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Abstract

Objective: Nonalcoholic fatty liver disease (NAFLD) has a different prevalence in

adults from different ethnic groups. This study examined whether these ethnic differ-

ences originate in early life and could be explained by early-life factors.

Methods: This observational study was embedded in a population-based prospective

cohort study from fetal life onward among 2,570 children born in Rotterdam, the

Netherlands. Information about prepregnancy, pregnancy, and childhood factors, as

well as childhood BMI, was obtained from questionnaires and physical examinations.

Liver fat was assessed by magnetic resonance imaging at age 10 years.

Results: Median liver fat fraction was 2.0% (95% CI: 1.2%-5.3%), and NAFLD preva-

lence was 2.8%. Children from a Turkish background had the highest median liver fat

percentage (2.5%, 95% CI: 1.2%-10.7%) and NAFLD prevalence (9.1%). Children of

Cape Verdean, Dutch Antillean, Surinamese-Creole, or Turkish background had a

higher total liver fat fraction compared with children with a Dutch background

(p < 0.05). After controlling for early-life factors, these differences persisted only in

children with a Turkish background.

Conclusions: Prevalence of liver fat accumulation and NAFLD differs between ethnic

subgroups living in the Netherlands, especially for those with a Turkish background.

Early-life factors have a strong influence on these associations and may hold clues

for future preventive strategies.

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is defined as the accumulation

of fat in the liver in the absence of excessive alcohol consumption or

other known liver pathologies (1). NAFLD is the most common chronic

liver disease in children and adults in Western countries, with an esti-

mated prevalence of 8% in general populations and 34% in populations

with obesity (2–4). In children, NAFLD is associated with increased

insulin resistance and hypertension, independent of BMI (5). Childhood

NAFLD tends to persist into adulthood and predispose individuals to

type 2 diabetes and cardiovascular and liver disease in adulthood (6).

Previous studies among adults and adolescents have suggested that

liver fat accumulation differs between ethnic subgroups (4,6–10). Stud-

ies in the United States have reported that, compared with Caucasian

adolescents, those from Hispanic and Asian backgrounds have a higher

liver fat accumulation, but those with an African American background

have a lower liver fat accumulation, independent of their BMI (6,8–11).

A previous study in the same cohort as the current study showed dif-

ferences in the prevalence of obesity and adverse body fat profiles

between children living in the Netherlands from Dutch, Cape Verdean,
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Dutch Antillean, Moroccan, Surinamese, and Turkish backgrounds (12).

These groups reflect the largest ethnic subgroups in the Netherlands.

Children of Moroccan, Surinamese-Hindustani, and Turkish back-

grounds had a higher general fat mass compared with children with a

Dutch background, independent of BMI (12). Additionally, recent stud-

ies have suggested that various parental and childhood factors contrib-

ute to liver fat accumulation (13–17). Insight into the ethnic

differences and underlying risk factors could contribute to novel pre-

vention strategies.

We hypothesized that liver fat accumulation differs between eth-

nic subgroups living in the Netherlands. We examined the ethnic dif-

ferences in liver fat accumulation in school-aged children and whether

any difference could be explained by prepregnancy, pregnancy, and

childhood factors.

METHODS

Study design

This observational analysis study was embedded in the Generation R

Study, a multiethnic population-based prospective cohort from early

pregnancy onward based in Rotterdam, the Netherlands (18). The Gener-

ation R Study was approved by the Medical Ethical Committee of the

Erasmus University Medical Center in Rotterdam (MEC 198.782/

2001/31). All children were born in Rotterdam between 2002 and 2006,

and written consent was obtained from the participating parents (18). In

total, 7,393 children participated at school age. A subgroup of 4,133 chil-

dren were invited for the magnetic resonance imaging (MRI) measure-

ments, of whom 3,170 children had MRI-based liver fat measurements

available between age 8 and 10 years. None of these children had a his-

tory of smoking, drug use, jaundice, medication use, or alcohol use at the

time of the MRI. We included singleton children who had available data

on child ethnicity, liver fat fraction, and BMI (flowchart in Supporting

Information Figure S2). The main analyses were based on 2,570 children

of Dutch, Cape Verdean, Dutch Antillean, Moroccan, Surinamese-Creole,

Surinamese-Hindustani, or Turkish background, which all had at least 80

children per group. These ethnic backgrounds can be found throughout

the Netherlands, although the distribution of these backgrounds might

differ slightly per city. This study focused specifically on children born in

the city of Rotterdam.

