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Highlights

•	 We found associations between 
key social determinants of health 
and unhealthy weight status in 
preschoolers.

•	 Children of Chinese ethnicity were 
less likely to have overweight and 
obesity, and children of South 
Asian ethnicity were more likely to 
have underweight and obesity.

•	 Children with maternal immigrant 
status were less likely to have 
underweight and obesity.

•	 Children were less likely to have 
overweight and obesity for every 
CAD 10 000 increase in income. 

•	 Children in the most materially 
deprived quintile were more likely 
to have underweight, overweight 
and obesity. Children in the most 
socially deprived quintile were 
more likely to have overweight and 
obesity.

Abstract 

Introduction: Social determinants of health (SDH) may influence children’s weight  
status. Our objective was to examine relationships between SDH and preschoolers’ 
weight status.

Methods: This retrospective cohort study included 169 465 children (aged 4–6 years) 
with anthropometric measurements taken at immunization visits from 2009 to 2017 in 
Edmonton and Calgary, Canada. Children were categorized by weight status based on 
WHO criteria. Maternal data were linked to child data. The Pampalon Material and 
Social Deprivation Indexes were used to assess deprivation. We used multinomial logis-
tic regression to generate relative risk ratios (RRRs) to examine associations between 
ethnicity, maternal immigrant status, neighbourhood-level household income, urban/
rural residence and material and social deprivation with child weight status.

Results: Children of Chinese ethnicity were less likely than those in the General 
Population to have overweight (RRR  =  0.64, 95% CI: 0.61–0.69) and obesity 
(RRR = 0.51, 0.42–0.62). Children of South Asian ethnicity were more likely than those 
in the General Population to have underweight (RRR  =  4.14, 3.54–4.84) and more 
likely to have obesity (RRR = 1.39, 1.22–1.60). Children with maternal immigrant sta-
tus were less likely than those without maternal immigrant status to have underweight 
(RRR = 0.72, 0.63–0.82) and obesity (RRR = 0.71, 0.66–0.77). Children were less likely 
to have overweight (RRR = 0.95, 0.94–0.95) and obesity (RRR = 0.88, 0.86–0.90) for 
every CAD 10 000 increase in income. Relative to the least deprived quintile, children in 
the most materially deprived quintile were more likely to have underweight (RRR = 1.36, 
1.13–1.62), overweight (RRR = 1.52, 1.46–1.58) and obesity (RRR = 2.83, 2.54–3.15). 
Relative to the least deprived quintile, children in the most socially deprived quintile 
were more likely to have overweight (RRR = 1.21, 1.17–1.26) and obesity (RRR = 1.40, 
1.26–1.56). All results are significant to p < 0.001.

Conclusion: Our findings suggest the need for interventions and policies to address 
SDH in preschoolers to optimize their weight and health.

Keywords: social determinants of health, child malnutrition, childhood overweight,  
population health
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enhance physical, emotional and social 
development.3

Millions of children worldwide suffer 
from underweight, overweight and obe-
sity. Underweight is a critical factor for 
preschool children, due to its association 
with delayed cognitive development and 
poorer academic performance.4,5 Overweight 
and obesity can increase the risk of 
chronic diseases (e.g. type 2 diabetes, 
heart disease) and impair psychological 
health and well-being.6,7 The impact of 
overweight and obesity on health and 

Introduction 

A healthy childhood is essential for optimal 
development and well-being across the 
lifespan.1 Many conditions such as obesity, 

heart disease and mental illness have 
roots in childhood.2 Since chronic health 
conditions can hinder economic potential 
and societal participation throughout life, 
interventions during early childhood can 
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well-being has been heightened with the 
emergence of the coronavirus pandemic, 
since excess weight appears to increase 
risk of respiratory complications that 
accompany COVID-19.8 

The World Health Organization (WHO) 
defines social determinants of health 
(SDH) as conditions in which people are 
born, grow, live, work and age.9 Several 
studies have documented important rela-
tionships between SDH and weight status 
in children. For example, ethnic minorities 
are disproportionately affected by child 
obesity in the United States.10 A Canadian 
report noted that the mean body mass 
index (BMI) z-scores of second-generation 
immigrant children (parents born in 
Canada) were higher than those of first-
generation immigrants (parents born out-
side Canada) and children of grandparents 
born in Canada.11 Children were at increased 
odds of child obesity if they resided in 
neighbourhoods with low income, accord-
ing to a Toronto-based study.12  Although 
there are few data on neighbourhood 
deprivation or urban or rural residence 
and their associations with the weight sta-
tus of Canadian children, a longitudinal 
study by Carter et al.13 found a positive 
association between neighbourhood mate-
rial deprivation and weight gain in children. 

