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Background: Ethnic minorities/immigrants have differ-
ential health as compared with natives. The epidemic in child 
overweight/obesity (OW/OB) in Sweden is leveling off, but 
lower socioeconomic groups and immigrants/ethnic minori-
ties may not have benefited equally from this trend. We inves-
tigated whether nonethnic Swedish children are at increased 
risk for being OW/OB and whether these associations are 
mediated by parental socioeconomic position (SEP) and/or 
early-life factors such as birth weight, maternal smoking, BMI, 
and breastfeeding.
Methods: Data on 10,628 singleton children (51% boys, 
mean age: 4.8 y, born during the period 2000–2004) residing 
in Uppsala were analyzed. OW/OB was computed using the 
International Obesity Task Force’s sex- and age-specific cutoffs. 
The mother’s nativity was used as proxy for ethnicity. Logistic 
regression was used to analyze ethnicity–OW/OB associations.
results: Children of North African, Iranian, South American, 
and Turkish ethnicity had increased odds for being over-
weight/obese as compared with children of Swedish ethnicity 
(adjusted odds ratio (OR): 2.60 (95% confidence interval (CI): 
1.57–4.27), 1.67 (1.03–2.72), 3.00 (1.86–4.80), and 2.90 (1.73–
4.88), respectively). Finnish children had decreased odds for 
being overweight/obese (adjusted OR: 0.53 (0.32–0.90)).
conclusion: Ethnic differences in a child’s risk for OW/OB 
exist in Sweden that cannot be explained by SEP or maternal 
or birth factors. As OW/OB often tracks into adulthood, more 
effective public health policies that intervene at an early age 
are needed.

immigrants and ethnic minorities in high-income countries 
often belong to lower socioeconomic groups and have higher 

rates of chronic diseases, worse self-reported health, and 
higher infant mortality (1–3). Poor health in immigrants and 
ethnic minorities is reported in adults and children and their 
descendants; however, differences in health vary considerably 
by country of origin, destination, time of immigration, accul-
turation, and disease (4). Immigrants of lower socioeconomic 
position (SEP) may be predisposed to certain negative health 
outcomes by virtue of their position in society as well as by 

ethnic susceptibility resulting from genetic differences and/or 
mechanisms related to developmental origins of disease (4).

Ethnic differences in levels of child overweight and obesity 
(OW/OB) and its risk factors, such as unhealthy diet, genetic 
predisposition, breastfeeding, and maternal smoking, have 
been substantial enough in some countries to warrant con-
cern (5,6). Becoming overweight/obese may start in child-
hood and track into adulthood, posing health risks (7). In 
2010, nearly 43 million children younger than 5 y of age were 
overweight worldwide (8). The recent decades have wit-
nessed a significant rise in obesity levels in children across 
the world with children of lower SEP and ethnic minorities 
being the worst affected in industrialized nations (5,9–13). 
Some studies have reported a “leveling off ” in the obesity 
epidemic, which might be country and region specific, but it 
is generally the more affluent that have benefited from this 
trend (14,15). In Sweden, nationally representative data for 
trends in OW/OB in children are lacking. Studies are con-
ducted on regionally representative data often with small 
sample sizes, and results indicate that OW/OB levels in chil-
dren are falling, but socioeconomic differences still exist, at 
least in urban areas (16–20).

In the adult Swedish population, there has been an over-
all increase in the prevalence of being overweight/obese. The 
prevalence of OW/OB increased from 35% in 1980 to 53% in 
2009 among men, and from 26 to 37% among women for the 
same years (21).

The role of socioeconomic factors (education, family income, 
and occupation, among others) in the health of immigrants 
and ethnic minorities is debated. Some, but not all, studies 
have found that these factors partly explain ethnic differences 
in certain health outcomes (22–24). The role of parental socio-
economic factors in creating differences in the proportions of 
children who are overweight/obese between immigrant groups 
needs further investigation.

The number of “foreign-born” residents in Sweden has dou-
bled over the past four decades and the number of residents 
with “both parents born abroad” has been increasing continu-
ously (13.4 and 17.34%, respectively, in 2007) (21).
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We investigated (i) if ethnicity by mother’s country of birth 
was associated with the odds of being overweight/obese in 
children born in Sweden aged 4–5 y, (ii) if this association 
could be explained by differences in parental SEP and/or 
health behaviors and early-life factors (breastfeeding, mater-
nal smoking, maternal BMI, and birth weight), and (iii) if the 
association differed by gender. Identification of immigrant 
groups at increased risk for being overweight/obese can help 
in designing public health interventions that target high-risk 
children at an early age, preferably before the onset of OW/OB.