Childhood ethnic background

The background of the ethnic subgroups in the Netherlands is the

Dutch colonial history (Surinamese, Dutch Antillean) and working

migration (Cape Verdean, Moroccan, Turkish). According to Statistics

Netherlands, the ethnic background of children is defined by the

country of birth of the parents (19). Information about the country of

birth of the parents was obtained by questionnaires (18). A child was

considered of Dutch background if both parents were born in the

Netherlands and was considered of non-Dutch origin if one or both of

the parents were born abroad. If the parents were born in different

countries, the country of birth of the mother determined the ethnic

background of the child. The ethnic subgroups were categorized into

Dutch, Cape Verdean, Dutch Antillean, Moroccan, Surinamese, and

Turkish. The Surinamese group was subdivided into Surinamese-

Creole and Surinamese-Hindustani. We included ethnic subgroups

with a sample size of more than 80 children to assure enough power

for the regression analysis (12,20).

Childhood BMI and liver fat

Height and weight of the children, both without shoes and heavy

clothing, were measured at age 10 years. Subsequently, their BMI

was calculated, as well as sex-adjusted and age-adjusted childhood

BMI SD scores (Growth Analyzer 4.0, Dutch Growth Research Foun-

dation) (21). Childhood BMI was categorized into underweight, normal

weight, overweight, and obesity using the International Obesity Task

Force cutoffs (5,22). Liver fat was measured using a 3.0-Tesla MRI

Study Importance

What is already known?

• Fatty liver or nonalcoholic fatty liver disease in children is

the most common chronic liver disease and is associated

with many comorbidities. Its prevalence is on the rise

along with that of obesity. Studies in adults have

suggested that there are major ethnic differences in the

risk of liver fat accumulation. These differences may origi-

nate in early life.

What does this study add?

• We observed major differences in the prevalence of liver

fat accumulation as early as school age among children

living in the Netherlands. Compared with children with a

Dutch background, those of Cape Verdean, Dutch Antil-

lean, Surinamese-Creole, or Turkish background had a

higher total liver fat fraction. Children from a Turkish

background had the highest median liver fat percentage.

• Parental and child early-life factors seem to explain a

large part, but not all, of these associations.

How might your results change the direction of

research or the focus of clinical practice?

• The prevalence of liver fat accumulation and NAFLD dif-

fers between ethnic subgroups living in the Netherlands.

Various prepregnancy, pregnancy, and childhood factors

seem to explain these differences to a large extent and

should be considered in future research.
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scanner (Discovery MR750w, GE Healthcare) (5,18). While undergo-

ing the body scan, the children wore light clothing without metal

objects. To generate a precise liver fat fraction image, a liver fat scan

was performed using a three-dimensional, single-breath-hold, three-

point proton density-weighted Dixon technique (IDEAL IQ), producing

50 image slices of 5-mm thickness (23). The obtained fat-fraction

maps were analyzed by Precision Image Analysis (PIA) using the sli-

ceOmatic (TomoVision) software package (5,24). All extraneous struc-

tures and any image artifacts were removed manually (24). Liver fat

fraction was determined from four regions of interest of at least

4 cm2, which were manually drawn from different sections from the

central portion of the hepatic volume. Subsequently, the mean signal

intensities were averaged to generate an overall mean liver fat estima-

tion. This was done by different observers who were each assigned

different portions of the data. Liver fat measured with IDEAL IQ

(GE Healthcare) using MRI is reproducible, highly precise, and vali-

dated in adults (24,25). NAFLD was defined as liver fat ≥5.0% (26).

