of tools/ heavy work 

89 (15.4) 489 (84.6) 1.15 0.91, 1.46 1.02 0.80, 1.30 

Do you do Vigorous 

physical activity? If yes, 

how many hours per 

week? (Ref=no) 

None 354 (17.6) 1655 (82.4) 1.00 - 0.003 1.00 - 0.054 

(1-2 hours) 156 (13.2) 1029 (86.8) 0.74 0.63, 0.90 0.74 0.63, 0.90 

2-3 hours or more 256 (15.8) 1367 (84.2) 0.89 0.77, 1.03 0.89 0.77, 1.03 

Sun exposure- hours per 

day  

(Ref: ≤1 hour/day) 

 ≤1 hour/day 332 (18.2) 1492 (81.8) 1.00 - 0.01 1.00 - 0.04 

1-≤2 hours/day 221 (14.4) 1310 (85.6) 0.85 0.74, 1.00 0.88 0.76, 1.02 

>2 hours/ day 265 (15.6) 1436 (84.4) 0.79 0.67, 0.92 0.83 0.71, 0.96 

TV watch- hours per day 

(Ref: ≤2 hour/day) 

 ≤2 hour/day 333 (15.7) 1788 (84.3) 1.00 - 0.09 1.00 - 0.10 

2-≤3 hours/day 214 (14.9) 1217 (85.1) 0.95 0.81, 1.15 1.01 0.86, 1.18 

3-≤4 hours/day 142 (17.3) 680 (82.7) 1.10 0.92, 1.32 1.15 0.96, 1.38 

>4 hours/day 129 (18.9) 533 (81.1) 1.20 1.00, 1.45  1.22 1.02, 1.46  

Frequency of alcohol 

drinking? 

(Ref=never drinks/ not in 

the past 12 months) 

 

 

Never drinker/ex-drinker 149 (21.4) 546 (78.6) 1.00 - <0.00

1 

1.00 - 0.003 

Monthly/or  2-4 times per 

month 

290 (19.1) 1228 (80.9) 0.89 0.74, 1.06 1.05 1.87, 1.26 

2-> 4 times a week 232 (13.4) 1504 (86.6) 0.38 0.27, 0.54 0.64 0.43, 0.94 

daily 145 (13.2) 954 (86.8) 0.61 0.50, 0.76 0.79 0.63, 0.99 
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Parameter Level Side 

effect=Yes     

N (Row %) 

Side 

effect=No      

N (Row %) 

Univariate analysis #Multivariate analysis 

RR 95% CI P RR 95% CI P 

Smoking status 

(Ref=never smoked) 

 

Smoking 39 (12.4) 275 (87.6) 1.00 - 0.043 1.00 - 0.004 

Ex-smoker 332 (15.5) 1816 (84.5) 1.24 0.91, 1.69 1.40 1.02, 1.90 

Never smoked 445 (17.2) 2143 (82.8) 1.38 1.02, 1.88 1.57 1.16, 2.14 

RR= Prevalence risk ratio; CI: Confidence interval; #Adjusted for age, sex and ethnicity;  
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4.5.5 Final model- Association between sociodemographic, medical and lifestyle 

variables and risk of reporting an adverse event 

Ethnicity, having a history of cold in the 12 months leading to the baseline interview, history 

of heart attack, smoking status, frequency of alcohol drinking and self-perception of quality of 

life were associated with variations in reporting an adverse event in participants who had 

reported any (Appendix 16-models 1-3), adjusted for age, sex and ethnicity. Thus, these 

variables were entered to the final multivariate model, adjusted for age and sex.  From life-

style factors, drinking alcohol and smoking status were associated with reporting an adverse 

events and from medical history variables, having a cold and heart attack history were 

associated with reporting an adverse event. Self-reported quality of life was significantly 

associated with reporting of an adverse event in the last two models (Appendix 16-models 2 

and 3).  

In the next model, treatment was added, too. As is shown in Table 4-21, non-smokers and ex-

smokers were more likely to report an adverse event (p=0.001), drinking alcohol had an 

inverted U-shaped association with reporting an adverse event (p=0.01) as daily drinking of 

alcohol was not associated with an increased RR (1.01; 95%CI=0.83, 1.23), whereas drinking 

several times in a week or month was associated with an increased RR (1.19; 95%CI=0.95, 

1.49). Among all medical variables, those who had a cold 12 months prior to the baseline 

assessment (p=0.005), and those with a history of heart attack (p=0.04) remained significantly 

more likely to report an adverse event. Quality of life also remained significantly associated 

with reporting an adverse event with its prevalence consistently increasing from “Excellent” to 

“fair/poor” status (12.8% to 20.8% of those who had rated being in these categories at baseline, 

respectively; p=0.03). Finally, being in the vitamin D arm had no additional impact on reporting 
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of adverse events, compared to being in the placebo arm (RR=1.03; 95%CI=0.91, 1.16; 

p=0.67). 

Table 4-21 Life-style, medical history factors, QOL and risk of reporting an adverse event 

RR=prevalence risk ratio; # Adjusted for age, sex, and ethnicity. 

CI=confidence interval; 

Parameter Level #RR 95%CI P-value 

Age (Ref=50-60) 50-60 (Ref) 1.00 - 0.13 

60-70 1.07 0.72, 1.19 

70-85 1.16 0.97, 1.39 

Sex (Ref=male) Male (Ref) 1.00 - 0.75 

Female 1.02 0.90, 1.16 

Ethnicity group 

(Ref= European/other) 

European/other  1.00 - <0.001 

Mäori/Pacific 2.64 1.79, 3.89 

South Asian 1.19 0.90, 1.59 

 

Frequency of alcohol drinking? 

(Ref=never drinks/not in the last 

12 month) 

Never drinker/ex-

drinker 

1.00 - 0.01 

Monthly/or  2-4 

times per month 

1.19 0.95, 1.49 

2-> 4 times a week 1.28 0.90, 1.82 

daily 1.01 0.83, 1.23 

 

Smoking (Ref=current-smoker) Smoker 1.00 - 0.001 

Ex-smoker 1.43 1.05, 1.94 

Never smoked 1.62 1.19, 2.21 

In the last 12 months had a cold, 

runny nose, sore throat, flu-like 

symptoms? (Ref=No) 

Yes 1.23 1.07, 1.42 0.005 

No - - 

Had a heart attack (Ref=No) Yes 1.23 1.07, 1.42 0.04 

No 1.00 - 

Quality of life (Ref=Excellent) Excellent 1.00 - 0.03 

Very good  1.24 1.05, 1.46 

Good 1.27 1.05, 1.53 

Fair/Poor 1.48 0.70, 3.16 

Treatment (Ref=Placebo) Vitamin D 1.03 0.91, 1.16 0.67 

Placebo 1.00 - 
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4.6 Characteristics of people with recurrent events compared with those with one 

Participants who had reported at least one adverse event were divided to those with recurrent 

adverse events compared with those with one adverse event. This created a database of 818 

people who had at least reported one event. In the following models, the probability of reporting 

recurrent events versus one is tested considering sociodemographic, medical history, lifestyle 

factors and quality of life variables in firstly univariate, then multivariate analyses.  

4.6.1 Univariate models 

Results of univariate analyses for sociodemographic, medical history and lifestyle variables are 

shown in Table 4-22 to Table 4-25. Among all variables, age, marital status, educational status, 

weight, BMI, baseline 25(OH)D and frequency of alcohol drinking were associated with a risk 

of reporting more than one adverse event, compared with one adverse event.  

Age was significantly related to recurrent events. However, there was not a consistent trend, in 

that those in the 60-70 year-old group had a higher chance of reporting recurrent events 

compared with 50-60 year-old group (RR=1.12, 95%CI=0.95, 1.32); whereas this increase did 

not remain for those in the age group of 70-84 year old. Those with a secondary school 

education had a higher chance of reporting recurrent events than those with a tertiary one 

(RR=1.16; 95% CI=1.02, 1.32). However, this trend did not remain consistent for those with a 

primary school education level, in whom the risk of reporting recurrent events was similar 

compared to participants with a tertiary education (RR=0.72; 95%CI=0.41, 1.27). Participants 

from Pacific Islands were more likely to report recurrent events compared with European/other 

minority ethnic groups (RR=1.25; 95% CI=1.05, 1.48). Those with Māori ethnicity had a 

higher risk of reporting recurrent adverse events too, though it did not become significant 

(RR=1.18; 95% CI=0.94, 1.47).  
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Although overall marital status variable did not reach the significance p-value, those who were 

separated, divorced or widowed were more likely to report recurrent events than those who 

were married/partnered (RR=1.22; 95% CI=1.03,1.45; p=0.03).  

The mean baseline 25(OH)D was 63.76±2.10 nmol/L in those reported recurrent events versus 

67.10±23.3 nmol/L in those who reported one event (p=0.04). This variable, among medical 

history variables, was the only one significantly but inversely associated with risk of reporting 

recurrent events, in that, those having a lower mean baseline 25(OH)D had a higher chance of 

reporting recurrent events compared with those with a higher mean baseline (RR=1.17; 95% 

CI=1.01, 1.37; Table 4-23). The mean serum calcium at baseline was 2.28±0.06 nmol/L in 

both groups and so was not different between the two (p=0.87).   

BMI was significantly higher in those with recurrent events (29.3±5.4) compared with those 

with one event (28.6±5.1) in univariate analysis, however, after adjusting for age, sex and 

ethnic group, this did not remain significant (p=0.52). Categorizing weight status based on BMI 

did not show a significant trend, either (Table 4-24; p=0.20).  

For lifestyle factors, doing vigorous physical activity per week was not associated with 

reporting recurrent events (p=0.94). Similarly, smoking status did not contribute to reporting 

recurrent events (p=0.09). Frequency and amount of alcohol consumption had a positive 

relationship, with those with more frequent alcohol consumption having a lower prevalence of 

reporting recurrent events than the reference who were ex-drinker/non-drinkers (p=0.04). This 

did not remain in the same direction for monthly/ a few times a month drinkers, compared with 

non-drinkers (RR=1.14; 95% CI=0.94, 1.37).  

In addition, hours of watching TV per day was not associated with reporting recurrent events 

(RR=1.02; 95%CI=0.98, 1.05; p=0.41). Similarly, when categories of this variable used, no 
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association was found between hours of watching TV per day and recurrent events (Table 4-25; 

p=0.31).    

4.6.2 Multivariate models 

Variables which showed a significant association or showed a borderline significance with a 

risk of recurrent events in the univariate analyses were entered one by one into two models, 

adjusted for age, sex, and ethnicity as shown in Appendix 17. The association between the 

consumption and frequency of alcohol drinking, when adjusted for age, sex, ethnicity did not 

remain significant (p=0.12). In the final model of Appendix 17, only education remained 

statistically associated with risk of reporting recurrent adverse events (p=0.03), whereas 

baseline 25(OH)D level remained at the borderline (p=0.05). In this model those with a baseline 

25(OH)D<75 nmol/L were more likely to report more than one adverse event compared with 

those with baseline 25(OH)D≥75 nmol/L (RR=1.16; 95%CI=0.99, 1.36; p=0.05).   

Lastly, educational status, baseline serum 25(OH)D and treatment arm were entered to the final 

model, adjusted for age, sex and ethnicity.  

Age, 25(OH) D levels and educational status remained significantly associated with a risk of 

reporting recurrent events in the final model, shown in Table 4-26. Compared with people aged 

50-60 years old, with tertiary education, and those with a baseline 25(OH)D>75 nmol/L, 

respectively, those in their 60s, with a secondary school education, and with a baseline 

25(OH)D status of less than 75nmol/L were more likely to report recurrent events. As the 

number of people in the secondary school level was too small, they were merged with the 

primary school in a new model to be compared with those with a tertiary education. Educational 

status was not significantly associated with risk of reporting recurrent events in this model (RR 

for the secondary versus tertiary educated was 1.14; 95% CI=0.99, 1.31).   
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The treatment arm was not associated with reporting of recurrent events (RR=1.08; 

95%CI=0.95, 1.23; p=0.22). Thus, age, and baseline serum 25(OH)D levels remained the only 

factors significantly associated with risk of reporting recurrent events.  
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Table 4-22 Association between sociodemographic factors and risk of reporting recurrent events  

Parameter Level Recurrent 

events=Yes    

N (Row %) 

Recurrent 

events=No      

 N (Row %) 

Univariate  #Multivariate 

RR 95%CI P-value RR 95%CI P-value 

Age  50-60 (Ref) 101 (51.3) 96 (48.7) 1.00 - 0.004 

 

1.00 - 0.007 

60-70 188 (57.7) 138 (34.7) 1.12 0.95, 1.32 0.82 0.67, 1.00 

70-84 131 (44.4) 164 (55.6) 0.87 0.72, 1.04 1.06 0.87, 1.28 

Sex  Male (Ref) 237 (51.3) 225 (47.7) 1.00 - 0.98 - - - 

Female 183 (51.4) 173 (48.6) 1.002 0.87, 1.15 - - - 

Marital status 

 

Married / partnered (Ref) 287 (50.0) 287 (50.0) 1.00 - 0.06 1.00 - 0.17 

Never married/partnered 16 (39.0) 25 (61.0) 0.78 0.53, 1.15 1.17 0.91, 1.50 

Separated or divorced and 

living by myself (without 

partner) 

68 (61.3) 43 (38.7) 1.22 1.03, 1.45 0.82 0.64, 1.06 

Widow / Widower 48 (53.3) 42 (46.7) 1.07 0.86, 1.31 0.89 0.70, 1.14 

Ethnicity group 

 

European/other (Ref) 296 (49.1) 307 (50.9) 1.00 - 0.08 1.00 - 0.11 

Māori 37 (57.8) 27 (42.2) 1.18 0.94, 1.47 0.83 0.61, 1.12 

Pacific 64 (61.5) 40 (38.5) 1.25 1.05, 1.48 0.75 0.57, 0.98 

South Asian 23 (48.9) 24 (51.1) 1.00 0.73, 1.35 1.01 0.74, 1.37 

Educational status Tertiary eg. University 

(Ref) 

206 (48.1) 222 (51.9) 1.00 - 0.02 1.00 - 0.03 

Secondary  205 (56.0) 161 (44.0) 1.16 1.02, 1.32 0.78 0.74,1.00 

Primary 8 (34.8) 15 (65.2) 0.72 0.41, 1.27 1.28 0.95, 1.73 

Do you work? 

 

No (Ref) 204 (51.4) 193 (48.6) 1.00 - 0.95 - - - 

Yes 215 (51.2) 205 (48.8) 1.003 0.88, 1.15 - - - 

Housing status 

(Ref= Own house/ 

Flat/Apartment)  

Own house/apartment/ flat 403 (48.5) 380 (51.5) 1.00 - 0.54 - - - 

Retirement village – villa or 

own unit 

9 (40.9) 13 (51.1) 0.72 0.34, 1.52 - - - 

Other (including Marae or 

iwi based housing/Rest 

home/  

7 (58.3) 5 (41.7) 1.53 0.89, 2.64 - - - 

RR=prevalence risk ratio; CI=confidence interval; #Adjusted for age, sex and ethnicity;  
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Table 4-23 Association between medical history factors and risk of reporting recurrent events  

Parameter Level Recurrent 

event= Yes    

N (Row %) 

Recurrent 

event= No      

N (Row %) 

         Univariate         #Multivariate   

RR 95% CI P-value RR 95% CI P-value 

Currently take prescribed 

medications?  (Ref=No) 

Yes 337 (51.2) 321 (48.8) 0.99 0.83, 1.7 0.93 - - - 

No 82 (51.6) 77 (48.4) 1.00 -   

Currently take vitamin, 

calcium supplement? 

(Ref=No) 

Yes 59 (49.2) 61 (50.8) 0.95 0.78, 1.16 0.62 - - - 

- No 355 (51.6) 333 (48.4) 1.00 - - - 

Had a heart attack? 

(Ref=No) 

Yes 40 (54.1) 34 (45.9) 1.06 0.85, 1.32 0.60 - - - 

- 

- 

- 

No 378 (50.9) 364 (49.1)    - - 

Had angina? (Ref=No) Yes 35 (52.2) 32 (47.8) 1.02 0.80, 1.30 0.83 - - 

No 377 (50.9) 364 (49.1) 1.00 - - - 

Had irregular heart beat? 

(Ref=No) 

Yes 63 (58.3) 45 (41.7) 1.16 0.97, 1.38 0.11 - - - 

No 352 (50.2) 349 (49.8)      

Had asthma- received any 

treatment for? 

(Ref=No asthma) 

Yes, inhalers, 48 (54.5) 40 (45.5) 1.09 0.89, 1.34 0.18 - - - 

Yes, no treatment 21 (65.6) 11 (35.4) 1.31 1.01,1.70 - - 

No 348 (50.1) 347 (49.9) 1.00 -   

In the last 12 months had a 

cold, runny nose, sore 

throat, flu-like symptoms? 

(Ref=No) 

Yes 116 (55.5) 93 (44.5) 1.11 0.96, 1.29 0.15 - - - 

- No 301 (49.8) 304 (50.2) 1.00 - - - 

Had kidney-Infection and 

were hospitalized? (Ref=No) 

Yes 31 (48.4) 33 (51.6) 0.94

  

0.74, 1.22 0.64 - - - 

No 385 (51.5) 363 (48.5) 1.00 - - - 

Had diabetes?  (Ref=No) Yes 66 (51.2) 63 (48.9) 0.92 0.82, 1.19 0.95 - 

- 

- - 

- No 353 (51.5) 333 (48.5) 1.00 - - 

Had hypertension? 

(Ref=No) 

Yes 192 (52.0) 177 (48.0) 1.02 0.89, 1.17 0.74 - 

- 

- - 

- No 226 (50.9) 218 (49.1) 1.00 - - 

Hypercholesterolemia? 

(Ref=No) 

Yes 222 (53.8) 191 (46.2) 1.10 0.96, 1.26 0.15 - 

- 

- - 

- No 192 (48.7) 202 (51.3) 1.00 - - 

Had cancer? (Ref=No) Yes 91 (47.6) 100 (52.4) 0.90 0.77, 1.07 0.26 - - - 

No 326 (52.4) 296 (47.6) 1.00 - - - 
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Parameter Level Recurrent 

event= Yes    

N (Row %) 

Recurrent 

event= No      

N (Row %) 

         Univariate     #Multivariate 

RR 95% CI P-value RR 95% CI P-value 

Have arthritis? (Ref=No) Yes 142 (48.5) 151 (51.5) 0.97 0.79, 1.20 0.78 - - - 

No 274 (52.8) 245 (47.2) 1.00 - - - 

Have osteoporosis? 

(Ref=No) 

Yes 5 (38.5) 8 (61.5) 0.75 0.37, 1.49 0.35 - - - 

No 412 (51.4) 389 (48.6) 1.00 - - - 

Have ever had a fracture? 

(Ref=no) 

Yes 175 (48.6) 185 (51.4) 0.91 0.79, 1.04 0.17 - - - 

No 244 (53.4) 213 (46.6) 1.00 - - - 

Had eczema- received any 

treatment? (Ref=No) 

 

Yes, ointments, 

creams or tablet 

20 (40.0) 30 (60.0) 0.77 0.54, 1.09 0.26 - - - 

Yes, no treatment 26 (50.0) 26 (50.0) 0.96 0.72, 1.27 - - 

No 366 (52.0) 338 (48.0) 1.00 - - - - 

Chronic pain (Ref=No) No pain 331(50.5) 325 (49.5) 1.00 - 0.09 1.00 

 

- 0.13 

Yes, on medicine  

or injection 

28 (50) 28 (50) 0.99 (0.75, 1.30) 1.02 

 

(0.77,1.34) 

Yes, exercise 

/other 

30 (69.7) 13 (30.3) 1.38 (1.11, 1.70) 1.10  (0.73,1.66) 

Yes, no treatment 24 (50.1) 23 (48.9) 1.01 (0.76, 1.35) 1.07  (0.81, 1.43) 

Depression (Ref=No) Yes 54 (56.8) 41 (43.2) 1.12 (0.92, 1.35) 0.26 - - - 

No 364 (50.7) 354 (49.3) 1.00 - - - 

Quality of life 

(Ref=Excellent) 

Excellent 89 (47.3) 99 (52.7) 1.00 - 0.09 1.00 - 0.16 

Very good  197 (49.5) 201 (50.5) 1.10 (0.79, 1.53) 1.06  (0.89,1.27) 

Good 111 (59.0) 77 (41.0) 1.24 (1.03, 1.51) 1.17  (0.76,1.80) 

Fair/poor 22 (52.4) 20 (47.6) 1.04 (0.87, 1.25) 1.10   (0.79, 

1.52) 

Baseline Deseasonalized 

25(OH)D 

(Ref : ≥75 nmol/L) 

≥75 nmol/L 120 (45.8) 142 (54.20) 1.00 - 0.03 1.00 - 0.05 

<75 nmol/L 300 (53.9) 256 (46.0) 1.17 (1.01,1.37) 1.16 (0.99,1.37) 

#adjusted for age, sex and ethnicity; 
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Table 4-24 Association between anthropometric variables and risk of reporting recurrent 

events  

Parameter Level Recurrent 

event=Yes     

N (Row %) 

Recurrent 

event =No      

 N (Row %) 

Univariate analysis 

RR 95%CI P-value 

Weight status 

(Ref=Normal 

BMI=18.5-25) 

 

Thin/Normal  

18.5<BMI≤25 

82 (45.8) 97 (54.2) 1.00          - 0.20 

Overweight  

BMI 25-30 

171 (52.5) 155 (47.5) 1.14 0.95, 1.38 

Obese  

BMI>30 

166 (54.1) 141 (45.9) 1.18 0.98, 1.43 
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Table 4-25 Association between life-style variables and risk of reporting recurrent event  

Parameter Level Recurrent 

event =Yes    

N (Row %) 

Recurrent 

event=No      

N (Row %) 

Univariate analysis #Multivariate analysis 

RR 95%CI p-value RR 95%CI p-value 

Drinking milk? 

(Ref=No) 

Yes 385 (51.1) 368 (48.9) 0.95 0.75, 1.20 0.66 - - - 

No 34 (54.0) 29 (46.0) 1.00 -   

Milk with added D? 

(Ref=No) 

Yes 39 (54.2) 33 (45.8) 0.95 0.76, 1.19 0.67 - - - 

No 378 (51.6) 355 (48.4) 1.00 - - - 

Having vitamin D-mineral 

supplements? (Ref=No) 

Yes 59 (49.2) 61 (50.8) 1.05 0.57, 1.95 0.62 - - - 

No 355 (51.6) 333 (48.4) 1.00 - - - 

Working status (Ref=No) Yes  204 (51.4) 193 (48.6) 1.00 0.87, 1.15 0.95 - - - 

No 215 (51.2) 205 (48.8) 1.00 - - - 

Physical activity at work (Ref= 

Sedentary) 

Sedentary occupation 87 (50.9) 84 (49.1) 1.00 - 0.10 - - - 

Standing occupation. 62 (46.3) 72 (53.7) 0.91 0.72, 1.15 - - - 

Physical work. 54 (60.7) 35 (39.3) 1.19 0.95, 1.49 - - - 

Vigorous physical activity/ 

week and hours (Ref=No) 

No 182 (51.4) 172 (48.6) 1.00 - 0.94 1.00 - 0.84 

Yes 1-2 hours/week 78 (50) 78 (50) 0.97 0.80, 1.17 0.95 0.80, 1.14 

Yes >2 hours/week 132 (51.6) 124 (48.4) 1.00 0.85, 1.17 0.97 0.83, 1.14 

Smoking status  

(Ref=Smoker) 

Current smoker 16 (41.0) 23 (58.9) 1.00 - 0.09 1.00 - 0.07 

Ex-smoker 184 (55.4) 148 (44.6) 1.35 0.92, 1.99 1.39 0.94, 2.05 

Never smoked 219 (49.2) 226 (50.8) 1.20 0.81, 1.77 1.23 0.84,1.82 

Frequency of alcohol drinking 

(Ref=No drinking/ex) 

Never/ex-drinker 75 (50.3) 74 (49.7) 1.00 - 0.04 1.00 - 0.062 

Monthly/weekly  166 (57.2) 124 (42.8) 1.14 0.94, 1.37 1.20 0.99,1.47 

2-> 4 times a week 115 (49.6) 117 (50.4) 0.98 0.80, 1.20 1.06 0.84,1.32 

daily 63 (43.4) 82 (56.6) 0.86 0.67, 1.10 0.95 0.73,1.24 

Hours of watching TV per day  

(Ref= ≤2 hour/day) 

 ≤2 hour/day 162 (48.6) 171 (51.4) 1.00 - 0.31    

2-≤3 hours/day 121 (56.5) 93 (43.5) 1.16 0.98, 1.36   

3-≤4 hours/day 70 (49.3) 72 (50.7) 1.01 0.83, 1.24   

>4 hours/day 67 (51.9) 62 (48.1) 1.07 0.87, 1.30   

Hours of exposure to sun/week 

(Ref= ≤1 hour/day) 

 ≤1 hour/day 162 (48.8) 170 (51.2) 1.00 - 0.44 - - - 

1-≤2 hours/day 115 (52.0) 106 (48.0) 1.06 0.90, 1.26 - - 

>2 hours/day 143 (54.0) 122 (46.0) 1.11 0.94, 1.29 - - 

RR=prevalence risk ratio; #adjusted for age, sex and ethnicity 
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Table 4-26 Association between socioeconomic and lifestyle variables and risk of 

reporting recurrent events versus one event 
Parameter Level RR 95%CI P-value 

Age group 

(Ref=50-60) 

60-70 1.00 - 0.005 

70-80 1.17 0.99, 1.83 

80-85 0.91 0.75, 1.11 

Sex (Ref=Male) Male 1.00 - 0.52 

Female 0.86 0.83,1.09 

Ethnic group 

(Ref=European/ other) 

European/Other 1.00 - 0.44 

Māori 1.06 0.84,1.33 

Pacific 1.16 0.97,1.40 

South Asian 1.00 0.70,1.32 

Education status 

(Ref=Tertiary) 

Tertiary 1.00 - 0.03 

Secondary 1.15 1.01,1.31 

Primary  0.73 0.41,1.29 

Baseline 25(OH)D (Ref: 

≥75 nmol/L) 

≥75 nmol/L 1.00 - 0.04 

<75 nmol/L 1.18 1.01, 1.38 

Treatment (Ref=Placebo) Placebo 1.00 - 0.22 

Vitamin D 1.08 0.95,1.23 

RR=prevalence risk ratio 
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In summary, from the sociodemographic factors, ethnicity was associated with reporting an 

adverse event whereas it did not explain variations in recurrent events. Although age remained 

significantly associated with reporting recurrent events, it was not a linear trend as older adults, 

aged 70-84 year olds, were less likely to report recurrent adverse events compared with 50-60 

year olds, whereas 60-70 year olds had a significantly higher risk of reporting recurrent events. 