RESULTS
Descriptive Analyses
Characteristics of the children and their parents (n = 10,628) 
are summarized in Tables 1 and 2. Mean BMI of all children 
was 16.11 kg/m2 (56th percentile). Boys had slightly higher 
mean BMI than girls. A higher percentage of girls (19%) than 
boys (14%) were overweight/obese, with the overall preva-
lence being 16.5%. The distribution of number of children per 
mother was as follows: 7,618 mothers (84%) had 1 child each, 
1,448 mothers (16%) had 2 children, and 38 mothers (0.5%) 
had 3 children.

Differences between maternal and paternal characteristics 
are presented in Table 2.

Unadjusted Associations Between Parental Characteristics and 
Odds of Being OW/OB
Increasing levels of parental education were associated with 
lower risk of being overweight/obese in children (those with 

research degree had the lowest proportions of overweight/
obese children relative to the least educated parents (≤9 y of 
education)—13 vs. 20% and 13 vs. 19% for fathers and moth-
ers, respectively, P < 0.001 for either parent) (Supplementary 
Table S1 online). Statistically significant differences were 
found in proportions for OW/OB by family status, breast-
feeding, and maternal smoking. Single parents had higher 
proportions of overweight/obese children than married par-
ents. Mothers who exclusively breastfed for 6 mo had the 
lowest proportion of overweight/obese children as com-
pared with those who partly breastfed/did not breastfeed. 
Mothers who reported smoking had a greater proportion of 
overweight/obese children as compared with nonsmokers. 
Detailed results on unadjusted analyses can be seen in the 
Supplementary Table S1 online.

table 1. Characteristics of the children included in the analysis of 
complete cases (N = 10,628)

Variable Boys (n = 5,452) Girls (n = 5,176) P value

Age (y) 4.75 (0.45) 4.75 (0.45)

BMI (kg/m2) 16.14 (1.42) 16.08 (1.60) 0.03

Overweight (n) (%) 617 (11) 783 (15) <0.001

Obese (n) (%) 152 (3) 225 (4)

Birth weight (g) 3,661 (556) 3,530 (535) <0.001

Mother’s country of 
birth (n) (%)

Boys Girls Total

 Sweden 4,809 (88) 4,533 (87) 9,342 (88)

 North African 49 (1) 48 (1) 97 (1)

 Iran 56 (1) 66 (1) 122 (1)

 East Asia 71 (1) 84 (1.5) 155 (1)

 Middle East 112 (2) 125 (3) 237 (2.5)

 Finland 75 (1) 91 (2) 166 (1.5)

 Western Europe 95 (2) 77 (1) 172 (1.5)

 South America 55 (1) 35 (1) 90 (1)

 Eastern Europe 84 (2) 76 (1.5) 160 (1.5)

 Turkey 46 (1) 41 (1) 87 (1)

Total 5,452 5,176 10,628

Values are means (SD) or n (percentages). P values are for a test of equal means or 
proportions.

table 2. Characteristics of parents (9,104 mothers and 9,106  
fathers) of the complete cases (N = 10,628 children) included in 
analyses

Variable
Mothers  

(n = 9,104)
Fathers  

(n = 9,106) P value

Age (y) 35.68 (4.94)   38.26 (5.86) <0.001

BMI (kg/m2) 24.60 (4.37) NA

Overweight (%) 2,318 (25) NA NA

Obese (%) 988 (11)

Country of birth (Sweden) (%) 7,960 (87) 7,929 (87)

SEP

  Disposable income 
(in hundreds of  
Swedish kronor)

1,205 (848) 1,700 (1,390) <0.001

Education (%)

 ≤9 y 708 (8) 984 (11) <0.001

 Secondary education: 2 y 1,674 (18) 2,719 (30)

 Secondary education: 3 y 2,335 (26) 1,749 (19)

 University <3 y 1,305 (14) 1,309 (14)

 University ≥3 y 2,756 (30) 1,817 (20)

 Research degree 326 (4) 528 (6)

Exclusive breastfeeding at 6 mo (%)

 Yes 2,654 (29) NA NA

 No 6,450 (71)

Smoking (%)

 Nonsmokers 8,355 (92) NA NA

 Smokers 749 (8)

Family status (%)

 Married 5,289 (58) 5,331 (59) NA

 Partnership 2,642 (29) 2,649 (29)

 Single parent 1,173 (13) 271 (3)

 Single othera 855 (9)

Values are means (SD) or n (percentages). P values are for a test of equal means or 
proportions.