None of these children was known to have been diagnosed with any

liver pathology. This information was collected by questionnaires.

Covariates

We explored the role of various covariates and possible explaining fac-

tors. These included the following: 1) prepregnancy factors; 2) pregnancy

factors; 3) childhood factors; and 4) childhood BMI, illustrated in

Supporting Information Figure S1. Prepregnancy factors were defined as

factors that could not be modified during pregnancy or childhood and

these included maternal age, educational level, net household income,

marital status, parity, and prepregnancy BMI. These were assessed at

enrollment through questionnaires. BMI was calculated from weight and

height information at enrollment. Pregnancy factors included maternal

calorie intake during pregnancy, smoking, and alcohol use, which were

assessed through repeated questionnaires during pregnancy, and preg-

nancy complications (hypertensive disorders and diabetes), gestational

age, and birth weight were obtained from medical records (18). Informa-

tion on childhood factors, including average hours of exercise and seden-

tary activities (screen time), diet quality score, and calorie intake, was

obtained from postnatal questionnaires around the age of 9 years,

except for sugar intake and breastfeeding, which were obtained from

postnatal questionnaires about the first year of life (18). Covariates were

selected if there were strong correlations with high BMI, liver fat accu-

mulation, and risk of NAFLD (2,5–7,12,27–30).

Statistical analysis

First, we performed nonresponse analyses to assess differences in partic-

ipant characteristics between those with and without liver

assessments, among children invited for the MRI studies, using ANOVA

and χ2 tests for continuous and categorical factors, respectively. We visu-

alized the difference in median liver fat fraction and NAFLD prevalence

between the different ethnic groups, with the Dutch group as the

reference category. Second, we analyzed the associations of ethnic back-

ground with liver fat accumulation continuously and NAFLD binary using

linear and logistic regression models, respectively. The main model was

adjusted for child age and sex at MRI measurements. Next, we explored

whether any association was explained by prepregnancy factors (mater-

nal age, education level, net household income, marital status, and pre-

pregnancy BMI); pregnancy factors (maternal smoking, alcohol use,

maternal diet score, pregnancy complications, gestational age, and birth

weight); childhood factors (breastfeeding, calorie intake, sugar-containing

beverage intake during infancy, average hours of exercise, and sedentary

activity); or childhood BMI. The inclusion of these factors in the models

was determined based on their association with BMI, liver fat accumula-

tion, and risk of developing NAFLD reported in previous studies and

associations with the outcome or changes in effect estimates >10%.

When factors were highly correlated (cutoff of Pearson r [�]0.45), one

could serve as a proxy for the other. The exact percentages of change in

the effect estimates after adjusting for different factors were calculated

using the following formula: percentage change = ([β2 � β1]/ β1)

� 100. This resulted in the removal of net household income, with

maternal education as the proxy (Pearson r 0.52), as well as marital status,

parity, pregnancy complications, gestational age, diet quality score, and

calorie intake, owing to small effect estimates from the models. The cor-

relations between those variables that remained in the model can be

found in Supporting Information Table S5. Factors were added to the

model consecutively, starting with prepregnancy factors and ending with

the final model, including BMI, resulting in five models including the main

model. BMI was controlled for last because of the nature of the ethnicity

variable. In Supporting Information Figure S1, this is further elaborated.

Liver fat fraction was non-normally distributed and, therefore, log-trans-

formed. In order to reduce the potential bias associated with missing

data, missing data in the covariates (ranging from 0.1%-42.5%) from the

population that was invited for the MRI were multiple-imputed using the

Markov chain Monte Carlo approach. Covariates with more than 45%

missing would have been excluded, but none of the covariates met this

threshold. Within this method, we assumed a missingness structure of

missing at random. The variable with the highest percentage missing was

sugar intake (servings per day) at infancy. For more information, we refer

to Supporting Information Table S1. Five imputed data sets were created

and analyzed together. All analyses were also conducted on the non-

imputed data set to see whether it influenced results. Furthermore,

owing to the small number of NAFLD cases in our sample, the logarith-

mic regression analysis looked at p values of 0.10 instead of 0.05. All ana-

lyses were performed using SPSS Statistics version 25.0 for Windows

(IBM Corp.).