The mechanism by which SDH influence 
child weight status involves a variety of 
factors (Appendix S1 in the supplemen-
tary material) such as cultural or income-
based differences in weight perception, 
food parenting (i.e. parent-child feeding 
practices) and physical activity practices. 
These differences may protect children 
from or predispose them to unhealthy 
weights. 

There are several limitations in the litera-
ture about the influence of SDH on weight 
status in preschoolers. First, some reports 
include self- or proxy-reported anthropo-
metric data, which are prone to bias.14,15 
Second, there is limited research on under
weight children in developed countries; 
underweight may disproportionately impact 
specific demographic or socioeconomic 
groups. Finally, there is scant literature on 
the links between ethnicity, having mater-
nal immigrant status and social and mate-
rial deprivation and weight status in 
Canadian preschool children. An improved 
understanding of environmental contexts 
can better inform targeted health interven-
tions and policies.16 With these issues in 

mind, our objective was to examine the 
associations between SDH—including eth-
nicity, maternal immigrant status, neigh-
bourhood-level household income, urban/
rural residency and material and social 
deprivation—and weight status in pre-
school children in Alberta, Canada.

Methods

Ethics approval

This study was approved by the University 
of Alberta Research Ethics Board 
(Pro00020230). The ethics panel deter-
mined that the research is a retrospective 
database review for which participant 
consent for access to personally identifi-
able health information would not be rea-
sonable, feasible or practical. 

Study population

This study included children born in 
Alberta, Canada, between 1 January 2005 
and 29 November 2013, who had visited 
public health units in Edmonton and 
Calgary to receive immunizations during 
their preschool years (age range: 4–6 y) 
between January 2009 and November 2017. 
According to the Statistics Canada 2016 
Census,17 relative to the national statistics, 
Edmonton and Calgary had a greater pro-
portion of individuals of Chinese origin, 
South Asian origin and immigrant status. 
The mean 2015 household income in 
Edmonton and Calgary was also greater 
than that of Canada (Appendix S2 in the 
supplementary material).

SDH data sources and linkage

Anthropometric data from children were 
taken from the Alberta public health 
immunization records database. Public 
health nurses used standardized protocol18 
(e.g. measuring weight with child stand-
ing in the centre of the scale, measuring 
height with child’s heels together) and 
equipment (e.g. child and adolescent scale, 
wheelchair scale) to collect child and par-
ent data. Information on children’s date of 
birth, sex, age at measurement, measured 
height (to the nearest 0.1 cm) and mea-
sured weight (to the nearest 0.1 kg) was 
collected during immunization visits. 

During the study period, data availability 
ranged from 17.6% in 2013 to 67.7% in 
2008. An identical linking strategy was 
used throughout the study. BMI data were 
collected anywhere between children’s 

fourth and seventh birthdays; data avail-
ability was lower specifically towards the 
end of the study (birth years 2012 and 
2013), as the children born in these years 
had not turned seven by November 2017 
(the last month when BMI data were 
available). As shown in a previous study,19 
we found some differences in demo-
graphic characteristics between mothers 
of children with and without BMI data; 
mothers with available child BMI data 
were slightly older, were of higher socio-
economic status, were more likely to be 
nulliparous and had slightly higher rates 
of gestational diabetes and hypertension 
during pregnancy when compared to 
mothers without available child BMI data. 
However, we do not believe that the miss-
ing BMI data impacted the internal valid-
ity of the study. 

When weight or height data were avail-
able, erroneous values (i.e. implausible 
values such as 0 cm height, 0 kg weight, 
or weight and height values that resulted 
in a BMI of less than 10 or greater than 
50) were assumed in 0.9% of measure-
ments. The weight range in our study 
cohort was 9 kg to 78 kg and the height 
range was 62 cm to 156 cm.

Birth and infancy characteristics (date of 
birth, birth weight, gestational age at 
birth) were retrieved from the Alberta 
Vital Statistics Birth Registry. Child ethnic-
ity, assumed to be equivalent to maternal 
ethnicity, was identified using surname 
algorithms from the University of Calgary 
Ethnicity Program and the Institute for 
Clinical Evaluative Studies Ethnicity Program. 
Child ethnicity was trichotomized into the 
following mutually exclusive categories: 
“Chinese” “South Asian,” and “General 
Population.”20-22 These algorithms were 
run on the earliest maternal surname in 
the Alberta Health Care Insurance Plan 
Registry. Maternal data (postal code, 
immigrant status, household income at 
the neighbourhood level, ethnicity) were 
also included. Postal codes were obtained 
from the Alberta Health Care Insurance 
Plan Registry. Urban/rural residency was 
determined using the Postal Code Translator 
File disseminated by Alberta Health. 
Maternal immigration status was deter-
mined using the Alberta Health Care 
Insurance Plan Central Stakeholder Registry, 
which has identified mothers entering 
Alberta from another country or province 
since 1984. Census data from Statistics 
Canada (2011) were linked at the Forward 
Sortation Area level, which was used to 
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determine household income (in CAD) in 
2010 at the neighbourhood level as a 
measure of neighbourhood socioeconomic 
status. 