NA, not available/applicable; SEP, socioeconomic position.
aSingle other refers to fathers who do not have a child living at home with them.
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Associations Between Socioeconomic Characteristics and Odds 
of Being OW/OB
Children of parents with ≥3 y of college and research degree 
had decreased odds for being overweight/obese as compared 
with children of parents with ≤9 y of education (odds ratio 
(OR): 0.72, 95% confidence interval (CI): 0.59–0.88, 0.63, 
0.44–0.89, respectively, for mothers and OR: 0.63, 95% CI: 
0.52–0.77, 0.58, 0.44–0.77, respectively, for fathers, adjusted 
for the child’s age and gender). However, after adjustment 
for maternal BMI, there was no evidence of an association 
between education and odds of being overweight/obese. 
Parental income was not significantly associated with the 
odds of a child being overweight/obese (data not shown).

Associations Between Nativity and Odds of Being OW/OB
Prevalence of OW/OB in children varied statistically 
 significantly according to maternal nativity, with North African, 
South American, and Turkish mothers having the highest pro-
portions of overweight/obese children (28, 32, and 31%, respec-
tively). The Finns had the lowest proportion of overweight/
obese  children (11%), whereas Swedish and Western European 
 mothers had 16 and 19%, respectively, of their children clas-
sified as overweight/obese (Supplementary Table S1 online).

In all logistic regression models we found statistically 
 significant differences in odds for children being overweight/
obese between Swedish born mothers and those born in other 
 countries: North  Africa, Finland, South America, and Turkey 
(unadjusted OR: 1.96 (95% CI: 1.20–3.17), 0.60 (0.37–0.98), 
2.53 (1.60–4.02), and 2.31 (1.41–3.80), respectively). These were 
 statistically significant in models 1–4, and the strength of the 
associations increased marginally on adjustment for covariates 
(Table 3).

Addition of socioeconomic covariates (model 2) did 
not change the OR materially for any of the four groups. 

Additional adjustment for breastfeeding, maternal smoking, 
and birth weight (early-life factors) led to an increase in the 
OR by 20–40% in those groups that already had significantly 
increased odds for OW/OB. Additional adjustment for mater-
nal BMI (model 4) slightly increased the strength of the associ-
ations, with stronger effects in the North African and Turkish 
groups. Children of Iranian mothers also had increased odds 
of being overweight/obese but only in models adjusted for 
early-life factors and maternal BMI (models 3 and 4).

When father’s nativity was instead the principle expo-
sure, children of North African–, Middle Eastern–, South 
American–, and Turkish-born fathers had increased odds 
for being overweight/obese after adjusting for all covariates 
(Table 4). The increased odds for being overweight/obese pre-
viously observed for Iranian children (according to mother’s 
country of birth) lost their statistical significance. When both 
maternal and paternal nativity were included as covariates, 
there was statistically significant evidence of an independent 
association with OW/OB for maternal (P < 0.0001), but not 
for paternal (P = 0.70), nativity.

In analyses stratified by sex, the significantly increased ORs 
for being overweight/obese in North African and Turkish 
children were observed only in boys (Supplementary Table 
S2 online). However, both South American boys and girls 
had significantly increased ORs for OW/OB, although the 
ORs were consistently higher for boys. Finnish girls but not 
boys had a significantly decreased OR for OW/OB. However, 
formal tests for interaction were nonsignificant.

