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Abstract

Objectives: As rates of obesity around the world have increased, so has the

detection of high level of liver fat in children and adolescents. This may put them at

risk for cardiovascular disease later in life. This analysis of a cross‐sectional popu-

lation‐based study of children and adolescents evaluated demographic and lifestyle

determinants of percent liver fat.

Methods: Healthy participants (123 girls and 99 boys aged 5–17 years) recruited by

convenience sampling in three locations completed questionnaires, anthropometric

measurements, and dual X‐ray absorptiometry and magnetic resonance imaging

(MRI) assessment. General linear models were applied to estimate the association of

demographic, anthropometric, and dietary factors as well as physical activity with

MRI‐based percent liver fat.

Results: The strongest predictor of liver fat was body mass index (BMI; p < 0.0001);

overweight and obesity were associated with 0.5% and 1% higher liver fat levels.

The respective adjusted mean percent values were 2.9 (95% CI 2.7, 3.1) and 3.4

(95% CI 3.2, 3.6) as compared to normal weight (2.4; 95% CI 2.3, 2.6). Mean percent

liver fat was highest in Whites and African Americans, intermediate in Hispanic, and

lowest among Asians and Native Hawaiians/Pacific Islanders (p < 0.0001). Age (p ¼

0.67), sex (p ¼ 0.28), physical activity (p ¼ 0.74), and diet quality (p ¼ 0.70) were not

significantly related with liver fat.

Conclusions: This study in multiethnic children and adolescents confirms the strong

relationship of BMI with percent liver fat even in a population with low liver fat

levels without detecting an association with age, sex, and dietary or physical activity

patterns.
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1 | INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) has been increasing in

adults and children during recent years and may lead to an elevated

risk for chronic disease development over time.1 Among US adoles-

cents, the suspected prevalence increased from 3.9% in 1988–1994

to 10.7% in 2007–2010.2 Other estimates range between 5% and

10% in general population studies and 28%–41% in clinical in-

vestigations of participants with obesity.3 The wide variations in es-

timates are partially due to the methods applied for diagnosis. In

addition to the clinical gold standard of liver biopsy, serum bio-

markers (alanine or aspartate aminotransferase [ALT/AST]) and im-

aging technologies are commonly used in research studies,4,5 but

larger nonclinical studies in children primarily applied ALT.2,6

Body mass index (BMI) is the most common significant predictor

of percent liver fat.2,3 In a British cohort of young adults, participants

with overweight or obesity were 5 and 27 times more likely than

those with normal weight to be diagnosed with NAFLD.7

Determinants of liver fat beyond the strong association with BMI

have been examined.4,6 Among adults, ethnic differences have been

documented with higher values among individuals with Japanese

ancestry and lower values in African Americans than Whites.8,9 In

contrast, the highest levels in children and adolescents have been

reported among those with Hispanic ancestry,2,6 followed by Whites

and then African Americans with a higher prevalence in girls than

boys.2,10

Dietary intake patterns have been considered as additional de-

terminants of NAFLD.5,11 In adults, a higher dietary quality consisting

of fruits, vegetables, whole grains and less meat, refined grains, and

sugars was inversely related to liver fat after controlling for overall

adiposity in several studies.12‐14 Findings in children included a

positive association with a Western dietary pattern consisting of

higher amounts of fast food and sweets and low content of whole

grains, fruits, and vegetables in Australian adolescents,11 an inverse

relationship with the intake of cereals and a positive association of

NAFLD prevalence with sugar‐sweetened beverages in Spanish

children,15 and a positive relationship with total energy intake.16 In a

randomized trial with a low sugar diet compared to a standard diet,

hepatic steatosis in adolescent boys decreased significantly during an

8‐week period.10 The evidence for a separate influence of physical

activity on liver fat beyond its beneficial effect on BMI status is

uncertain. A meta‐analysis of combined diet‐physical activity in-

terventions suggests improvement in BMI level, liver enzymes, and

NAFLD in children,17 but it is not clear what type and level of

physical activity should be recommended in children.18

To add to the limited evidence based on imaging, the association

between liver fat obtained by magnetic resonance imaging (MRI) was

examined in a community‐based sample of children and

adolescents19 with a substantial sample size as compared to pub-

lished MRI studies among minors without a diagnosis of NAFLD or

other conditions.20,21 The objective was to describe differences in

liver fat across ethnic groups in girls and boys, to determine the

relationship of other adiposity measures with percent liver fat, and to

evaluate the association of diet quality with liver fat. The underlying

hypothesis was that higher percent liver fat is associated with male

sex, Asian ethnicity, overweight/obesity, and lower diet quality and

physical activity levels.