Material and social deprivation 

The Pampalon Deprivation Indexes, two 
Quebec-based measures of social inequity, 
were used in this study to assess social 
and material deprivation.23 The material 
deprivation index accounts for relative dif-
ferences in education, employment and 
income; the social deprivation index 
accounts for maternal marriage status, 
solitary living and single parenthood. 
Greater values signify greater deprivation. 
The indexes, which have been validated 
as adequate predictors of health out-
comes,24 are based on Canadian dissemi-
nation areas and cover approximately 
98% of Canada’s population. For our pur-
poses, Pampalon material and social depriv
ation index data were retrieved using 
dissemination areas linked to maternal 
postal code data at childbirth and catego-
rized into quintiles.25

Preschool child weight status

The outcome of interest was child weight 
status at preschool immunization visit, 
which occurred when children were aged 
4 to 6 years. For children with multiple 
visits, we included only the last measure-
ments in our study. Consistent with 
Canadian recommendations,26 the WHO 
body mass index (BMI) growth charts for 
Canada were used to categorize children’s 
weight status (Appendix S3 in the supple-
mentary material). BMI was calculated by 
dividing weight (in kg) by height (in m2). 

The WHO uses different terms to describe 
weight status categories based on age. For 
children under 5 years of age, “overweight” 
and “obesity” are defined as BMI > 2 and 
> 3 standard deviations (SDs) above the 
median, respectively. For children aged 
5 years and older, “overweight” and “obe-
sity” are defined as BMI > 1 and > 2 SDs 
above the median, respectively. For our 
study, which included children both above 
and below 5 years of age, we defined our 
weight status categories in BMI z-scores 
(i.e. comparing children’s BMI to the 
national average, adjusted for age) as fol-
lows: “underweight” (zBMI < −2), “normal 
weight” (zBMI  >  −2 to  ≤  1), “over-
weight” (zBMI >1 to ≤  3 ) and “obese” 
(zBMI > 3), irrespective of the child’s age 
at measurement. We also defined “excess 

weight” as a combination of the over-
weight and obese categories. This was 
done to ensure simplicity and consistency 
across age groups. A distribution of our 
study population z-scores can be found in 
Appendix S4 in the supplementary material.

Statistical analysis

For each weight category, we presented 
the child’s sex, anthropometric measure-
ments at preschool age, age at measure-
ment and SDH variables (ethnicity, maternal 
immigrant status, urban/rural residence, 
household income at neighbourhood level, 
material and social deprivation indexes). 
To assess the independent association of 
SDH factors and preschool weight, we 
used multinomial logistic regression mod-
els, yielding relative risk ratios (RRRs), 
with weight status at preschool age as a 
four-category outcome (i.e. underweight, 
normal weight, overweight, obese). The 
reference category was the normal weight 
category. The models estimated RRRs and 
95% confidence intervals (95% CIs) of 
developing unhealthy weight status for 
each variable. We fit data on three models 
via generalized estimating equations with 
exchangeable correlation matrix. This was 
done to adjust for potential clustering and 
correlation with respect to multiple chil-
dren of the same mother. 

The first model (R2 =  0.014) included 
ethnicity, maternal immigrant status, 
household income at neighbourhood level 
and urban/rural residence. The second 
(R2  =  0.0075) and third (R2  =  0.0047) 
models studied the material deprivation 
index and social deprivation index sepa-
rately with the first quintile (least deprived) 
as the reference category. All models were 
adjusted for child sex and age at preschool 
weight measurement. Deprivation indexes 
were additionally adjusted for ethnicity, 
but were separately modelled, in recogni-
tion of the possible correlation between 
them and the other SDH variables.  R2 val-
ues were calculated as proposed by 
Zheng27 to measure proportional reduction 
in variation and assess goodness of fit for 
marginal models.

