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Body mass index and dental caries in New Zealand 

pre-school children: A population-based study  

 Brief points 

Childhood obesity and dental caries may share common risk factors. Our findings underscore 

the need for more efforts to understand the underlying mechanisms and adopt equity-

focused healthy public policies for preschool children. 

  Abstract 

Background: Preschool dental caries is a significant public health problem and may be 

associated with the growth and nutritional status of children. 

Aim: To investigate the association between body mass index (BMI) and early childhood caries 

(ECC) among preschool children. 

Methods and Approaches: This population-based retrospective study involves all five-year 

old children who resided in northern New Zealand and received school entry dental 

examinations between 1st January 2014 and 31st December 2015. ECC status was determined 

with the decayed missing filled teeth (dmft) score obtained from a routinely collected regional 

dental dataset. Objectively measured BMI information was obtained from the “Before School 

Check” (B4SC) Programme. Logistic regression analyses were used to assess the association 

between BMI and the occurrence of ECC (dmft score ≥ 1). Ethnic subgroup analyses were also 

conducted. 

Results: Of the 27,333 children involved in this analysis, 11,173 (40.9%) had ECC with a mean 

dmft score of 1.85; and 3,948 (14.4%) were overweight and 2,964 (10.8%) were obese at 

school entry. The prevalence of ECC was higher in overweight and obese children but in 

subgroup analyses by ethnicity, this positive association was observed in European children 

only (adjusted odds ratio (OR) for overweight children compared to normal weight children: 

1.16; 95% CI: 1.02, 1.32 and adjusted OR for obese children: 1.20; 95% CI: 1.00, 1.45). 

Conclusion: ECC is highly prevalent in New Zealand children and associated with higher BMI 

in children of European ethnicity.  
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 Background 

Early Childhood Caries (ECC) is defined as ‘the presence of one or more decayed (non-

cavitated or cavitated lesions), missing (due to caries) or filled teeth/surfaces in any primary 

tooth in a preschool-age child between birth and 71 months of age 1. Despite being a 

preventable chronic disease, dental caries has been considered as one of the most prevalent 

health issues and common causes of hospital admissions in New Zealand children. 

Furthermore, there has been a gradual increase in inequities in oral health among New 

Zealand children, with a higher prevalence of caries observed in Māori, Pacific and poor 

children 2.  

ECC may be associated with the nutritional status of children but the direction of association 

is not well established. Some studies reported that dental caries was more common in 

undernourished children but the opposite was true in other studies where the prevalence of 

caries was higher in overweight and obese children 3. Early nutritional deficiency may exert a 

deleterious effect on the formation of tooth enamel or may reduce salivary flow rates, 

thereby increasing the risk of dental caries 4. Tooth decay may, in turn, contribute to failure 

to thrive by disturbing food intake and sleep among young children 5. Obesity may also 

increase susceptibility to caries as it modulates the salivary flow 6 and/or immune response 7. 

Moreover, unhealthy diet, for example, fermentable carbohydrate-rich food, is a common 

determinant for both dental caries and obesity 8. A US study found that dental caries and 

obesity coexisted in children with low socioeconomic status 9.  

This paper therefore investigated the association between BMI status and ECC in preschool 

children from the northern region of New Zealand, which includes Northland and Auckland.  

Methods and Approaches 

 Study Population  

This population-based study involved all five-year old children who had received school entry 

dental check in northern New Zealand between 1st January 2014 and 31st December 2015. 
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Northern New Zealand includes Northland and Auckland regions where two-fifths of the 

country’s population reside 10.  

 Data sources 

This population-based study used routinely collected data on dental health linked by unique 

person index to the BMI status of the preschool children.  

Eligible children were identified from the Titanium® dataset, a population-based information 

management system, which records clinical data related to free dental examinations 

conducted by dentists or trained dental therapists using the standardized checklists. In New 

Zealand, all children up to their 18th birthday are eligible for free dental care. Up to and 

including Year 8, they are seen by the Community Oral Health Service which is the largest 

outpatient service with 1.1 million consultations annually11. The Ministry of Health routinely 

evaluate the system and maintain the clinical service quality and standards 12. The preschool 

oral check is optional but the Titanium dataset captured an estimated 80-90% of the eligible 

population of the 5-year-old children in the study region,11 and contains information on 

children’s dental health and demographics such as date of birth, gender and the fluoridation 

status of their homes and schools. ECC was assessed objectively by dental therapists.  