DISCUSSION
Main Findings of the Study
Our study reveals that Swedish children aged 4–5 y belong-
ing to certain maternal nativity groups—North African, 
Iranian, South American, and Turkish—have increased 

table 3. Logistic regression analysis results for the association between maternal nativity (ethnicity) and child’s OW/OB at the age of 4–5 y  
(N = 10,628)

Mother’s country 
of birth

Model 1a Model 2b Model 3c Model 4d

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Sweden 1.00 — 1.00 — 1.00 — 1.00 —

North Africa 1.96 1.20–3.17 1.95 1.20–3.14 2.40 1.47–3.93 2.60 1.57–4.27

Iran 1.22 0.77–1.94 1.31 0.80–2.11 1.67 1.00–2.71 1.67 1.03–2.72

East Asia 0.87 0.54–1.37 0.90 0.55–1.42 1.12 0.70–1.78 1.28 0.80–2.06

Middle East 1.01 0.72–1.43 1.00 0.70–1.45 1.20 0.83–1.72 1.17 0.81–1.68

Finland 0.60 0.37–0.98 0.60 0.37–0.98 0.58 0.35–0.96 0.53 0.32–0.90

Western Europe 
and North America

1.18 0.80–1.76 1.32 0.88–1.98 1.33 0.88–2.01 1.37 0.90–2.10

South America 2.53 1.60–4.02 2.58 1.61–4.13 2.90 1.81–4.65 3.00 1.86–4.80

Eastern Europe 0.90 0.58–1.40 0.97 0.62–1.51 1.00 0.63–1.62 1.11 0.70–1.78

Turkey 2.31 1.41–3.80 2.17 1.31–3.60 2.54 1.52–4.26 2.90 1.73–4.88

Values in bold indicate statistical significance at the P ≤ 0.05 level.

CI, confidence interval; OR, odds ratio; OW/OB, overweight/obesity.
aModel 1: adjusted for age and sex of child, and family clustering. bModel 2: model 1 + adjustment for socioeconomic factors: income and education of both parents and father’s family 
status. cModel 3: model 2 + adjustment for breastfeeding, maternal smoking, and birth weight. dModel 4: model 3 + adjustment for maternal BMI.
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risk for being overweight/obese that cannot be explained 
by parental SEP or by early-life factors. Our results suggest 
that the mother’s nativity, used as a proxy for ethnicity, may 
be more strongly associated with a child’s OW/OB than the 
father’s nativity.

Comparison With Similar Studies
As this is the first study in Sweden to investigate ethnicity 
and OW/OB in childhood in detail (using regional/country-
specific categorization of parental nativity, and accounting for 
early-life factors), we cannot make any direct comparisons to 

table 4. Logistic regression analysis results for the association between maternal and paternal nativity (ethnicity) and child’s OW/OB at the age of 
4–5 y (N = 10,588)

Mother’s 
country of 
birth only OR 95% CI

Father’s 
country of 
birth only OR 95% CI

Country 
of birth for 

both parents 
included in 
the model OR 95% CI

P value 
heterogeneity 

(10 d.f.)