To validate each model’s results, we 
assessed each model’s ability to discrimi-
nate between our child weight status out-
come categories. This was done by 
estimating the polytomous discrimination 
index (PDI) of Van Calster et al. using the 
SAS macro of Dover et al.28,29 All multino-
mial models displayed discrimination 

abilities better than those of a classifier 
that selects at random among four catego-
ries, as all models had a PDI greater than 
the 25% threshold. The multinomial 
model that included individual SDH and 
the model that included the quintiles of 
the material deprivation index had the 
largest PDI, of 0.324 (95% CI: 0.318–
0.331) and 0.326 (0.319–0.332), respec-
tively. The model that included the 
quintiles of the social deprivation index 
had a lower PDI: 0.315 (0.309–0.322). 
This result showed that modelling using 
individual SDH had discrimination abili-
ties superior to modelling using the social 
deprivation index on its own; the same is 
true for modelling using the material 
deprivation index and ethnicity compared 
to modelling using the deprivation index 
on its own.

The unit of analysis was the child. All sta-
tistical analyses were performed using SAS 
version 9.4 (SAS Institute Inc., Cary, NC, 
US). Parameters of multinomial logistic 
marginal models with correlated responses 
were estimated in SAS using the proce-
dures proposed by Kuss and McLerran.30 
Given the large sample size, we defined 
statistical significance at p < 0.001.  

Results

Our initial study population included 
177 284 records, but decreased because of 
missing child identification numbers, miss
ing height and weight data, calculated 
BMI values of < 10 kg/m2 or > 50 kg/m2 
and repeat height and weight measure-
ments. Our first model included 168 387 
children and 125 778 mothers due to addi-
tional missing maternal neighbourhood 
income and residence data (urban or 
rural). Descriptive characteristics of our 
excluded population can be found in 
Appendix S5 in the supplementary mate-
rial. Out of the 169 465 children studied in 
models 2 and 3, there were 5558 children 
with missing deprivation indexes (due to 
missing dissemination area or missing 
maternal neighbourhood income data), 
leaving a population of 163 907  children 
and 122 773 mothers. 

Descriptive characteristics of our complete 
population of children and mothers are 
presented in Table 1. There was a signifi-
cantly greater proportion of males than 
females in the overweight (55.9%) and 
obese (64.0%) categories (both p < 0.001). 
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TABLE 1 
Child and maternal descriptive characteristics across weight status categories (n = 169 465) 

Total sample
Underweight Normal weight Overweight Obesity

zBMI < −2 zBMI ≥ −2 to ≤ 1 zBMI > 1 to ≤ 3 zBMI > 3

Child characteristics

Total, n 169 465 1 415 128 951 35 426 3 673

Female, n (%) 82 860 (48.9) 676 (47.8) 65 249 (50.6) 15 613 (44.1) 1 322 (36.0)

Male, n (%) 86 605 (51.1) 739 (52.2) 63 702 (49.4) 19 813 (55.9) 2 351 (64.0)

Weight in kg, mean (SD) 19.0 (3.4) 15.0 (1.9) 18.0 (2.2) 21.7 (3.0) 30.4 (6.4)

Height in cm, mean (SD) 109.0 (6.0) 109.5 (7.1) 108.6 (5.8) 110.1 (6.2) 113.5 (6.9)

BMI in kg/m2, mean (SD) 15.9 (1.9) 12.4 (0.5) 15.2 (0.9) 17.8 (1.0) 23.5 (4.2)

BMI z-score, mean (SD) 0.4 (1.4) −2.1 (0.3) −0.1 (0.6) 1.8 (0.7) 6.0 (3.1)

Child age at measurement

≤ 4.99 y, n (%) 103 611 (61.1) 750 (53.0) 78 569 (60.9) 22 189 (62.6)* 2 103 (57.3)

5.00–5.99 y, n (%) 58 425 (34.5) 580 (41.0) 44 707 (34.7) 11 770 (33.2) 1 368 (37.2)

≥ 6.00 y, n (%) 7 429 (4.3) 85 (6.0) 5675 (4.4) 1467 (4.1) 202 (5.5)

Birth and infancy characteristics

Small-for-gestational age (SGA) status, n (%) 17 243 (10.2) 407 (28.8) 14 393 (11.2) 2 179 (6.2)* 264 (7.2)*

Appropriate-for-gestational age (AGA) status, n (%) 138 200 (81.6) 973 (68.8) 105 841 (82.1) 28 519 (80.5) 2 867 (78.1)

Large-for-gestational age (LGA) status, n (%) 14 022 (8.3) 35 (2.5) 8 717 (6.8) 4 728 (13.3) 542 (14.8)

Birth weight, g, mean (SD) 3 311.4 (563.0) 2 894.9 (685.8) 3 272.3 (556.5) 3 455.4 (548.2) 3 457.9 (575.4)