RESULTS

Participant characteristics and liver fat in different
ethnic subgroups

Table 1 shows the prepregnancy, pregnancy, and childhood factors

for each ethnic group. The Dutch group had the highest percentage of
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higher-educated mothers (62.7%), with the second highest percentage

in the Surinamese-Hindustani group (25.7%). The percentage of

household incomes above €2,200 per month was also highest in the

Dutch group (77.6%), with the second highest percentage in the

Surinamese-Hindustani group (46.7%). The Dutch group had the low-

est reported screen time for children: 47.8% spent more than 2 h/d

behind a screen compared with 81.3% in the Cape Verdean group.

The observed median liver fat fraction among children with a Dutch

background was 2.0% (95% CI: 1.2%-4.6%). The total number of chil-

dren classified as having NAFLD was 72, and, of these, 15 (20.8%)

were of normal weight, 17 (23.6%) had overweight, and 40 (55.6%)

had obesity (Supporting Information Table S2). Figure 1A,B shows the

median percentages of liver fat fraction and proportions of NAFLD

per ethnic subgroup, respectively, whereas Figure 1C shows the distri-

bution of weight categories (underweight, normal weight, overweight,

and obesity) per subgroup. Compared with children from a Dutch

background, higher median liver fat fractions were observed in all

other ethnic groups. Children with a Turkish background had the

highest median liver fat fraction (2.5% [95% CI: 1.2-10.7]). Similarly,

compared with children with a Dutch background, a higher

(A)

(B)

(C)

F I GU R E 1 Bar graphs displaying liver fat and weight category distribution for each ethnic group. (A) Median liver fat fraction for each ethnic
group, along with the corresponding interquartile range. Medians are presented as liver fat fraction was non-normally distributed. (B) Proportion
of NAFLD presence for each ethnic group, with the absolute number of cases per group above each bar. (C) Proportion per weight category in
percentage for each ethnic group. NAFLD, nonalcoholic fatty liver disease
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percentage of overweight and obesity was observed in all other ethnic

subgroups, with the highest percentage among children with a Turkish

background (36.4%). For NAFLD, the highest prevalence was

observed among children with a Turkish background (9.1%) and Cape

Verdean background (7.1%).

Supporting Information Table S3 shows that, compared with chil-

dren without liver MRI data, those included in the analyses had a

slightly higher body weight and gestational age and had a slightly

lower BMI at age 10 years. They had a non-Dutch background less

frequently and had a slightly higher prevalence of mothers with a

higher education who smoked during pregnancy and suffered from

gestational diabetes.

Explaining ethnic differences in liver fat in childhood

Table 2 shows that, in the main model, children of Cape Verdean,

Dutch Antillean, Surinamese-Creole, and Turkish backgrounds had a

higher liver fat fraction compared with children from a Dutch back-

ground (all p < 0.05). After adjustment for prepregnancy factors, this

association remained present only for children of Cape Verdean and

Turkish backgrounds. Further adjustment for pregnancy and child-

hood factors did slightly decrease the effect estimates for both chil-

dren from a Cape Verdean background and from a Turkish

background, but they remained significant. Adjustment for childhood

BMI did attenuate the association of children with a Cape Verdean

background with liver fat fraction toward nonsignificant, but the asso-

ciation of children with a Turkish background with liver fat fraction

remained present (0.09; 95% CI: 0.04-0.15). Sensitivity analysis with

maternal ethnicity instead of child ethnicity showed no differences in

the associations between ethnicity and liver fat fraction (Supporting

Information Table S4).