2 | METHODS

2.1 | Study population

The Shape Up! Kids Study aims to provide pediatric phenotype de-

scriptors of health using tools to quantify body shape, which allow

personal health assessment. This ongoing investigation has the goal

to recruit 720 children, ages 5 to 17 years.19 The current analysis is

based on a partial sample. To obtain a diverse study sample, enroll-

ment was stratified by age (5–9 years, 10–14 years, and 15–17

years), ethnicity (non‐Hispanic White, non‐Hispanic African Amer-

ican, Hispanic, Asian, and Native Hawaiian or Other Pacific Islander

[NHOPI]), sex, BMI‐Z score (<� 1, � 1 to 1, 1 to 1.6, and >1.6), and

location (San Francisco, CA, Baton Rouge, LA, or Honolulu, HI). Par-

ticipants were recruited by convenience sampling via flyers, news

broadcasts, health fairs, and word of mouth, had to be ambulatory,

and meet the study strata requirements. Exclusion criteria included

pregnancy, missing limbs, presence of significant nonremovable metal

in the body, or a history of body‐altering surgery. Participants were

compensated for their time with $50–$100, depending on the site.

Human subjects approval was obtained from the Institutional Review

Boards at the three locations Pennington Biomedical Research

Center (PBRC, IRB study #2017‐10, FWA #00006218), University of

California, San Francisco (UCSF, IRB #16‐20197), and University of

Hawaii Office of Research Compliance (UH ORC, CHS #24282). Both

parents, with the exception of single parents or parents who were

physically unable attend due to medical reasons, gave informed

consent. Children 7–17 years old provided written assent and those

5–6 years old gave verbal assent.

2.2 | Study design

Participants were instructed to fast without food for at least 8 h

(water and prescription medications were allowed) before the visit at

the UCSF Clinical and Translational Science Institute, PBRC, or the

University of Hawaii Cancer Center (UHCC) Body Composition

Laboratory.

Questionnaires included an online version of the Health Behavior

in School‐Aged Children (HBSC) survey22 and the Physical Activity

Questionnaire for Older Children or Adolescents.23 Manual anthro-

pometric measures according to the standard protocol from National

Health and Nutrition Examination Survey (NHANES), 3D Optical

Imaging, whole‐body DXA, fasting blood draw, strength assessments,

and whole‐body MRI were completed at an in‐person visit.19 Pu-

bertal development was assessed using self‐reported Tanner

stages.24
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2.3 | Anthropometrics

Among other measures, body weight, height, and waist circumference

were assessed at the study visit. Percentile scores according to

Centers for Disease Control and Prevention (CDC) growth charts25

and sex‐specific BMI‐for‐age values were computed. To create BMI

categories, the following cutoffs were used: Normal weight <85

percentile, overweight ≥85 percentile, and obesity ≥95 percentile of

BMI‐for‐age and sex.26

2.4 | MRI acquisition

MRI scans were performed within the MRI Systems at PBRC, UCSF,

and UHCC using a protocol designed to segment the major tissue

compartment volumes for the whole body, including adipose, muscle,

and bone. One volunteer was scanned at UHCC and PBRC with

comparable results. Measures were regionally subdivided by limbs

and trunk, visceral, and liver volumes and further subdivisions were

related to the components of these volume regions (fat and water).

All participants wore light clothing without metal objects while un-

dergoing the whole‐body MRI protocol and were instructed to

complete holding their breath during the abdominal sections to

minimize motion artifacts in the image. This MRI protocol has a short

scan time due to children being less tolerant of the discomforts

associated with an MR scan (feelings of claustrophobia and by loud

noises from the scanner) because supine positioning was used. The

scans were acquired using 2.6‐mm contiguous axial slices (adequate

for VAT, NAFLD, and whole organs) for T1‐weighted and chemical

shift based water‐fat separation acquisitions at the same resolution

with the multi‐peak fat spectrum model and single T2* correction.