Child ethnicitya

General Population, n (%) 152 479 (90.0) 1 092 (77.2) 115 467 (89.5) 32 625 (92.1) 3 295 (89.7)

South Asian, n (%) 7 784 (4.6) 245 (17.3) 5 854 (4.5) 1 417 (4.0) 268 (7.3)

Chinese, n (%) 8 202 (5.4) 78 (5.5) 7 630 (5.9) 1 384 (3.9) 110 (3.0)

Maternal immigrant status

Born in Canada, n (%) 129 500 (76.4) 929 (65.7) 99 011 (76.8) 27 020 (76.3) 2 540 (69.2)

Not born in Canada, n (%) 39 965 (23.6) 486 (34.3) 29 940 (23.2) 8 406 (23.7) 1 133 (30.8)

Setting 

Urban residence, n (%) 130 982 (77.3) 1 158 (82.4) 99 616 (77.7) 27 303 (77.7) 2 905/3 641 (79.8)

Suburban residence, n (%) 28 550 (16.9) 179 (12.7) 22 014 (17.2) 5 816 (16.5) 541/3641 (14.9)

Ruralb, n (%) 8 877 (5.2) 69 (4.9) 6 576 (5.1) 2 037 (5.8) 195/3641 (5.4)

Neighbourhood-level household income,  
CAD, mean (SD)

85 551 (20 945) 84 176 (19 677) 86 247 (20 917) 83 620 (20 929) 80 211 (20 567)

Pampalon material deprivation data (quintilesc)

Q1, n (%) 57 003 (33.6) 354 (25.7) 45 543 (36.5) 10 385 (30.4) 721 (20.4)

Q2, n (%) 37 688 (22.2) 314 (22.8) 28 944 (23.2) 7 695 (22.5) 735 (20.8)

Q3, n (%) 28 389 (16.8) 261 (19.0) 21 164 (17.0) 6 275 (18.3) 689 (19.5)

Q4, n (%) 20 753 (12.2) 233 (16.9) 15 033 (12.0) 4 809 (14.1) 656 (18.5)

Q5, n (%) 20 103 (11.9) 215 (15.6) 14 111 (11.3) 5 040 (14.7) 737 (20.8)

Pampalon social deprivation data (quintilesc)

Q1, n (%) 37 793 (22.3) 398 (28.9) 29 437 (23.6) 7 231 (21.1) 727 (20.5)

Q2, n (%) 31 057 (18.3) 245 (17.8) 23 947 (19.2) 6 272 (18.3) 593 (16.8)

Q3, n (%) 32 596 (19.2) 273 (19.8) 24 653 (19.8) 6 958 (20.3) 712 (20.1)

Q4, n (%) 34 495 (20.4) 226 (16.4) 26 075 (20.9) 7 403 (21.6) 791 (22.4)

Q5, n (%) 27 973 (16.5) 235 (17.1) 20 683 (16.6) 6 340 (18.5) 715 (20.2)

Abbreviations: BMI, body mass index; CAD, Canadian dollars; Q, quintile; SD, standard deviation; y, year; zBMI, BMI z-score.

Notes: Weight status categories were defined as shown, irrespective of child age at measurement, for simplicity and consistency.
a The ethnicity categories shown are mutually exclusive. Individuals not included in the “Chinese” or “South Asian” ethnicity categories are included in the “General Population” category.
b Residences that were not designated as urban or suburban were analyzed as the “rural” category. 
c Based on Statistics Canada’s dissemination areas. Q1, the first quintile, is the most advantaged. Q5, the fifth quintile, is the most disadvantaged.

* p < 0.001
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With regard to ethnicity and maternal 
immigrant status, our first model (Table 2) 
demonstrated that children of Chinese 
ethnicity (vs. General Population) were 
less likely to have overweight (RRR = 0.64, 
95% CI: 0.61–0.69) and obesity (RRR = 0.51, 
0.42–0.62; both p  <  0.001). Children of 
South Asian ethnicity (vs. General Popu
lation) were more likely to have under-
weight (RRR  =  4.14, 3.54–4.84), less 
likely to have overweight (RRR  =  0.80, 
0.75–0.85) and more likely to have obesity 
(RRR = 1.39, 1.22–1.60; all p < 0.001). 
Children with maternal immigrant status 
(vs. Canadian-born status) were less likely 
to have underweight (RRR = 0.72, 0.63–
0.82) and obesity (RRR = 0.71, 0.66–0.77; 
both p < 0.001). 

Our analyses related to neighbourhood-
level household income revealed that chil-
dren were less likely to have overweight 
(RRR  =  0.95, 95% CI: 0.94–0.95) and 
obesity (RRR  =  0.88, 0.86–0.90) with 
every CAD 10  000 increase in income 
(p  <  0.001). There was no statistically 
significant association between urban/
rural residence and child weight status 
risk in our first model. 