BMI information for pre-schoolers was obtained from the “Before School Check” (B4SC) 

dataset. The B4SC is a universal programme in New Zealand, which provides a free health and 

developmental assessment for children at four years of age 13. Registered nurses with 

experience in child health undertake the growth measurement within the framework of Well 

Child/Tamariki Ora Services. Height is measured by a portable stadiometer and weight is 

measured by a set of commercial portable scales, which are calibrated at least every six 

months. At least two readings of each measurement are undertaken under standard 

procedures to get the child’s final weight and height measurement. The New Zealand – World 

Health Organisation Growth Chart 0–5 Year is then used to plot the measurements and 

determine BMI for age 13. BMI for age has been shown to be a sensitive indicator of body 

fatness in children 14,15. The B4SC dataset had a coverage of 90% of the target population 16.  
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 Variables of interest 

The main outcome of interest was the occurrence of ECC assessed at school entry, i.e., at age 

five. ECC was defined as having a dmft score of one or more, the presence of one or more 

decayed (non-cavitated or cavitated lesions), missing (due to caries) or filled tooth surfaces in 

any primary tooth 1.  

The main exposure of interest was the BMI percentile measured at age four, which was 

classified into six groups: underweight or undernutrition (<2%), at-risk-of-being-underweight 

(2% to <9%), normal or average (9% to <75%), at-risk-of-being-overweight (75% to <91%), 

overweight (91% to <98%) and obese (98% and over).  

Other demographic variables include: gender, region and community water fluoridation 

retrieved from the Titanium® dataset and ethnicity and neighbourhood deprivation retrieved 

from the B4SC dataset. The degree of neighbourhood deprivation was assessed using the 

2013 New Zealand Deprivation Index (NZDep) (census-based small-area index of relative 

socio-economic deprivation) with decile ten the most deprived and decile one the least 17. 

This variable was re-categorised into three levels: low (NZDep 1 to 4), medium (NZDep 5 to 8) 

and high deprivation (NZDep 9 and 10). As home is assumed to be the major water source for 

the sample population involving pre-school children, their fluoridation exposure was 

determined by the home fluoridation status. 

 Statistical Analysis 

Descriptive and regression analyses were performed using the Epi Info software tool (version 

7). The prevalence of ECC was calculated and compared across different demographic groups 

using the Chi-square test. Logistic regression was used to examine the association between 

the BMI status and ECC. The multivariable models adjusted for gender, ethnicity, region, 

neighbourhood deprivation and community water fluoridation. As there was an interaction 

between BMI categories and ethnicity, the multivariable models were undertaken for each 

ethnic group separately.  

Children with low BMI (underweight and at-risk-of-underweight) were combined with those 

with normal or average BMI because the former represented only 3.5% of the sample 

population. Moreover, the prevalence of ECC was similar – 36%, 37% and 37%, respectively 
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in the underweight, at-risk-of-underweight and normal or average weight groups. This 

combined group was considered as the reference group in the regression models. 

 Results 

Of the 33,168 dental records obtained from the school entry check, 27,333 children who had 

their BMI recorded in the B4SC dataset were included in this analysis. The characteristics of 

children included vs. excluded were similar except that the proportion of Māori was higher in 

the excluded group (19% vs. 29%) and also the prevalence of caries was higher (40.9% vs. 

51.5%).  

Of the 27,333 five-year old children included in this analysis, 40.9% had ECC (Table 1). The 

prevalence of ECC was higher in Māori (59.0%) and Pacific (64.5%) children and those who 

lived in the most deprived neighbourhood (60.3%), in Northland (53.5%) or in areas without 

community water fluoridation (47.0%).  

About a quarter of the study population was found to be overweight or obese, with a higher 

prevalence observed among Māori (32.4%) and Pacific (47.1%) children and those from the 

most deprived neighbourhoods (37.3%) (Table 2). 

The prevalence of ECC was higher in higher BMI groups (p-value for trend <0.0001), suggesting 

a dose-response relationship (Table 3).  

As there was an interaction between BMI status and ethnicity (p=0.02), subgroup analyses 

were undertaken for four ethnic groups (European, Māori, Pacific and Asian). There was a 

strong positive association between BMI status and ECC occurrence (dmft≥1) among the 

European children (Table 4). Adjusted odds ratio (OR) for overweight children compared to 

reference group children was 1.16 (95% CI: 1.02, 1.32) and adjusted OR for obese children 

was 1.20 (95% CI: 1.00, 1.45) among European children. 

 Discussion 

This population-based study showed a high prevalence of ECC in pre-school children in 

northern New Zealand, and its likely association with BMI in those of European ethnicity. 

To our knowledge, this study is the first to examine the association between BMI and ECC in 

New Zealand preschool children. However, the findings must be interpreted in light of 
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limitations of the study, including its cross-sectional design, the use of routinely collected data 

and the potential for residual confounding. It was therefore not possible to establish causal 

relationships.   

The prevalence of ECC in the European children in this study was 23.2% which is comparable 

to the prevalence in other high-income countries – 24.7% in England 18, 35.4% in Wales 19, 

31.8% in Scotland 20, and 34.3% in Australia 21. However, the prevalence of ECC among other 

ethnic groups in New Zealand was much higher – 59.0% in Māori, 64.5% in Pacific and 44.0% 

in Asian children.  