The fat‐water separated protocols have different names: IDEAL for

the GE 3T system at PBRC and UCSF, and TI VIBE for the Siemen's

3T at UHCC.

2.5 | Assessment of liver fat

Analysis of the images was centrally performed at UHCC by a trained

technologist. For liver fat, region of interest (ROI) selection within

the liver followed the methods of Fishbein27 using Fiji to select two

regions of liver tissue (8–15 mm3) from the water image, while

avoiding major blood vessels and breathing artifacts.28 Intensities

were collected from the identical regions of the fat image. Fat per-

centages were calculated as Sf/(Sf þ Sw).

2.6 | Dual energy X‐ray absorptiometry

Participants completed one whole‐body dual energy X‐ray absorpti-

ometry (DXA) scan on a Hologic Discovery/A or Horizon/A system

(Hologic Inc.). As described in detail previously,19 DXA scans were all

centrally analyzed at UHCC by a trained technologist using Hologic

APEX version 5.6 with the (NHANES) Body Composition Analysis

calibration option disabled. DXA cross‐calibration phantoms were

circulated between all sites and calibration equations derived to

remove systematic bias in all bone and soft tissue results. Among

other measures, total and percent body fat were derived.

2.7 | Diet and physical activity assessment

Food consumption frequencies for four items were collected by self‐
report or by the parents using the HBSC questionnaire22,29: fruits,

vegetables, sweets (candy or chocolate), and soft drinks that contain

sugar. The question was, “How many times a week do you usually eat

or drink.?” with 7 possible categories from “never” to “every day more

than once”. To create an indicator variable for diet quality, all fre-

quencies were assigned a score from 0 to 14 to take into account the

nonlinear increase in intake frequency across categories as opposed

to the simple scoring approach used by some HBSC investigations.30

The scores for fruit and vegetables (FV) and those for sweets and

sugar‐sweetened drinks (SS) were added to assess a desirable food

category and an unfavorable category. To obtain approximately

equal‐sized categories, the summary scores were divided into a low

and high category (10 and 4/week as respective cutoffs) and com-

bined into an overall score with four levels as follows: High SS/Low

FV, Low SS/Low FV, High SS/High FV, and Low SS/High FV. An

overall measure of general physical activity was obtained as the mean

of nine individual scores for the self‐reported frequency of different

activities.23

2.8 | Statistical Analysis

Of 302 participants recruited so far, 48 had missing values for liver

fat because participants declined the MRI or the image could not be

analyzed due to artifacts from breathing or movement, 37 had

invalid information on one of the four dietary variables, and 5 were

missing DXA measures (some overlap of missing occurred). There-

fore, the final analysis set included 222 girls and boys. As the

number of participants with NAFLD was too low for analysis, a high

liver fat variable was created using the median of 2.68% as cut

point to maximize the number of participants per group to obtain

stable models. In this population of generally healthy youth from

the community, only a small proportion were classified as NAFLD,

but population‐based studies have shown that accumulation of liver

fat at young age is of interest even if the definition of NAFLD is not

met.31,32 Therefore, the terms terminology low versus high liver fat

were chosen. The physical activity score was categorized into low

and high (cut point ¼ 2.5) while the 60 participants with incomplete

information were coded as missing. Descriptive statistics of the

study population, mean adiposity measures by sex and ethnicity,

and Spearman correlation coefficients of liver fat with height, BMI,

waist circumference, DXA total and percent body fat were

computed.
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General linear regression was applied to evaluate the relation of

age, sex, ethnicity (Whites as reference), diet quality (High SS/Low FV

as reference), physical activity, and BMI‐for‐age (normal weight as

reference) or DXA percent total body fat, with percent liver fat with

all variables in the same model. To explore potential independent

associations of FV or SS intake, separate models with one of the two

variables as exposure were examined. To assess possible interactions

between weight status and ethnicity, a combined variable using the

five ethnic groups and normal weight versus overweight/obesity was

created.33 The numbers of participants by ethnic group were too

small to separate overweight and obesity. Using this variable, the

adjusted means of liver fat were computed and plotted. Finally,

TAB L E 1 Characteristics of children and adolescents in the Shape Up! Kids Studya