In Table 3, data are presented showing the 
associations between material deprivation 
and child weight status. Children in the 
most materially deprived quintile (vs. the 
least deprived quintile) were more likely 
to have underweight (RRR = 1.36, 95% 
CI: 1.13–1.62), overweight (RRR = 1.52, 
1.46–1.58) and obesity (RRR  =  2.83, 
2.54–3.15; all p < 0.001). The risk of hav-
ing overweight and obesity increased as 
material deprivation increased across all 

quintiles. The greatest risks and risk 
changes per quintile were with respect to 
risk of obesity.  

Data in Table 4 show the associations 
between social deprivation and child 
weight status. Children in the most 
socially deprived quintile (vs. the least 
deprived quintile) were more likely to 
have overweight (RRR  =  1.21, 95% CI: 
1.17–1.26) and obesity (RRR  =  1.40, 
1.26–1.56; both p < 0.001). Those in the 
second and third most deprived quintiles 
(Q3 and Q4) had identical risk of having 
overweight. Although not all of the RRRs 
were statistically significant, the risk of 
having obesity increased as social depri-
vation increased across all quintiles.

Discussion

The purpose of our study was to examine 
associations between key SDH and weight 
status in a large population of preschool-
ers. Our analyses revealed several notable 
findings. We found that, compared with 
the General Population group, children of 
Chinese ethnicity were less likely to have 
overweight and obesity, while children of 
South Asian ethnicity were more likely to 
have either underweight or obesity. Chil
dren with maternal immigrant status were 
less likely to have both underweight and 
obesity compared to their peers with 
mothers born in Canada. Children were 
less likely to be in the overweight and 
obese categories as neighbourhood-level 
household income increased. Children in 
the most materially deprived quintile were 
more likely to have underweight, over-
weight and obese status. Finally, children 
in the most socially deprived quintile were 

more likely to have overweight and obe-
sity relative to the least deprived category. 
Overall, this study adds to the limited lit-
erature on the influence of SDH on weight 
status of preschoolers. 

​Chinese ethnicity was associated with 
lower risk of excess weight among chil-
dren; this aligns with existing findings of 
lower excess weight among children of 
Chinese ethnicity in America and children 
and youth of East Asian descent in 
Canada.31,32 However, our finding that 
South Asian ethnicity was associated with 
increased risk for both child underweight 
and child obesity is noteworthy and novel. 
While a similar trend was observed for 
children living in South Asian countries, 
the populations studied were low- to 
middle-income.33 To our knowledge, there 
is limited literature focussing on South 
Asian ethnicity and child underweight in 
high-income countries such as Canada. 

We may have found an increased risk of 
child underweight associated with South 
Asian ethnicity because our study did not 
apply ethnicity-specific BMI cut-offs to 
define child weight status. These cut-offs 
can account for unique ethnicity-specific 
differences in body type; for example, a 
UK-based study reported increased body 
fat in South Asian (vs. White) child popu-
lations and called for lowered BMI cut-offs 
to categorize South Asian children.34 How
ever, we are confident in WHO criteria, 
which are based on the WHO guidelines, 
which were developed using large sam-
ples of children raised in optimal environ-
ments from various regions, including 
India.35 The Dietitians of Canada, who 

TABLE 2 
Multinomial regression findings examining social determinants of health in relation to child weight status categories 

 

Underweight 
(n = 1406)

 Overweight 
(n = 35 152)

Obesity 
(n = 3 641)

RRR (95% CI) p RRR (95% CI) p RRR (95% CI) p

Sex (male vs. female) 1.03 (0.93–1.15) 0.525 1.28 (1.25–1.31) < 0.001 1.70 (1.59–1.82) < 0.001

Age at BMI measurement (per 1 month increase) 1.03 (1.02–1.03) < 0.001 0.99 (0.99–1.00) < 0.001 1.01 (1.01–1.02) < 0.001

Chinese ethnicity vs. General Populationa 1.14 (0.89–1.45) 0.312 0.64 (0.61–0.69) < 0.001 0.51 (0.42–0.62) < 0.001

South Asian ethnicity vs. General Populationa 4.14 (3.54–4.84) < 0.001 0.80 (0.75–0.85) < 0.001 1.39 (1.22–1.60) < 0.001

Maternal immigrant vs. non-immigrant status 0.72 (0.63–0.82) < 0.001 0.97 (0.95–1.00) 0.097 0.71 (0.66–0.77) < 0.001

Neighbourhood-level income (per CAD 10 000 increase) 0.98 (0.95–1.00) 0.103 0.95 (0.94–0.95) < 0.001 0.88 (0.86–0.90) < 0.001

Rural vs. urban residence 1.03 (0.80–1.33) 0.808 1.04 (0.99–1.10) 0.117 0.91 (0.78–1.06) 0.233

Abbreviations: BMI, body mass index; CAD, Canadian dollars; CI, confidence intervals; RRR, relative risk ratio.