Mother’s 
country of 
birth

Sweden 1.00 Sweden 1.00 Sweden 1.00  <0.0001

North Africa 2.60 1.58–4.29 North 
Africa

2.16 1.35–3.43 North 
Africa

2.00 0.92–4.26

Iran 1.68 1.03–2.72 Iran 1.26 0.81–1.96 Iran 1.88 0.83–4.25

East Asia 1.24 0.77–2.01 East Asia 1.37 0.61–3.05 East Asia 1.23 0.75–2.00

Middle East 1.17 0.82–1.69 Middle 
East

1.42 1.01–1.98 Middle 
East

0.71 0.38–1.30

Finland 0.53 0.32–0.90 Finland 0.90 0.56–1.45 Finland 0.53 0.31–0.90

Western 
Europe 
and North 
America

1.38 0.90–2.10 Western 
Europe 
and North 
America

1.14 0.80–1.60 Western 
Europe 
and North 
America

1.34 0.90–2.04

South 
America

3.00 1.86–4.82 South 
America

1.87 1.00–3.47 South 
America

2.81 1.71–4.60

Eastern 
Europe

1.12 0.70–1.80 Eastern 
Europe

1.12 0.70–1.82 Eastern 
Europe

1.05 0.62–1.78

Turkey 2.92 1.74–4.90 Turkey 2.46 1.51–4.00 Turkey 1.88 1.00–3.89

Father’s 
country of 
birth

Sweden 1.00 0.70

North 
Africa

1.38 0.66–2.87

Iran 0.85 0.40–1.85

East Asia 1.27 0.56–2.85

Middle 
East

1.78 1.00–3.14

Finland 0.97 0.60–1.56

Western 
Europe 
and North 
America

1.10 0.76–1.55

South 
America

1.40 0.73–2.70

Eastern 
Europe

1.10 0.64–1.86

Turkey 1.62 0.84–3.14

N included in  this analysis differs from that in Tables 1–3 because it is restricted to complete cases with data on nativity of both parents. Values in bold indicate statistical significance 
at the P ≤ 0.05 level. All models adjusted for socioeconomic factors (income and education of both parents and father’s family status), breastfeeding, maternal smoking, maternal BMI, 
birth weight, and family clustering.

CI, confidence interval; d.f., degrees of freedom; OR, odds ratio; OW/OB, overweight/obesity.
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other studies. One Swedish study that investigated ethnic dif-
ferences in OW/OB in children used a smaller study sample (n 
= 2,306) and classified subjects only into “Nordic” and “non-
Nordic” origin (25). The authors found a higher proportion of 
overweight among non-Nordic children.

Several studies have investigated the association of ethnicity 
and OW/OB in children in high-income countries with large 
populations of immigrants and ethnic minorities. Almost all 
showed increased risks for certain ethnic groups. In stud-
ies conducted in the United States, Hispanic and African-
American children generally have increased risks for being 
overweight/obese (23,26). Similarly, studies from the United 
Kingdom, Holland, Germany, and Norway also showed 
increased risks for being overweight/obese or higher mean 
BMI in ethnic minority children (11,27,28).

An interesting finding from our study was that key socio-
economic indicators could not explain the association between 
nativity and OW/OB (additional adjustment for parental SEP 
did not change the odds for OW/OB in nativity groups in this 
study sample). Other studies show inconsistent results in this 
regard. Studies from the United States and United Kingdom—
one using a cruder indicator of SEP (eligibility for free lunch 
in schools) and the others using several indicators including 
free lunch eligibility, crowding index, and parental employ-
ment—found that SEP did not explain the association between 
ethnicity and BMI or OW/OB in children (26,29). By contrast, 
German and other American studies found that parental SEP 
partly explained the crude association between ethnicity and 
OW/OB in children (5,12).

As in other similar studies, we also observed clearly differ-
ent effect sizes by gender, but interaction tests were statistically 
nonsignificant, possibly due to small numbers in some of the 
strata.

Strengths and Weaknesses of the Study
The study subjects were born recently (2000–2004), making this 
is a “contemporary” cohort, and results are applicable for future 
public health interventions. The large sample size included a 
large proportion of children aged 4–5 living in Uppsala, mak-
ing the study sample representative of this county.

Results from our study may apply to other regions in Sweden 
because community services including health care are rela-
tively similar across the country.

The proportion of foreign-born parents included in our 
study population of 10,628 is 13%, similar to the 14.3% pro-
portion of foreign-born residents in Sweden in 2009. Uppsala 
has a large university and levels of education are probably 
higher than the national average. Immigrant/ethnic minority 
groups residing in Uppsala are likely to have higher educa-
tional levels than immigrant/ethnic groups in other parts of 
the country. This could be why socioeconomic indicators used 
in this study did not explain the ethnicity–OW/OB associa-
tions. The associations between nativity/ethnicity and OW/OB 
in other regions of the country are more likely to be stronger 
and explained by socioeconomic indicators where immigrant/
ethnic groups have lower SEP.

BMI is only a crude measure of body fat, but it is argued to be 
one of the best single measures for use in large-scale epidemio-
logical studies and is more acceptable than skin-fold measures 
in children. The widely used International Obesity Task Force’s 
cutoffs for OW/OB in children are based on internationally 
pooled data from six countries, none of which are well repre-
sented in our study sample (30). Nonetheless, the International 
Obesity Task Force’s cutoffs are based on sex-specific growth 
curves and account appropriately for both age and sex. Our 
estimates for obesity should not be biased in this regard.

Height and weight used to calculate BMI could be misclas-
sified because they are measured by different nurses at various 
clinics as part of routine examinations. However, we do not 
believe this will bias our results, as we do not believe that this 
misclassification is differentially based on a child belonging to 
an ethnic/immigrant minority or being ethnic Swedish.