In addition, having a secondary school education status was significantly associated with 

reporting recurrent events, although this did not remain significant for the primary school 

graduates.   

Not many of the medical history variables explained variations in reporting one or more 

adverse events. Having a history of cold and heart attack were the two variables associated 

with reporting of an adverse event, whereas none of these explained variations in reporting 

recurrent events. Having a baseline 25(OH)D level of 75nmol/L or lower was significantly 

associated with reporting recurrent events compared with those having lower baseline levels.  

The quality of life had a significant association with reporting one adverse event versus none. 

However, it was not explaining reporting of recurrent events.  

Lastly, some of the life-style factors, including smoking status, alcohol intake were explaining 

reporting of an adverse event. Although for watching TV, the association did not become 

statistically significant for all levels, those who were watching more than four hours TV a day 

were more likely to report one adverse event, compared with those who watched equal or less 

than two hours TV per day.  

There is a possibility that different results could have been obtained if the adverse event 

variable as the outcome was analysed with several levels (eg. number of events per participant), 

in Poisson regression analysis. However, the number of people falling into many of those levels 

were too few (as shown in Table 4-12) to run these multivariate analyses.  
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4.7 Frequency of kidney stone events 

Data on kidney stone events were recorded from two resources.  

1) Self- reports (from monthly / 4-monthly questionnaires) 

2) Objective reports (from MOH database) 

4.7.1 Hazard ratio of time to first event for kidney stone events from self-reports   

As the monthly questionnaire was changed to a 4-monthly questionnaire, and in the 4-monthly 

questionnaire there was one question asked for kidney stone during the last four months, unlike 

monthly questionnaire where it was asked every month, the two questionnaires were first 

assessed separately, then results were merged to see the whole picture.  

A total of 158 participants (3.1%) reported at least one kidney stone event in either first-

monthly or 4-monthly questionnaire, of whom 76 (45.5%) and 82 (55.5%) were in vitamin D 

arm and placebo arms, respectively. The hazard ratio for time to the first kidney stone event 

for the monthly and four-monthly questionnaires are presented in Figure 4-14 and 4-15, 

respectively.  Figure 4-14 shows an upward trend with quite a few events in both arms from 

the first month up to the 25th months, the period when the monthly questionnaires were sent 

out. Thereafter, the line is flattened as events after the 25th month were increasingly reported 

in the four-monthly questionnaires. The case is the opposite for the Figure 4-15, in that, events 

started increasing from about the 25th month to the end of the study. None of the above-said 

figures suggest a different trend between treatment arms, as was confirmed with the hazard 

ratio results. Both figures show the cumulative hazards for the first kidney stone event in the 

questionnaires. The trend is similar for the two lines with the shadows representing confidence 

intervals, which are overlapping. 
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The hazard ratio was 0.85 (95% CI: 0.59, 1.23; p=0.29) for the first kidney stone report in the 

monthly questionnaires in vitamin D compared with the placebo arm (Figure 4-14) The hazard 

ratio for the first kidney stone event in the four-monthly questionnaires, as shown in Figure 

4-15 was 1.17 (95% CI: 0.65, 2.11; p=0.60). 

To combine the incidence of first kidney stone events from both type of questionnaires, a 

cumulative curve was plotted for any event whether reported in the monthly or four-monthly 

questionnaires. Figure 4-16 shows the results of time to the first kidney stone reported in the 

two questionnaires combined. The hazard ratio was 0.90 (95%CI: 0.66, 1.23; p=0.51), adjusted 

for age, sex and ethnicity of participants (Table 4-27). There was a trend for men having an 

increased risk of reporting a kidney stone event compared to women (HR=1.45; 95% CI= 1.04, 

2.03; p=0.03). There was also a trend in reporting a kidney stone event to increase with age, 

although this was not significant (p=0.26).  

To address the question of whether having a high baseline 25(OH)D level would affect 

participants’ kidney stone event reports, the same analysis was run for the two sub-groups; i) 

participants with a kidney stone event if baseline 25(OH)D≥75 nmol/L, ii)  participants with a 

kidney stone event if baseline 25(OH)D <75 nmol/L. The plots of these two sub-groups are 

shown in Figure 4-17. Most participants who reported a kidney stone event had lower baseline 

25(OH)D level (n=105) - 54 in vitamin D and 51 in placebo arm than those with a higher 

baseline 25(OH)D level (n=53) participants- 22 in vitamin D and 31 in placebo arm. 

Nevertheless, the risk of reporting an adverse event was not statistically different between arms. 

Although participants with a baseline 25(OH)<75 nmol/L had reported more kidney stones 

than those with a baseline equal or higher than 75nmol/L (Figure 4-17), a test of sub-group 

interaction failed to detect a difference between hazard ratios of the two sub-groups (p=0.26).
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Figure 4-14 participants with a kidney stone in monthly questionnaire (shaded area shows 95% 

Confidence Intervals of each arm) 

  

Figure 4-15 Proportion of participants with a kidney stone in 4-monthly questionnaire (shaded 

area shows 95% Confidence Intervals of each arm) 

  

 

 

HR= 1.17 (95%CI: 0.65, 2.11; P=0.60) 

 

HR= 0.85 (95%CI: 0.59, 1.23); p=0.29 
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 Table 4-27 Hazard ratio of self-reported kidney stone events in vitamin D supplemented 

versus placebo, from monthly plus 4-monthly questionnaires 

*HR=hazard ratio; y= years old; CI=confidence interval 

  

  

Figure 4-16 Proportion of self-reported kidney stones in monthly/4-monthly 

questionnaire (shaded area shows 95% Confidence Intervals of each arm) 

 

Parameter  Level One kidney 

stone 

No kidney 

stone 

*HR 95% Wald 

Robust CI 

P 

Treatment  

Ref (Placebo) 

Vitamin D  76 (3.0) 2463 (97.0)  0.90 0.66, 1.23 0.51 

Placebo 

 

82 (3.3) 2435 (96.7)   

Sex (Ref=Female) Male  105 (3.6) 2830 (96.4) 1.45 1.04, 2.03 0.03 

Female 53 (2.5) 2068 (97.5)   

Ethnicity (Ref= 

European/Other) 

European/Other 129 (3.1) 4229 (96.9) 1.00        - 0.16 

Māori 11 (4.2) 250 (95.8) 1.82 0.98, 3.40 

Pacific  11 (3.5) 307 (96.5) 1.59 0.84, 3.00 

South Asian  

 

7 (2.8) 241 (97.2) 1.13 0.52, 2.44 

Age category 

(Ref=50-60) 

60-70 y  

 

30 (2.7) 1082 (97.3) 1.26 0.81, 1.97 0.27 

70-85 y  

 

67 (3.0) 2141 (43.7) 1.45 0.92, 2.30 

HR= 0.90 (95%CI: 0.66, 1.23; P=0.51) 
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Figure 4-17 Hazard ratio of time to the first kidney stone event in participants with baseline 25(OH)D≥75 nmol/L (i) vs 25(OH)D 

<75nmol/L (ii) 

  

(shaded area shows 95% Confidence Intervals of each arm) 

 

  

 

i: ≥75 nmol/L 

l/nmol/LL 

 

ii:  <75 nmol/L 

 

HR= 0.70 (95%CI: 0.40, 1.20); p=0.19 

P=0.51 

 

HR= 1.03 (95%CI: 0.71, 1.51); p=0.88 

P=0.51 
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4.7.2 Hazard ratio of self-reported recurrent kidney stone events  

Mean cumulative function was used to analyse recurrent kidney stones. Using both the monthly 

and four-monthly questionnaires, participants who reported a kidney stone event were entered 

to the equation to measure the hazard ratio of recurrent kidney stone events for participants of 

the vitamin D arm versus the placebo one (Table 4-28). According to this, being in vitamin D 

arm did not affect reporting more one/recurrent kidney stone events. Gender, age and ethnicity 

explained variations in one/recurrent kidney stone events reported in questionnaires with those 

in higher age categories having a higher risk of reporting kidney stone events (HR for 70-85 

years old compared with 50-60 years old=2.95 ; 95% CI=1.46,5.98), those with Māori and 

Pacific Island ethnicity had reported more kidney stones than European/other ethnicities (HR 

for Māori =2.04; 95%CI=1.05,3.93; HR for Pacific Island=2.53; 95% CI=1.15,5.57; p=0.02) 

and men reported more kidney stones than women (HR=1.82; 95% CI= 1.03, 2.48). 

As shown in Figure 4-18, there is no significant difference in reporting recurrent kidney stone 

events by participants of vitamin D arm compared with the placebo arm, adjusted for age, 

ethnicity and sex (Hazard ratio=0.96; 95% CI: 0.66, 1.41; p=0.85). 
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Table 4-28 Hazard ratio of reporting recurrent kidney stones in vitamin D versus placebo 

arm 

Parameter  Level With 

one/recurrent 

kidney stone  

N (%) 

Without 

one/recurrent 

kidney stone  

N (%) 

Hazard 

Ratio 

95%  

CI 

P 

Treatment 

(Ref=Placebo) 

Vitamin D 76 (3.0) 2463 (97.0)  0.96 0.66,1.40 0.82 

Placebo 82 (3.3) 2435 (96.7) 1.00 - 

Sex 

(Ref=Female) 

Male 105 (3.6) 2830 (96.4) 1.82 1.03,2.48 0.002 

Female 53 (2.5) 2068 (97.5) 1.00 - 

Ethnic group 

(Ref=European 

/other) 

European/ 

other 

129 (3.1) 4229 (96.9) 1.00 - 0.03 

Mäori 11 (4.2) 250 (95.8) 2.04 1.05,3.93 

Pacific 11 (3.5) 307 (96.5) 2.53 1.15,5.57 

South 

Asian 

7 (2.8) 241 (97.2) 0.96 0.43,2.11 

Age group 

(ref=50-60) 

50-60 30 (2.7) 1082 (97.3) 1.00 - 0.02 

60-70 67 (3.0) 2141 (43.7) 1.38 0.76,2.48 

70-85 61 (3.5) 1675 (34.2) 2.95 1.46,5.98 
 
 
   

 

Figure 4-18 Mean self-reported recurrent kidney stone events in participants by 

treatment arm (shaded area shows 95% Confidence Intervals of each arm) 

HR=0.96; (95%CI=0.66, 1.41; p=0.85) 

 

1=Vitamin D 

2 =Placebo 
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4.7.3 Incidence rate ratios of self-reported kidney stone events in questionnaires 

Overall, 200 kidney stone events (99 in vitamin D and 101 in placebo arm) were reported in 

monthly and four-monthly questionnaires, of which 42 were recurrent/repeated events ( 

Table 4-29).  

Two people who reported kidney stone events in monthly questionnaire, also reported them in 

4-monthly questionnaire, which was counted once for time to first event hazard ratio analysis. 

However, they are represented in incidence rate ratio calculated for each questionnaire. As can 

be seen from Table 4-30 and Table 4-31, the number of people who have reported a kidney 

stone in the monthly questionnaire was more than in the four-monthly questionnaire, although 

there was no significant difference in the incidence rate ratios comparing vitamin D with 

placebo between these questionnaires.  

For the monthly questionnaire, the incidence rate in vitamin D and placebo arms were 1.36 

(1.06, 1.72) and 1.57 (1.24, 1.96), per 1000 person-months, respectively (adjusted RR=0.86; 

95%CI: = 0.62, 1.19; p=0.37). Incidence rate for reporting kidney stones between participants 

of vitamin D and placebo arm in the first-monthly questionnaire was not significantly different.  

For the four-monthly questionnaire, the incidence rates in vitamin D and placebo arm were 

0.89 (0.62, 1. 27) and 0.67 (0.44, 1.01), per 1000 person-months, respectively. Nonetheless, 

the difference between arms was not significant for the number of one or recurrent kidney 

stones per person-month.  

The combined incidence rate ratios of reporting an adverse event in the monthly and four-

monthly questionnaires were 1.07 (95%CI=0.87, 1.31) and 1.11 (95%CI=0.90, 1.35) in the 

vitamin D and placebo arms, respectively. Comparing the rates in the vitamin D versus placebo 
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yielded an RR of 0.95 (95% CI=0.72, 1.26; p=0.73) using binomial regression model, adjusted 

for age, sex and ethnicity.  

 

Table 4-29 Number of participants with one or more than one report of kidney stones in 

monthly and 4-monthly questionnaires  

Frequency (column %)          Treatment arm 

Vitamin D Placebo Total Chi-Sqre p 

No kidney stone  2463 (97.0) 2435 (96.7) 4898 1.03 0.60 

Kidney stone/ once   62 (2.4) 71 (2.8) 133   

Kidney stones/ repeated   14 (0.6) 11 (0.5) 25   

Total  2539 2517 5056   

 

 

Table 4-30 Incidence of kidney stone events in monthly questionnaire 

*2×2 table used; CI and p are calculated using OpenEpi.  

**RR=Risk Ratio, adjusted for age, sex, ethnicity, calculated by binomial regression in SAS.  

IRRD=Incidence rate ratio in vitamin D arm;  

IRRP: Incidence rate ratio in placebo arm; 

CI=confidence interval 
 

         Kidney stone events  

Frequency  

(row %) 

Vitamin D Placebo Total P 

Number of events 68 (46.6) 78 (53.4) 146 0.42 

Total people 2539 (50.2) 2517 (49.8) 5056 

Person months 50046 49680 99726  

Incidence Rate per 

1000 person months 

(95%CI) 

*1.36 (1.06, 1.72) *1.57 (1.24, 1.96) **RR=IRRD/IRRP 

0.86 (95%CI=0.62,1.19) 

**0.37 
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Table 4-31 Incidence of kidney stone events in 4-monthly questionnaire 

*2by2 table used; CI, chi-square and p are calculated using OpenEpi.  

**RR= Incidence Rate Ratio of vitamin D compared to placebo arm, adjusted for age, sex, 

ethnicity, calculated by zero-inflated binomial regression in SAS.  

IRRD=Incidence rate ratio in vitamin D arm;  

IRRP: Incidence rate ratio in placebo arm; 

CI=confidence interval 

 

 Kidney stone event  

Frequency  

(row %) 

Vitamin D Placebo Total P 

Number of events 31 (21.2) 23 (15.7) 54101 0.42 

 Total people 2539 (50.2) 2517 (49.8) 5056 

Person months 34764 (50.3) 34272 (49.7) 69036 

*Incidence Rate 

per 1000 person 

months (95%CI) 

0.89 (0.62, 1. 27) 0.67 (0.44, 1.01) **RR=IRRD/IRRP 

=1.26 (95%CI: =0.72, 2.18) 

**0.42 
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4.7.4 Hospitalisation reports for kidney stones from questionnaires 

4.7.4.1 Hazard ratio of time to self-reported hospitalisation in vitamin D versus placebo  

A total of 97 people reported a hospitalisation for kidney stones in the questionnaires, 73 people 

in the monthly questionnaire (44 in vitamin D and 29 in placebo arm; p=0.08), and 24 people 

in the 4-monthly questionnaire (12 in vitamin D and 12 in placebo arm; p=0.80). Two people 

reported in both questionnaires. There was no significant difference between two arms in terms 

of self-reported admission to the hospital, as the hazard ratio for vitamin D versus placebo was 

1.33 (95%CI=0.89, 2.00; p=0.16). The cumulative hazard curve for this event is shown in 

Appendix 18. 

4.7.4.2 Incidence rate ratio of self-reported admission to hospital for kidney stones in 

the questionnaire  

Participants in the vitamin D and placebo arms reported 73 and 45 events of admission to 

hospital for kidney stones, with 10 and 4 participants reported having recurrent hospitalisations 

in the vitamin D and placebo arms, respectively. The incidence rate of self-reported kidney 

stone event resulting in an admission to hospital was 7.91 (95%CI=6.21, 9.95) and 4.95 

(95%CI=3.60, 6.62) per 10,000 person-months in the vitamin D and placebo arms, 

respectively. There was no significant increase in self-reports of hospitalisation for kidney 

stones, from the questionnaire, in the vitamin D arm compared to the placebo arm, according 

to results of negative binomial regression, adjusted for age, sex and ethnicity (RR=1.51; 

95%CI=0.97, 2.37; p=0.08). 
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4.7.5 Urolithiasis and kidney stones events from MOH data 

4.7.5.1 Hazard ratio of time to the first urolithiasis/kidney stone event 

As many participants might have reported an incidence of stone in urinary tract as kidney stone 

in the questionnaire database, I extracted participants with a diagnosis of urolithiasis (ICD10:N 

20-21) from the MOH database for hospitalisations, which included kidney stones. Then, the 

incidence rates of both of these in the two study arms were calculated. 

 A total of 18 participants (7 in vitamin D and 11 in placebo arm) had at least one urolithiasis 

event. Of these, 3 and 5 participants in vitamin D and placebo arm, respectively had a kidney 

stone diagnosis after being hospitalized. The hazard ratio of time to first hospitalization for 

urolithiasis event was not increased in the vitamin D arm compared to placebo (HR=0.62; 

95%CI: 0.24, 1.26; p=0.30). Figure 4-19 and Figure 4-20 compare vitamin D and placebo 

plots for the cumulative number of participants who had urolithiasis and kidney stone events, 

respectively. As the number of events are too small, there was hardly a change in the cumulative 

hazard in either arm, over time.  

4.7.5.2 Hazard ratio of one/recurrent urolithiasis hospitalisations including kidney 

stones from MOH  

Since numbers of urolithiasis (18 participants) and kidney stone events were too small (from 8 

participants), recurrent event were only calculated for urolithiasis events from MOH database 

with code that also included kidney stone hospitalisations too.   

MCF was run to plot urolithiasis hospitalisations throughout the study by study arm. As can be 

seen from the Figure 4-21, there were insignificantly more participants in the placebo arm with 

urolithiasis hospitalisations (HR=0.76; 95% CI: 0.41, 1.43; p=0.40).  
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Figure 4-19 Proportion of participants with a urolithiasis hospitalisation from MOH 

database (ICD10-N20-21; shaded area shows 95% Confidence Intervals of each 

arm) 

  

 

Figure 4-20 Proportion of participants with a kidney stone hospitalisation from MOH 

database (ICD10-N20; shaded area shows 95% Confidence Intervals of each 

arm)

HR=0.62 (95%CI= 0.24, 1.26; p=0.30) 

HR=0.58 (95% CI=0.14, 2.31; P=0.43) 
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Figure 4-21 Mean recurrent hospitalisations for urolithiasis in participants, by treatment 

arm, from MOH database (shaded area shows 95% Confidence Intervals of 

each arm) 

 

 

 

 

HR=0.76 (95% CI: 0.41, 

1.43; p=0.40) 
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4.7.5.3 Incidence of urolithiasis hospitalisations from MOH database 

Since the number of kidney stone hospitalisations was too small, incidence rate ratio was 

calculated for all urolithiasis events (including kidney stone events). There were 25 

hospitalisation events for urolithiasis (8 in vitamin D and 17 in placebo arm), of which 7 were 

recurrent events (Table 4-32). The incidence of any urolithiasis including kidney stones was 1 

per 10,000 person months in vitamin D and 2 per 10,000 person months in placebo arm (Table 

4-33).  The incidence rate in the vitamin D arm was not increased compared with placebo arm 

as RR=0.55 (95%CI=0.20, 1.47; p=0.23) indicating lower hospitalisation events, albeit non-

significantly, for urolithiasis. Only gender of participants explained the incidence of 

urolithiasis, with males having a higher incidence than females (β= 1.01; SE=0.51; IRR=2.74; 

95%CI=0.99, 7.56; p=0.05).
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Table 4-32 Number of participants with one or recurrent urolithiasis events from MOH   

FQ of participants  

No (Column %) 

    Treatment arm 

Vitamin D Placebo Total Chi-Sqre p 

No Urolithiasis  2483 (99.7) 2476 (99.6) 4959 3.46 0.18 

One  6 (0.26)      8 (0.3) 14   

Recurrent   1 (0.04)      3 (0.1) 4   

Total  2539 2517 5056   

 

Table 4-33 Number of urolithiasis events per study arm from MOH data  

*2×2 table used; CI and p are calculated using OpenEpi.  

IRR= Incidence rate ratio, adjusted for age, sex, ethnicity, calculated by Poisson regression in 

SAS.  

IRRD=Incidence rate ratio in vitamin D arm 

IRRP: Incidence rate ratio in placebo arm 

CI=confidence interval 

 

  

 

 

 

 

 

 

 

Treatment Urolithiasis  

Frequency of 

events 

Vitamin D 

N (row %) 

Placebo 

N (row %) 

Total P 

Number of events     8 (0.3)    17 (0.4)    25  

Total people 2539 (50.2)   2517 (49.8) 5056 

Person months 92182 (50.3) 90937 (49.7) 183119 

*Incidence Rate 

per 1000 person 

months (95%CI) 

0.87      

(0.37, 1.71) 

1.87 

(1.09,2.99) 

**IRR=IRRD/IRRP 

=0.55 (95%CI: =0.20, 

1.47) 

*0.23 
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4.8 Hypercalcaemia in sub-group sample 

Serum calcium was measured in all participants at baseline. There were 438 participants who 

agreed to return at 6 months, year 1, year 2 and year 3 for repeated collection of a blood sample. 

Mean (±SD) serum calcium levels for these time periods are shown in Figure 4-22. From this 

figure, there was no significant difference in serum calcium levels between treatment arms. 

This was tested using mixed models for repeated measurements and no difference was found 

between treatment arms in any of the 5 assessment points. An increasing trend from a mean of 

2.28 nmol/L at baseline to 2.36 mmol/L at year 3 was seen in both arms (p<0.01). Multivariate 

analysis of repeated measurements did not show a significant difference in time*treatment 

effect (β=0.005; SE = 0.003; p=0.14). 

Only two participants had calcium levels > 2.6 mmol/L in the year 3 serum calcium analysis, 

one in vitamin D and the other one in the placebo arm. In the repeated test for these two people, 

calcium level became normal for the participant in vitamin D arm whereas it was still elevated 

in the one in the placebo arm. Thus, there was only one hypercalcaemia event in the sub-sample 

participants who attended reassessments during the study, which after the specialist medical 

referral was diagnosed to be caused by primary hyperparathyroidism.  

Considering a threshold of ≥2.6 mmol/L instead of >2.6 mmol/L, there were 4 people, two 

from each study arm, with an elevated serum calcium level at some study point (Table 4-34). 

An increasing trend from baseline values could be seen in all four cases, where this was 

elevated to a clinically significant point for the case 4 in the placebo arm (p for time<0.001; p 

for treatment=0.09), who was diagnosed with primary hyperparathyroidism.  
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Figure 4-22 Median (IQR) serum calcium level of 8% returning participants at follow up    

visits 

 

Table 4-34 Mean (SD) of serum calcium (mmol/L) in four participants with borderline 

levels   

Study 

arm 

*Subjects  Time points 

Baseline 

(n=442)  

6months 

(n=375) 

Year 1 

(n=400) 

Year 2 

(n=384) 

Year 3 

(n=333) 

Repeated 

year 3 (n=2) 

Vitamin 

D 

Case 1 2.26 2.34 2.4 2.51 2.60 - 

Case 2  2.32 2.36 2.28 2.33 2.62 2.40 

Placebo  Case 3 2.46 2.32 2.53 2.60 - - 

Case 4 2.48 2.44 2.50 2.53 2.70 2.79 
*265 people attended all 5 time points.  
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4.8.1 Impact of serum 25(OH)D levels on serum calcium levels in sub-group sample  

Results of serum 25(OH)D for the sub-sample at year 3 showed a significant increase in vitamin 

D arm from a mean baseline of 61.9±23.8 to 135.4 ±40.0 nmol/L at year 3 (mean difference= 

71.3±41.7 nmol/L; P<0.001) which was significantly higher than that of participants in placebo 

arm (from 61.6±23.7 at baseline to 65.9±23.0 nmol/L at year 3; mean difference= -1.6±22.3; 

p=0.31). The mean serum 25(OH)D difference between the vitamin D and placebo arm was 

68.90±28.95 nmol/L. Figure 4-23 shows change of 25(OH) from baseline to third year, by 

treatment arms in the sub-sample.  

Serum calcium levels at year 3 were not associated with 25(OH)D at the same year stratified 

by study arm (β=0.0002; SE=0.0001; p=0.15; in vitamin D arm; and β=0.0003; SE= 0.0002; 

p=0.17; in the placebo arm; p-value for the interaction=0.30). Similarly, changes in serum 

25(OH)D from baseline to year 3 did not affect changes in serum calcium levels for the same 

period (β=0.03; SE=0.01; p=0.65; Figure 4-24). Both models were adjusted for age, sex and 

ethnicity.
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Figure 4-23 Changes in serum 25(OH)D (mean ± SD) from baseline to year 3 in sub-

sample, by treatment arm 



 

 

188 

 

  

 

Figure 4-24 Changes in serum calcium from baseline to year 3 by changes in serum 

25(OH)D in sub-group, by treatment arm (the shaded area shows 95% 

Confidence Intervals of each arm) 
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4.9 Adherence and adverse events 

To test adherence, the number of capsules taken by each participant was calculated through the 

monthly questionnaire. A total of 82,746 and 80,794 capsules were reported taken by 

participants of vitamin D and placebo arms, respectively out of 203,053 capsules mailed to 

their address. This accounted for 80.5% adherence to study capsules, among those who 

returned at least one questionnaire. This did not differ between study arms as calculated by 

mean capsule intake by participants of each arm (Table 4-35; p=0.12). After further adjustment 

for age, sex and ethnicity, participants of vitamin D and placebo arms equally adhered to study 

capsules (β=0.28; SE=0.16; p=0.08). There were 18 people who did not confirm taking a 

capsule during the study, despite returning at least one questionnaire. 