Characteristic Category Girls Boys All

N (%) 123 (55) 99 (45) 222 (100)

Age, years 12.3 � 3.4 12.1 � 3.1 12.2 � 3.2

Ethnicity (%) White 34 (28) 38 (39) 72 (32)

African American 37 (30) 25 (25) 62 (28)

Hispanic 14 (11) 8 (8) 22 (10)

Asian 14 (11) 10 (10) 24 (11)

NHOPI 24 (20) 18 (18) 42 (19)

Tanner stage (%)b 1 32 (28) 33 (35) 65 (31)

2 13 (12) 14 (15) 27 (13)

3 20 (18) 13 (14) 33 (16)

4 22 (20) 23 (24) 45 (22)

5 25 (22) 11 (12) 36 (18)

BMI (%) Normal weight 62 (50) 64 (65) 126 (57)

Overweight 27 (22) 17 (17) 44 (20)

Obesity 34 (28) 18 (18) 52 (23)

Weight, kg 51.9 � 20.7 50.5 � 19.9 51.3 � 20.3

Height, cm 149.3 � 15.7 152.7 � 19.0 150.8 � 17.3

Waist circumference, cm 77.7 � 16.7 73.3 � 14.0 75.7 � 15.5

BMI‐for‐age percentile, % 72 � 29 64 � 29 69 � 29

DXA total body fat, kg 17.1 � 10.3 11.8 � 7.6 14.7 � 9.6

DXA % total body fat, % 31.1 � 7.4 22.8 � 9.0 27.4 � 9.1

DXA visceral fat area, kg 38.0 � 27.7 42.3 � 17.0 39.9 � 23.6

MRI liver fat, % 2.8 � 0.9 2.8 � 0.9 2.8 � 0.9

Physical activity scoreb 2.6 � 0.7 3.0 � 0.7 2.8 � 0.7

FV (%) <10/week 73 (59) 56 (57) 129 (58)

10þ/week 50 (41) 43 (43) 93 (42)

Sweets & SS (%) <4/week 56 (46) 50 (51) 106 (48)

4þ/week 67 (54) 49 (49) 116 (52)

Diet quality (%) High SS, low FV 47 (38) 26 (26) 73 (33)

Low SS, low FV 26 (21) 30 (31) 56 (25)

High SS, high FV 20 (16) 23 (23) 43 (19)

Low SS, high FV 30 (25) 20 (20) 50 (23)

Abbreviations: BMI, body mass index; DXA, dual X‐ray absorptiometry; FV, fruit and vegetables; MRI, magnetic resonance imaging; NHOPI, Native

Hawaiian/Other Pacific Islander; SS, sugar‐sweetened drinks.
aMeans � standard deviations are shown unless otherwise indicated.
bMissing values for Tanner stage (N ¼ 16) and physical activity score (N ¼ 60).
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TAB L E 2 Body fat measures by ethnic group in girls and boys of the Shape Up! Kids Studya