Table 3 shows that, in the main model, compared with children

from a Dutch background, there was an increased risk of NAFLD

among those with a Cape Verdean background (odds ratio [OR]: 3.82;

95% CI: 1.66-8.79) and a Turkish background (OR: 5.03; 95% CI:

T AB L E 3 Ethnic differences in NAFLD

Dutch,

Cape

Verdean,

Dutch

Antillean, Moroccan,

Surinamese-

Creole,

Surinamese-

Hindustani, Turkish,

N = 1,889 N = 99 N = 88 N = 152 N = 94 N = 83 N = 165

Main modela

OR of NAFLD (95% CI) Ref. 3.87 (1.68 to 8.92) 2.41 (0.84 to 6.90) 1.03 (0.32, 3.40) 2.26 (0.79 to 6.47) 1.29 (0.31 to 5.43) 5.35 (2.91 to 9.84)

p value Ref. <0.01* 0.10* 0.95 0.13 0.73 <0.01*

+ Prepregnancy factorsb

OR of NAFLD (95% CI) Ref. 3.28 (1.34 to 8.02) 1.92 (0.64 to 5.80) NA NA NA 3.84 (1.84 to 8.02)

p value Ref. <0.01* 0.24 NA NA NA <0.01*

Percentage change NA �15.4 �20.3 NA NA NA �28.2

++ Pregnancy factorsc

OR of NAFLD (95% CI) Ref. 1.08 (0.25 to 4.71) NA NA NA NA 1.80 (0.32 to 10.28)

p value Ref. 0.91 NA NA NA NA 0.51

Percentage change NA �53.4 NA NA NA NA �38.1

+++ Childhood factorsd

OR of NAFLD (95% CI) Ref. NA NA NA NA NA NA

p value Ref. NA NA NA NA NA NA

Percentage change NA NA NA NA NA NA NA

Full modele

OR of NAFLD (95% CI) Ref. NA NA NA NA NA NA

p value Ref. NA NA NA NA NA NA

Percentage change NA NA NA NA NA NA NA

Note: This table presents the odds ratios (OR) of ethnicity and NAFLD, with the accompanying CI of the different logistic regression models. NA is nonapplicable data,

used for effect estimates for ethnicity after becoming nonsignificant in the previous model and the percentage change in the reference category.
aMain model: age and sex.
bMain model + prepregnancy factors: the main model additionally adjusted for maternal age, maternal education, and prepregnancy BMI.
cMain model + prepregnancy factors + pregnancy factors: previous model additionally controlled for smoking during pregnancy, alcohol use during pregnancy, and

birth weight.
dMain model + prepregnancy factors + pregnancy factors + childhood factors: previous model additionally controlled for breastfeeding, sugar intake at infancy,

screen time, and exercise.
eFull model: previous model additionally controlled for BMI at age 10 years. BMI SD score is based on growth charts from the Dutch Growth Research

Association (21).

*p < 0.10.
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2.70-9.38). However, this increased risk could be fully explained by

both prepregnancy and pregnancy factors.

DISCUSSION

Results of this multiethnic population-based prospective analyses sug-

gest that, compared with children from a Dutch background, children

of Cape Verdean, Dutch Antillean, Surinamese-Creole, or Turkish

background had a higher liver fat fraction at school age. Also, children

with a Cape Verdean or Turkish background had higher odds of hav-

ing NAFLD at school age compared with children from a Dutch back-

ground. Prepregnancy, pregnancy, and childhood factors, as well as

childhood BMI, explained the majority of the observed differences,

except for the higher liver fat fraction observed in children with a

Turkish background.

Interpretation of main findings

NAFLD in children is, independent of BMI, associated with increased

insulin resistance, hypertension, and other cardiometabolic risk factors

(5). Results from previous studies in the US among adolescents have

suggested that liver fat accumulation differs between different ethnic

subgroups (4,6–10). Not much is not known about the ethnic dispar-

ities in liver fat in Europe, which has a different distribution of ethnic

populations compared with the US. In the Netherlands, large differ-

ences in cardiovascular and metabolic health exist between ethnic

subgroups who are of Cape Verdean, Dutch Antillean, Moroccan, Suri-

namese, and Turkish backgrounds (5). We hypothesized that liver fat

accumulation differs between ethnic subgroups living in the

Netherlands. While analyzing this, we also explored whether any eth-

nic difference could be explained by prepregnancy, pregnancy, and

childhood factors.