Table 4-36 shows means (SD) of total capsule intake by participants with and without reporting 

of adverse events. The mean capsule intake in those with an adverse event was 30.8±11.7 

compared with 32.6 ±10.6 in those without an adverse event (p<0.001). After adjustment for 

age, sex and ethnicity in multiple linear regression, this association remained significant 

(β=0.0015; SE=0.0006; p=0.021), showing adherence was significantly lower in participants 

who reported an adverse event.  

Table 4-35 Mean total capsule intake by treatment arm 

*t-test 

 

 

 

 

 Vitamin D  Placebo *P 

Participants’ n(%) 2516 (99.9) 2539 (100) 0.12 

Capsules= Mean± SD 32.11±11.08 32.59±10.54  

Capsules=Min/Max 0.00; 49.00 0.00; 49.00  
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Table 4-36 Relationship between mean total capsule intake and reporting adverse events 

*t-test 

 Adverse event (Yes) Adverse event (No) *P 

Participants’ n (%)  818  4237 (99) 0.001 

Capsules= Mean± SD 30.8 ±11.7 32.6 ±10.6  

Capsules=Min/Max 0 ;49       0 ;49     
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4.10 Allocation perception by treatment arm and adverse events  

Among the 4,104 participants (81.3% of the analysed sample) who returned the final 

questionnaire and responded to the question about treatment allocation, 63.3% said they did 

not know which arm they were allocated to. Participants’ perception of their allocation into the 

two treatment arms is shown in Table 4-37. Participants of both arms equally estimated their 

allocations to either arms or unknown (p=0.52). A total of 15.4% and 20.7% of participants in 

vitamin D and placebo arms, respectively, correctly estimated the arm they were allocated to. 

Results of bivariate and multivariate analyses for allocation perception per arm and reporting 

an adverse event in the questionnaire are shown in Table 4-38 and Table 4-39. Allocation 

perception did not affect reporting of adverse events (p>0.05).  

The proportion of participants who reported an adverse event did not vary with allocation 

perception (Table 4-39). In particular, it was not increased in participants who guessed they 

were in the vitamin D arm (model adjusted for age, sex and ethnicity). However, people who 

did not respond to the final questionnaire (missing) were more likely to report adverse events 

(p=2.19; 95%CI=1.70, 2.81; p=0.001). 

 

Table 4-37 Perception of participants on the arm of the study they were allocated to 

 

Participants’ perception Allocated Treatment   

Vitamin D Placebo Total Chi-sqr P 

Do not know 1324 (64.0) 1275 (62.6) 2599 1.28 0.52 

Placebo  427 (20.6) 422 (20.7) 849   

Vitamin D  318 (15.4) 338 (16.6) 656   

Total  2069 2035 4104   
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Table 4-38 Frequency of adverse events in treatment arms, controlled by the allocation 

perception 

Controlling for capsule perception=Vitamin D 

 

Allocated treatment 

    Adverse event N (Column %)   

No Yes Total Chi-sqr P 

Placebo 276 (51.0) 

 

61 (53.9) 337 0.33 0.57 

Vitamin D 265 (49.0) 52 (46.0) 317   

Total 541 113 654 

 

  

Controlling for capsule perception =Placebo 

 

Allocated treatment 

    Adverse event N (Column %)   

No Yes Total Chi-sqr P 

Placebo  379 (50.3) 43 (45.3)  422 0.84 0.36 

Vitamin D 375 (49.7) 52 (54.7) 427   

Total 754 95 849   

 

Controlling for capsule perception =Do not know 

 

Allocated treatment 

    Adverse event N (Column %)   

No Yes Total Chi-sqr p 

Placebo 1119 (49.2)  152 (47.6) 1271 1.90 0.17 

Vitamin D  1157 (50.8) 167 (52.4) 1324   

Total 2276 319 2595   

 

 

 

 

Table 4-39 Proportion of participants reporting adverse events, and risk ratios, based on 

their allocation perception 

Allocation 

perception 

Reported adverse-event  *RR (95% CI) P-value 

Yes (%) No Total   

Don’t know 378 (14.5) 2221 2599 1.00 0.001 

Placebo  123 (18.8)  533   656 0.85 (0.66, 1.09) 

Vitamin D  113 (13.3)  736   849 1.10 (0.84, 1.43) 

Missing 204 (21.4)  748   952 2.19 (1.70, 2.81) 

Total  818 4238 5056   

* Adjusted for age, sex, ethnicity and treatment allocation.  
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4.11 Withdrawals/dropouts  

ViDA study had a high participation rate, as from 122,706 questionnaires that were mailed, 

107,859 (88%). From 5,108 participants, 52 never returned a questionnaire, 19 and 33 subjects 

from vitamin D and the placebo arm, respectively. A further 17 (2 in vitamin D and 15 in 

placebo arm) participants sent a questionnaire back, but never confirmed of receiving one 

capsule.  

Table 4-40 illustrates known reasons for those who withdrawn from the study or were lost to 

follow up before the final day on July 2015. Similar reasons were categorized into one category 

for chi-square calculation. The retention was high with 4573 (89.6%) staying in the study, and 

only 10% dropped out. Of these, 3.7% were lost to follow up, and 2.2% lost their interest in 

the study. A total of 112 people (2.4%) died (65 and 58 in vitamin D and placebo arms). From 

other reasons, six people reported withdrawing in fear of side effects, all of whom were in the 

placebo arm. There was no difference between arms in terms of reasons for dropout (p=0.39).  

4.11.1 Dropouts due to adverse events 

There were 83 people, 45 in the vitamin D and 38 in the placebo arm, who ended their follow 

up period at the same time as they have reported their first event. This number was not 

significantly different between the study arms (p=0.45). All reasons except “deceased” were 

categorized to give a total of three levels before running a multiple regression for the 

association between dropouts and reporting an adverse event, adjusted for age, sex and 

ethnicity (Appendix 19). Similar to bivariate results, dropouts were not associated with 

reporting of adverse events (β=-0.001; SE=0.01; p=0.76). 
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Table 4-40 Reasons for withdrawals/dropouts in participants who left before the study 

end 

*Chi-square test 

Reason  

 

          Treatment   

Vitamin D 

N (row%) 

Placebo 

N (row%) 

Total 

N (%) 

*p 

Total withdrawals/deaths 257 (48.0) 278 (52.0) 535 0.39 

Died  65 (52.8) 58 (47.2) 123(2.4) 

Lost to follow up (Failed to contact)/ 

Failed to return mail 

91 (47.6) 100 (52.4) 191(3.7) 

Travelled overseas/travelling a lot/ moving 

out of New Zealand 

17 (37.8) 28 (62.2) 45 (0.9) 

Not interested for different reasons 57 (50.9) 55 (49.1) 112(2.2) 

Too sick to participate  18 (47.6) 20 (52.4) 38 (0.7) 

Other reasons (on other studies/have to 

look after a partner/scared about side 

effect/prescribed vitamin D/language 

barrier)  

9 (34.6) 17 (65.4)  26(0.5) 

Stayed in the study 2301(50.3) 2272(49.7) 4573(89.6) 
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4.12 Summary 

4.12.1 Self-reported data  

In total, 419 (16.5%) participants taking vitamin D and 399 (15.8%) taking placebo reported 

≥1 adverse event. Compared to placebo, the hazard ratio of reporting a first adverse event in 

the vitamin D group was 1.03 (95% CI: 0.90, 1.18; p=0.63). For recurrent adverse events, the 

hazard ratio for the vitamin D group was 1.17 (95% CI: 0.97, 1.40; p=0.08) compared to the 

placebo one. All regression results were adjusted for age, sex, and ethnicity. There was slightly 

increased risk of recurrent events in vitamin D arm, particularly for dizziness, and issues with 

balance and vision. However, this was not statistically significant (p=0.06).  

There was a significantly higher risk of reporting an adverse event in participants from 

Māori/Pacific background (p<0.001), and those who were not drinking alcohol (p=0.01), non-

smokers (p=0.001), had a cold 12 months prior to baseline (p=0.005) or heart attack (p=0.04), 

and had lower self-rated quality of life (p=0.03). 

For those who reported more than one adverse event, compared with those with one event, age, 

educational status, and baseline 25(OH)D status were associated with recurrent events. 

However, there was not a linear relationship for age categories. Those with a secondary 

education level had higher risk of reporting recurrent events than those with a tertiary education 

level (p=0.03). Those with a lower serum 25(OH)D at baseline were more likely to report 

recurrent events (p=0.04).  Treatment arm was included in the final multivariate analyses and 

was not associated with reporting one or recurrent events.  

In total, 76 and 82 of participants in the vitamin D and placebo arm, respectively, reported in 

questionnaires having a kidney stone event throughout the study. The hazard ratio of the first 
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kidney stone event was 0.90 (95%CI=0.66, 1.23; p=0.51) and the hazard ratio for recurrent 

kidney stone events, adjusted for age, ethnicity, and sex, was 0.96 (95% CI: 0.66, 1.41; p=0.85). 

Allocation perception was not different between participants in the vitamin D and placebo arms 

(p=0.52). Neither was it associated with reporting of adverse events.  

Participants who had reported an adverse event throughout the study took significantly fewer 

capsules than those who did not report an adverse event (p=0.021). 

There was no difference in the number of withdrawals between the treatment arms (p=0.39), 

and no participant in the vitamin D arm reported a withdrawal for an adverse event.  

4.12.2 Objective data 

Only 18 reports of urolithiasis were found from the hospitalisation data: 7 in vitamin D and 11 

from placebo arm. The hazard of having a hospitalisation for kidney stone/urolithiasis events 

was not increased in vitamin D versus placebo arm (HR=0.62; 95% CI: 0.24, 1.26; p=0.30).  

One person in the placebo arm was found with hypercalcaemia during the follow up in the sub-

study sample who returned for follow-up calcium measurements. Monthly supplementation 

with 100,000 IU vitamin D3 did not result in any hypercalcaemia event in the ViDA study sub-

sample. 
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CHAPTER 5 

5 Discussion 
 

This chapter interprets results of ViDA study as one of the few long-term vitamin D3 

supplementation studies that applied a monthly bolus vitamin D dose of 100,000 IU, equivalent 

to 3300 IU/d, for 3-4 years and compares them with the previous safety assessment RCTs and 

reviews. In addition, these results are compared with those from the systematic review 

presented in Chapter 2.  

5.1 Baseline Characteristics of participants of ViDA study 

Similar baseline sociodemographic characteristics between trial allocation arms, such as the 

similar proportion of gender, age groups, ethnicities, education, occupation-retirement status 

and marital status confirm an adequate randomization process in the ViDA study. This, in turn, 

ensures that any differences in the outcomes of interest could be associated with study capsules.    

The selection of the study participants from general practices with a wide age range (50-84 

years old) and multi-ethnic composition yielded a sample that was broadly representative of 

the New Zealand adult population in 2011 (362). The sampling frame was community based, 

given that 94% of the New Zealand population is registered with family practices (363).    

ViDA selection criteria meant that participants were older than the general NZ population, with 

a mean baseline age of 65.9±8.3 years. This explains the high proportion (77.4%) of 

participants on some kind of medication at the baseline interview.  

In total, 551 potential ViDA participants were excluded for taking too high vitamin D doses. 

Baseline self-reported vitamin D intake from supplements showed that 13.8% of participants 

were taking vitamin D or calcium supplements, and 8% were receiving vitamin D supplements 
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only. This is almost a third of US population with 37% intake of vitamin D supplements in 

2005-2006 (364).  A recent RCT in Auckland, New Zealand, that studied older men, found that 

27.8% of 305 men were taking supplements which contained vitamin D (365). Based on a 

MOH estimation from prescription of vitamin D supplements in New Zealand (50,000 IU 

vitamin D3 tablet), 3.9% of the population were prescribed vitamin D by their GPs in 2010 

(52). This shows that the majority of participants were not taking their 600-800 IU/d 

recommended daily allowance from supplements (11), if they had not been taking enough from 

other diet sources, over the counter supplements, fortified foods or sufficient exposure to sun 

during the year. Thirty three percent of the New Zealand population have 25(OH)D levels 

below 50 nmol/L based on results from a national survey in 2008/2009 (52). The mean annual 

level of vitamin D in adults aged 55-75 and older ranged from 61.7-66.4 nmol/L (45). ViDA 

study participants with a mean baseline of 66.1 nmol/L were similar to that of the national 

survey. 

A total of 6.3% of ViDA study participants were current smokers. This was much lower than 

18% of all adults (aged ≥15) in 2011/2012 annual health survey (366). The same survey 

reported 14% were smoking in Auckland District Health Board (DHB) which was lower than 

the national figure. In the ViDA study, 30.1% were obese at the baseline assessment, which is 

similar to 28% of obesity reported in the NZ national health survey for adults (366).  

Based on the reports from 2011-2012 New Zealand Health Survey, 88% (85-89% for adults 

aged 50-75 years) and 82% (adults ≥75 years) rated themselves in excellent, very good or good 

health versus 11% in fair or poor health (366).  In ViDA study, only 4% of participants rated 

themselves as having poor or fair versus 96% with good, very good and excellent ratings. Thus, 

the ViDA study participants had a better self-rated health. 
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Being physically active defined by the Ministry of Health (2016) as having at least 10 minutes 

vigorous physical activity, 5 days a week or 30 minutes brisk walking, 5 days a week. Fifty 

four percent of all adults, and 33% of >75 year olds were physically active, according to New 

Zealand Survey (366). This is comparable to 55.4% of participants in the ViDA study who 

were physically active, with having at least 1-2 hours a week vigorous physical activity.  

In terms of the medical history of participants, there is no striking figure for any diseases, 

except for having had a fracture anytime in life in 46.5% of participants. This was followed by 

hypertension, hypercholesterolemia, arthritis, asthma and cancer that were reported in 36.9%, 

35.4% and 34.6%, 25.4% and 23.8% of participants. These were similar for participants of both 

arms, and they provide an estimation of the sample population health status. According to the 

above statistics, ViDA study participants were representative of the general public with regard 

to the general health status. However, overall, participants of this study were healthier in terms 

of smoking and physical activity status.  

Since participants of the ViDA study, in general, were sharing similar characteristics of the 

same age-group of the general public in New Zealand, results of this study could be broadly 

generalised to the same age of the New Zealand population.  
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5.2 Vitamin D supplementation and adverse events from self-reports 

5.2.1 Hazard and incidence rate ratios to the first events 

The results from this large population-based trial showed that monthly supplementation with 

100,000 IU cholecalciferol for up to 4 years did not increase the proportion of people who 

reported adverse events compared to placebo. About one-sixth of participants – 16.5% in the 

vitamin D arm and 15.8% in the placebo – reported at least one adverse event during the median 

3.3 year follow-up period, which is consistent with an Australian study with an annual vitamin 

D dose of 500,000 IU, in which 19.7% and 17.8% of participants in the vitamin D and placebo 

arms, respectively, reported at least one adverse event during 3-5 years follow-up (32). The 

Australian study also reported an increased risk of falls among women in the vitamin D arm 

compared to placebo arm. In the ViDA study, few falls were reported as adverse events in the 

vitamin D arm compared with the placebo one (Table 4-9). An extensive investigation of falls 

in ViDA study which was outside of the scope of this thesis, and analysed as a separate piece 

of work, showed this was not increased by vitamin D supplementation, with the proportion of 

participants who reported at least one fall being similar in the vitamin D (45%) and placebo 

(44%) arms (75).  

The most commonly described adverse events were pain, reported by 3.1% of participants in 

the vitamin D arm and 3.4% in the placebo arm, followed by respiratory infections which were 

attributed to the capsules by 2.3% and 1.7% of participants, respectively. Only 1.4% in the 

vitamin D arm and 1.3% allocated placebo in this study had at least one report of 

gastrointestinal symptoms throughout the median follow-up of 3.3 years (Table 4-10). These 

proportions are similar to a study which gave 50,000 IU vitamin D3/month to knee osteoarthritis 

patients, and found that 3.3% and 2.4% or participants in the vitamin D and placebo arms, 
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respectively, reported gastrointestinal disorders over two years (201). These proportions, 

however, are much lower than those reported in the Women’s Health Initiative (WHI) study, 

which gave a combination of calcium (1200 mg/d) and vitamin D (400 IU/d) supplementation 

to women in the same age range as the ViDA study. In WHI study, constipation was reported 

by 10.3% and 8.9% of participants in the calcium + vitamin D and placebo arms, respectively, 

and bloating by 20.4% and 19.5%, respectively (19).  This study results suggest that the higher 

frequency of gastrointestinal symptoms in the WHI study were most likely due to the calcium 

supplement, not vitamin D.   

The ViDA study results are in agreement with a recently published systematic review and meta-

analysis (155), also presented in Chapter 2, that found the number of participants with any 

adverse event was not different between the vitamin D and placebo arms (RR=0.97; 95% CI: 

0.92, 1.02). This systematic review included 19,389 participants from studies that gave vitamin 

D supplementation for 6-months and longer. Updating the results of this systematic review, 

with studies published since 2016, including results of the ViDA study, did not change the risk 

ratio, significantly (RR=0.99; 95%CI=0.96, 1.02; p=0.47-Appendix 20).  

Gastrointestinal and skin disorders were also reported in 27 and 8 studies in the conducted 

systematic review (155), respectively, with no increase in the risk ratio for either disorder in 

the vitamin D versus placebo arm (Figure 2-7 and Figure 2-8). These  are consistent with the 

ViDA results (Table 4-10) which provided further evidence about the safety of long-term 

monthly dosing of vitamin D3, including in participants with high baseline 25(OH)D 

concentrations with levels above 75 nmol/L (Table 4-10). Updating the later systematic review 

results for skin disorders (RR=1.15; 95%CI=0.80, 1.65; p=0.44) and GI symptoms (RR=1.08; 

95%CI=0.88, 1.16; p=0.88) with the ViDA study did not show any significant increase in the 
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risk of these events from vitamin D supplementation for 6-months or longer (Appendix 21 and 

Appendix 22).   

5.2.2 Hazard and incidence rate ratios of recurrent events  

Although the number of participants who reported an adverse event was not significantly 

different between arms, there was a trend for more recurrent events in the vitamin D compared 

to the placebo arm, as shown by the increased IRRs for the vitamin D group compared to the 

placebo (Table 4-15). While the MCF analysis did not show a statistically significant 

difference between the two treatment groups (Figure 4-5), it showed a slight upward deviation 

for the vitamin D group in the later months of the study. Whether this difference would have 

become statistically significant with longer duration of exposure is unknown. However, it is 

possible that adverse events in those who reported an event in vitamin D arm could be due to 

increased sensitivity to vitamin D in some participants. Further, considering the age range of 

our study sample, some self-reported adverse events could have been due to other drugs and 

medical conditions, as 77% were taking at least one prescribed medication at baseline. 

However, this applies to both arms.  

The trend for an increased incidence of recurrent events in the vitamin D arm was mainly due 

to recurrent events categorised as dizziness or other issues with balance and vision (IRR=1.66; 

0.94, 2.92; p=0.08). This has not been found in previous RCTs with detailed reports of adverse 

events (191,192,251).  

Results from a published article from the ViDA study on hypertension showed a decrease in 

central blood pressure after one year of vitamin D supplementation in those with a baseline 

25(OH)D serum concentration <50 nmol/L (367). However, we could not test the hypothesis 

that the increase in dizziness was due to a decreased blood pressure in the vitamin D arm as 
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there were only 6 participants who both reported dizziness and also had repeated blood pressure 

measurements. It is unlikely that dizziness could be an explanation for the increased risk of 

falls in older women in the Sanders’ study (2010) (32), as differences in actual falls were not 

seen in our study (75).  Having said that, there was one outlier in vitamin D arm who had 

reported dizziness 12 times. Excluding this person significantly moderated the effect size (HR 

= 1.42; 95%CI=0.86, 2.23; p=0.16).  

Although, dizziness or any other symptoms were reported in a relatively small fraction of 

people, the slight non-significant higher recurrent events not only for dizziness, but all other 

event categories, raises the question as to whether these people were sensitive to this bolus dose 

of vitamin D3. Most studies with similar doses of vitamin D only reported on serious-

hospitalisation adverse events (368,369). A one year RCT of 58 postmenopausal women which 

gave daily vitamin D3 supplements at 600 IU, 2000 IU and 4000 IU doses, reported on non-

serious adverse events including dizziness, before and after the supplementation period (370). 

The researchers did not see increased dizziness, nor a rise in other non-serious adverse events. 

There was no baseline assessment for dizziness and/or other adverse events in ViDA study to 

enable us to compare before and after supplementation, as the study protocol for safety was to 

explore any event including the common ones after supplementation started.  

Recurrent non-serious events have not been assessed, beyond a frequency table and/or chi-

square test in the previous RCTs (14,184,232). Therefore, this study, for the first time has 

assessed recurrent events with different statistical methods and did not find a significant 

difference in recurrent events between vitamin D and placebo arms for this bolus monthly dose. 

Evidence of a slight increase seen in recurrent events should be further checked by ongoing 

trials with similar bolus dose of vitamin D3 supplementation, such as the D-Health study (37). 

Results and discussions presented in Section 5.2 are published in J of Clinical Nutrition (371).   
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5.3 Characteristics of people with a self-reported adverse event 

The results shown in Table 4-16, at the univariate level, show significantly more 

widows/widower, those with a primary or secondary education and those from a Māori, Pacific 

and South Asian ethnic background reported an event. However, this relationship did not 

remain significant for marital and educational status when sex, age and ethnicity were included 

in multivariate model, but did so for ethnicity. Interestingly, a study on older adults in the Bay 

of Plenty and Lakes Districts in New Zealand found that fewer from Māori population were 

taking vitamin D supplements and it was in accordance with lower 25(OH)D levels in this 

group compared with that of non-Māori New Zealanders in this aged population (328). While 

decreased access to health care for Māori could explain their lower consumption of vitamin D 

supplementation, the same might be a possible explanation for increased frequency of side 

effects in this ethnic group.  Baseline 25(OH)D did not show a significant association with 

reporting adverse events in the multivariate model, adjusted for age, sex and ethnicity, when it 

was added as a categorical variable (Table 4-17).   

Similarly, taking vitamin D supplements or having milk with/without added vitamin D were 

not determinants of reporting an adverse event. Although the proportion of participants who 

were taking vitamin D supplements (14%) and those having milk with added vitamin D (9%) 

were too small to detect a significant difference, these results confirm the safety results in 

Sections 4.3 and 4.4 in participants of ViDA study with a mean baseline 25(OH)levels >75 

nmol/L.  

In terms of medical history at baseline, those participants already taking medications, with a 

history of cold in the last 12 months (or taking antibiotics for their cold), with a history of heart 

attack were found to have increased reporting of adverse events than those without these 

conditions. Having a history of heart attack and cold in the last 12 months remained a 
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significant indicator after controlling for age, sex and ethnicity, and other medical history 

variables in the multivariate model (Table 4-21). Witham, et al (2010) studied 105 patients 

with a heart failure, giving them 100,000 IU vitamin D2 at baseline and after 10 weeks (372). 

They assessed serious and non-serious adverse events and found 20% and 25% with at least 

one event in vitamin D and placebo arm, respectively. In agreement with the latter study, the 

ViDA study did not find an increased hazard ratio of adverse events in vitamin D arm from this 

high dose for a longer supplementation time. Furthermore, participants in the ViDA study who 

had a history of kidney or bladder infection were more likely to report an adverse event than 

those without these condition (Table 4-17). The idea of finding a relationship between any 

disease/condition and reporting of adverse events in participants could be due to symptoms 

caused by their disease that might have been mistakenly attributed to the study capsules. This 

could also reflect disease-related medications that could have interacted with vitamin D 

capsules (312), such as antiepileptic, glucocorticoids and orlistat, which have individually 

caused adverse events, regardless of study capsules (373).  

Participants’ self-rated quality of life (QOL) at baseline was an indicator of reporting an 

adverse event throughout the study with significantly fewer people among those having 

“excellent” QOL reporting an adverse event (p=0.01). This remained a significant determinant 

after adjustment for all covariates and lifestyle variables in the final model (p=0.03; Table 4-

21). Although, most people were in the “good”, “very good” and “excellent” quality of life 

rating, a significant trend was apparent for reporting more adverse events from excellent to the 

“poor or fair” rating.  

Similarly, weight status as measured by BMI was significantly different between those with an 

adverse event versus without. However, unlike the quality of life, it was not consistent between 

categories as fewer who were overweight reported an adverse event compared with those who 
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were normal and thin, whereas more obese participants reported an event compared with the 

normal-thin ones. This was tested in a multivariate model, adjusted for covariates and was 

found significantly influenced by ethnicity (Appendix 14) as participants of Pacific Island 

were significantly reporting an adverse events within each BMI category than the European 

ethnicity as the reference. This was significantly higher in Maori and South Asian participants 

in the obese category only. Although obesity is found associated with lower baseline 25(OH)D 

in observational studies (333,374), as well as a smaller increase in serum 25(OH)D after 

supplementation in clinical trials (252,269,290), reporting of adverse events by obese 

participants could be due to other conditions such as chronic pain, physical inactivity, and 

complication of comorbidities which are affiliated with obesity, and unrelated to the study 

capsules (375,376). According to Ministry of Health data in 2011-2012, during which time the 

baseline data was being collected, 28% of New Zealand adults, including 44% of Māori and 

62% of Pacific people were obese (366). Similarly, 55% and 62.6% of VIDA study participants 

with Maori and Pacific ethnicity were obese. This may explain why these ethnicities were 

significantly reporting more adverse events in all models. 