Characteristic Ethnicity Girls Boys p‐valueb

MRI percent liver fat, % White 3.0 � 0.9 3.1 � 0.9 ‐

African American 3.2 � 0.8 2.9 � 0.8 ‐

Hispanic 2.7 � 0.6 2.9 � 1.3 ‐

Asian 2.2 � 0.6 2.4 � 0.5 ‐

NHOPI 2.3 � 0.9 2.2 � 0.6 <0.0001

Weight, kg White 49.7 � 20.2 51.9 � 18.1 ‐

African American 58.7 � 24.0 51.1 � 19.1 ‐

Hispanic 51.4 � 17.7 41.7 � 22.9 ‐

Asian 42.3 � 12.3 51.3 � 16.6 ‐

NHOPI 50.4 � 19.5 50.2 � 25.4 0.27

Height, cm White 149.4 � 19.0 153.9 � 18.5 ‐

African American 150.5 � 12.9 152.5 � 16.5 ‐

Hispanic 150.5 � 14.8 143.6 � 24.9 ‐

Asian 147.1 � 15.6 157.4 � 16.0 ‐

NHOPI 147.7 � 16.1 151.9 � 22.4 0.92

BMI‐for‐age percentile, % White 69 � 32 61 � 33 ‐

African American 83 � 21 72 � 23 ‐

Hispanic 63 � 37 52 � 33 ‐

Asian 55 � 29 63 � 25 ‐

NHOPI 74 � 28 65 � 25 0.01

Waist circumference, cm White 76.1 � 14.9 74.6 � 14.6 ‐

African American 81.2 � 19.9 73.3 � 14.0 ‐

Hispanic 78.0 � 16.0 68.3 � 13.4 ‐

Asian 71.0 � 10.1 70.3 � 9.3 ‐

NHOPI 78.1 � 15.6 74.1 � 15.5 0.39

DXA total body fat, kg White 16.1 � 9.1 12.7 � 8.1 ‐

African American 20.6 � 13.1 12.8 � 7.6 ‐

Hispanic 17.9 � 9.4 8.6 � 6.4 ‐

Asian 11.7 � 4.6 9.8 � 4.8 ‐

NHOPI 15.7 � 8.7 11.0 � 8.3 0.04

DXA % total body fat, % White 31.1 � 6.4 23.9 � 10.4 ‐

African American 32.5 � 9.0 24.6 � 9.6 ‐

Hispanic 32.8 � 7.6 20.0 � 6.0 ‐

Asian 27.3 � 5.3 19.1 � 5.2 ‐

NHOPI 30.0 � 6.6 21.4 � 7.3 0.07

DXA visceral fat area, kg White 40.3 � 29.9 43.9 � 19.1 ‐

African American 42.2 � 30.1 43.9 � 18.1 ‐

Hispanic 40.6 � 30.4 41.5 � 21.7 ‐

Asian 27.9 � 13.7 35.7 � 7.7 ‐

NHOPI 32.7 � 24.9 40.5 � 12.0 0.20

Abbreviations: BMI, body mass index; DXA, dual X‐ray absorptiometry; MRI, magnetic resonance imaging; NHOPI, Native Hawaiian/Other Pacific Islander.
aMeans � standard deviations are shown unless otherwise indicated.
bp‐value for difference across ethnic categories adjusted for sex derived by general linear models.
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logistic regression was applied to estimate prevalence odds ratios

(POR) and 95% confidence limits associated with high liver fat

(≥2.68%) not NAFLD (≥5%) for the combined variable with the White

normal weight group as reference.

3 | RESULTS

The study (Table 1) included 123 girls and 99 boys with a mean age

of 12.2 � 3.3 (range: 5–17) years. Of these, 140 were enrolled at

PBRC, 79 at UHCC, and 3 at UCSF. The ethnic distribution was 32%

White, 28% African American, 10% Hispanic, 11% Asian, and 19%

NHOPI. Approximately 57% of participants were normal weight,

20% were overweight, 23% had obesity based on the CDC's

sex‐specific BMI‐for‐age percentile classification with a higher pro-

portion of obesity among girls than boys. Mean liver fat values were

similar in girls (2.8 � 0.9%) and boys (2.8 � 0.9%), while girls had

higher total and percent body fat, and waist circumference. Only 3%

of the study population (N ¼ 6) were classified as NAFLD (≥5% liver

fat): 10% of persons with obesity (N ¼ 5) and 2% of those with

overweight (N ¼ 1).

Percent liver fat differed significantly by ethnicity (p < 0.0001)

with a 27% difference between African Americans and NHOPIs.

Whites (3.0 � 0.9 and 3.1 � 0.9%) and African Americans (3.2 � 0.8

and 2.9 � 0.7%) had the highest percent liver fat in girls and boys

(Table 2) and Hispanics (2.7 � 0.6 and 2.9 � 1.3%) were intermediate,

whereas Asians (2.2 � 0.6 and 2.4 � 0.5%) and NHOPIs (2.3 � 0.9

and 2.2 � 0.6%) had the lowest values. Of the other adiposity mea-

sures, only the BMI‐for‐age percentile (p ¼ 0.01) and DXA total body

fat (p ¼ 0.04) differed significantly by ethnic group.