What we observed is a higher prevalence of overweight/obesity

and NAFLD in all ethnic minority groups compared with children with

a Dutch background. These findings are in line with results from previ-

ous studies (11–13). The highest prevalence of overweight or obesity

were observed in children with Cape Verdean, Dutch Antillean, or

Turkish background. These same three groups also had the highest

median liver fat fraction and NAFLD prevalence. As the relationship

between BMI and fatty liver has been established for many years, it

was not surprising that these findings were in line with findings for

BMI reported in the same cohort at age 6 years (12). Furthermore, in

line with the findings for NAFLD, we observed higher average liver fat

percentages in children of Cape Verdean, Dutch Antillean,

Surinamese-Creole, or Turkish background compared with children

with a Dutch background.

To the best of our knowledge, there are no previous studies that

have assessed the ethnic differences in liver fat in our diverse popula-

tion. Previous studies in these ethnic subgroups were focused on met-

abolic and cardiovascular health, which are strongly associated with

liver health (7). Several studies have described increased prevalence

of overweight and obesity among individuals from Turkish, Moroccan,

and Surinamese backgrounds, as well as other ethnic minority groups

living in the Netherlands (31,32). These differences were mostly

explained by socioeconomic background differences or decreased

physical exercise (31–33). Other studies also reported that, compared

with Dutch adults, those of Surinamese, Moroccan, Turkish, or Antil-

lean background are at increased risks of type 2 diabetes even when

at normal weight (34,35). They also found that adults with a Turkish

background had an unfavorable total/HDL cholesterol ratio, and

adults with a Surinamese-Creole background had an increased risk of

hypertension (32,36–38). In contrast, adults with a Moroccan back-

ground had a lower prevalence of hypertension and cardiovascular

mortality rates (37). Our findings are in line with the previous studies

and suggest that the observed ethnic differences in liver fat in child-

hood are related with cardiovascular disease in later life.

Furthermore, previous studies have suggested that maternal fac-

tors, pregnancy factors, or lifestyle factors are associated with liver fat

(13–17,27,28,39–41). Factors such as education level of the mother,

higher prepregnancy BMI, sugar intake in early life, and sedentary life-

style have all been associated with a higher risk of developing NAFLD

in childhood (13,15,28,39,41). In our study, we observed that the

higher liver fat percentages for Dutch Antillean and Surinamese-

Creole could be explained by prepregnancy factors, including maternal

education, maternal age, and prepregnancy BMI. These prepregnancy

factors explained more than 20% of the main model effect estimate

for liver fat for Cape Verdean and Turkish backgrounds. However, the

higher liver fat percentage observed in children from a Cape Verdean

background could largely be explained by adjusting for BMI. Only the

associations of Turkish background with liver fat percentage remained

significant after adjusting for all early-life factors and BMI. Findings

from previous studies have suggested that both prepregnancy BMI

and maternal education are correlated with liver fat accumulation in

children (6,14). These preventable and modifiable factors may contrib-

ute to the associations of ethnic background with childhood liver fat

and could be important targets in reducing ethnic health disparities

(6,7,31,42). These early-life factors are a combination of both lifestyle

factors and factors associated with socioeconomic background. In our

study sample, we observed that the Dutch group had larger propor-

tions of higher-educated mothers, higher-income households, and

children who exercised more than 2 h/d. This could suggest that part

of the differences between our “Dutch” group and the other ethnic

groups are related to socioeconomic background differences, as well

as lifestyle factors. Furthermore, in our population, the prevalence of

overweight/obesity within the group of children of Cape Verdean

descent or Turkish descent was three-fold higher than that of Dutch

children. Risk factors for BMI and liver fat may be overlapping. The

effect estimate for the association of liver fat with BMI was significant

in our full linear model, but we did not have enough power to perform

stratified BMI groups per ethnic background. This could be interesting

for future studies to provide important insights into the risk factors

for NAFLD.