The relationship between alcohol and health status is, however, more controversial, as the harm 

it may cause depends on the frequency and amount of intake. According to a report on alcohol 

drink in adults in New Zealand, published in 2014, nearly 80% of adults aged 55-74 years old, 

and 66% among >74 years drank alcohol within the previous year;  among whom 16% were 

drinking harmfully which would have left them with short or long term adverse health effects 

(377).  In this study, there was not a dose-dependent trend in the frequency of alcohol intake 

and reporting adverse events. In fact, those who reported daily alcohol intake at baseline did 

not report significantly more adverse events as compared with those who were not drinking 

alcohol at all (Table 4-21). Whether this is a chance finding is unknown as there is no study 

with similar measurements on alcohol and adverse events as that of ViDA to compare with. 
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Smoking status and physical activity, had a stronger dose response trend. As such, those who 

did a vigorous physical activity were less likely to report an adverse event, same as smokers. 

Life-style behaviours such as physical activity, watching TV, screen time, diet behaviours, non-

smoking, and alcohol consumption have been shown to be determinants of health-related 

quality of life and cognitive health in previous studies (378–381). In this study, the most 

consistent determinants of adverse events were non-smoking status, and alcohol drinking 

frequency. Although having done weekly vigorous physical activity did not remain statistically 

significant in the final models when controlled for other life-style variables, a noticeable trend 

can be seen (p=0.08, Appendix 15). All of these behavioural factors could have affected the 

general health status of people with an adverse-event report (378,380,382,383). For instance, 

in a study which used data from four cohort studies in Europe, a healthy life expectancy was 

predicted by behavioural risk factors, such as obesity, physical activity and smoking (382). 

Using self-rated health along with having a chronic disease as indicators, those with two 

behavioural risk factors were expected to live 8 years shorter than those with none.  

From what was seen in these multivariate models, it could be postulated that those with better 

life-style behaviours, such as doing vigorous physical activity, would probably fallen into the 

normal-thin weight status group, with a higher probability of having a better health-related 

quality of life. These variables predicted lower risk of reporting an adverse event, as compared 

to those with unhealthier behaviours and higher BMI. This is in line with results of Stenholm 

et al (2016) and other studies that investigated factors contributed to quality of life 

(380,382,384). In the ViDA study, the unexpected life-style behaviours were smoking and 

frequency of alcohol drinking, both of which were shown as protective variables against 

reporting an adverse event. In regards to alcohol, drinking pattern makes a difference, as the 

number of glasses people drink per occasion could have affected the reporting of complaints, 

as assessed by a survey in Netherlands in which even drinking 3-5 glasses, 3-5 days a week, 
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was associated with fewer health related complaints (385). The latter study also found daily 

drinking of 1-2 glasses had the same outcome compared with that of drinking 1-2 glasses 

occasionally. The results regarding smokers were not entirely unexpected, though, as previous 

studies had found an association between low 25(OH)D and smoking (353,355). Vitamin D 

supplementation in smoking participants of the vitamin D arm could have helped them to have 

a better health status, and fewer adverse events, this results also applies to the participants of 

the placebo arm (Table 4-21). A possible explanation might be the perception of smokers who 

could have correlated a pain or any other symptoms to their smoking status and not to the study 

capsules.    

When reporting of one adverse event was compared with recurrent events, age and educational 

status were determinants of reporting recurrent events. However, no clear trend could be found 

between levels of these variables. No association was found between risk of reporting recurrent 

events with smoking status, in either the univariate, or multivariate analyses. The same was 

true for vigorous physical activity, as it did not show any trend in explaining reporting of 

recurrent event. None of the medical history variables explained recurrent events. However, 

having a lower baseline 25(OH)D explained more recurrent events in both univariate analysis, 

and the final multivariate model (Table 4-26). This is an interesting result, particularly because 

having reported one adverse event was not found significantly associated with the baseline 

25(OH)D status when compared to those without reporting of an adverse event (Table 4-10). 

Furthermore, there was a trend for slightly higher proportion of participants in the vitamin D 

reporting recurrent events compared with those in the placebo arm (Figure 4-5). This could 

have explained sensitivity of these people who have reported several adverse events. Further 

studies should test whether having lower baseline 25(OH)D could have put people at the risk 

of experiencing adverse events after receiving a bolus dose of vitamin D. Ideally, such study 

could compare daily versus monthly large dosing of vitamin D over a longer period of time, 
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e.g. one year. This has been previously done for a single large dose versus daily doses where 

serum vitamin D and 25(OH)D were compared between the two doses, but only over 28 days 

(386,387). Understandably, no increase in serum calcium or phosphorus observed for such 

short period of supplementation in the latter two studies. Longer follow up studies are required. 

Having said that, in ViDA study recurrent events were not explained by the vitamin D treatment 

comparing with those who had already reported one event. This is confirming the safety of this 

large dose of vitamin D3.     

5.4 Vitamin D supplementation and kidney stones  

Results presented in Section 4.7 showed the hazard ratio of kidney stone events from both the 

questionnaire and MOH hospitalisation data. These results indicated a bolus vitamin D3 dose 

of 100,000 IU per month for a median period of 3.3 years, and up to a maximum of 4.2 years, 

did not increase the incidence of kidney stone in adults aged 50-84 years. These findings are 

consistent with those of previous smaller clinical trials which have used bolus doses 

(66,131,240,368,388,389). This study, with its larger sample size and longer follow-up period, 

extends the previous research by showing that the null effect on kidney stone risk from vitamin 

D supplementation (RR=0.95; 95% CI=0.72,1.26; p=0.73) for a period of up to 4 years, is 

unlikely to be due to a type 2 error. 

In 2011, the IOM, recommended an upper level of 4000 IU/d vitamin D intake for adults and 

discouraged supplementation that increases serum 25(OH)D level beyond 125-150 nmol/L 

(53). This was decided because there were few studies at the time to assess safety levels for 

large doses of vitamin D given for longer than one year (53). The ViDA study partly fills this 

gap by showing that a dose of vitamin D which increased serum 25(OH)D levels up to a mean 

of 135 nmol/L (a maximum level of 289 nmol/L) did not increase kidney stone events. Further, 
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sub-group analyses by baseline 25(OH)D status showed that the hazard ratio for reporting 

kidney stone events was not increased for vitamin D compared to placebo in participants with 

baseline 25(OH)D levels either below or above 75 nmol/L (Figure 4-17). This is consistent 

with results of the recent systematic review of the effect of vitamin D supplementation for six 

months or longer on kidney stone events in 9 studies with 9619 participants, although the cut-

point for high baseline 25(OH)D levels in that review was 50 nmol/L  (154).  

The current study found that 3.1% of 5,108 participants reported a kidney stone event 

throughout the mean 3.3 years of study follow up. This represented about 60 events per 4500 

person-years (1.3% of participants per year). The frequency of kidney stones is lower than 

those in a recent study of urolithiasis events over one year in Auckland, New Zealand, in which 

10.6% of men and 7.1% of women had urolithiasis (390). The high incidence of urolithiasis in 

the Loeff et al (2016) study was associated with an increase in non-communicable diseases 

(NCDs) due to a change in lifestyle, leading to formation of stones (390). There is a possibility 

that people who volunteered to participate in our study were, on average, healthier than those 

who either did not meet the entry criteria or did not respond to invitations. In addition, the 

ViDA study deliberately excluded 497 participants after the baseline assessment due to a 

history of kidney stone, as part of the pre-defined protocol for eligibility criteria which may 

have lowered the incidence of stones (59). This could have introduced healthy volunteer bias 

for this particular outcome, kidney stones.  

Our findings for the associations between demographic variables and risk of kidney stone 

events are partly consistent with previous research. A higher nephrolithiasis incidence in men 

than women has been observed in the USA (391), and also in recent New Zealand studies in 

Auckland and Christchurch (392,393). The incidence also increased with age as observed in 

some other populations, although this evidence is not consistent across all populations (394). 
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With regard to ethnicity, the above Auckland study reported that  European and Pacific Island 

ethnic groups had higher kidney stone incidences than Māori and Asians (393,395), which is 

only consistent with our findings for more recurrent events reported by Pacific participants. 

This, however, was not in line with increased recurrent kidney stones reported by Māori 

participants.  Having said that, there was no relationship between ethnicity and reporting of the 

first kidney stone event in ViDA study (Table 4-27).  

For many years, there have been concerns that vitamin D supplements could increase the risk 

of kidney stones and other calcium-related effects (19).  A 2014 Cochrane review reported an 

increase in the kidney stone events among participants in four trials taking vitamin D in 

combination with calcium  (RR=1.17; 95%CI 1.02, 1.34; p=0.02) (74).  In contrast, the same 

systematic review of calcium-related adverse events in RCTs with any dose of vitamin D2/D3 

supplementation taken for a minimum of 6 months supplementation or follow up found that 

vitamin D did not increase the risk of nephrolithiasis (RR=0.66; 95%CI: 0.66, 1.09; p=0.10) 

(154). Updating the result of the latter review with studies published after 2016, confirmed the 

safety of vitamin D supplementation at low to high doses up to 4000IU/d for kidney stone 

events (Appendix 25).      
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5.5 Vitamin D supplementation and hypercalcaemia  

Results presented in Section 4.8 did not show any cases of hypercalcaemia among participants 

in the vitamin D arm from the sub-study sample with follow-up serum calcium measurements. 

The only case of hypercalcaemia was in the placebo arm and was diagnosed by a physician as 

being due to primary hyperparathyroidism. The mean calcium levels increased significantly in 

both the vitamin D and placebo arms from baseline to year three. However, there was no 

significant difference between arms. This is similar to the study by Abbasnezhad et al (2016) 

where participants with irritable bowel syndrome were randomized to 50,000 IU vitamin D3 

fortnightly for 6 months (396). In contrast, Sanghi, et al (2013) gave 60,000 IU/d vitamin D3 

for 10 days, and then monthly for one year to knee osteoarthritis patients, and found a 

significant increase in both serum total (mean=0.53; 95%CI=0.33 to 0.73; p=0.001) and ionic 

calcium (0.03; 95%CI=0.11 to 0.17; p=0.03), in participants in the vitamin D arm compared to 

those in placebo arm.  However, this latter study did not find significantly more hypercalcaemia 

events in the vitamin D arm, in line with results of ViDA study, despite a significant increase 

in serum corrected calcium in participants of vitamin D arm.   

This result for hypercalcaemia events is consistent with a review study conducted in 2007 that 

aimed at finding a safe upper limit of vitamin D supplementation using data available from 

clinical trials. The authors of this review concluded that toxicity, as measured by 

hypercalcaemia (serum calcium >2.7 nmol/L), does not occur unless serum 25(OH)D levels 

rise to 700 nmol/L (26). The Cochrane review that found increased incidence of kidney stones 

in studies with a combination of vitamin D and calcium supplementation, did not find a 

significant increase in the risk of hypercalcaemia (RR= 1.36; 95%CI: 0.85, 2.18; p=0.21) and 

a borderline significance for hypercalciuria (RR=4.64; 95%CI: 0.99, 21.76; p=0.051) (74). The 

effect size of this latter study findings are close to results of comprehensive systematic review 
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presented in Section 2.5.5 of this thesis (which was later updated in Appendix 23 and 

Appendix 24), showing increased risk of hypercalcaemia and hypercalciuria from vitamin D 

supplementation. However, the latter review controlled for calcium supplementation by only 

including studies that gave calcium to either both or neither arms (154).  

The ViDA study results for serum calcium levels of the sub-sample is reassuring for safety of 

this monthly dose as hypercalcaemia is the main clinical manifestation for vitamin D toxicity 

(77,154).  However, it is noteworthy that ViDA study had excluded those with a baseline serum 

calcium of 2.5 mmol/L or higher at the baseline. These still accounted for 0.6% (31 

participants) of the interviewed sample. Nevertheless, only 8% of participants were measured 

for hypercalcaemia throughout the study.  

5.5.1 Change in mean serum calcium levels in relation to change in serum 25(OH)D 

There was no relationship between changes in serum calcium and 25(OH)D levels after three 

years, despite a significant increase in 25(OH)D to a mean of 135.4 nmol/L (Max=289.0 

nmol/L  at year three). This indicates that serum calcium levels were not increased in the 

vitamin D arm in response to high dose of vitamin D. This result complements the previous 

section where no one was detected with a hypercalcaemia in vitamin D arm. Similarly, 

Zitterman et al (2009) who supplemented patients with 3,320 IU/d vitamin D3 for one year, in 

addition to a weight loss program, found four participants (three in vitamin D and one in 

placebo arms) with serum 25(OH)D>250 nmol/L after a year. However, all of these cases were 

normocalcaemic with a serum calcium <2.7 nmol/L (241). Participants of this latter study had 

a mean age of 48 years old. In a similar study on obese subjects, vitamin D3 at 1000 IU/d, 5000 

IU/d and 10,000 IU/d were given to patients for 21 weeks to see serum 25(OH)D response. 

Despite a steady increase in serum 25(OH)D levels by the 21st week, compared with the 
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baseline, to mean levels as high as 102 nmol/L, 154 nmol/L and 185.9 nmol/L, respectively, 

serum calcium levels did not change in any of three study arms (133).  

Bischoff-Ferrari et al. (2010) did a risk-assessment of vitamin D supplementation in 22 RCTs 

that gave daily/weekly/monthly doses equivalent of 1800 IU/d or more vitamin D2 or D3 (349).  

The final trendline plot based on mean serum calcium levels was not increased in response to 

higher dose of vitamin D supplements, in studies that measured serum calcium after 

supplementation. Although, included studies did not have as long a period of follow up as the 

ViDA study, none of the studies observed a mean serum calcium above the calcium threshold 

of 2.6 nmol/L.  

The main concern about a sudden increase in serum 25(OH)D above 150 nmol/L is for its 

immediate effect on a displacement of 1,25 (OH)2D which in turn may increase absorption of 

calcium to a hypercalcaemic level (27). This was tested in Ilahi et al study (2008) where a 

single dose of 100,000 IU D3 was given to healthy older adults. They monitored serum calcium 

for the first five days after supplementation, which did not increase in response to an increased 

serum 25(OH)D from 67.4 to 104.8 nmol/L (360). Although this was a short-term follow up 

only, the ViDA study similarly did not find an increase in serum calcium in the 330 sub-sample 

participants who returned at year three for a blood test. It is unlikely that we would have found 

a different result even if all participants had undergone a blood test at year three.  
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5.6 Adherence and adverse events 

Participants of the ViDA study took 80.5% of all capsules sent, based on the questionnaire 

response. Considering the 3-4 years follow up period with a median of 3.3 years, this supports 

the internal validity for the trial in terms of performance bias (397). In a previous 7-year 

randomized controlled trial of vitamin D and calcium supplementation, hip fracture as the 

primary outcome did not decrease in all participants, but did in a sub-group with at least 80% 

adherence to the daily study capsule (19).  This signifies the importance of a high adherence.  

Previous studies that gave intermittent bolus doses have shown comparable adherence 

(23,187,190,191,233), although one which gave 100,000 IU four-monthly, had less than 80% 

adherence (219). Reduction in adherence in the WHI study was found to be associated with not 

having previously used supplements, being in a younger age-group, from African ethnicity, 

having had gastrointestinal complication at baseline and being less physically active (398). 

This study suggested that some simple steps, such as early contact with participants, either via 

mail or social media during data collection, may result in better adherence. This is probably 

the reason behind the high adherence in the ViDA study, as participants were kept engaged 

after monthly questionnaires changed to 4-monthly from Nov 2013, through the sending of the 

monthly mail or email reminders to participants till the study ended in July 2015 (59).  

In this study, adherence was shown to be lower among those who had reported at least one 

adverse event, after sociodemographic factors were controlled. Similarly, reporting adverse 

events in a vitamin D-calcium supplementation survey, was negatively associated with 

adherence after 6-months (399). This latter study aimed to investigate the effect of a patient-

focused motivation study on adherence at 35 osteoporosis centres in Italy. One RCT used a 

combination therapy of calcium-vitamin D and found a relationship between poor compliance 

and calcium supplements (136).  
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Any prescribed drug or supplement aims to improve health status and decrease symptoms. 

However, in this study there was no relationship between capsules and adverse events. In 

addition the planned monthly dose was initially used with the intention of increasing adherence 

as this had been suggested to be more effective than daily dosing (400). Therefore, having 

adverse symptoms from other diseases or drugs might have contributed to a discontinuation or 

discouragement in some participants of taking the study capsule. In addition, there are many 

other factors, such as sociodemographic, economic, physical and psychological factors 

affecting pill taking behaviour that could have affected adherence (401,402). Having said that, 

the slight statistically significant decrease of mean two capsules in adherence of the participants 

of ViDA study who had experienced an adverse event may not be clinically significant.   
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5.7 Allocation perception of treatment and adverse events 

Participants in the ViDA study were blinded to their study capsule allocation. In the final 

questionnaire results, with a response rate of 81.3%, 36.1% of participants did not guess 

correctly which arm they were in. In addition, similar number of people correctly guessed being 

allocated to the placebo arm (20.7%) and vitamin D arm (15.4%; Table 4-37). This is a 

confirmation of an appropriate concealment of allocation of participants to the study capsules 

and therefore indicates an absence of selection and performance bias (397). This, along with 

concealment of treatments for the study personnel reduced the risk of knowledge of participants 

about their allocation and therefore did not affect reporting of adverse events.  

In a nested RCT within a placebo controlled trial, the reporting of adverse events was compared 

between open label and double-blind participants (220). There was no difference in reporting 

adverse events between trials, although odds ratio favoured the open-label (OR=0.64; 

95%CI=0.28, 1.49). Similarly, the ViDA study did not find a relationship between adverse 

events and the arm to which participants thought they were in (Table 4-39). Nor did it find a 

difference between the actual allocations, in terms of adverse events (Table 4-10). However, 

people who did not respond to the last questionnaire, due either to unwillingness to respond or 

having withdrawn, had an increased risk of reporting at least one adverse event, versus those 

who had responded to this question. This might be related to the inverse relationship between 

quality of life and reporting of adverse events as discussed in Section 5.3.  Participants who 

were in “Excellent” or “Very good” health had a decreased risk of reporting an adverse event 

and increased possibility of staying in the study to the last day, compared to those with lower 

quality of life status (Table 4-17). This might show a healthy volunteer bias as those who were 

feeling well at baseline might have stayed longer in the study and reported less adverse events 

towards the end, compared with those who left the study earlier due to a lower quality of life.
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5.8 Withdrawals 

Only two participants withdrew all of their data from the study and both were in the placebo 

arm (Figure 4-1). Other reasons for withdrawals were partial as participants stopped 

contributing for different reasons or were lost to follow up, without preventing investigators 

from using their information. With 86.6% of alive participants sending back one of the last two 

questionnaires, ViDA study had high retention (367).  The similar loss for different reasons in 

vitamin D and placebo arms, as shown in (Appendix 19), indicates a random loss of 

participants in both arms and rules out an attrition bias (397).  This is in agreement with results 

of the published systematic review (Table 2-4) which included 123 studies in that withdrawals 

were not increased by vitamin D supplementation in different daily, weekly, monthly and 

yearly doses. Adding results of the ViDA study, along with other RCTs published since the 

last search for this systematic review, did not change the result for withdrawals as shown in 

Appendix 26 (RR=1.00; 95%CI=0.95, 1.05).   

Withdrawals in the ViDA study were not increased as a result of self-reported adverse events. 

Similarly, a sub-group analysis of the same systematic review in those who had withdrawn for 

a side effect, versus consent withdrawal, did not find a significant difference between the two 

sub-groups (p-for difference=0.12), albeit a higher risk ratio for the former reason (RR=1.21; 

95%CI=0.92, 1.58), the test of interaction between sub-groups was not significant (155). The 

RECORD study gave 800 IU/d vitamin D and/or calcium (1000 mg/d) for 7 years in a factorial 

design, and found significantly more patients withdrew in the calcium arms than in the non-

calcium arms (136). It was suggested that gastrointestinal symptoms might have played a role 

in poor compliance and dropouts. In line with the latter study results, another sub-group 

analysis of the same systematic review showed an increase in the risk of withdrawal in the 

vitamin D arm in those studies that had given calcium in combination with vitamin D 
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(RR=1.16; 95%CI= 1.02–1.33) versus studies with vitamin D supplementation alone 

(RR=1.00; 95%CI= 0.95–1.06). 

One of the strengths of this study which resulted in similar number of dropouts was the double-

blinding nature of the study. This ensured similar treatments of the study arms, particularly, in 

relation to frequent contacts to remind them taking capsules as well as encouragement of all 

participants to stay in the study. The reduced number of dropouts and high attrition also 

indicates a low chance of treatment bias.    

5.9 Summary 

In summary, this chapter firstly discussed results of self-reported adverse events in 5058 

participants who had returned at least one questionnaire. According to the hazard ratio of time 

to the first event, no difference between study arms was found in the number of participants 

reporting either total or category-specific adverse events. Only a few studies have assessed self-

reported events in the same way as the ViDA study did. Nevertheless, previous studies have 

not found a significant difference between treatment arms in either type of events. Similarly, 

incidence rates of events per person- month were not significantly higher in the vitamin D 

versus placebo arm. Although a slight increase in number of events was apparent in most 

categories, this was not confirmed with the results of the hazard ratio of time to repeated events. 

Overall, these results were in agreement with that of the systematic review results presented in 

Chapter 2. There was a trend in increasing dizziness in vitamin D arm that did not remain after 

excluding one outlier. However, this could be a chance finding and so further evaluation of this 

possibility in other large vitamin D trials is encouraged.   

As the self-reported events were not explained by the treatment, the characteristics of people 

who reported an event were compared with that of those who did not, using baseline 



 

 

220 

 

information. Sociodemographic and lifestyle factors were the main variables associated with 

reporting events, were compared with other studies. This part was particularly challenging as 

factors associated with adverse events in vitamin D studies have not been assessed previously. 

However, there is some evidence in the literature which shows that unhealthy behaviours affect 

one’s general feeling about health and quality of life. This in turn could have resulted in 

reporting adverse events from the capsules.   

One main concern, when it comes to large dosing of vitamin D, is calcium-metabolism related 

adverse events. This was discussed for self-reports and objective reports of kidney stone and 

hypercalcaemia, and were compared with those of similar studies in the literature. Considering 

results of these two events in this thesis, neither hypercalceamia, nor kidney stones were 

increased in response to monthly bolus dosing in the long term. This concurs with the 

systematic review results for kidney stones, but in contrast with the review findings for 

hypercalcaemia (Figure 2-4 and Appendix 23). Our hypercalcaemia results were backed by 

the results comparing the change in serum 25(OH)D with serum calcium change, where no 

association between these two was found. 

Finally, the proportions of adherence and withdrawals were similar between the two treatment 

arms. In agreement with results of the systematic review, withdrawals/dropouts as indicators 

of possible adverse effects were not increased by this bolus vitamin D3 supplementation. 
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5.10 Strengths and limitations 

This study was unique in that it has provided a comprehensive assessment of self-reported 

adverse events from long-term monthly high-dose vitamin D3 supplementation, which to the 

best of our knowledge has not been done before.  

A strength of the study is the large sample size which provided increased statistical power for 

analyses of the more commonly reported adverse events. Further, allocation perception was 

evenly distributed between the two treatment arms which confirms the blinding achieved by 

the randomization method in this study. This perception was unrelated to the reporting of 

adverse events by participants.  

In addition, the long-term follow-up (up to 4 years), high adherence, high retention and large 

sample size, compared to previous studies that gave bolus dosing, were strengths of the study. 

However, despite its large size, post-hoc calculations using OpenEpi, based on the proportion 

of placebo participants who reported a kidney stone event (3.2%), show that the study had 81% 

power to detect an increased absolute risk difference of 1.6 (with two-sided 95% confidence), 

so it is possible that we failed to detect a smaller increase in kidney stones from vitamin D. 

However, the consistency in the findings from the questionnaire and from the Ministry of 

Health hospitalisation data supports the validity of our kidney stone findings. 

This study had some potential limitations, too. First, the self-reported nature of the adverse 

events in this survey does not clearly distinguish if participants considered the time lapse 

between taking a capsule and the experienced adverse event. Second, due to financial 

limitations, we could not measure serum calcium and 25(OH)D in all participants. In addition, 

it would be of great value if serum calcium to creatinine or urinary calcium excretion ratio 

could be measured. Furthermore, due to exclusion of people with a prior kidney stone or 
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hypercalcaemic condition, the safety results of ViDA study may not be applicable to people 

with these conditions.  

However, these limitations apply to most large randomized controlled trials around the world. 

The bottom-line aim of any randomized trial is that any possible error in reporting applies 

equally to all study arms if participants have similar characteristics at baseline, which was the 

case in ViDA study. Considering the high adherence of participants (80.5%) to the study 

capsules, the systematic monthly-4monthly follow up, in addition to the objective measures 

from about 400 of the sample population, the ViDA study has provided the best ever known 

evidence (to-date) which fills in the gap of paucity of data on adverse events from a large dose 

of vitamin D supplementation taken long term.  
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CHAPTER 6 

6 Conclusion 

This thesis is a sub-study of ViDA study, the biggest known double-blind RCT conducted in 

New Zealand, on adults aged 50-84 years, from 2011-2015. It aimed to investigate the long 

term adverse impact of a large monthly dose of vitamin D3 supplementation. To do this, the 

following specific objectives were met.  

1. First, a comprehensive systematic review of the literature showed an increased risk of 

hypercalcaemia and hypercalciuria with vitamin D supplementation. Neither, kidney 

stones, nor other adverse events were increased by vitamin D supplementation.  

2. Second, the hazard ratio of time to the first event was measured from self-reports. The 

hazard ratio of time to the first and recurrent events did not increase after vitamin D 

supplementation in vitamin D arm,  

3. Third, participants reported specific adverse events after taking study capsules, 

including pain, respiratory and infection symptoms, dizziness/ issues with balance and 

vision, gastrointestinal symptoms, tiredness and weaknesses, skin disorders, and events 

related to other health conditions. The risk of these adverse events were not 

significantly higher in the vitamin D than the placebo arm. Although, there was a slight 

increase in recurrent events in most specific categories and total events, it is unlikely to 

be associated with vitamin D supplementation, according to different test results.  