Percent liver fat was significantly related to BMI, body weight,

waist circumference, total body fat, and visceral fat but not height

(Table 3). The correlations were generally higher in girls than boys,

but the association was strongest with BMI‐for‐age (rs ¼ 0.51 and rs
¼ 0.42 for girls and boys, respectively).

Participants of Asian and NHOPI ancestry had significantly lower

values of liver fat than the other groups. The respective adjusted

mean values were 2.7 and 2.4% for Asians and NHOPIs, 3.0% for

Hispanics, and 3.2% for Whites and African Americans (Table 4). The

strongest predictor of liver fat was BMI (p < 0.0001). Compared to

normal weight participants (2.4%, 95% CI 2.3, 2.6), those with over-

weight (2.9%, 95% CI 2.7, 3.1) and obesity (3.4%, 95% CI 3.2, 3.6) had

higher mean liver fat levels. An interaction term of BMI with ethnicity

was not significant (p ¼ 0.93). Among the possible determinants of

percent liver fat in this study, age (p ¼ 0.67), sex (p ¼ 0.28), physical

activity (p ¼ 0.95), and diet quality (p ¼ 0.70) did not show a sig-

nificant association in fully adjusted models. After replacing BMI with

DXA percent body fat, the model did not change substantially except

that sex became significant (p ¼ 0.01). However, r2 was higher for the

BMI than the DXA percent body fat model (0.36 vs. 0.30).

When modeling the combined ethnicity/BMI status variable

(Figure 1), the strong differences in between children/adolescents

with normal and overweight/obesity BMI‐for‐age became apparent.

Among Whites, African Americans, and Hispanics, the mean differ-

ence in percent liver fat was close to 1% and the CIs did not overlap.

Participants with Asian and NHOPI ancestry had lower percent liver

fat and the difference by BMI status was only around 0.5% with

overlapping CIs. PORs (Figure 2) indicated the likelihood of having

high liver fat in comparison to White girls and confirmed the influ-

ence of BMI‐for‐age status across ethnic groups across.

Adding Tanner stage as indicator of sexual maturation to the

model did not substantially change the results: BMI and ethnicity

remained the only significant predictors of percent liver fat (data not

shown).

4 | DISCUSSION

The current investigation of liver fat in children and adolescents is

one of the first population‐based studies to apply MRI assessment.

The study is unique in its wide age range and ethnic composition. BMI

status and ethnic background emerged as the two factors signifi-

cantly associated with percent liver fat. The findings by ethnic group

were unexpected as levels were lowest among Asians and NHOPIs

and highest among African Americans and Whites with intermediate

values in Hispanics. As expected, girls and boys with overweight and

obesity had higher percent liver fat than normal weight participants.

The strong association with BMI was detected despite the relatively

low levels of liver fat (median ¼ 2.68%) and the fact that only 3% of

participants were classified as having NAFLD (>5%). No significant

differences by age and sex were observed. Based on the limited

nutritional and physical activity information, diet quality and activity

score were not associated with the presence of liver fat.

In comparison to the literature, a lower prevalence of NAFLD

(3%) among children and adolescents than the 7.6% estimate in the

general population reported by a recent meta‐analysis was detec-

ted.3 While assessment approaches also contribute to differences,

studies using MRI typically report higher prevalence than those using

serum ALT.2,3,6 Thus, the most likely explanation for the low NAFLD

TAB L E 3 Relation of adiposity measures with levels of liver fat
in the Shape Up! Kids Study