The loss of study participants due to missing data, primar-
ily in childhood OW/OB, maternal breastfeeding, and mater-
nal BMI, is a weakness. Our complete case (CC) results for 
each model are valid provided missingness is independent of 
the outcome (OW/OB) after adjusting for the model’s covari-
ates. This assumption cannot be verified from the data, but we 
believe it is plausible, particularly for the models that—in addi-
tion to ethnicity, age, and sex—also adjust for socioeconomic 
factors: income, education, and father’s family status.

Educational levels of immigrants are systematically under-
estimated and significant associations seen between parents’ 
education and OW/OB in children could be slightly overes-
timated (31).

Few studies have addressed groups of mixed ethnicities. 
Children of mixed ethnic heritage may have different risks 
for OW/OB as compared with single-ethnicity groups. In our 
study sample, 13% of subjects are of mixed nativity, which was 
not similar across the different nativity groups, indicating that 
people of certain nativities are more likely to marry Swedes 
or people belonging to their own/similar nativity groups and 
backgrounds. For example, more Finns and immigrants from 
other Western European countries were likely to be married to 
Swedes as compared with immigrants from the Middle Eastern 
countries and Iran, who were likely to be married to people 
from their regions of origin. We were unable to examine this 
group of mixed nativity separately due to insufficient numbers.

Given the young age of children in the study, we speculate 
that mothers play a greater role in determining their children’s 
diet (which is closely tied to ethnic traditions and perceptions 
(6)) than fathers. Therefore, we focused on the mother’s nativ-
ity (the proxy for her ethnicity) instead of the father’s. In the 
additional regression model 5, adjustment for paternal nativity 
only marginally reduced the statistically significant associa-
tions between maternal nativity and odds of being overweight/
obese, indicating that maternal nativity had an effect largely 
independent of paternal nativity.

Another strength is inclusion of two well-established indica-
tors of SEP, previously shown to partly explain the crude influ-
ence in the association between ethnicity and childhood risk of 
being overweight/obese.

Pediatric RESEARCh 5Copyright © 2013 International Pediatric Research Foundation, Inc.



Articles         Khanolkar et al.

Using country of birth/nativity as a proxy for ethnicity has 
limitations. Not all people born in a country necessarily have 
the ethnicity associated with it. However, we believe that only 
a minority of people born in a particular country would have 
an ethnicity associated with another. Those who do are more 
likely to be from neighboring countries with similar cultural 
and ethnic origins. Nonetheless, we did not have sufficient 
numbers to categorize subjects solely by country of origin, and 
in most instances we had to use regional groupings of coun-
tries based on geographical locations widely used in similar 
studies on ethnicity and health. Ethnicity is not recorded in 
any of the routine registers, and country of birth is the only 
available variable for identifying ethnicity. Another weakness 
is exclusion of nativity groups with small numbers (South 
Asians and Africans).

It is possible that the association between nativity and OW/
OB in childhood is mediated by factors not measured in this 
study, such as genetic predisposition or diet, which signifi-
cantly affects body fat composition and BMI. Other early-life 
factors previously shown to vary by ethnicity and to increase 
risk for childhood obesity include maternal depression, infant 
sleep, television watching, physical activity, and weight gain 
during infancy, for which we lacked data (32,33).

Interpretation
We speculate that the increased risk for OW/OB in certain 
maternal nativity groups of children is primarily due to dif-
ferences in genetics and culture (which in part constitute eth-
nicity). The importance of genetic susceptibility to becoming 
overweight was highlighted in a Swedish study that showed 
adoptees from South America, specifically Chile, had increased 
OR for being overweight as compared with native Swedish 
children. These children grew up in Swedish households with 
a Swedish lifestyle including diet (34). Our results also indicate 
that children of South American descent are more vulnerable 
because they had the highest OR for OW/OB, consistent across 
all models regardless of adjustments, and in sex-stratified anal-
ysis. A substantial proportion of children in our study classi-
fied as South American had parents born in Chile (n = 37 or 
40% of all South Americans). The observed estimated OR mar-
ginally increased on adjustment for early-life factors including 
birth weight, maternal BMI, and breastfeeding, which capture 
maternal nutrition and genetics to some extent.