4. Of all sociodemographic, anthropometric, life-style and medical history variables that 

are analysed, age and ethnic group, having had a cold 12 months prior to the baseline 

interview, non-smoking and drinking alcohol less frequently were associated with 

increased risk of reporting one adverse events.  
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5. Age and baseline 25(OH)D levels were associated with reporting recurrent events in 

those who had reported an event.  

6. Time to the first and recurrent kidney stone events from self-reported data was not 

increased in the vitamin D arm than the placebo arm. Neither were urolithiasis events 

increased from hospitalisation data. 

7. Serum calcium levels were not increased in participants of this study after 100,000 IU 

vitamin D3 supplementation and there was no case of hypercalcaemia from corrected 

serum calcium data in the vitamin D arm of the sub-study sample. The only event was 

seen in one person from the placebo arm, which was diagnosed to be due to the primary 

hyperparathyroidism.   

8. Changes in serum calcium were not attributed changes in serum 25(OH)D,  confirming 

the safety of this monthly bolus dose of vitamin D supplements. 

9. The adherence was not significantly different between treatment arms. However, the 

mean number of capsule intake was lower in participants with an adverse event 

throughout the study than in those without it, after an adjustment for socio-demographic 

factors.   

10. Allocation perception was not significantly different between the study arms and 

reporting of adverse events was not related to participants’ perception of the study arms 

they were in.  

11. Apart from two participants from the placebo arms, who had withdrawn consent and all 

their data, the number of participants and reasons for discontinuing participation were 

similar between the study arms. Only a handful of participants stated a fear of adverse 

events as the reason for stopping taking a capsule, all of whom were in the placebo arm. 

To conclude, assessing existing indicators that could be related to experiencing adverse events 

showed that 100,000 IU vitamin D3 per month did not cause harm. Although, there is still 
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uncertainty about a slight insignificant increase in several recurrent self-reported events, none 

of the objective measures suggested that they might be related to the vitamin D capsules.  

Further large RCTs including participants with prior kidney stone or hypercalcaemia are 

required to confirm results of this study.  

6.1 Recommendations 

Vitamin D3 supplementation at this dose has been shown safe to be administered to the general 

public, particularly in adults aged 50-84. Although, this thesis did not find an increased risk of 

adverse events in its participants, longer application of this dose, beyond three years is not 

suggested if vitamin D insufficiency, deficiency is not manifested. Due to a slight non-

significant increase in the risk of recurrent events, long-term application of this monthly dose 

should be administered with caution and frequent monitoring system should be put in place. In 

particular, serum calcium and urinary calcium levels must be monitored as per systematic 

review results indicating that vitamin D supplementation might increase a risk of 

hypercalcaemia and hypercalciuria. This is particularly important as the participants of ViDA 

study were slightly healthier than that of the general population. In addition, at the baseline 

assessment, participants with a history of urolithiasis, hypercalcaemia, kidney stones and any 

other calcium-metabolism or kidney related disorders were excluded. These events, if not 

diagnosed early, may cause calcification of soft tissues. However, this dose was safe in terms 

of kidney stone events during the 3-4 year follow-up period in existing participants.  

6.2 Indication for future studies on adverse events 

The results of this thesis suggest a need for the study of adverse events in future RCTs of large 

daily doses of vitamin D supplementation to address the following issues:  
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1) To do a clinical examination of reported adverse events. This may not be feasible for 

all participants with an adverse event in large clinical trials. However, this could be 

applicable for those with consistent repeated adverse events, for instance, dizziness 

events in this study.  

2) To measure urinary calcium, at least for a sub-sample of participants to test 

hypercalciuria events as this might be a more sensitive indicator of kidney malfunction 

in cases of sensitivity to high dose of vitamin D supplementation.  

3)  To measure vitamin D and calcium intake from diet. This could be particularly useful 

if any higher incidence of hypercalcaemia or hypercalciuria is found in the vitamin D 

arm.  
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APPENDICES 
 

Appendices for chapter 2: Appendices 1-10 
 

 

Appendix 1: Risk of bias assessment summary of included studies in systematic review 
 

 

Appendix 2: Funnel plot for RCTs of vitamin D supplementation with any report on 

adverse events/withdrawals 
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Appendix 3: Funnel plot for comparison of RCTs with hypercalcaemia adverse event 
 

 

 

Appendix 4: Funnel plot for comparison of RCTs with hypercalciuria adverse event 
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Appendix 5: Funnel plot for comparison of RCTs with reports of kidney stones 
 

 

 

Appendix 6: Funnel plot for comparison of RCTs with reports on all adverse events 
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Appendix 7: Funnel plot of comparison for studies with gastrointestinal symptoms 
 

 

Appendix 8: Funnel plot of comparison for studies with skin-related symptom
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Appendix 9: PRISMA diagram of new search for RCTs of vitamin supplementation 

from 2015 –2018
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abstract screening (n=640):   
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Studies included in 

quantitative synthesis 

(meta-analysis) 
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Appendix 10: Long-term studies of vitamin D supplementation with adverse events: Updated search result of the systematic review  
Study Characteristics of sample(s) Percent 

women 

Mean 

age (y) 

Vitamin D and 

dosage 

Duration 

of study 

Main outcome (s) Mean baseline serum 

25(OH)D (nmol/L) 

Vitamin 

D 

Placebo 

Arden et 

al (2016) 

(403) 

474 Knee Osteoporosis 

patients aged >50 y from 

general practices’ list 

61 64 D3 800 IU/d 

Placebo/d 

3 y Change in medial joint 

space on a weight 

bearing radiograph 

51.7 51.7 

El-Hajj et 

al (2016) 

(404) 

257 Overweight (BMI>25) 

elderlies aged ≥65 y with 

serum 30 <25(OH)D level 

<75  nmol/L 

55.4 70 D3 3750 IU/d 

D3 600 IU/d 

Both arms received 

calcium 1g/d 

1 y HOMA-IR index & 

BMD  

52.2 49.9 

Jin et al 

(2016) 

(361) 

413 vitamin D-deficient 

persons with symptomatic 

knee osteoarthritis 

50.0 63.2 D3 50 000 IU/mo 

Placebo 

2 y Change in tibial 

cartilage volume and 

WOMAC pain score 

43.8 43.8 

Jorde, et 

al (2016) 

(14) 

511 subjects at risk of 

developing DM-type 2 

38.5 62 D3 20,000 IU/week 

Placebo/week 

5 y Prevention of 

progression of 

prediabetic status to 

DM-2 

59.9 61.1 

Witte et al 

(2016) 

(405) 

223 Chronic heart failure 

patients who were vitamin D 

deficient 

20.9 68.7 D3 4000 IU/d 

Placebo/d  

1 y Difference in change 

in 6-min walk test 

distance 

38.2 36.4 

Brisson, 

2017 (406) 

405 premenopausal women   100 42.7 D3 3000 IU 

D3 2000 IU 

D3 1000 IU 

Placebo 

1 y Change in percent of  

breast mammographic 

density 

60.4 

65.5 

66.3 

64.4 

Gulseth, 

et al 

(2017) 

(69) 

62 patients with DM-type 2 

and vitamin D deficiency 

:25(OH)D<50 nmol/L) 

45.4 55.6 D3 400,000 IU oral ; if 

25(OH)D<100 nmol/L 

after 4-week: +D3 

200,000 IU 

Placebo 

Calcium 500 mg/d to 

both arms. 

Single 

dose; 6 

month 

follow up 

Insulin sensitivity and 

insulin secretion 

38.0 36.8 
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Study Characteristics of sample(s) Percent 

women 

Mean 

age (y) 

Vitamin D and 

dosage 

Duration 

of study 

Main outcome (s) Mean baseline serum 

25(OH)D (nmol/L) 

Vitamin 

D 

Placebo 

Hin et al 

(2017) 

(407) 

300 subjects (aged ≥65y) from 

a single general practice in 

Oxfordshire, UK 

49.2 72 D3 4000 IU/d 

D3 2000 IU/d 

Placebo 

1 y Serum 25(OH)D 50 50 

Levis et al 

(2017) 

(408) 

130 veterans aged  65 to 90 

who were ambulatory without 

an assistive device, lived 

independently 

0 72.4 D3 4000 IU/d 

Placebo 

9 mo Prevent decline  in 

physical function 

57.6 56.4 

Vos et al 

(2017) 

(388) 

87 patients who were lung 

transplantation recipients aged 

>18 y included if could take 

oral capsules  

44.8 56.5 D3 100,000 IU/ mo 

Placebo/ mo  

2 y 

3 y follow 

up 

Chronic lung allograft 

dysfunction (CLAD) 

62.1 59.9 

Saha, 

(2018) 

(409)  

 

 

 

 

  

228 Young graduate and 

postgraduate male students 

from Delhi and regions with a 

mean baseline 25(OH)D≤50 

nmol/L. 

0 20.2 D3 60,000 IU/w for 2-

mo, then fortnightly 

for 4-mo 

D3 60,000 IU/w for 2-

mo, then fortnightly 

for 4-mo +1 gr/d 

calcium 

Placebo/w for 6 mo 

Placebo +1gr/d 

calcium 

6 mo Skeletal muscle 

strength and serum 

testosterone levels 

22.5 

21.2 

20.5 

22.0 
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Appendices for Chapter 3: Appendices 11-12 
 

 

Appendix 11: ViDA study monthly questionnaire-front page 
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Appendix 12: ViDA study 4-monthly questionnaire-front page
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Appendices for chapter 4: Appendices 13-19 
 

Appendix 13: Had history of a cold/flu, receiving medicine, had a heart attack, kidney infections and risk of reporting an adverse event 

RR=prevalence risk ratio; CI=confidence interval 

Model 1= Had a cold+ currently taking medicine, adjusted for age, sex and ethnicity 

Model 2= Had a cold + had a heart attack, adjusted for age, sex and ethnicity 

Model 3= Had a cold + kidney-Infection, adjusted for age, sex and ethnicity 

Model 4= Had a cold + kidney-Infection+ Heart attack, adjusted for age, sex and ethnicity

Parameter Level Model 1 Model 2 Model 3 Model 4 

 

 RR 95%CI P RR 95%CI P RR 95%CI P RR 95%CI p 

Currently take 

prescribed 

medications? 

(Ref=No) 

Yes 1.16 0.98, 1.36 0.08 

 

- - - - - - - - - 

No 1.00 - - - - - - - - - 

In the last 12 

months had a cold, 

runny nose, sore 

throat,  

flu-like symptoms? 

(Ref=No) 

Yes 1.23 1.07, 1.43 0.004 

 

1.23 1.07, 1.43 0.004 1.24 1.07, 1.43 0.003 1.24 1.07, 1.43 0.006 

No 1.00 - 1.00 - 1.00 - 1.00 - 

Had a heart attack 

(ref=No) 

Yes    1.27 1.01, 1.59 0.04    1.26 1.07, 1.57 0.03 

No    1.00 -    1.00 - 

Had kidney-

Infection (Ref=No)  

Yes       1.26 1.02, 1.57 0.04 

 

1.24 0.99, 1.56 0.06 

No       1.00 - 1.00 - 



 

 

237 

 

Appendix 14: Risk of reporting an adverse event by weight status, within ethnicity groups, adjusted for age and sex 

 

 

 

Parameter 

 

 Level Ethnicity Side effect=Yes  

N (Row %) 

Side effect=No       

N (Row %) 

*Multivariate 

RR 95%CI P-value 

Weight status (Ref=Normal 

BMI=18.5-25 kg/m2) 

 

Thin+ Normal European 6 (25.0) 18 (75.0) 1.00 - 0.02 

Māori 5 (19.2) 21 (80.8) 1.45 0.64, 3.27 

Pacific Island 7 (46.7) 8 (53.3) 3.35 1.86, 6.05 

South Asian 14 (18.2) 63 (81.8) 1.36 0.81, 2.29 

Overweight  European 270 (13.5) 1725 (86.5) 1.00 - 0.01 

Māori 16 (17.8) 74 (82.2) 1.33 0.83, 2.13 

Pacific Island 20 (28.2) 51 (71.8) 2.12 1.42, 3.16 

South Asian 20 (16.7) 100 (83.3) 1.22 0.79, 1.88 

Obese  

 

European 176 (15.5) 962 (84.5) 1.00 - <0.001 

Māori 43 (30.3) 99 (96.7) 2.14 1.59, 2.88 

Pacific Island 76 (33.3) 152 (66.7) 2.38 1.87, 3.02 

South Asian 12 (25.0) 36 (75.0) 1.80 1.07. 3.00 
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Appendix 15: Life-style factors and risk of reporting an adverse event, adjusted for 

covariates 

RR=prevalence rate ratio; CI=confidence interval;  

*Adjusted for age, sex and ethnicity 

 

 

 

Parameter Level  *RR 95%CI P-value 

Frequency of alcohol 

drinking? 

(Ref=never drinks) 

Never drinker 1.00 - 0.014 

Monthly/or  2-4 times 

per month 

1.04 0.87, 1.26 

2-> 4 times a week 0.68 0.42, 1.01 

daily 0.82 0.65, 1.04 

 

Smoking status  

(Ref=current-smoker) 

Smoker 1.00 - 0.003 

Ex-smoker 1.52 1.09, 2.12 

Never smoker 1.67 1.20, 2.33 

 

Sun-exposure 

(Ref: ≤1 hour/d) 

 ≤1 hour/d 1.00 - 0.17 

<1-≤2 hours/d 0.87 0.74, 1.02 

>2 hours/d 0.89 0.76, 1.04 

Do you do Vigorous physical 

activity? If yes, how many 

hours per week? (Ref=no) 

None 1.00 - 0.08 

(1-2 hours) 0.83 0.70, 0.99 

2-3 hours or more 0.97 0.84, 1.13 
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Appendix 16: Lifestyle factors and history of cold, and risk of reporting adverse events 
 

RR=prevalence rate ratio; CI=confidence interval;  

Mode 1: Alcohol frequency+ smoking status+ having had a cold, adjusted for age, sex and ethnicity 

Model 2: Alcohol frequency+ smoking status+ having had a cold, and quality of life, adjusted for age, sex and ethnicity 

Model 3: Alcohol frequency+ smoking status+ having had a cold, had a heart attack, and quality of life, adjusted for age, sex and ethnicity 

 

Parameter Level Model 1 Model 2 Model 3 

RR 95%CI P-value RR 95%CI P-value RR 95%CI P-value 

Frequency of alcohol 

drinking? 

(Ref=Never drinks) 

Never drinking/Not in 

the past 12 months 

1.00 - 0.006 1.00 - 0.01 1.00 - 0.01 

Monthly/or  2-4 times 

per month 

1.21 0.97, 1.53 1.18 0.94, 1.49 1.19 0.94, 1.49 

2-> 4 times a week 1.28 1.05, 1.55 1.28 1.06, 1.55 1.28 1.06, 1.56 

daily 1.01 0.83, 1.23 1.00 0.82, 1.22 1.01 0.83, 1.23 

Smoking status 

(Ref=current-smoker) 

Current smoker 1.00 - 0.006 1.00 - 0.002 1.00 - 0.001 

Ex-smoker 1.40 1.03, 1.91 1.43 1.05, 1.95 1.45 1.06, 1.97 

Never smoker 1.55 1.14, 2.11 1.61 1.19, 2.19 1.65 1.21, 2.40 

In the last 12 months 

had a cold, runny nose, 

sore throat, flu-like 

symptoms? 

(Ref=No) 

Yes 1.27 1.10, 1.46 0.001 1.25 1.08, 1.44 0.003 1.25 1.08, 1.44 0.003 

No 1.00 -  1.00 - 1.00 - 

Quality of life 

(Ref=Excellent) 

Excellent - - - 1.00 - 0.01 1.00 - 0.02 

Very good  - - - 1.25 1.07,1.47 1.26 1.07, 1.47 

Good - - - 1.30 1.08,1.55 1.28 1.07, 1.53 

Fair/Poor - - - 1.56 0.73,3.29 1.56 0.74, 3.31 

Heart attack (Ref=No) Yes - - - - - - 1.27 1.02, 1.54 0.04 

No - - - - - 1.00 - 
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Appendix 17: Association between significant baseline variables and risk of reporting 

recurrent adverse events versus one event 

Model 2: Education status, and frequency of alcohol intake, adjusted for age, sex and ethnicity; 

Model 3: Education status, frequency of alcohol intake, and baseline 25(OH)D levels adjusted for age, 

sex and ethnicity;

Parameter Level Model 1 Model 2 

RR 95%CI P RR 95%CI P 

Education status 

(Ref=Tertiary) 

Tertiary 1.00 - 0.04 1.00 - 0.03 

Secondary 1.13 0.99,1.29 1.15 1.02,1.32 

Primary 0.70 0.34,1.24 0.74 0.42,1.30 

Frequency of 

alcohol drinking? 

(Ref=Never 

drinks) 

Never drinking/Not 

in the past 12 

months 

1.00 - 0.06 1.00 - 0.15 

Monthly/or  2-4 

times per month 

1.19 0.99,1.43 1.17 0.98,1.41 

2-> 4 times a week 1.05 0.84,1.30 1.07 0.86,1.33 

daily 0.93 0.72,1.20 0.96 0.74,1.25 

Baseline 

25(OH)D 

(Ref: ≥75 nmol/L) 

≥75 nmol/L - - - 1.00 - 0.054 

<75 nmol/L - - - 1.16 0.99,1.36 
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Appendix 18: Failure curve for time to first self-reported admission to hospital for 

kidney stones  
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Appendix 19: Participants who dropped out/died, by the study arms 

*Chi-square 

 

 

Reason Treatment n (Column %) 

Vitamin D Placebo Total *p-value 

Died   65 (2.5)  58 (2.3) 123 0.50 

Lost to follow up  192 (7.5) 220 (8.6) 412  

Stayed in the study 2301 (89.9) 2272 (89.1) 4573  

Total  2558 2550 5108  
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Appendices for chapter 5: Appendices 20-26 
 

 

 

Appendix 20: Vitamin D supplementation and total adverse events (Updated) 
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Appendix 21: Vitamin D supplementation and GI symptoms (Updated) 
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Appendix 22: Vitamin D supplementation and skin disorders (Updated) 

 

 

 



 

 

246 

 

 

Appendix 23: Vitamin D supplementation and hypercalcaemia events (Updated) 
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Appendix 24: Vitamin D supplementation and Hypercalciuria events (Updated) 
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Appendix 25: Vitamin D supplementation and kidney stone events (Updated) 
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Appendix 26: Vitamin D supplementation and withdrawals-dropouts (updated) 
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Appendix 27: Copyright license for article 1 from the systematic review  
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      Appendix 28: Copyright license for Article 2 from the systematic review  
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Appendix 29: Copyright license for Article 3 from the results of ViDA study 
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Appendix 30: Copyright license for Article 4 from updated systematic review  
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Horm métabolisme [Internet]. © Georg Thieme Verlag KG; 2014 Jan 6 [cited 2016 Jan 

26];46(1):54–8. Available from: https://www-thieme-connect-

de.ezproxy.auckland.ac.nz:9443/products/ejournals/html/10.1055/s-0033-1358453#R2013-04-

0107-0034 

179.  Turner AN, Carr Reese P, Fields KS, Anderson J, Ervin M, Davis JA, et al. A blinded, 

randomized controlled trial of high-dose vitamin D supplementation to reduce recurrence of 

bacterial vaginosis. Am J Obstet Gynecol [Internet]. 2014 Nov [cited 2015 Feb 

27];211(5):479.e1-479.e13. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24949544 

180.  Wepner F, Scheuer R, Schuetz-Wieser B, Machacek P, Pieler-Bruha E, Cross HS, et al. Effects 

of vitamin D on patients with fibromyalgia syndrome: A randomized placebo-controlled trial. 

Pain [Internet]. International Association for the Study of Pain; 2014;155(2):261–8. Available 



 

 

271 

 

from: http://dx.doi.org/10.1016/j.pain.2013.10.002 

181.  Norenstedt S, Pernow Y, Brismar K, Sääf M, Ekip A, Granath F, et al. Primary 

hyperparathyroidism and metabolic risk factors, impact of parathyroidectomy and vitamin D 

supplementation, and results of a randomized double-blind study. Eur J Endocrinol [Internet]. 

Bioscientifica Ltd.; 2013 Dec 1 [cited 2015 Jun 16];169(6):795–804. Available from: 

/pmc/articles/PMC3805017/?report=abstract 

182.  Arora P, Song Y, Dusek J, Plotnikoff G, Sabatine MS, Cheng S, et al. Vitamin D therapy in 

individuals with prehypertension or hypertension: the DAYLIGHT trial. Circulation [Internet]. 

2015 Jan 20 [cited 2015 Jun 17];131(3):254–62. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/25359163 

183.  Baron J a., Barry EL, Mott L a., Rees JR, Sandler RS, Snover DC, et al. A Trial of Calcium 

and Vitamin D for the Prevention of Colorectal Adenomas. N Engl J Med [Internet]. 

2015;373(16):1519–30. Available from: 

http://www.nejm.org/doi/abs/10.1056/NEJMoa1500409 

184.  Cangussu LM, Nahas-Neto J, Orsatti CL, Bueloni-Dias FN, Nahas EAP. Effect of vitamin D 

supplementation alone on muscle function in postmenopausal women: a randomized, double-

blind, placebo-controlled clinical trial. Osteoporos Int [Internet]. 2015 Oct [cited 2015 Oct 

5];26(10):2413–21. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25956283 

185.  Daley P, Jagannathan V, John KR, Sarojini J, Latha A, Vieth R, et al. Adjunctive vitamin D 

for treatment of active tuberculosis in India: a randomised, double-blind, placebo-controlled 

trial. Lancet Infect Dis [Internet]. Elsevier; 2015 Apr 8 [cited 2015 Apr 20];15(5):528–34. 

Available from: http://www.thelancet.com/article/S1473309915700538/fulltext 

186.  Garg G, Kachhawa G, Ramot R, Khadgawat R, Tandon N, Sreenivas V, et al. Effect of 

vitamin D supplementation on insulin kinetics and cardiovascular risk factors in polycystic 

ovarian syndrome: a pilot study. Endocr Connect [Internet]. European Society of 

Endocrinology; 2015 Jun 1 [cited 2015 Oct 27];4(2):108–16. Available from: 

http://www.endocrineconnections.com/content/4/2/108.full 

187.  Hansen KE, Johnson RE, Chambers KR, Johnson MG, Lemon CC, Vo TNT, et al. Treatment 

of Vitamin D Insufficiency in Postmenopausal Women: A Randomized Clinical Trial. JAMA 

Intern Med [Internet]. 2015;175(10):1–10. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/26237520 

188.  Kearns MD, Binongo JNG, Watson D, Alvarez JA, Lodin D, Ziegler TR, et al. The effect of a 

single, large bolus of vitamin D in healthy adults over the winter and following year: a 

randomized, double-blind, placebo-controlled trial. Eur J Clin Nutr [Internet]. Macmillan 

Publishers Limited; 2015 Feb [cited 2015 Oct 28];69(2):193–7. Available from: 

http://dx.doi.org/10.1038/ejcn.2014.209 

189.  Krul-Poel YHM, Westra S, ten Boekel E, ter Wee MM, van Schoor NM, van Wijland H, et al. 

Effect of Vitamin D Supplementation on Glycemic Control in Patients With Type 2 Diabetes 

(SUNNY Trial): A Randomized Placebo-Controlled Trial. Diabetes Care [Internet]. 2015 Aug 

1 [cited 2016 Feb 2];38(8):1420–6. Available from: 

http://care.diabetesjournals.org/content/38/8/1420 

190.  Mazahery H, Stonehouse W, von Hurst PR. The effect of monthly 50 000 IU or 100 000 IU 

vitamin D supplements on vitamin D status in premenopausal Middle Eastern women living in 

Auckland. Eur J Clin Nutr [Internet]. 2015 Mar [cited 2015 Apr 20];69(3):367–72. Available 

from: http://www.ncbi.nlm.nih.gov/pubmed/25491499 

191.  Martineau AR, MacLaughlin BD, Hooper RL, Barnes NC, Jolliffe DA, Greiller CL, et al. 

Double-blind randomised placebo-controlled trial of bolus-dose vitamin D3 supplementation 

in adults with asthma (ViDiAs). Thorax [Internet]. 2015 May [cited 2015 May 24];70(5):451–

7. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25724847 

192.  Martineau AR, James WY, Hooper RL, Barnes NC, Jolliffe DA, Greiller CL, et al. Vitamin 



 

 

272 

 

D3 supplementation in patients with chronic obstructive pulmonary disease (ViDiCO): a 

multicentre, double-blind, randomised controlled trial. Lancet Respir Med [Internet]. 2015 Feb 

[cited 2015 Jun 17];3(2):120–30. Available from: 

http://www.sciencedirect.com/science/article/pii/S2213260014702553 

193.  Martineau  a. R, Hanifa Y, Witt KD, Barnes NC, Hooper RL, Patel M, et al. Double-blind 

randomised controlled trial of vitamin D3 supplementation for the prevention of acute 

respiratory infection in older adults and their carers (ViDiFlu). Thorax [Internet]. 2015;25:1–8. 

Available from: http://thorax.bmj.com/cgi/doi/10.1136/thoraxjnl-2015-206996 

194.  Muñoz-Aguirre P, Flores M, Macias N, Quezada AD, Denova-Gutiérrez E, Salmerón J. The 

effect of vitamin D supplementation on serum lipids in postmenopausal women with diabetes: 

A randomized controlled trial. Clin Nutr [Internet]. 2015 Oct 13 [cited 2015 Feb 

27];34(5):799–804. Available from: 

http://www.sciencedirect.com/science/article/pii/S0261561414002544 

195.  Qin XF, Zhao LS, Chen WR, Yin DW, Wang H. Effects of vitamin D on plasma lipid profiles 

in statin-treated patients with hypercholesterolemia: A randomized placebo-controlled trial. 