Previous studies have also suggested that genetic susceptibility

might also contribute to the observed ethnic differences (43,44). This
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can be illustrated by the patatin-like phospholipase domain containing

3 (PNPLA3) gene, which is found more frequently in those of Hispanic

or Asian descent and might increase the risk of developing NAFLD at

a younger age through altering metabolic pathways (11,40). However,

in this study, we observed that the associations of ethnic background

with liver fat outcomes seem to be largely explained by both life-style

factors and socioeconomic factors. Future studies are needed to

assess whether the remaining small differences might be explained by

other environmental factors or differences in genetic susceptibility.

Furthermore, our study was focused specifically on the largest ethnic

minority groups living in the Netherlands. Although the groups might

not be exactly similar in other countries, the message that ethnicity is

an important determinant of childhood body and liver fat is important

and generalizable. In our sample, ethnic differences appeared largely

driven by early-life factors that might be preventable, although

genetic differences could not be assessed in this study. Studies in

other countries are needed to assess these associations in other spe-

cific populations.

Our findings strongly support the notion that the prevalence of

liver fat accumulation and NAFLD differs between ethnic subgroups

living in the Netherlands. These findings may have important conse-

quences for risk of cardiovascular, metabolic, and liver health from

childhood to adulthood. Additionally, our findings suggest that pre-

pregnancy, pregnancy, and childhood factors seem to explain a large

part of these associations. In line with findings for childhood obesity,

early life might offer important clues for future preventive strategies

focused on liver health from childhood onward.

Strengths and limitations

One of the major strengths of this analysis is that it was nested in a

large population-based cohort study, which allowed for a large sample

size. Another strength was the use of MRI scans to measure liver fat

fraction, a method that has previously been validated to provide accu-

rate results in adults (25). Selection bias could have been introduced

owing to those that were excluded from the study, either through

non-response at MRI visit or missing data on ethnicity or BMI at

school age. Information about ethnic background was obtained

through questionnaires, which were also available in different lan-

guages for mothers who did not understand the Dutch language. At

the same time, the use of questionnaires about a period of time intro-

duces possible recall bias. We used the classification for ethnicity that

is used by the Central Statistics Bureau in the Netherlands, which

classifies according to the country of birth of the parents. Although

this allows for an objective and stable classification, it does not distin-

guish first-, second-, and third-generation migrants, nor does it

account for heterogeneity within ethnic groups and different sub-

groups. Therefore, children of mixed ethnicity were categorized

according to the ethnic background of the mother’s family, which may

have affected our results. Additionally, to the best of our knowledge,

our study is the largest multiethnic, population-based pediatric study

assessing liver fat by MRI in a general population. Despite this, we

were limited in the number of participants per ethnic subgroups.

Clearly, in larger numbers, some observed nonsignificant effect esti-

mates in our study might have been statistically significant. Our study

population contained a relatively small number of children that have

overweight or with obesity, which could indicate a selection bias

toward a lean population and impact the generalizability of our results.

Moreover, this population is relatively healthy and young, which could

explain the small number of cases with NAFLD, and this limited our

statistical power in detecting significant associations between the dif-

ferent ethnicities that might be present. Finally, we used a cutoff of

5% liver fat assessed by MRI to define NAFLD. This cutoff is actually

based on a histology approach. Currently, there is no clear consensus

on the optimal cutoff to define children with by NAFLD by MRI.

We have previously shown that children with more than 2% liver

fat already have an increased adverse cardiovascular risk profile (5).

Also, the NAFLD definition is problematic for children, for whom

alcohol consumption is usually not a concern. Future studies should

focus on the recently proposed definition of metabolic (dysfunction)-

associated fatty liver disease (MAFLD), in which both liver fat and

metabolic consequences are taken into account (45). Therefore, the

outcomes for the regression analysis for NAFLD should be interpreted

with caution.

CONCLUSION

The prevalence of liver fat accumulation and NAFLD differs between

ethnic subgroups living in the Netherlands. Prepregnancy, pregnancy,

and childhood factors seem to explain a large part of these associa-

tions and they may be clues for future preventive strategies focused

on liver health from childhood onward.
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