SEP varies by ethnicity (in this study sample it varied by both 
parental income and education). However, after adjustment for 
nativity, SEP had no independent association with the odds 
of being overweight/obese. The relationship between ethnic-
ity and SEP is complex. Socioeconomic gradients in OW/OB 
probably evolve over time with dynamic interactions between 
acculturation and socioeconomic advancement, which also 
depend on other factors including gender, age, religious and 
traditional beliefs, and country of origin, and it is still pos-
sible that parental SEP in ethnic minorities becomes more 
important at a later stage when the children are older (4). It is 
also likely that we lack statistical power to detect any possible 
mediating role of parental SEP within ethnic minority groups. 

The finding that children of Finnish mothers had a decreased 
risk for OW/OB is partly explained by nonrandom missing-
ness in maternal BMI: in contrast to the children of Swedish 
maternal nativity, the risk of being overweight/obese for chil-
dren of Finnish maternal nativity with maternal BMI available 
was lower than the risk for those with missing maternal BMI, 
such that in the CCs, children of Finnish maternal nativity had 
lower risk of OW/OB.

Conclusion
Obesity in childhood may have significant long-term physical 
and psychosocial consequences. Although there is no imme-
diate risk for any major illness, studies have documented 
early development of insulin resistance and type 2 diabetes in 
overweight/obese children. Ethnic differences in the propor-
tions of overweight/obese children are contextual. The same 
ethnic groups in different countries may not necessarily have 
the same risk of being overweight/obese. From our results, it 
is apparent that further studies are needed using larger nation-
ally representative study populations. How ethnic differences 
in OW/OB change across the life-course as children develop 
into adults needs to be studied. Such investigations could help 
in understanding mechanisms underlying OW/OB and fram-
ing health interventions that may target modifiable risk fac-
tors such as lifestyle (unhealthy diet or lack of physical activ-
ity), ensuring equitable health care access including screening 
of risk factors, and early intervention can save children from 
becoming overweight/obese.

METHODS
The study sample was drawn from a population of children born 
during the period 2000–2004, registered as residents in Uppsala 
county, Sweden (n = 20,520) when they were aged 4–5 y (Figure 1) 
(35). Of these, 19,123 were born in Sweden and had data on birth 
weight. The study sample was first restricted to singletons (n = 
18,555) and then to children who attended annual routine exami-
nations at child health care centers when anthropometric measure-
ments (height and weight—used to compute BMI) were recorded 
and whose valid BMI at the age of 4 or 5 y was available. For children 
who had not yet completed the examination at the age of 5, mea-
surements from the examination at the age of 4 y were included. 
Therefore, the BMI of 10,509 children aged 5 y (born during the 
years 2000–2003) and 4,331 children aged 4 y (born 2000–2004 and 
with BMI at age 5 missing) were included. Children were classified 
as being overweight or obese using age- and sex-specific cutoffs pro-
posed by the International Obesity Task Force (30). Of the 14,840 
children with valid BMI data, 10,628 had complete data on paren-
tal socioeconomic variables, maternal BMI, smoking during preg-
nancy, and breastfeeding.

Data on the child’s birth weight, date of birth, sex, mother’s BMI 
before pregnancy, multiple births, and mother’s smoking habits were 
accessed through linkage (using personal identity numbers) with the 
Medical Birth Registry. Mothers were classified as overweight (25–
29.99 kg/m2) or obese (≥30 kg/m2) using World Health Organization 
criteria. Smoking at time of registration at maternal health clin-
ics (generally reflecting smoking habits during the first trimester of 
pregnancy) was used in the analysis. Mothers were grouped into non-
smokers and smokers.

Information on breastfeeding was collected retrospectively by 
questioning mothers on feeding habits when the child was aged 6 mo 
and was available from the database of the Child Health Care Unit, 
Uppsala County, consisting of child health records reported by nurses 
in Child Health Centres. In our analyses, breastfeeding was treated as 
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a binary variable (exclusive breastfeeding for 6 mo and partly breast-
fed/no breastfeeding).

Parental education, disposable income, country of birth, and fam-
ily status (married, partnership/cohabitation, or single) were obtained 
from Statistics Sweden. Parental education was based on the highest 
level achieved and recorded in the Education Registry until 2001. It 
was categorized as follows: ≤9 y of school, 2 y of high school, 3 y of 
high school, <3 y of university/college, and ≥3 y of university/college 
and research education.