Clin Nutr [Internet]. 2015 Apr [cited 2015 Jun 17];34(2):201–6. Available from: 

http://www.sciencedirect.com/science/article/pii/S0261561414001253 

196.  Rajanandh M, Nageswari A, Prathiksha G. Effectiveness of vitamin D3 in severe persistent 

asthmatic patients: A double blind, randomized, clinical study. J Pharmacol Pharmacother 

[Internet]. 2015;6(3):142. Available from: 

http://www.jpharmacol.com/text.asp?2015/6/3/142/162022 

197.  Sadiya A, Ahmed SM, Carlsson M, Tesfa Y, George M, Ali SH, et al. Vitamin D 

supplementation in obese type 2 diabetes subjects in Ajman, UAE: a randomized controlled 

double-blinded clinical trial. Eur J Clin Nutr [Internet]. Macmillan Publishers Limited; 2015 

Nov 19 [cited 2015 Apr 24];69(6):707–11. Available from: 

http://dx.doi.org/10.1038/ejcn.2014.251 

198.  Uusi-Rasi K, Patil R, Karinkanta S, Kannus P, Tokola K, Lamberg-Allardt C, et al. Exercise 

and vitamin D in fall prevention among older women: a randomized clinical trial. JAMA 

Intern Med [Internet]. 2015;175(5):703–11. Available from: 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=med8&

AN=25799402 

199.  Witham MD, Adams F, McSwiggan S, Kennedy G, Kabir G, Belch JJF, et al. Effect of 

intermittent vitamin D3 on vascular function and symptoms in chronic fatigue syndrome--a 

randomised controlled trial. Nutr Metab Cardiovasc Dis [Internet]. 2015 Mar [cited 2016 Feb 

23];25(3):287–94. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25455721 

200.  Yeow TP, Lim SL, Hor CP, Khir AS, Wan Mohamud WN, Pacini G. Impact of Vitamin D 

Replacement on Markers of Glucose Metabolism and Cardio-Metabolic Risk in Women with 

Former Gestational Diabetes-A Double-Blind, Randomized Controlled Trial. PLoS One 

[Internet]. 2015 Jan [cited 2015 Jun 11];10(6):e0129017. Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4461258&tool=pmcentrez&render

type=abstract 

201.  Jin X, Jones G, Cicuttini F, Al E. Effect of vitamin d supplementation on tibial cartilage 

volume and knee pain among patients with symptomatic knee osteoarthritis: A randomized 

clinical trial. JAMA [Internet]. 2016 Mar 8;315(10):1005–13. Available from: 

http://dx.doi.org/10.1001/jama.2016.1961 

202.  Shapiro AC, Adlis SA, Robien K, Kirstein MN, Liang S, Richter SA, et al. Randomized, 

blinded trial of vitamin D3 for treating aromatase inhibitor-associated musculoskeletal 

symptoms (AIMSS). Breast Cancer Res Treat [Internet]. 2016;155(3):501–12. Available from: 

http://dx.doi.org/10.1007/s10549-016-3710-6 

203.  Aloia JF, Patel M, DiMaano R, Li-Ng M, Talwar S a., Mikhail M, et al. Vitamin D intake to 



 

 

273 

 

attain a desired serum 25-hydroxyvitamin D concentration. Am J Clin Nutr. 2008;87(6):1952–

8.  

204.  Björkman M, Sorva A, Risteli J, Tilvis R. Vitamin D supplementation has minor effects on 

parathyroid hormone and bone turnover markers in vitamin D-deficient bedridden older 

patients. Age Ageing [Internet]. 2008 Jan [cited 2015 Mar 9];37(1):25–31. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/17965037 

205.  Johnson KR, Jobber J, Stonawski BJ. Prophylactic vitamin D in the elderly. Age Ageing 

[Internet]. 1980 May [cited 2015 Jul 1];9(2):121–7. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/7395656 

206.  Jehle S, Lardi A, Felix B, Hulter HN, Stettler C, Krapf R. Effect of large doses of parenteral 

vitamin D on glycaemic control and calcium/phosphate metabolism in patients with stable type 

2 diabetes mellitus: a randomised, placebo-controlled, prospective pilot study. Swiss Med 

Wkly [Internet]. 2014 [cited 2016 Oct 10];144:w13942. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/24652692 

207.  Mobarhan SA, Russell RM, Recker RR, Posner DB, Iber FL, Miller P. Metabolic Bone 

Disease in Alcoholic Cirrhosis: A Comparison of the Effect of Vitamin D 2 25-

Hydroxyvitamin D, or Supportive Treatment. Hepatology [Internet]. W.B. Saunders; 1984 Mar 

[cited 2016 Oct 12];4(2):266–73. Available from: 

http://doi.wiley.com/10.1002/hep.1840040216 

208.  Corless D, Dawson E, Fraser F, Ellis M, Evans SJ, Perry JD, et al. Do vitamin D supplements 

improve the physical capabilities of elderly hospital patients? Age Ageing [Internet]. 1985 Mar 

[cited 2015 Mar 30];14(2):76–84. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/4003187 

209.  Dawson-Hughes B. Effect of Vitamin D Supplementation on Wintertime and Overall Bone 

Loss in Healthy Postmenopausal Women. Ann Intern Med [Internet]. American College of 

Physicians; 1991 Oct 1 [cited 2016 Feb 15];115(7):505–12. Available from: 

http://annals.org.ezproxy.auckland.ac.nz/article.aspx?articleid=705031 

210.  Dawson-Hughes B, Harris S, Krall E, Dallal G, Falconer G, Green C. Rates of bone loss in 

postmenopausal women randomly assigned to one of two dosages of vitamin D. Am J Clin 

Nutr [Internet]. 1995 May 1 [cited 2015 Nov 26];61(5):1140–5. Available from: 

http://ajcn.nutrition.org.ezproxy.auckland.ac.nz/content/61/5/1140 

211.  Ooms ME, Roos JC, Bezemer PD, van der Vijgh WJ, Bouter LM, Lips P. Prevention of bone 

loss by vitamin D supplementation in elderly women: a randomized double-blind trial. J Clin 

Endocrinol Metab [Internet]. 1995 Apr 1 [cited 2015 Mar 24];80(4):1052–8. Available from: 

http://press.endocrine.org.ezproxy.auckland.ac.nz/doi/abs/10.1210/jcem.80.4.7714065 

212.  Vogelsang H, Ferenci P, Resch H, Kiss A, Gangl A. Prevention of bone mineral loss in 

patients with Crohn’s disease by long-term oral vitamin D supplementation. Eur J 

Gastroenterol Hepatol [Internet]. 1995 Jul [cited 2015 Jul 22];7(7):609–14. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/8590154 

213.  Lips P, Graafmans WC, Ooms ME, Bezemer PD, Bouter LM. Vitamin D supplementation and 

fracture incidence in elderly persons. A randomized, placebo-controlled clinical trial. Ann 

Intern Med [Internet]. 1996 Feb 15 [cited 2015 Apr 20];124(4):400–6. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/8554248 

214.  Heikkinen A-M, Parviainen MT, Tuppurainen MT, Niskanen L, Komulainen MH, Saarikoski 

S. Effects of Postmenopausal Hormone Replacement Therapy With and Without Vitamin D3 

on Circulating Levels of 25-Hydroxyvitamin D and 1,25-Dihydroxyvitamin D. Calcif Tissue 

Int [Internet]. 1998 Mar 6;62(1):26–30. Available from: 

http://link.springer.com/10.1007/s002239900389 

215.  Hunter D, Major P, Arden N, Swaminathan R, Andrew T, MacGregor AJ, et al. A randomized 

controlled trial of vitamin D supplementation on preventing postmenopausal bone loss and 



 

 

274 

 

modifying bone metabolism using identical twin pairs. J Bone Miner Res. 11; 

2000;15(11):2276–83.  

216.  Kenny AM, Biskup B, Robbins B, Marcella G, Burleson JA. Effects of Vitamin D 

Supplementation on Strength, Physical Function, and Health Perception in Older, Community-

Dwelling Men. J Am Geriatr Soc [Internet]. 2003 Dec [cited 2015 Mar 2];51(12):1762–7. 

Available from: http://doi.wiley.com/10.1046/j.1532-5415.2003.51561.x 

217.  Cooper L, Clifton-Bligh PB, Nery ML, Figtree G, Twigg S, Hibbert E, et al. Vitamin D 

supplementation and bone mineral density in early postmenopausal women. Am J Clin Nutr 

[Internet]. 2003 May [cited 2015 Apr 17];77(5):1324–9. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/12716689 

218.  Latham NK, Anderson CS, Lee A, Bennett DA, Moseley A, Cameron ID. A Randomized, 

Controlled Trial of Quadriceps Resistance Exercise and Vitamin D in Frail Older People: The 

Frailty Interventions Trial in Elderly Subjects (FITNESS). J Am Geriatr Soc [Internet]. 2003 

Mar [cited 2015 Mar 2];51(3):291–9. Available from: http://doi.wiley.com/10.1046/j.1532-

5415.2003.51101.x 

219.  Trivedi DP, Doll R, Khaw KT. Effect of four monthly oral vitamin D 3 (cholecalciferol) 

supplementation on fractures and mortality in men and women living in the community: 

randomised double blind controlled trial. BMJ. 2003;326:469.  

220.  Avenell A, Grant AM, McGee M, McPherson G, Campbell MK, McGee MA. The effects of 

an open design on trial participant recruitment, compliance and retention--a randomized 

controlled trial comparison with a blinded, placebo-controlled design. Clin Trials [Internet]. 

2004 Jan [cited 2015 Apr 17];1(6):490–8. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/16279289 

221.  Dhesi JK, Jackson SHD, Bearne LM, Moniz C, Hurley M V, Swift CG, et al. Vitamin D 

supplementation improves neuromuscular function in older people who fall. Age Ageing. 

2004;33(6):589–95.  

222.  Aloia JF, Talwar SA, Pollack S, Yeh J. A randomized controlled trial of vitamin D3 

supplementation in African American women. Arch Intern Med [Internet]. American Medical 

Association; 2005 Jul 25 [cited 2015 Mar 26];165(14):1618–23. Available from: 

http://archinte.jamanetwork.com.ezproxy.auckland.ac.nz/article.aspx?articleid=486658 

223.  Avenell A, MacLennan GS, Jenkinson DJ, McPherson GC, McDonald AM, Pant PR, et al. 

Long-term follow-up for mortality and cancer in a randomized placebo-controlled trial of 

vitamin D(3) and/or calcium (RECORD trial). J Clin Endocrinol Metab [Internet]. 2012 Feb 

[cited 2015 Mar 24];97(2):614–22. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/22112804 

224.  Flicker L, MacInnis RJ, Stein MS, Scherer SC, Mead KE, Nowson C a, et al. Should older 

people in residential care receive vitamin D to prevent falls? Results of a randomized trial. J 

Am Geriatr Soc [Internet]. 2005 Nov [cited 2015 Jan 28];53(11):1881–8. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/16274368 

225.  Mikati MA, Dib L, Yamout B, Sawaya R, Rahi AC, Fuleihan GEH. Two randomized vitamin 

D trials in ambulatory patients on anticonvulsants: Impact on bone. Neurology [Internet]. 

2006;67(11):2005–14. Available from: http://www.neurology.org/content/67/11/2005 

226.  Sato Y, Iwamoto J, Kanoko T, Satoh K. Low-dose vitamin D prevents muscular atrophy and 

reduces falls and hip fractures in women after stroke: A randomized controlled trial. 

Cerebrovasc Dis. 2005;20(3):187–92.  

227.  Wissing KM, Broeders N, Moreno-Reyes R, Gervy C, Stallenberg B, Abramowicz D. A 

controlled study of vitamin D3 to prevent bone loss in renal-transplant patients receiving low 

doses of steroids. Transplantation. 2005;79(1):108–15.  

228.  Bunout D, Barrera G, Leiva L, Gattas V, de la Maza MP, Avendaño M, et al. Effects of 



 

 

275 

 

vitamin D supplementation and exercise training on physical performance in Chilean vitamin 

D deficient elderly subjects. Exp Gerontol [Internet]. 2006 Aug [cited 2015 Jun 14];41(8):746–

52. Available from: http://www.sciencedirect.com/science/article/pii/S0531556506001264 

229.  Law M, Withers H, Morris J, Anderson F. Vitamin D supplementation and the prevention of 

fractures and falls: results of a randomised trial in elderly people in residential 

accommodation. Age Ageing [Internet]. 2006 [cited 2015 Jan 8];35(5):482–6. Available from: 

http://ageing.oxfordjournals.org/content/35/5/482.short 

230.  Schleithoff SS, Zittermann A, Tenderich G, Berthold HK, Stehle P, Koerfer R. Vitamin D 

supplementation improves cytokine profiles in patients with congestive heart failure : a double-

blind , randomized ,Placebo-controlled trial. Am J Clin Nutr. 2006;83(4):754–9.  

231.  Lyons RA, Johansen A, Brophy S, Newcombe RG, Phillips CJ, Lervy B, et al. Preventing 

fractures among older people living in institutional care: a pragmatic randomised double blind 

placebo controlled trial of vitamin D supplementation. Osteoporos Int [Internet]. 2007 Feb 15 

[cited 2015 Apr 17];18(6):811–8. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/17473911 

232.  Sneve M, Figenschau Y, Jorde R. Supplementation with cholecalciferol does not result in 

weight reduction in overweight and obese subjects. Eur J Endocrinol [Internet]. European 

Society of Endocrinology; 2008 Dec 1 [cited 2015 Feb 27];159(6):675–84. Available from: 

http://www.eje-online.org/content/159/6/675.full 

233.  Jorde R, Sneve M, Figenschau Y, Svartberg J, Waterloo K. Effects of vitamin D 

supplementation on symptoms of depression in overweight and obese subjects: randomized 

double blind trial. J Intern Med [Internet]. 2008 Dec [cited 2015 May 5];264(6):599–609. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/18793245 

234.  Jorde R, Figenschau Y. Supplementation with cholecalciferol does not improve glycaemic 

control in diabetic subjects with normal serum 25-hydroxyvitamin D levels. Eur J Nutr 

[Internet]. 2009 Sep [cited 2015 Jul 2];48(6):349–54. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/19370371 

235.  Zhu K, Devine A, Dick IM, Wilson SG, Prince RL. Effects of calcium and vitamin D 

supplementation on hip bone mineral density and calcium-related analytes in elderly 

ambulatory Australian women: a five-year randomized controlled trial. J Clin Endocrinol 

Metab [Internet]. 2008 Mar [cited 2015 Mar 4];93(3):743–9. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/18089701 

236.  Prince RL, Austin N, Devine A, Dick IM, Bruce D, Zhu K. Effects of Ergocalciferol Added to 

Calcium on the Risk of Falls in Elderly High-Risk Women. Arch Intern Med [Internet]. 

2008;168(1):103–8. Available from: https://doc-04-ag-apps-

viewer.googleusercontent.com/viewer/secure/pdf/kk08c5et1u6h6jiq56dmnkspqinu355s/sf2of6

01rti6pbdgnbivptav69tt4vc1/1424205525000/drive/14033883294485027989/ACFrOgCqLvP3

84MAhW3OZdwo-Y7XaRzjRrP5ekGtCwyBsYuMMittwval02jptgRfc39_Ey4czDO5Ym 

237.  Zhu K, Bruce D, Austin N, Devine A, Ebeling PR, Prince RL. Randomized controlled trial of 

the effects of calcium with or without vitamin D on bone structure and bone-related chemistry 

in elderly women with vitamin D insufficiency. J Bone Miner Res [Internet]. 2008 Aug [cited 

2015 Jun 15];23(8):1343–8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/18410225 

238.  McCullough ML, Bostick RM, Daniel CR, Flanders WD, Shaukat A, Davison J, et al. Vitamin 

D status and impact of vitamin D3 and/or calcium supplementation in a randomized pilot study 

in the Southeastern United States. J Am Coll Nutr [Internet]. 2009 Dec [cited 2015 Mar 

23];28(6):678–86. Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3731379&tool=pmcentrez&render

type=abstract 

239.  Viljakainen HT, Väisänen M, Kemi V, Rikkonen T, Kröger H, Laitinen EKA, et al. 

Wintertime vitamin D supplementation inhibits seasonal variation of calcitropic hormones and 



 

 

276 

 

maintains bone turnover in healthy men. J Bone Miner Res [Internet]. 2009 Feb [cited 2015 

Jun 10];24(2):346–52. Available from: http://www.ncbi.nlm.nih.gov/pubmed/18847321 

240.  Wejse C, Gomes VF, Rabna P, Gustafson P, Aaby P, Lisse IM, et al. Vitamin D as 

supplementary treatment for tuberculosis: a double-blind, randomized, placebo-controlled trial. 

Am J Respir Crit Care Med [Internet]. American Thoracic Society; 2009 May 1 [cited 2015 Jul 

2];179(9):843–50. Available from: http://www.atsjournals.org/doi/abs/10.1164/rccm.200804-

567OC?url_ver=Z39.88-

2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed&#.VZSfes-qpBc 

241.  Zittermann A, Frisch S, Berthold HK, Go C, Kuhn J, Kleesiek K, et al. Vitamin D 

supplementation enhances the beneficial effects of weight loss on cardiovascular disease risk 

markers. Am J Clin Nutr [Internet]. 2009;89(5):1321–7. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/19321573 

242.  Janssen HCJP, Samson MM, Verhaar HJJ. Muscle strength and mobility in vitamin D-

insufficient female geriatric patients: a randomized controlled trial on vitamin D and calcium 

supplementation. Aging Clin Exp Res [Internet]. 2010 Feb [cited 2015 Apr 20];22(1):78–84. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/20305368 

243.  Jørgensen SP, Agnholt J, Glerup H, Lyhne S, Villadsen GE, Hvas CL, et al. Clinical trial: 

vitamin D3 treatment in Crohn’s disease - a randomized double-blind placebo-controlled 

study. Aliment Pharmacol Ther [Internet]. 2010 Aug [cited 2015 Jul 1];32(3):377–83. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/20491740 

244.  Laaksi I, Ruohola J-P, Mattila V, Auvinen A, Ylikomi T, Pihlajamäki H. Vitamin D 

supplementation for the prevention of acute respiratory tract infection: a randomized, double-

blinded trial among young Finnish men. J Infect Dis [Internet]. 2010 Sep 1 [cited 2015 Jun 

8];202(5):809–14. Available from: http://jid.oxfordjournals.org/content/202/5/809 

245.  von Hurst PR, Stonehouse W, Coad J. Vitamin D supplementation reduces insulin resistance in 

South Asian women living in New Zealand who are insulin resistant and vitamin D deficient - 

a randomised, placebo-controlled trial. Br J Nutr [Internet]. Cambridge University Press; 2010 

Feb 1 [cited 2015 Feb 9];103(4):549–55. Available from: 

http://journals.cambridge.org/abstract_S0007114509992017 

246.  Cherniack EP, Florez HJ, Hollis BW, Roos BA, Troen BR, Levis S. The response of elderly 

veterans to daily vitamin D3 supplementation of 2,000 IU: a pilot efficacy study. J Am Geriatr 

Soc [Internet]. 2011 Feb [cited 2015 Feb 27];59(2):286–90. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/21288233 

247.  Grimnes G, Figenschau Y, Almås B, Jorde R. Vitamin D, insulin secretion, sensitivity, and 

lipids: results from a case-control study and a randomized controlled trial using hyperglycemic 

clamp technique. Diabetes [Internet]. 2011 Nov [cited 2015 Mar 9];60(11):2748–57. Available 

from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3198082&tool=pmcentrez&render

type=abstract 

248.  Mosayebi G, Ghazavi A, Ghasami K, Jand Y, Kokhaei P. Therapeutic Effect of Vitamin D3 in 

Multiple Sclerosis Patients. 

http://dx.doi.org.ezproxy.auckland.ac.nz/103109/088201392011573041. Taylor & Francis; 

2011;  

249.  Steffensen LH, Jørgensen L, Straume B, Mellgren SI, Kampman MT. Can vitamin D3 

supplementation prevent bone loss in persons with MS? A placebo-controlled trial. J Neurol. 

2011;258:1624–1631.  

250.  Åivo J, Lindsröm B-M, Soilu-Hänninen M. A Randomised, Double-Blind, Placebo-Controlled 

Trial with Vitamin D3 in MS: Subgroup Analysis of Patients with Baseline Disease Activity 

Despite Interferon Treatment. Mult Scler Int. 2012;2012:1–6.  

251.  Bergman P, Norlin A-C, Hansen S, Rekha RS, Agerberth B, Björkhem-Bergman L, et al. 



 

 

277 

 

Vitamin D3 supplementation in patients with frequent respiratory tract infections: a 

randomised and double-blind intervention study. BMJ Open [Internet]. 2012 Jan 13 [cited 

2015 Oct 28];2(6):e001663-. Available from: http://bmjopen.bmj.com/content/2/6/e001663 

252.  Gallagher JC, Sai A, Ii TT, Smith L. Dose response to vitamin D supplementation in 

postmenopausal women: a randomized trial. Ann Intern Med. 2012;156(6):425–37.  

253.  Glendenning P, Zhu K, Inderjeeth C, Howat P, Lewis JR, Prince RL. Effects of three-monthly 

oral 150,000 IU cholecalciferol supplementation on falls, mobility, and muscle strength in 

older postmenopausal women: a randomized controlled trial. J Bone Miner Res [Internet]. 

2012 Jan [cited 2015 Feb 2];27(1):170–6. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/21956713 

254.  Kjærgaard M, Waterloo K, Wang CE a, Almås B, Figenschau Y, Hutchinson MS, et al. Effect 

of vitamin D supplement on depression scores in people with low levels of serum 25-

hydroxyvitamin D: nested case-control study and randomised clinical trial. Br J Psychiatry 

[Internet]. 2012 Nov [cited 2015 Mar 9];201(5):360–8. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/22790678 

255.  Lagari VS, Gómez-Marín O, Levis S. Differences in vitamin D3 dosing regimens in a geriatric 

community-dwelling population. Endocr Pract [Internet]. 2012 Jan [cited 2015 Jun 

10];18(6):847–54. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22784845 

256.  Lehouck A, Mathieu C, Carremans C, Baeke F, Verhaegen J, Van Eldere J, et al. High doses 

of vitamin D to reduce exacerbations in chronic obstructive pulmonary disease: a randomized 

trial. Ann Intern Med [Internet]. 2012 Jan 17 [cited 2015 Mar 30];156(2):105–14. Available 

from: http://www.ncbi.nlm.nih.gov/pubmed/22250141 

257.  Murdoch DR, Slow S, Chambers ST, Jennings LC, Stewart AW, Priest PC, et al. Effect of 

vitamin D3 supplementation on upper respiratory tract infections in healthy adults: the 

VIDARIS randomized controlled trial. JAMA [Internet]. American Medical Association; 2012 

Oct 3 [cited 2015 Feb 11];308(13):1333–9. Available from: 

http://jama.jamanetwork.com/article.aspx?articleid=1367547 

258.  Nieves JW, Cosman F, Grubert E, Ambrose B, Ralston SH, Lindsay R. Skeletal effects of 

vitamin D supplementation in postmenopausal black women. Calcif Tissue Int. 

2012;91(5):316–24.  

259.  Tran B, Armstrong BK, Carlin JB, Ebeling PR, English DR, Kimlin MG, et al. Recruitment 

and results of a pilot trial of vitamin D supplementation in the general population of Australia. 

J Clin Endocrinol Metab [Internet]. 2012 Dec [cited 2015 May 15];97(12):4473–80. Available 

from: http://www.ncbi.nlm.nih.gov/pubmed/23066119 

260.  Toss G, Magnusson P. Is a daily supplementation with 40 microgram vitamin D3 sufficient? A 

randomised controlled trial. Eur J Nutr [Internet]. 2012 Dec [cited 2015 Jun 29];51(8):939–45. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/22086300 

261.  Wasse H, Huang R, Long Q, Zhao Y, Singapuri S, McKinnon W, et al. Very high-dose 

cholecalciferol and arteriovenous fistula maturation in ESRD: a randomized, double-blind, 

placebo-controlled pilot study. J Vasc Access [Internet]. 2014 Jan [cited 2015 May 

13];15(2):88–94. Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3979512&tool=pmcentrez&render

type=abstract 

262.  Aloia JF, Dhaliwal R, Shieh A, Mikhail M, Islam S, Yeh JK. Calcium and vitamin d 

supplementation in postmenopausal women. J Clin Endocrinol Metab [Internet]. 

2013;98(11):E1702-9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24064695 

263.  Bolland MJ, Wilsher ML, Grey A, Horne AM, Fenwick S, Gamble GD, et al. Randomised 

controlled trial of vitamin D supplementation in sarcoidosis. BMJ Open [Internet]. BMJ 

Group; 2013 Jan [cited 2015 Jun 24];3(10):e003562. Available from: 

/pmc/articles/PMC3808783/?report=abstract 



 

 

278 

 

264.  Boxer RS, Kenny AM, Schmotzer BJ, Vest M, Fiutem JJ, Piña IL. A randomized controlled 

trial of high dose vitamin D3 in patients with heart failure. JACC Heart Fail [Internet]. NIH 

Public Access; 2013 Feb 1 [cited 2015 Mar 2];1(1):84–90. Available from: 

/pmc/articles/PMC3845907/?report=abstract 

265.  Breslavsky A, Frand J, Matas Z, Boaz M, Barnea Z, Shargorodsky M. Effect of high doses of 

vitamin D on arterial properties, adiponectin, leptin and glucose homeostasis in type 2 diabetic 

patients. Clin Nutr [Internet]. 2013 Dec [cited 2015 Jan 23];32(6):970–5. Available from: 

http://www.sciencedirect.com/science/article/pii/S0261561413000472 

266.  Breslavsky A, Oz H, Matas Z, Shargorodsky M. The effect of vitamin D supplementation on 

plasma leptin/adiponectin ratio in diabetic individuals with different haptoglobin phenotypes. 