Notes: Weight status categories were defined as shown, irrespective of child age at measurement, for simplicity and consistency. Relative risk ratios are computed for each weight status relative to 
the normal weight status category.

a The ethnicity categories shown are mutually exclusive. Individuals not included in the “Chinese” or “South Asian” ethnicity categories are included in the “General Population” category.
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TABLE 3 
Associations between material deprivation quintile and child weight status categories 

Underweight 
(n = 1 415)

Overweight 
(n = 28 128)

Obesity 
(n = 7 298)

RRR (95% CI) p RRR (95% CI) p RRR (95% CI) p

Q2 vs. Q1 1.31 (1.12–1.53) 0.001 1.15 (1.11–1.19) < 0.001 1.53 (1.38–1.70) < 0.001

Q3 vs. Q1 1.38 (1.17–1.62) < 0.001 1.29 (1.24–1.33) < 0.001 1.90 (1.70–2.11) < 0.001

Q4 vs. Q1 1.53 (1.29–1.82) < 0.001 1.37 (1.32–1.43) < 0.001 2.42 (2.17–2.70) < 0.001

Q5 vs. Q1 1.36 (1.13–1.62) 0.001 1.52 (1.46–1.58) < 0.001 2.83 (2.54–3.15) < 0.001

Abbreviations: CI, confidence interval; Q, quintile; RRR, relative risk ratio.

Notes: Weight status categories were defined as shown, irrespective of child age at measurement, for simplicity and consistency. Relative risk ratios are computed for each weight status relative to 
the normal weight status category. Q1, the first quintile, is the most advantaged. Q5, the fifth quintile, is the most disadvantaged.

TABLE 4 
Associations between social deprivation quintile and child weight status categories

Underweight 
(n = 1 415)

Overweight 
(n = 28 128)

Obesity 
(n = 7 298)

RRR (95% CI) p RRR (95% CI) p RRR (95% CI) p

Q2 vs. Q1 0.87 (0.74–1.02) 0.094 1.05 (1.01–1.09) 0.011 1.03 (0.92–1.15) 0.604

Q3 vs. Q1 0.94 (0.80–1.10) 0.449 1.13 (1.09–1.17) < 0.001 1.18 (1.06–1.31) 0.003

Q4 vs. Q1 0.76 (0.64–0.90) 0.002 1.13 (1.09–1.17) < 0.001 1.25 (1.12–1.38) < 0.001

Q5 vs. Q1 0.98 (0.83–1.16) 0.832 1.21 (1.17–1.26) < 0.001 1.40 (1.26–1.56) < 0.001

Abbreviations: CI, confidence interval; Q, quintile; RRR, relative risk ratio.

Notes: Weight status categories were defined as shown, irrespective of child age at measurement, for simplicity and consistency. Relative risk ratios are computed for each weight status relative to 
the normal weight status category. Q1, the first quintile, is the most advantaged. Q5, the fifth quintile, is the most disadvantaged.

have taken similar ethnicity-specific differ-
ences into consideration, still recommend 
the WHO charts as the best available ref-
erence for monitoring growth.26 Overall, 
further qualitative research may provide 
insight into the differences in outcomes 
with respect to ethnicity.

Our findings suggest a protective effect of 
maternal immigrant status against child 
underweight and obesity, which may be 
explained by new immigrants’ retention of 
healthier eating habits.36 Our findings con-
trast with a previous report that second-
generation immigrant children (parents 
born in Canada but grandparents born 
outside Canada) had higher mean BMI 
z-scores relative to first-generation (par-
ents born outside Canada) and to other 
children of parents born in Canada, 
although this is likely due to the older 
populations that were included in the 
report.11 Given the lack of published data 
on the association between maternal 
immigrant status and child underweight 
in high-income countries such as Canada, 
our findings provide a unique perspective 
on this issue. 