Parental disposable income was based on income data collected at 
the year of examination, i.e., when the child was aged 4 or 5 y and 
was divided into quartiles for analyses. It is an aggregate variable that 
takes into account all incomes earned in a household after taxes, as 
well as any monetary social benefits that may have been received, and 
is adjusted for family size. Ethnicity is not recorded as a variable in 
Swedish routine registers and mother’s country of birth/nativity was 
used as the main exposure variable in our analysis and as a proxy 
for ethnicity. Countries were first grouped into the following regions: 
(i) Sweden (reference), (ii) Western Europe and North America, 
(iii) South America, (iv) Eastern Europe, (v) North Africa, (vi) East 
Asia, and (vii) Middle East. Those countries that had sufficient num-
bers (a minimum of n = 80) were excluded from the above regional 
groupings and classified as separate categories. These included Iran, 
Finland, and Turkey. A total of 138 children whose parents were born 
in South Asia (India, Pakistan, Bangladesh, and Sri Lanka) and Africa 
(except Northern Africa) were excluded due to insufficient numbers.

Statistical Analysis
Children with a BMI <9.24 kg/m2 (i.e., 4 SD below the mean) were 
excluded from analyses. The child’s maternal nativity was the prin-
ciple exposure variable. Children with mothers of Swedish nativity 
were the reference group in all analyses.

Associations between the child’s overweight/obese status and 
parental characteristics (nativity group, maternal smoking, breast-
feeding, family status, and education) were first analyzed by χ2-
square tests. Logistic regression was then used to analyze associations 
between children’s OW/OB (binary) and the above parental expo-
sures (adjusted for child’s age and sex).

Multivariable logistic regression models were fitted with the child’s 
overweight/obese status as outcome and the child’s maternal nativ-
ity as the primary exposure. Model 1, in addition, included child’s 
age and sex as covariates. Subsequent models were fitted by grouping 

covariates into socioeconomic factors and lifestyle/early-life factors. 
Four models with additional covariates were fitted—model 2: model 1 
covariates + adjustment for socioeconomic factors such as income and 
education of both parents and father’s family status; model 3: model 
2 covariates + adjustment for breastfeeding, maternal smoking, and 
birth weight; model 4: model 3 covariates + adjustment for maternal 
BMI; and in a separate analysis (model 5), model 4 was run with the 
addition of father’s nativity (categorized in the same way as mother’s 
nativity variable). We ran the same logistic regression models stratified 
by sex of the child. Differences in the nativity–OW/OB associations 
between males and females were formally tested using interactions.

Robust standard errors allowing for clustering of children within 
families were used for all logistic regression models.

Missing Data
Mother’s BMI, her smoking status, and breastfeeding habits were 
missing for 17, 3, and 9% of children, respectively, who had complete 
data on valid BMI, parental nativity, and SEP (n = 14,296, Figure 1). 
This left 10,628 children available for CC analyses.

CC analysis gives valid results if the probability of being a CC is inde-
pendent of the outcome (OW/OB), given the model covariates (36). 
Missingness occurred primarily in child OW/OB, maternal breastfeed-
ing, and maternal BMI (Figure 1). It is plausible that missingness in each 
of these variables is independent of the child’s overweight/obese status, 
given the logistic regression covariates, implying validity of the CC anal-
ysis, although this assumption cannot be verified from the observed data. 
Because we fitted a series of logistic regression models with increasing 
levels of adjustment for potential confounders, the assumption of condi-
tional independence is more plausible for the more complex models (i.e., 
model 4). Multiple imputation was not implemented due to the clus-
tered nature of the data, which cannot be accommodated by standard 
imputation routines. Our results are, thus, based on the 10,628 CCs.

All statistical analyses were performed using STATA 11 software 
(Stata Corp, College Station, TX).

The study sample was drawn from the register of statistics of the 
Child Health Care Unit in Uppsala County. The data were collected 
with parental consent and linked to national registers (Statistics 
Sweden and the National Board of Health and Welfare) using per-
sonal identity numbers of the child. Permission to conduct the study 
was granted by the regional ethics committee in Uppsala, Sweden.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper at http://
www.nature.com/pr
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