New Zealand has the third largest proportion of overweight children in OECD (Organisation 

for Economic Cooperation and Development) countries 22. In this study, about a quarter of 

pre-school children were overweight or obese, with a higher prevalence observed in Māori 

and Pacific children and those living in deprived areas, as reported previously 15.  

We found that the prevalence of ECC was higher in higher BMI groups but in subgroup 

analyses by ethnicity, this positive association was observed among the children of European 

ethnicity only. Previous studies suggested that childhood caries is associated with 

unfavourable BMI status, either underweight or overweight and the association does not 

seem to differ across countries or regions 9,23-29. The nature of the association is, however, 

complex and could be influenced by a number of biomedical and psychosocial factors for 

preschool age group 9,23-29. The differential association by ethnicity found in this study may be 

related to the differential effect of certain foods, for example, cheese vs. sugary drinks on 

caries risk but it is also possible that factors other than BMI, such as unequal access to dental 

care, regular tooth brushing and poor dental hygiene influenced by poverty and institutional 

racism, may play a more significant role in Māori, Pacific and Asian children 30-32.  

Given a large variation in ECC and BMI scores by ethnicity and neighbourhood deprivation 

observed in this analysis as well as in previous studies, broader health interventions tackling 

structural determinants of health inequities, including policies that explicitly address root 

causes, are needed for New Zealand children. Possible actions include: improving equitable 

access to dental and primary health care and implementing healthy public policies, for 

example, to impose a sugar-sweetened beverage tax as recommended by the World Health 

Organisation 33.  
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 Conclusion 

ECC is highly prevalent in New Zealand children and associated with higher BMI in European 

children. More efforts are needed to understand mechanisms underlying the co-occurrence 

of ECC and overweight problems and to address inequities.  
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Table 1 Prevalence of ECC (dmft≥1) in five-year-old children in northern New Zealand 
by demographic characteristics 

  

Total 
Participants  With ECC 

p-value  
N (column %) N (row %) 

Total 27,333 11,173 (40.9)  

     

Gender    

Girls 13,464 (49.3) 5,420 (40.3) 
0.04 

Boys 13,869 (50.7) 5,733 (41.3) 
     

Ethnicity 

European 12,134 (44.4) 2,820 (23.2) 

<0.0001 

Māori 4,526 (16.6) 2,669 (59.0) 

Pacific 4,941 (18.1) 3,186 (64.5) 

Asian 4,914 (18.0) 2,164 (44.0) 

Other 818 (3.0) 334 (40.8) 

    

NZDep 2013     

Low (NZDep 1-4) 9,758 (35.7) 2,656 (27.2) 

<0.0001 
  

Medium (NZDep 5-8) 10,145 (37.1) 4,081 (40.2) 

High (NZDep 9-10) 7,266 (26.6) 4,378 (60.3) 

Unknown 164 (0.6) 58 (35.4) 
    

Region    
Auckland 24,700 (90.4) 9,765 (39.5) 

<0.0001 
Northland 2,633 (9.6) 1,408 (53.5) 
     

Community Water Fluoridation   
Yes 21,893 (80.1) 8,776 (40.1) 

<0.0001 No 4,352 (15.9) 2,045 (47.0) 

Unknown 1,088 (4.0) 352 (32.4) 

 

Table 2 BMI status of five-year-old children in northern New Zealand by demographic 
characteristics 

   Total Participants  
N (column %)  

Low or normal 
weight  

N (row %)  

 At-risk-of-
overweight  
N (row %)  

 Overweight 
N (row %)  

 Obese  
N (row %)  

 27,333 14,320 (52.4) 6,101 (22.3) 3,948 (14.4) 2,964 (10.8) 

            

 Gender            

 F   13,465 (49.3)   7,442 (55.3)   2,742 (20.4)   1,803 (13.4)   1,478 (11.0)  
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 M   13,868 (50.7)   6,878 (49.6)   3,359 (24.2)   2,145 (15.5)   1486 (10.7)  

            

 Ethnicity            

 Asian   4,914 (18.0)   3,277 (66.7)   879 (17.9)   456 (9.3)   302 (6.1)  

 European   12,134 (44.4)   7,178 (59.2)   2,768 (22.8)   1,543 (12.7)   645 (5.3)  

 Māori   4,526 (16.6)   1,846 (40.8)   1,211 (26.8)   816 (18.0)   653 (14.4)  

 Pacific   4,941 (18.1)   1,548 (31.3)   1,067 (21.6)   1,047 (21.2)   1,279 (25.9)  

 Other   818(3.0)   471 (57.6)   176 (21.5)   86 (10.5)   85 (10.4)  