Cardiovasc Endocrinol [Internet]. 2014;3(2). Available from: 

http://journals.lww.com/cardiovascularendocrinology/Fulltext/2014/06000/The_effect_of_vita

min_D_supplementation_on_plasma.4.aspx 

267.  Delanaye P, Weekers L, Warling X, Moonen M, Smelten N, Médart L, et al. Cholecalciferol in 

haemodialysis patients: a randomized, double-blind, proof-of-concept and safety study. 

Nephrol Dial Transplant [Internet]. Oxford University Press; 2013 Jul 1 [cited 2015 May 

22];28(7):1779–86. Available from: 

http://ndt.oxfordjournals.org.ezproxy.auckland.ac.nz/content/28/7/1779.full 

268.  Derakhshandi H, Etemadifar M, Feizi A, Abtahi S-H, Minagar A, Abtahi M-A, et al. 

Preventive effect of vitamin D3 supplementation on conversion of optic neuritis to clinically 

definite multiple sclerosis: a double blind, randomized, placebo-controlled pilot clinical trial. 

Acta Neurol Belg [Internet]. 2013 Sep [cited 2015 Jul 1];113(3):257–63. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/23250818 

269.  Gallagher JC, Peacock M, Yalamanchili V, Smith LM. Effects of vitamin D supplementation 

in older African American women. J Clin Endocrinol Metab [Internet]. 2013;98(3):1137–46. 

Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3590472&tool=pmcentrez&render

type=abstract 

270.  Hewitt NA, O’Connor AA, O’Shaughnessy D V, Elder GJ. Effects of cholecalciferol on 

functional, biochemical, vascular, and quality of life outcomes in hemodialysis patients. Clin J 

Am Soc Nephrol [Internet]. 2013 Jul 3 [cited 2015 May 25];8(7):1143–9. Available from: 

http://cjasn.asnjournals.org.ezproxy.auckland.ac.nz/content/8/7/1143 

271.  Lewis RM, Redzic M, Thomas DT. The effects of season-long vitamin D supplementation on 

collegiate swimmers and divers. Int J Sport Nutr Exerc Metab [Internet]. 2013 Oct [cited 2016 

Feb 10];23(5):431–40. Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4395005&tool=pmcentrez&render

type=abstract 

272.  Logan VF, Gray AR, Peddie MC, Harper MJ, Houghton LA. Long-term vitamin D3 

supplementation is more effective than vitamin D2 in maintaining serum 25-hydroxyvitamin D 

status over the winter months. Br J Nutr [Internet]. 2013 Mar 28 [cited 2015 Mar 

6];109(6):1082–8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23168298 

273.  McAlindon T, LaValley M, Schneider E, Nuite M, Lee JY, Price LL, et al. Effect of vitamin D 

supplementation on progression of knee pain and cartilage volume loss in patients with 

symptomatic osteoarthritis: a randomized controlled trial. JAMA [Internet]. 2013 Jan 9 [cited 

2015 May 18];309(2):155–62. Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3984919&tool=pmcentrez&render

type=abstract 

274.  Reddy SVB, Ramesh V, Bhatia E. Double blind randomized control study of intramuscular 

vitamin D3 supplementation in tropical calcific pancreatitis. Calcif Tissue Int [Internet]. 2013 

Jul [cited 2015 Jul 1];93(1):48–54. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/23564348 



 

 

279 

 

275.  Sanghi D, Mishra A, Sharma AC, Singh A, Natu SM, Agarwal S, et al. Does vitamin D 

improve osteoarthritis of the knee: a randomized controlled pilot trial. Clin Orthop Relat Res 

[Internet]. 2013 Nov [cited 2015 May 18];471(11):3556–62. Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3792285&tool=pmcentrez&render

type=abstract 

276.  Suzuki M, Yoshioka M, Hashimoto M, Murakami M, Noya M, Takahashi D, et al. 

Randomized, double-blind, placebo-controlled trial of vitamin D supplementation in Parkinson 

disease. Am J Clin Nutr [Internet]. 2013 May [cited 2015 Apr 9];97(5):1004–13. Available 

from: http://www.ncbi.nlm.nih.gov/pubmed/23485413 

277.  Wamberg L, Kampmann U, Stødkilde-Jørgensen H, Rejnmark L, Pedersen SB, Richelsen B. 

Effects of vitamin D supplementation on body fat accumulation, inflammation, and metabolic 

risk factors in obese adults with low vitamin D levels - results from a randomized trial. Eur J 

Intern Med [Internet]. 2013 Oct [cited 2015 May 2];24(7):644–9. Available from: 

http://www.sciencedirect.com/science/article/pii/S0953620513000897 

278.  Witham MD, Dove FJ, Khan F, Lang CC, Belch JJF, Struthers AD. Effects of vitamin D 

supplementation on markers of vascular function after myocardial infarction--a randomised 

controlled trial. Int J Cardiol [Internet]. 2013 Aug 10 [cited 2015 May 22];167(3):745–9. 

Available from: http://www.sciencedirect.com/science/article/pii/S0167527312002598 

279.  Amrein K, Schnedl C, Holl A, Riedl R, Christopher KB, Pachler C, et al. Effect of high-dose 

vitamin D3 on hospital length of stay in critically ill patients with vitamin D deficiency: the 

VITdAL-ICU randomized clinical trial. JAMA. American Medical Association; 2014 Oct 

15;312(15):1520–30.  

280.  Castro M, King TS, Kunselman SJ, Cabana MD, Denlinger L, Holguin F, et al. Effect of 

vitamin D3 on asthma treatment failures in adults with symptomatic asthma and lower vitamin 

D levels: the VIDA randomized clinical trial. JAMA [Internet]. NIH Public Access; 2014 May 

1 [cited 2015 Jun 23];311(20):2083–91. Available from: 

/pmc/articles/PMC4217655/?report=abstract 

281.  Chen WR, Liu ZY, Shi Y, Yin DW, Wang H, Sha Y, et al. Vitamin D and nifedipine in the 

treatment of Chinese patients with grades I-II essential hypertension: a randomized placebo-

controlled trial. Atherosclerosis [Internet]. 2014 Jul [cited 2015 Jun 17];235(1):102–9. 

Available from: http://www.sciencedirect.com/science/article/pii/S0021915014002111 

282.  Dreyer G, Tucker AT, Harwood SM, Pearse RM, Raftery MJ, Yaqoob MM. Ergocalciferol 

and microcirculatory function in chronic kidney disease and concomitant vitamin d deficiency: 

an exploratory, double blind, randomised controlled trial. PLoS One [Internet]. 2014 [cited 

2016 Oct 11];9(7):e99461. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25006678 

283.  Gallagher JC, Jindal PS, Smith LM. Vitamin D supplementation in young White and African 

American women. J Bone Miner Res [Internet]. 2014 Jan [cited 2015 Jun 25];29(1):173–81. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/23761326 

284.  Islam Z, Shamim AA, Akhtaruzzaman M, Kärkkäinen M, Lamberg-Allardt C. Effect of 

Vitamin D , Calcium and Multiple Micronutrients Supplementation on Lipid Profile in Pre-

menopausal Bangladeshi Garment Factory Workers with Hypovitaminosis D. J Heal Popul 

Nutr. 2014;32(4):687–95.  

285.  Maggi S, Siviero P, Brocco E, Albertin M, Romanato G, Crepaldi G. Vitamin D deficiency, 

serum leptin and osteoprotegerin levels in older diabetic patients: an input to new research 

avenues. Acta Diabetol [Internet]. 2014 Jan [cited 2015 Jun 24];51(3):461–9. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/24356952 

286.  Mason C, Xiao L, Imayama I, Duggan C, Wang C-Y, Korde L, et al. Vitamin D3 

supplementation during weight loss: a double-blind randomized controlled trial. Am J Clin 

Nutr [Internet]. 2014 May 1 [cited 2015 May 28];99(5):1015–25. Available from: 

http://ajcn.nutrition.org.ezproxy.auckland.ac.nz/content/99/5/1015.long 



 

 

280 

 

287.  Mose FH, Vase H, Larsen T, Kancir ASP, Kosierkiewic R, Jonczy B, et al. Cardiovascular 

effects of cholecalciferol treatment in dialysis patients--a randomized controlled trial. BMC 

Nephrol [Internet]. 2014 Jan [cited 2015 Jun 24];15:50. Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3994388&tool=pmcentrez&render

type=abstract 

288.  Brohult J, Jonson B. Effects of large doses of calciferol on patients with rheumatoid arthritis. 

A double-blind clinical trial. Scand J Rheumatol. 1973;2:173–6.  

289.  Li L, Lin M, Krassilnikova M, Ostrow K, Bader A, Radbill B, et al. Effect of cholecalciferol 

supplementation on inflammation and cellular alloimmunity in hemodialysis patients: data 

from a randomized controlled pilot trial. PLoS One [Internet]. 2014 Jan [cited 2015 Apr 

23];9(10):e109998. Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4190314&tool=pmcentrez&render

type=abstract 

290.  Jorde R, Sneve M, Torjesen P, Figenschau Y. No improvement in cardiovascular risk factors 

in overweight and obese subjects after supplementation with vitamin D3 for 1 year. J Intern 

Med [Internet]. 2010 May [cited 2015 Mar 16];267(5):462–72. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/20141565 

291.  Fedirko V, Bostick RM, Flanders WD, Long Q, Shaukat A, Rutherford RE, et al. Effects of 

vitamin D and calcium supplementation on markers of apoptosis in normal colon mucosa: a 

randomized, double-blind, placebo-controlled clinical trial. Cancer Prev Res (Phila) [Internet]. 

2009 Mar [cited 2015 Jun 3];2(3):213–23. Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2712935&tool=pmcentrez&render

type=abstract 

292.  Hopkins MH, Owen J, Ahearn T, Fedirko V, Flanders WD, Jones DP, et al. Effects of 

supplemental vitamin D and calcium on biomarkers of inflammation in colorectal adenoma 

patients: a randomized, controlled clinical trial. Cancer Prev Res (Phila) [Internet]. 2011 Oct 1 

[cited 2015 Jun 3];4(10):1645–54. Available from: 

http://cancerpreventionresearch.aacrjournals.org.ezproxy.auckland.ac.nz/content/4/10/1645 

293.  Pilz S, Frisch S, Koertke H, Kuhn J, Dreier J, Obermayer-Pietsch B, et al. Effect of vitamin D 

supplementation on testosterone levels in men. Horm Metab Res. 2011;43(3):223–5.  

294.  Steffensen LH, Brustad M, Kampman MT. What is needed to keep persons with multiple 

sclerosis vitamin D-sufficient throughout the year? J Neurol [Internet]. 2013 Jan [cited 2015 

May 26];260(1):182–8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22850935 

295.  Alvarez JA, Zughaier SM, Law J, Hao L, Wasse H, Ziegler TR, et al. Effects of high-dose 

cholecalciferol on serum markers of inflammation and immunity in patients with early chronic 

kidney disease. Eur J Clin Nutr [Internet]. Nature Publishing Group; 2013 Mar 30 [cited 2015 

May 25];67(3):264–9. Available from: 

http://www.nature.com.ezproxy.auckland.ac.nz/ejcn/journal/v67/n3/full/ejcn2012217a.html 

296.  Das M, Tomar N, Sreenivas V, Gupta N, Goswami R. Effect of vitamin D supplementation on 

cathelicidin, IFN-γ, IL-4 and Th1/Th2 transcription factors in young healthy females. Eur J 

Clin Nutr [Internet]. Macmillan Publishers Limited; 2014 Mar [cited 2015 May 15];68(3):338–

43. Available from: http://dx.doi.org/10.1038/ejcn.2013.268 

297.  Grossmann RE, Zughaier SM, Kumari M, Seydafkan S, Lyles RH, Liu S, et al. Pilot study of 

vitamin D supplementation in adults with cystic fibrosis pulmonary exacerbation: A 

randomized, controlled trial. Dermatoendocrinol [Internet]. Taylor & Francis; 2012 Apr 1 

[cited 2015 Nov 19];4(2):191–7. Available from: 

http://www.tandfonline.com/doi/abs/10.4161/derm.20332 

298.  Scragg R, Slow S, Stewart AW, Jennings LC, Chambers ST, Priest PC, et al. Long-term high-

dose vitamin D3 supplementation and blood pressure in healthy adults: a randomized 

controlled trial. Hypertension [Internet]. 2014 Oct 1 [cited 2015 Feb 5];64(4):725–30. 



 

 

281 

 

Available from: http://hyper.ahajournals.org/content/64/4/725.long 

299.  Wasse H, Huang R, Long Q, Singapuri S, Raggi P, Tangpricha V. Efficacy and safety of a 

short course of very-high-dose cholecalciferol in hemodialysis. Am J Clin Nutr [Internet]. 

2012 Feb 1 [cited 2015 May 13];95(2):522–8. Available from: 

http://ajcn.nutrition.org/content/95/2/522.long 

300.  Rolighed L, Rejnmark L, Sikjaer T, Heickendorff L, Vestergaard P, Mosekilde L, et al. No 

beneficial effects of vitamin D supplementation on muscle function or quality of life in 

primary hyperparathyroidism: results from a randomized controlled trial. Eur J Endocrinol 

[Internet]. European Society of Endocrinology; 2015 May 1 [cited 2015 Jun 2];172(5):609–17. 

Available from: http://www.eje-online.org.ezproxy.auckland.ac.nz/content/172/5/609.full 

301.  Åberg V, Norenstedt S, Zedenius J, Sääf M, Nordenström J, Pernow Y, et al. Health-related 

quality of life after successful surgery for primary hyperparathyroidism: no additive effect 

from vitamin D supplementation: results of a double-blind randomized study. Eur J Endocrinol 

[Internet]. 2015 Feb [cited 2015 Apr 28];172(2):181–7. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/25414430 

302.  Avenell A, Gillespie W, Gillespie L, O’Connell D. Vitamin D and vitamin D analogues for 

preventing fractures associated with involutional and post-menopausal osteoporosis ( Review 

). Cochrane Database Syst Rev 2005, Issue 3 Art No CD000227. 2005;(3):Art. No.: 

CD000227.  

303.  Selby PL, Davies M, Marks JS, Mawer EB. Vitamin D intoxication causes hypercalcaemia by 

increased bone resorption which responds to pamidronate. Clin Endocrinol (Oxf) [Internet]. 

1995 Nov [cited 2016 Jun 9];43(5):531–6. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/8548936 

304.  Lee DB, Zawada ET, Kleeman CR. The pathophysiology and clinical aspects of 

hypercalcemic disorders. West J Med [Internet]. BMJ Publishing Group; 1978 Oct [cited 2018 

Dec 3];129(4):278–320. Available from: http://www.ncbi.nlm.nih.gov/pubmed/362722 

305.  Andrew E. A Proposal for Structured Reporting of Randomized Controlled Trials. JAMA J 

Am Med Assoc [Internet]. American Medical Association; 1994 Dec 28 [cited 2015 Dec 

30];272(24):1926. Available from: 

http://jama.jamanetwork.com.ezproxy.auckland.ac.nz/article.aspx?articleid=385019 

306.  Heaney RP, Recker RR, Grote J, Horst RL, Armas LAG. Vitamin D3 Is More Potent Than 

Vitamin D2 in Humans. J Clin Endocrinol Metab [Internet]. Endocrine Society Chevy Chase, 

MD; 2011 Dec 22 [cited 2015 Sep 11];96:E447–52. Available from: 

http://press.endocrine.org.ezproxy.auckland.ac.nz/doi/abs/10.1210/jc.2010-2230 

307.  Tripkovic L, Lambert H, Hart K, Smith CP, Bucca G, Penson S, et al. Comparison of vitamin 

D2 and vitamin D3 supplementation in raising serum 25-hydroxyvitamin D status: a 

systematic review and meta-analysis. Am J Clin Nutr [Internet]. 2012 Jun;95(6):1357–64. 

Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3349454&tool=pmcentrez&render

type=abstract 

308.  Houghton LA, Vieth R. The case against ergocalciferol (vitamin D2) as a vitamin supplement. 

Am J Clin Nutr [Internet]. Oxford University Press; 2006 Oct 1 [cited 2019 Jan 17];84(4):694–

7. Available from: https://academic.oup.com/ajcn/article/84/4/694/4633079 

309.  Malihi Z, Wu Z, Lawes CMM, Scragg R. Adverse events from large dose vitamin D 

supplementation taken for one year or longer. J Steroid Biochem Mol Biol [Internet]. 

Pergamon; 2018 Dec 6 [cited 2019 Feb 22]; Available from: 

https://www.sciencedirect.com/science/article/pii/S0960076018304692 

310.  Shab-Bidar S, Bours S, Geusens PPMM, Kessels AGH, van den Bergh JPW. Serum 25(OH)D 

response to vitamin D3 supplementation: a meta-regression analysis. Nutrition [Internet]. 2014 

Sep [cited 2015 May 12];30(9):975–85. Available from: 



 

 

282 

 

http://www.sciencedirect.com/science/article/pii/S0899900714000380 

311.  Zhao LJ, Zhou Y, Bu F, Travers-Gustafson D, Ye A, Xu X, et al. Factors predicting vitamin D 

response variation in non-hispanic white postmenopausal women. J Clin Endocrinol Metab. 

2012;97(8):2699–705.  

312.  Mazahery H, von Hurst P. Factors Affecting 25-Hydroxyvitamin D Concentration in Response 

to Vitamin D Supplementation. Nutrients [Internet]. Multidisciplinary Digital Publishing 

Institute; 2015 Jun 25 [cited 2015 Jul 1];7(7):5111–42. Available from: 

http://www.mdpi.com/2072-6643/7/7/5111/htm 

313.  Didriksen A, Grimnes G, Hutchinson MS, Kjærgaard M, Svartberg J, Joakimsen RM, et al. 

The serum 25-hydroxyvitamin D response to vitamin D supplementation is related to genetic 

factors, BMI, and baseline levels. Eur J Endocrinol [Internet]. European Society of 

Endocrinology; 2013 Nov 1 [cited 2015 May 21];169(5):559–67. Available from: 

http://www.eje-online.org.ezproxy.auckland.ac.nz/content/169/5/559.full 

314.  Gallagher JC. Vitamin D and aging. Endocrinol Metab Clin North Am [Internet]. 2013 Jun 

[cited 2015 Jan 7];42(2):319–32. Available from: 

http://www.sciencedirect.com/science/article/pii/S0889852913000145 

315.  Adami S, Marcocci C, Gatti D. Epidemiology of primary hyperparathyroidism in Europe. J 

Bone Miner Res [Internet]. 2002 Nov [cited 2018 Jan 22];17 Suppl 2:N18-23. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/12412773 

316.  Barnes MS, Robson PJ, Bonham MP, Strain JJ, Wallace JMW. Effect of vitamin D 

supplementation on vitamin D status and bone turnover markers in young adults. Eur J Clin 

Nutr [Internet]. 2006 Jun [cited 2015 Aug 20];60(6):727–33. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/16391584 

317.  Khadilkar A V, Sayyad MG, Sanwalka NJ, Bhandari DR, Naik S, Khadilkar V V, et al. 

Vitamin D Supplementation and Bone Mass Accrual in Underprivileged Adolescent Indian 

Girls. HEC Press; 2010 Dec 1 [cited 2015 Jun 9];19(4):465. Available from: 

http://search.informit.com.au.ezproxy.auckland.ac.nz/documentSummary;dn=6316587072670

00;res=IELAPA 

318.  O’Connor E, Mølgaard C, Michaelsen KF, Jakobsen J, Cashman KD. Vitamin D-vitamin K 

interaction: effect of vitamin D supplementation on serum percentage undercarboxylated 

osteocalcin, a sensitive measure of vitamin K status, in Danish girls. Br J Nutr. 

2010;104(8):1091–5.  

319.  Jorde R, Sneve M, Torjesen PA, Figenschau Y, Gøransson LG, Omdal R. No effect of 

supplementation with cholecalciferol on cytokines and markers of inflammation in overweight 

and obese subjects. Cytokine [Internet]. 2010 May [cited 2015 Jun 8];50(2):175–80. Available 

from: http://www.sciencedirect.com/science/article/pii/S1043466609009065 

320.  Shea RL, Berg JD. Self-administration of vitamin D supplements in the general public may be 

associated with high 25-hydroxyvitamin D concentrations: Clin Biochem Ann [Internet]. 

SAGE PublicationsSage UK: London, England; 2016 Jul 15 [cited 2018 Apr 21];504(3):355–

63. Available from: 

http://journals.sagepub.com.ezproxy.auckland.ac.nz/doi/10.1177/0004563216662073 

321.  Committee on nutrition. Further observations on the comparative antirachitic value of 

crystalline vitamin D administered in milk, corn oil, or in propylene glycol. 1PEDIATRICS 

[Internet]. 963 Mar [cited 2015 Feb 10];31(3):512–25. Available from: 

http://www.sciencedirect.com/science/article/pii/S0022347636801917 

322.  Follis RJ, Park E, Jackson D. The relationship of vitamin D administration to the prevalence of 

rickets observed at autopsy during the first two years of life. Bull Johns Hopkins Hosp 

[Internet]. 1953 Jun [cited 2015 Feb 10];92(6):426–43. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/13059564 



 

 

283 

 

323.  Moon J, Bandy B, Davison AJ. Hypothesis: etiology of atherosclerosis and osteoporosis: are 

imbalances in the calciferol endocrine system implicated? J Am Coll Nutr [Internet]. 

Routledge; 1992 Oct 1;11(5):567–83. Available from: 

http://dx.doi.org/10.1080/07315724.1992.10718263 

324.  Doherty TM, Tang W, Dascalos S, Watson KE, Demer LL, Shavelle RM, et al. Ethnic Origin 

and Serum Levels of 1 ,25-Dihydroxyvitamin D3 Are Independent Predictors of Coronary 

Calcium Mass Measured by Electron-Beam Computed Tomography. Circulation [Internet]. 

1997 Sep 2 [cited 2015 Jan 6];96(5):1477–81. Available from: 

http://circ.ahajournals.org/content/96/5/1477.full 

325.  Scragg R, Sowers M, Bell C. Serum 25-hydroxyvitamin D, Ethnicity, and Blood Pressure in 

the Third National Health and Nutrition Examination Survey. Am J Hypertens [Internet]. 

Oxford University Press; 2007 Jul 1 [cited 2018 Jan 22];20(7):713–9. Available from: 

https://academic.oup.com/ajh/article-lookup/doi/10.1016/j.amjhyper.2007.01.017 

326.  Freedman BI, Wagenknecht LE, Hairston KG, Bowden DW, Carr JJ, Hightower RC, et al. 

Vitamin d, adiposity, and calcified atherosclerotic plaque in african-americans. J Clin 

Endocrinol Metab [Internet]. The Endocrine Society; 2010 Mar [cited 2018 Jan 

22];95(3):1076–83. Available from: http://www.ncbi.nlm.nih.gov/pubmed/20061416 

327.  Cauley JA, Danielson ME, Boudreau R, Barbour KE, Horwitz MJ, Bauer DC, et al. Serum 25-

hydroxyvitamin D and clinical fracture risk in a multiethnic cohort of women: The women’s 

health initiative (WHI). J Bone Miner Res [Internet]. Wiley Subscription Services, Inc., A 

Wiley Company; 2011 Oct 1 [cited 2018 Jan 22];26(10):2378–88. Available from: 

http://doi.wiley.com/10.1002/jbmr.449 

328.  Bacon, C; Kerse, Ngaire; Hayman, Karen. J; Moyes, Simon.A; Teh, Ruth.O; Kepa, Mere; 

Pillai, Avinesh; Dyall L. Vitamin D status of Maori and non-Maori octogenarians in New 

Zealand: A Cohort Study (LiLACS NZ). Asia Pacific Clin Nutr [Internet]. Published for the 

Asia Pacific Clinical Nutrition Society by Smith-Gordon; 2016 [cited 2018 Feb 28];25(4). 

Available from: https://search-informit-com-

au.ezproxy.auckland.ac.nz/documentSummary;res=IELHEA;dn=370738673350002 

329.  Vieth R. Vitamin D supplementation, 25-hydroxyvitamin D concentrations, and safety. Am J 

Clin Nutr [Internet]. 1999 May [cited 2015 Feb 20];69(5):842–56. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/10232622 

330.  Vieth A. Relevance of vitamin D metabolite concentrations in supporting the diagnosis of 

primary hyperparathyroidism. Surgery 1991 Dec;11 [Internet]. 1991;110(6):1043-6; discussion 

1046-7. Available from: http://www.ncbi.nlm.nih.gov/pubmed/1745973 

331.  Nelson ML, Blum JM, Hollis BW, Rosen C, Sullivan SS. Supplements of 20 microg/d 

cholecalciferol optimized serum 25-hydroxyvitamin D concentrations in 80% of 

premenopausal women in winter. J Nutr [Internet]. 2009 Mar 1 [cited 2015 Jun 

15];139(3):540–6. Available from: 

http://jn.nutrition.org.ezproxy.auckland.ac.nz/content/139/3/540 

332.  Frankenburg FR. Soft bones, Lack of light, and the “Sunshine Hormone”: Vitamin D 

(calcitriol), the Anti-Rickets Vitamin. In: VIitamin discoveries and disasters: history, science, 

and controversies. 2009. p. 96–109.  