Our observation that increased neighbour-
hood-level household income was associ-
ated with lower risk of excess weight 

aligns with the existing literature. For 
instance, Fiechtner et al.37 included a wide 
age range (4–18 years) in their study of 
neighbourhood median income and child 
weight status, finding that lower neigh-
bourhood-level income amplified detri-
mental effects of food environment (e.g. 
close proximity to convenience stores) on 
increased child BMI z-score. Based on data 
collected from children (aged 2–11 years) 
from Canada, Oliver and Hayes38 reported 
similar findings, with higher BMI percen-
tile values for children living in low-
income neighbourhoods. The association 
between neighbourhood-level income and 
child weight status may be related to dif-
ferences in neighbourhood structure, 
which may pose barriers to maintaining a 
healthy diet (e.g. grocery store39and fast 
food outlet access40) and physical activity 
(e.g. increased screen time41) in children.

Our finding that increased material depri-
vation was associated with greater risk of 
overweight and obesity aligns with find-
ings by Carter et al.,13 who reported a 
positive association between neighbour-
hood material deprivation and weight 
gain in children aged 4 to 10 years. The 
influence of material deprivation on chil-
dren’s weight status may operate through 
parental income- or employment-related 

barriers to healthy lifestyle habits (e.g. 
limited time, limited funds), which mani-
fest as overweight or obesity in children. 
Interestingly, we found that increased 
material deprivation was associated with 
greater risk of child underweight as well. 
There is currently scant literature on asso-
ciations between material deprivation and 
child underweight in high-income coun-
tries. However, one study in the UK did 
not find an association between depriva-
tion and underweight prevalence in chil-
dren.42 Given that our study is the first to 
suggest an association between material 
deprivation and underweight in a high-
income country, further study into the 
mechanism by which material deprivation 
affects weight status is needed to offer 
insight into this association. 

We also found some increased risk of 
excess weight in children associated with 
social deprivation. Our findings contrast 
with Carter et al.,13 who found an inverse 
association between social deprivation 
and child weight gain. However, the study 
included a smaller cohort (n = 1580) and 
broader age range (4–10 years of age), 
whereas our findings illustrate a more 
comprehensive picture of our population’s 
specific age range. A possible explanation 
for the association we found is that 
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socially deprived parents may be more 
prone to stress and depression, which 
compromise their motivation to encourage 
healthy eating and physical activity in 
children. Positive associations have been 
noted between maternal chronic depres-
sion and increased risk of child overweight.43

Strengths and limitations

Our study contributes to the limited litera-
ture on determinants of preschool child 
weight status in Canada by highlighting 
some of the complex associations between 
social determinants of health and child 
weight status. This project used a large 
database of children and objective vari-
able measures that were collected and 
analyzed using uniform procedures. 

Despite these strengths, we acknowledge 
certain limitations. First, the ethnicity 
algorithm employed in our study only 
classified data into three categories, which 
limits the generalizability and precision of 
our findings towards ethnicities that are 
not South Asian or Chinese. Since chil-
dren were only classified based on sur-
names, it is also possible that children of 
mixed ethnicity may have been misclassi-
fied. Nevertheless, the algorithm gener-
ated a high-level ethnicity categorization, 
and we were still able to detect varying 
risks between each of the ethnicity catego-
ries. Second, this study had a range of 
data availability over the years of data col-
lection, although we still were able to 
work with a large and informative dataset. 
Third, the study lacked data on children 
beyond Edmonton and Calgary, which 
limited our perspective on rural and 
remote communities, where excess weight 
may be more prevalent. Fourth, the 
Alberta Health Care Insurance Plan 
Central Stakeholder Registry used to deter-
mine maternal immigrant status was 
unable to capture secondary migration 
(i.e. prior residence in a different prov-
ince) and duration of residence in Alberta, 
which might have provided additional 
perspective on associations between hav-
ing mothers that immigrated to Canada 
and child weight. Fifth, given that this 
cohort does not include homeschooled 
children or children who were not vacci-
nated, there is potential bias due to the 
absence of representation of this population.

Our study suggests that policies and inter-
ventions intended to maintain healthy 
weight in children should target popula-
tions based on SDH. Policies designed to 

reduce obesogenic factors related to low 
income (e.g. food accessibility, recre-
ational opportunities) or interventions 
that adopt culturally sensitive approaches 
to at-risk populations (e.g. South Asian 
ethnicity) may be beneficial. 

Conclusion

In a large, retrospective, population-based 
cohort study, we found significant associ-
ations between ethnicity, maternal immi-
grant status, neighbourhood-level household 
income, deprivation and child weight sta-
tus. Our findings suggest a burden of mal-
nutrition in the South Asian ethnic 
population, a protective effect of maternal 
immigrant status on unhealthy child 
weight, associations between increased 
material deprivation and child underweight 
and associations between increased social 
deprivation and child excess weight. 
Further research into the mechanisms 
behind these associations is required to 
inform policy planning and targeted 
interventions. 
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