            

 NZDep 2013            

Low (NZDep 1-4)  9,922 (36.3)   5,952 (60.0)   2,234 (22.5)   1,164 (11.7)   572 (5.8)  

Medium (NZDep 5-8)  10,145 (37.1)   5,488 (54.1)   2,190 (21.6)   1,448 (14.3)   1,019 (10.0)  

High (NZDep 9-10)  7,266 (26.6)   2,880 (39.6)   1,677 (23.1)   1,336 (18.4)   1,373 (18.9)  

            

 Region            

 Auckland   24,700 (90.4)   13,134 (53.2)   5,379 (21.8)   3,516 (14.2)   2,671 (10.8)  

 Northland   2,633 (9.6)   1,186 (45.0)   722 (27.4)   432 (16.4)   293 (11.1)  

            

 Community Water Fluoridation          

 Yes   21,888 (80.1)   11,575 (52.9)   4,732 (21.6)   3,130 (14.3)  2,451 (11.2)  

 No   4,352 (15.9)   2,159 (49.6)   1,109 (25.5)   673 (15.5)   411 (9.4)  

 Unknown   1,093 (4.0)   586 (53.6)   260 (23.8)   145 (13.3)   102 (9.3)  

 

Table 3 Unadjusted logistic regression analyses for the association between BMI and ECC 

Degree of exposure 

Total 

Participants 

N (%) 

With ECC 

N (%) 

p-value 

(Chi-

square) 

Crude OR 

(95%CI) 
p-value 

Reference (Underweight to Average) 14,320 (52) 5,278 (37) 

<0.0001 

Reference  

At-risk-overweight 6,101 (22) 2,554 (42) 1.23 (1.16, 1.31) <0.0001 

Overweight 3,948 (14) 1,791 (45) 1.42 (1.32, 1.53) <0.0001 

Obese 2,964 (11) 1,550 (52) 1.88 (1.73, 2.03) <0.0001 

Extended Mantel-Haenszel Chi-square for linear trends =287.41     d.f=1      

p-value<0.0001 

 

Table 4 Ethnic subgroup analysis for the association between BMI and ECC occurrence 

 

Total 

Participants 

N (%) 

With ECC 

N (%) 
Crude OR (95%CI) p-value 

Adjusted OR* 

(95%CI) 
p-value 

       

European 12,134 (44) 2,820 (23.2)     

Reference group 7,178 (59) 1,590 (22.2) Reference  Reference  
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At-risk-overweight 2,768 (23) 664 (24.0) 1.11 (1.001, 1.23) 0.05 1.07 (0.96, 1.19) 0.2 

Overweight 1,543 (13) 395 (25.6) 1.21 (1.06, 1.37) 0.00 1.16 (1.02, 1.32) 0.02 

Obese 645 (5) 171 (26.5) 1.27 (1.06, 1.52) 0.01 1.20 (1.00, 1.45) 0.06 

       

Māori 4,526 (17) 2,669 (59.0)     

Reference group 1,846 (41) 1,072 (58.1) Reference  Reference  

At-risk-overweight 1,211 (27) 735 (60.7) 1.11 (0.96, 1.29) 0.2 1.07 (0.92, 1.25) 0.4 

Overweight 816 (18) 481 (58.9) 1.04 (0.88, 1.23) 0.7 0.95 (0.80, 1.12) 0.5 

Obese 653 (14) 381 (58.3) 1.01 (0.84, 1.21) 0.9 0.92 (0.76, 1.10) 0.4 

       

Pacific 4,941 (18) 3,186 (64.5)     

Reference group 1,548 (31) 969 (62.6) Reference  Reference  

At-risk-overweight 1,067 (22) 697 (65.3) 1.13 (0.96, 1.32) 0.2 1.09 (0.92, 1.28) 0.3 

Overweight 1,047 (21) 681 (65.0) 1.11 (0.94, 1.31) 0.2 1.07 (0.90, 1.26) 0.5 

Obese 1,279 (26) 839 (65.6) 1.14 (0.98, 1.33) 0.1 1.07 (0.91, 1.25) 0.4 

       

Asian 4,914 (18) 2,164 (44.0)     

Reference group 3,277 (67) 1,463 (44.6) Reference  Reference  

At-risk-overweight 879 (18) 381 (43.3) 0.95 (0.82, 1.02) 0.5 0.94 (0.81, 1.10) 0.5 

Overweight 456 (9) 193 (42.3) 0.91 (0.75, 1.11) 0.4 0.91 (0.74, 1.11) 0.3 

Obese 302 (6) 127 (42.1) 0.90 (0.71, 1.14) 0.4 0.88 (0.69, 1,12) 0.3 

*Model adjusted for the demographic variables (Gender, Region, Socioeconomic status and 
Fluoridation Exposure)  
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