333.  Vanlint S. Vitamin D and obesity. Nutrients [Internet]. Multidisciplinary Digital Publishing 

Institute  (MDPI); 2013 Mar 20 [cited 2018 Mar 4];5(3):949–56. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/23519290 

334.  de Paula FJA, Dick-de-Paula I, Bornstein S, Rostama B, Le P, Lotinun S, et al. VDR 

haploinsufficiency impacts body composition and skeletal acquisition in a gender-specific 

manner. Calcif Tissue Int [Internet]. 2011 Sep [cited 2015 Feb 15];89(3):179–91. Available 

from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3157554&tool=pmcentrez&render



 

 

284 

 

type=abstract 

335.  Weaver C, Lewis R, Laing E. Vitamin D. In: Feldman D, Pike JW, Adams JS, editors. Vitamin 

D [Internet]. Third. London: Elsevier; 2011 [cited 2015 Feb 15]. p. 769–76. Available from: 

http://www.sciencedirect.com/science/article/pii/B978012381978910037X 

336.  Gallagher JC, Yalamanchili V, Smith LM. The effect of vitamin D supplementation on serum 

25(OH)D in thin and obese women. J Steroid Biochem Mol Biol [Internet]. 2013 Jul [cited 

2014 Dec 5];136:195–200. Available from: 

http://www.sciencedirect.com/science/article/pii/S0960076012002555 

337.  Blum M, Dallal GE, Dawson-Hughes B. Body Size and Serum 25 Hydroxy Vitamin D 

Response to Oral Supplements in Healthy Older Adults. J Am Coll Nutr [Internet]. Routledge; 

2008 Apr 14 [cited 2015 Jun 2];27(2):274–9. Available from: 

http://www.tandfonline.com.ezproxy.auckland.ac.nz/doi/abs/10.1080/07315724.2008.1071970

0 

338.  Kirsty Forsythe L, Livingstone MBE, Barnes MS, Horigan G, McSorley EM, Bonham MP, et 

al. Effect of adiposity on vitamin D status and the 25-hydroxycholecalciferol response to 

supplementation in healthy young and older Irish adults. Br J Nutr. 2012;107(1):126–134.  

339.  Canto-Costa MHS, Kunii I, Hauache OM. Body fat and cholecalciferol supplementation in 

elderly homebound individuals. Brazilian J Med Biol Res [Internet]. Brazilian Journal of 

Medical and Biological Research; 2006 Jan [cited 2015 Aug 17];39(1):91–8. Available from: 

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-

879X2006000100011&lng=en&nrm=iso&tlng=en 

340.  Dawson-Hughes B, Harris SS, Krall EA, Dallal GE. Effect of calcium and vitamin D 

supplementation on bone density in men and women 65 years of age or older. N Engl J Med 

[Internet]. 1997 Sep 4 [cited 2015 Mar 22];337(10):670–6. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/9278463 

341.  Chapuy MC, Pamphile R, Paris E, Kempf C, Schlichting M, Arnaud S, et al. Combined 

calcium and vitamin D3 supplementation in elderly women: confirmation of reversal of 

secondary hyperparathyroidism and hip fracture risk: the Decalyos II study. Osteoporos Int 

[Internet]. 2002 Mar [cited 2015 Feb 18];13(3):257–64. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/11991447 

342.  Wallace RB, Wactawski-Wende J, O’Sullivan MJ, Larson JC, Cochrane B, Gass M, et al. 

Urinary tract stone occurrence in the Women’s Health Initiative (WHI) randomized clinical 

trial of calcium and vitamin D supplements. Am J Clin Nutr [Internet]. American Society for 

Nutrition; 2011 Jul [cited 2018 Jan 11];94(1):270–7. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/21525191 

343.  Meier C, Woitge HW, Witte K, Lemmer B, Seibel MJ. Supplementation with oral vitamin D3 

and calcium during winter prevents seasonal bone loss: a randomized controlled open-label 

prospective trial. J Bone Miner Res. 2004;19(8):1221–30.  

344.  Tau C, Ciriani V, Scaiola E, Acuña M. Twice single doses of 100,000 IU of vitamin D in 

winter is adequate and safe for prevention of vitamin D deficiency in healthy children from 

Ushuaia, Tierra Del Fuego, Argentina. J Steroid Biochem Mol Biol [Internet]. 2007 Mar [cited 

2015 Mar 12];103(3–5):651–4. Available from: 

http://www.sciencedirect.com/science/article/pii/S096007600600402X 

345.  Close GL, Russell J, Cobley JN, Owens DJ, Wilson G, Gregson W, et al. Assessment of 

vitamin D concentration in non-supplemented professional athletes and healthy adults during 

the winter months in the UK: implications for skeletal muscle function. J Sports Sci [Internet]. 

Routledge; 2013 Jan 15 [cited 2015 Mar 6];31(4):344–53. Available from: 

http://www.tandfonline.com.ezproxy.auckland.ac.nz/doi/abs/10.1080/02640414.2012.733822 

346.  Duggan C, de Dieu Tapsoba J, Mason C, Imayama I, Korde L, Wang C-Y, et al. Effect of 

Vitamin D3 Supplementation in Combination with Weight Loss on Inflammatory Biomarkers 



 

 

285 

 

in Postmenopausal Women: A Randomized Controlled Trial. Cancer Prev Res (Phila) 

[Internet]. 2015 Jul 1 [cited 2016 Jan 28];8(7):628–35. Available from: 

http://cancerpreventionresearch.aacrjournals.org.ezproxy.auckland.ac.nz/content/8/7/628 

347.  Smolders J, Hupperts R, Vieth R, Holmoy T, Marhardt K, Schluep M, et al. High dose 

cholecalciferol (vitamin D3) oil as add-on therapy in subjects with relapsing-remitting multiple 

sclerosis receiving subcutaneous interferon beta-1a [Internet]. Vol. 22, Multiple sclerosis. 

Conference: 32nd congress of the european committee for treatment and research in multiple 

sclerosis, ECTRIMS 2016. United kingdom. Conference start: 20160914. Conference end: 

20160917. 2016. p. 50. Available from: 

http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/349/CN-01212349/frame.html 

348.  Kampmann U, Mosekilde L, Juhl C, Moller N, Christensen B, Rejnmark L, et al. Effects of 12 

weeks high dose vitamin D3 treatment on insulin sensitivity, beta cell function, and metabolic 

markers in patients with type 2 diabetes and vitamin D insufficiency - a double-blind, 

randomized, placebo-controlled trial. Metabolism [Internet]. 2014 Sep [cited 2015 Jun 

16];63(9):1115–24. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25044176 

349.  Bischoff-Ferrari HA, Shao A, Dawson-Hughes B, Hathcock J, Giovannucci E, Willett WC. 

Benefit-risk assessment of vitamin D supplementation. Osteoporos Int [Internet]. 2010 Jul 

[cited 2015 Jan 5];21(7):1121–32. Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3062161&tool=pmcentrez&render

type=abstract 

350.  Grant WB, Garland CF. The association of solar ultraviolet B (UVB) with reducing risk of 

cancer: multifactorial ecologic analysis of geographic variation in age-adjusted cancer 

mortality rates. Anticancer Res [Internet]. 2006 Jan [cited 2015 Aug 28];26(4A):2687–99. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/16886679 

351.  Durazo-Arvizu RA, Camacho P, Bovet P, Forrester T, Lambert E V, Plange-Rhule J, et al. 25-

Hydroxyvitamin D in African-origin populations at varying latitudes challenges the construct 

of a physiologic norm. Am J Clin Nutr. 2014;100:908–14.  

352.  Wacker M, Holick MF. Sunlight and Vitamin D: A global perspective for health. 

Dermatoendocrinol [Internet]. Taylor & Francis; 2013 Jan 1 [cited 2018 Feb 2];5(1):51–108. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/24494042 

353.  Melamed ML, Michos ED, Post W, Astor B. 25-hydroxyvitamin D levels and the risk of 

mortality in the general population. Arch Intern Med [Internet]. 2008 Aug 11 [cited 2015 Jan 

21];168(15):1629–37. Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2677029&tool=pmcentrez&render

type=abstract 

354.  Zheng XE, Lipka S, Li T, Shahzad G, Levine E, Vlacancich R, et al. The relationship of 

vitamin D status, smoking, and colorectal adenoma: a retrospective study in an ethnically 

diverse community. J Steroid Biochem Mol Biol [Internet]. 2013 Jul [cited 2015 Aug 

20];136:280–3. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23000288 

355.  Lange NE, Sparrow D, Vokonas P, Litonjua AA. Vitamin D deficiency, smoking, and lung 

function in the Normative Aging Study. Am J Respir Crit Care Med [Internet]. American 

Thoracic Society; 2012 Oct 1 [cited 2018 Feb 3];186(7):616–21. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/22822023 

356.  Moy KA, Mondul AM, Zhang H, Weinstein SJ, Wheeler W, Chung CC, et al. Genome-wide 

association study of circulating vitamin D-binding protein. Am J Clin Nutr [Internet]. 2014 Jun 

[cited 2015 Aug 19];99(6):1424–31. Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4021784&tool=pmcentrez&render

type=abstract 

357.  Wang TJ, Zhang F, Richards JB, Kestenbaum B, van Meurs JB, Berry D, et al. Common 

genetic determinants of vitamin D insufficiency: a genome-wide association study. Lancet 



 

 

286 

 

(London, England) [Internet]. 2010 Jul 17 [cited 2015 Aug 19];376(9736):180–8. Available 

from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3086761&tool=pmcentrez&render

type=abstract 

358.  Sinotte M, Diorio C, Bérubé S, Pollak M, Brisson J. Genetic polymorphisms of the vitamin D 

binding protein and plasma concentrations of 25-hydroxyvitamin D in premenopausal women. 

Am J Clin Nutr [Internet]. 2009 Feb [cited 2015 Jul 13];89(2):634–40. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/19116321 

359.  Braithwaite VS, Jones KS, Schoenmakers I, Silver M, Prentice A, Hennig BJ. Vitamin D 

binding protein genotype is associated with plasma 25OHD concentration in West African 

children. Bone [Internet]. 2015 May [cited 2015 Aug 19];74:166–70. Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4366041&tool=pmcentrez&render

type=abstract 

360.  Ilahi M, Armas LAG, Heaney RP. Pharmacokinetics of a single , large dose of cholecalciferol 

1 – 3. Am J Clin Nutr 688-691. 2008;87(3):688–91.  

361.  Jin X, Jones G, Cicuttini F, Wluka A, Zhu Z, Han W, et al. Effect of Vitamin D 

Supplementation on Tibial Cartilage Volume and Knee Pain Among Patients With 

Symptomatic Knee Osteoarthritis. Jama [Internet]. 2016;315(10):1005–13. Available from: 

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2016.1961 

362.  Stats NZ. Demographic Trends: 2011 [Internet]. [cited 2018 Feb 28]. Available from: 

http://archive.stats.govt.nz/browse_for_stats/population/estimates_and_projections/demograph

ic-trends-2011/population change and structure.aspx 

363.  Ministry of Health (New Zealand). Primary care data and stats [Internet]. New Zealand 

Ministry of Health. 2015 [cited 2018 Apr 19]. Available from: https://www.health.govt.nz/nz-

health-statistics/health-statistics-and-data-sets/primary-care-data-and-stats 

364.  Bailey RL, Dodd KW, Goldman JA, Gahche JJ, Dwyer JT, Moshfegh AJ, et al. Estimation of 

Total Usual Calcium and Vitamin D Intakes in the United States1. J Nutr [Internet]. Oxford 

University Press; 2010 Apr 1 [cited 2018 Feb 19];140(4):817–22. Available from: 

https://academic.oup.com/jn/article/140/4/817-822/4743298 

365.  Bacon C, Bolland MJ, Ames RW, Siu ATW, Mason BH, Horne AM, et al. Prevalent dietary 

supplement use in older New Zealand men. N Z Med J [Internet]. 2011 [cited 2018 Mar 

13];124(1336). Available from: https://www.nzma.org.nz/journal/read-the-journal/all-

issues/2010-2019/2011/vol-124-no-1337/article-bacon 

366.  Ministry of Health. The health of New Zealand adults 2011/2012: key findings of the New 

Zealand Health Survey [Internet]. Wellington; 2012. Available from: 

http://www.health.govt.nz/publication/health-new-zealand-adults-2011-12#hsc 

367.  Sluyter JD., Camargo CA., Stewart AW., Waayer D., Lawes CMM., Toop L., et al. Effect of 

monthly, high-dose, long-term vitamin D supplementation on central blood pressure 

parameters: A randomized controlled trial substudy. J Am Heart Assoc [Internet]. 2017;6(10). 

Available from: 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=emexb&

AN=618878332 

368.  Onochie C, Kukreja S, Barengolts E. High-Dose Vitamin D2 Supplementation for 1 Year Does 

not Cause Serious Adverse Events Such as Emergency Room Visits and Hospitalizations in 

African American Men with a High Burden of Chronic Disease. Endocr Pract [Internet]. NIH 

Public Access; 2016 May [cited 2017 Dec 1];22(5):643–4. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/27167917 

369.  Rahme M, Sharara SL, Baddoura R, Habib RH, Halaby G, Arabi A, et al. Impact of Calcium 

and Two Doses of Vitamin D on Bone Metabolism in the Elderly: A Randomized Controlled 

Trial. J Bone Miner Res. 2017;32(7):1486–95.  



 

 

287 

 

370.  Pop LC, Sukumar D, Schneider SH, Schlussel Y, Stahl T, Gordon C, et al. Three doses of 

vitamin D, bone mineral density, and geometry in older women during modest weight control 

in a 1-year randomized controlled trial [Internet]. Vol. 28, Osteoporosis international. 2017. p. 

377–88. Available from: http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/370/CN-

01298370/frame.html 

371.  Malihi Z, Lawes CMM, Wu Z, Huang Y, Waayer D, Toop L, et al. Monthly high-dose vitamin 

D3 supplementation and self-reported adverse events in a 4-year randomized controlled trial. 

Clin Nutr [Internet]. Churchill Livingstone; 2018 Aug 4 [cited 2018 Sep 26]; Available from: 

https://doi.org/10.1016/j.clnu.2018.07.034 

372.  Witham MD, Crighton LJ, Gillespie ND, Struthers AD, McMurdo MET. The effects of 

vitamin D supplementation on physical function and quality of life in older patients with heart 

failure: a randomized controlled trial. Circ Heart Fail [Internet]. 2010 Mar [cited 2015 Feb 

17];3(2):195–201. Available from: http://www.ncbi.nlm.nih.gov/pubmed/20103775 

373.  Robien K, Oppeneer SJ, Kelly JA, Hamilton-Reeves JM. Drug–Vitamin D Interactions. Nutr 

Clin Pract [Internet]. SAGE Publications; 2013 Apr 10 [cited 2018 Mar 4];28(2):194–208. 

Available from: http://doi.wiley.com/10.1177/0884533612467824 

374.  Savastano S, Barrea L, Savanelli MC, Nappi F, Di Somma C, Orio F, et al. Low vitamin D 

status and obesity: Role of nutritionist. Rev Endocr Metab Disord [Internet]. Springer US; 

2017 Jun 23 [cited 2018 Mar 4];18(2):215–25. Available from: 

http://link.springer.com/10.1007/s11154-017-9410-7 

375.  Nilsen TIL, Holtermann A, Mork PJ. Physical Exercise, Body Mass Index, and Risk of 

Chronic Pain in the Low Back and Neck/Shoulders: Longitudinal Data From the Nord-

Trondelag Health Study. Am J Epidemiol [Internet]. Oxford University Press; 2011 Aug 1 

[cited 2018 Mar 10];174(3):267–73. Available from: https://academic.oup.com/aje/article-

lookup/doi/10.1093/aje/kwr087 

376.  Segula D. Complications of obesity in adults: a short review of the literature. Malawi Med J 

[Internet]. Medical Association of Malawi; 2014 Mar [cited 2018 Mar 10];26(1):20–4. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/24959321 

377.  Hodges I, Maskill C. Alcohol and older adults in New Zealand A literature review. 

Wellington; 2014.  

378.  Madhav KC, Sherchand SP, Sherchan S. Association between screen time and depression 

among US adults. Prev Med reports [Internet]. Elsevier; 2017 Dec [cited 2018 Mar 8];8:67–71. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/28879072 

379.  Shiue I. Duration of daily TV/screen watching with cardiovascular, respiratory, mental and 

psychiatric health: Scottish Health Survey, 2012–2013. Int J Cardiol [Internet]. 2015 May 

[cited 2018 Mar 8];186:241–6. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/25828126 

380.  Van Dijk AP, Toet J, Verdurmen JEE. The relationship between health-related quality of life 

and two measures of alcohol consumption. J Stud Alcohol [Internet]. 2004 Mar [cited 2018 

Mar 8];65(2):241–9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15151356 

381.  Hussain SM, Urquhart DM, Wang Y, Dunstan D, Shaw JE, Magliano DJ, et al. Associations 

between television viewing and physical activity and low back pain in community-based 

adults: A cohort study. Medicine (Baltimore) [Internet]. Wolters Kluwer Health; 2016 Jun 

[cited 2018 Mar 8];95(25):e3963. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/27336896 

382.  Stenholm S, Head J, Kivimäki M, Kawachi I, Aalto V, Zins M, et al. Smoking, physical 

inactivity and obesity as predictors of healthy and disease-free life expectancy between ages 

50 and 75: a multicohort study. Int J Epidemiol [Internet]. Oxford University Press; 2016 Aug 

2 [cited 2018 Mar 8];45(4):dyw126. Available from: https://academic.oup.com/ije/article-

lookup/doi/10.1093/ije/dyw126 



 

 

288 

 

383.  Kwaśniewska M, Kaleta D, Dziankowska-Zaborszczy E, Drygas W, Makowiec-Dąbrowska T. 

Lifestyle Index and Self-Rated Health Status. Int J Occup Med Environ Health [Internet]. 

Versita; 2007 Jan 1 [cited 2018 Mar 8];20(4):349–56. Available from: 

http://www.degruyter.com/view/j/ijmh.2007.20.issue-4/v10001-007-0033-1/v10001-007-

0033-1.xml 

384.  Wang J, Sereika SM, Styn MA, Burke LE. Factors associated with health-related quality of life 

among overweight or obese adults. J Clin Nurs [Internet]. NIH Public Access; 2013 Aug [cited 

2018 Mar 10];22(15–16):2172–82. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/23829404 

385.  San José B, van Oers JA, van de Mheen H, Garretsen HF, Mackenbach JP. Drinking patterns 

and health outcomes: occasional versus regular drinking. Addiction [Internet]. 2000 Jun [cited 

2018 Apr 20];95(6):865–72. Available from: http://www.ncbi.nlm.nih.gov/pubmed/10946436 

386.  Oberhelman S, Meekins M, Fischer P, Lee B, Singh R, Cha S, et al. Maternal vitamin D 

supplementation to improve the vitamin D status of breast-fed infants: a randomized controlled 

trial. Mayo Clin Proc [Internet]. 2013 [cited 2015 Sep 13];88(12):1378–87. Available from: 

http://pesquisa.bvsalud.org/evidences/resource/en/CN-00921336 

387.  Meekins ME, Oberhelman SS, Lee BR, Gardner BM, Cha SS, Singh RJ, et al. 

Pharmacokinetics of daily versus monthly vitamin D3 supplementation in non-lactating 

women. Eur J Clin Nutr [Internet]. Nature Publishing Group; 2014 May 15 [cited 2018 Nov 

30];68(5):632–4. Available from: http://www.nature.com/articles/ejcn2013278 

388.  Vos R, Ruttens D, Verleden SE, Vandermeulen E, Bellon H, Herck A Van, et al. High-dose 

vitamin D after lung transplantation: A randomized trial. J Hear Lung Transplant [Internet]. 

2017;36(8):897–905. Available from: 

http://www.sciencedirect.com/science/article/pii/S1053249817316856 

389.  Witham MD, Adams F, Kabir G, Kennedy G, Belch JJF, Khan F. Effect of short-term vitamin 

D supplementation on markers of vascular health in South Asian women living in the UK--a 

randomised controlled trial. Atherosclerosis [Internet]. 2013 Oct [cited 2015 May 

22];230(2):293–9. Available from: 

http://www.sciencedirect.com/science/article/pii/S0021915013004802 

390.  Loeff, Stephanie; Saluja, Manmeet; Rice M. Review of acute symptomatic urolithiasis in 

Auckland - New Zealand Medical Journal. N Z Med J [Internet]. 2016 [cited 2018 Mar 

1];131(1469):44–50. Available from: https://www.nzma.org.nz/journal/read-the-journal/all-

issues/2010-2019/2018/vol-131-no-1469-2-february-2018/7480 

391.  Akoudad S, Szklo M, McAdams MA, Fulop T, Anderson CAM, Coresh J, et al. Correlates of 

kidney stone disease differ by race in a multi-ethnic middle-aged population: the ARIC study. 

Prev Med (Baltim) [Internet]. NIH Public Access; 2010 Nov [cited 2017 Dec 9];51(5):416–20. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/20801154 

392.  Du, Jason ; Johnston, Richard ; Rice M. Temporal trends of acute nephrolithiasis in Auckland, 

New Zealand. N Z Med J. 2009;122(1299):13–20.  

393.  Davidson P., Sheerin I., Frampton C. Renal stone disease in Christchurch, New Zealand. Part 

1: presentation and epidemiology. J New Zeal Med Assoc. 2009;122(1297):49–56.  

394.  Romero V, Akpinar H, Assimos DG. Kidney stones: a global picture of prevalence, incidence, 

and associated risk factors. Rev Urol [Internet]. 2010;12(2–3):e86-96. Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2931286&tool=pmcentrez&render

type=abstract 

395.  Lo SS, Johnston R, Sameraaii A Al, Metcalf PA, Rice ML, Masters JG. Seasonal variation in 

the acute presentation of urinary calculi over 8 years in Auckland, New Zealand. BJU Int 

[Internet]. Wiley Online Library; 2010;106(1):96–101. Available from: 

http:https://doi.org/10.1111/j.1464-410X.2009.09012.x 



 

 

289 

 

396.  Abbasnezhad, A; Amani R, Hajiani E., Alavinejad P., Cheraghian B., Ghadiri A. Effect of 

vitamin D on gastrointestinal symptoms and health-related quality of life in irritable bowel 

syndrome patients: a randomized double-blind clinical trial. Neurogastroenterol Motil 

[Internet]. 2016;28(10):1533–44. Available from: 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=emed18

&AN=612439660 

397.  Spieth PM, Kubasch AS, Penzlin AI, Illigens BM-W, Barlinn K, Siepmann T. Randomized 

controlled trials - a matter of design. Neuropsychiatr Dis Treat [Internet]. Dove Press; 2016 

[cited 2018 Mar 13];12:1341–9. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/27354804 

398.  Brunner R, Dunbar-Jacob J, Leboff MS, Granek I, Bowen D, Snetselaar LG, et al. Predictors 

of adherence in the Women’s Health Initiative Calcium and Vitamin D Trial. Behav Med 

[Internet]. United States; 2009 Jan [cited 2015 Apr 23];34(4):145–55. Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3770154&tool=pmcentrez&render

type=abstract 

399.  Conti F, Piscitelli P, Italiano G, Parma A, Caffetti MC, Giolli L, et al. Adherence to Calcium 

and Vitamin D supplementations: results from the ADVICE Survey. Clin Cases Miner Bone 

Metab [Internet]. CIC Edizioni Internazionali; 2012 Sep [cited 2018 Mar 14];9(3):157–60. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/23289030 

400.  Binkley N, Gemar D, Engelke J, Gangnon R, Ramamurthy R, Krueger D, et al. Evaluation of 

ergocalciferol or cholecalciferol dosing, 1,600 IU daily or 50,000 IU monthly in older adults. J 

Clin Endocrinol Metab [Internet]. 2011 Apr [cited 2015 Feb 9];96(4):981–8. Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3417158&tool=pmcentrez&render

type=abstract 

401.  Morris LS, Schulz RM. Medication compliance: the patient’s perspective. Clin Ther [Internet]. 

[cited 2018 Mar 14];15(3):593–606. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/8364951 

402.  Ellis S, Shumaker S, Sieber W, Rand C. Adherence to Pharmacological Interventions: Current 

Trends and Future Directions. Control Clin Trials [Internet]. Elsevier; 2000 Oct 1 [cited 2018 

Mar 14];21(5):S218–25. Available from: https://www-sciencedirect-

com.ezproxy.auckland.ac.nz/science/article/pii/S0197245600000829#BIB4 

403.  Arden NK, Cro S, Sheard S, Doré CJ, Bara A, Tebbs SA, et al. The effect of vitamin D 

supplementation on knee osteoarthritis, the VIDEO study: a randomised controlled trial. 

Osteoarthr Cartil [Internet]. Elsevier; 2016 Oct 17;24(11):1858–66. Available from: 

http://dx.doi.org/10.1016/j.joca.2016.05.020 

404.  Fuleihan E-HG, Baddoura R, Habib RH, Halaby G, Arabi A, Rahme M, et al. Effect of 

vitamin D replacement on indexes of insulin resistance in overweight elderly individuals: a 

randomized controlled trial. Am J Clin Nutr [Internet]. 2016;104(2):315–23. Available from: 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=med8&

AN=27413130 

405.  Witte KK, Byrom R, Gierula J, Paton MF, Jamil HA, Lowry JE, et al. Effects of Vitamin D on 

Cardiac Function in Patients With Chronic HF: The VINDICATE Study. J Am Coll Cardiol 

[Internet]. 2016;67(22):2593–603. Available from: 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=med8&

AN=27058906 

406.  Brisson J;, Berube S., Diorio C, Masse B, Lemieux J., Duchesne T., et al. A randomized 

double-blind placebo-controlled trial of the effect of Vitamin D3 supplementation on breast 

density in premenopausal women. Cancer Epidemiol Biomarkers Prev [Internet]. 

2017;26(8):1233–41. Available from: 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=emexa&

AN=617687039 



 

 

290 

 

407.  Hin H, Tomson J, Newman C, Kurien R, Lay M, Cox J, et al. Optimum dose of vitamin D for 

disease prevention in older people: BEST-D trial of vitamin D in primary care. Osteoporos Int 

[Internet]. 2017;28(3):841–51. Available from: 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=emexa&

AN=613773458 

408.  Levis S, Gomez-Marin O. Vitamin D and Physical Function in Sedentary Older Men. J Am 

Geriatr Soc [Internet]. 2017;65(2):323–31. Available from: 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=med8&

AN=27861700 

409.  Saha S, Goswami R, Ramakrishnan L, Vishnubhatla S, Mahtab S, Kar P, et al. Vitamin D and 

calcium supplementation, skeletal muscle strength and serum testosterone in young healthy 

adult males: Randomized control trial. Clin Endocrinol (Oxf) [Internet]. 2018 Feb 1 [cited 

2018 Feb 26];88(2):217–26. Available from: http://doi.wiley.com/10.1111/cen.13507 

 