Characteristic

Girls Boys

ρa p‐value ρa p‐value

Weight, kg 0.308 0.001 0.224 0.026

Height, m 0.003 0.977 � 0.037 0.714

Waist circumference, cm 0.286 0.001 0.288 0.004

BMI‐for‐age percentile, % 0.506 <0.0001 0.431 <0.0001

DXA total body fat, kg 0.367 <0.0001 0.348 0.0004

DXA % total body fat 0.457 <0.0001 0.358 0.0003

DXA visceral fat, kg 0.381 <0.0001 0.380 0.0001

Abbreviations: BMI, body mass index; DXA, dual X‐ray absorptiometry.
aSpearman correlation coefficients are shown.
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rates reported here is the better health status in this population‐
based study as compared to the general population due to the

recruitment through community‐based strategies. Nevertheless,

studies of children and adolescents have shown that liver fat

co‐occurs with cardiometabolic risk factors31 and longitudinal studies

have documented the trajectory of adult NAFLD beginning in

childhood.32 Therefore, the accumulation of liver fat at young age is

of interest even if the definition of NAFLD is not met. In fact, pop-

ulation‐based studies have shown that children with higher liver fat

(but still < 5%) have a higher odds of cardiometabolic risk including

higher blood pressure, fasting insulin, total cholesterol, triglycerides

and C‐reactive protein as compared to those with lower liver fat.34

Our finding of the highest liver fat in White children and lowest

in Asian children contrasts with studies in both adults and children,

which reported higher liver fat associated with Asian ancestry8 and

Hispanic background2,6 than Whites. In an earlier study of children/

adolescents with obesity and similar age, no liver fat was detectable

in African Americans, whereas percent liver fat was twofold higher

than normal in both Caucasians and Hispanics.35 The lack of ethnic

variation in total body fat and visceral fat is also surprising in light of

previous reports.36,37 Although selection bias may potentially be

responsible for our results, it is also possible that the children and

adolescents in the geographic locations for this study are exposed

different nutritional and lifestyle than in previous investigations.

In agreement with previous evidence,3,7 a large difference in liver

fat by BMI status emerged in this population. Increasing proportions of

suspected liver fat based on liver enzyme measurements with higher

BMI have been described for adolescents who were part of NHANES2

and for Korean youth.38 A large meta‐analysis3 described the esti-

mated risks of developing NAFLD as 13 and 18 times higher for par-

ticipants with overweight and obesity. However, the liver fat estimates

differ considerably by assessment method. One recent study that

TAB L E 4 Determinants of liver fat in the Shape Up! Kids Studya

Model Characteristic Category Β Std Error p‐value

1: BMI (r2 ¼ 0.36) Age Years � 0.008 0.019 0.67

Sex (Ref ¼ Girls) 0.111 0.102 0.28

BMI (Ref ¼ Normal weight) Overweight 0.461 0.130 0.0005

Obesity 0.967 0.126 <0.0001

Ethnicity (Ref ¼ White) African American 0.017 0.131 0.90

Hispanic � 0.142 0.183 0.44

Asian � 0.460 0.178 0.01

NHOPI � 0.766 0.143 <0.0001

Diet quality Low SS, low FV 0.003 0.135 0.98

(Ref ¼ High SS, low FV) High SS, high FV 0.156 0.146 0.29

Low SS, high FV 0.016 0.138 0.91

Physical activity (Ref ¼ Lowb) High � 0.041 0.125 0.74

2: DXA % body fat (r2 ¼ 0.30) Age Years � 0.009 0.020 0.66

Sex (Ref ¼ Girls) 0.306 0.119 0.01

DXA percent

body fat

% 0.039 0.007 <0.0001

Ethnicity (Ref ¼ White) African American 0.026 0.137 0.85

Hispanic � 0.181 0.192 0.35

Asian � 0.511 0.186 0.007

NHOPI � 0.699 0.151 <0.0001

Diet quality Low SS, low FV 0.110 0.139 0.43

(Ref ¼ High SS, low FV) High SS, high FV 0.166 0.153 0.28

Low SS, high FV 0.053 0.145 0.72

Physical activity (Ref ¼ Lowb) High 0.113 0.133 0.40

Abbreviations: BMI, body mass index; DXA, dual X‐ray absorptiometry; FV, fruit and vegetables; MRI, magnetic resonance imaging; NHOPI, Native

Hawaiian/Other Pacific Islander; PAQ, Physical Activity Questionnaire; SS, sugar‐sweetened drinks.
aObtained through general linear regression adjusted for age, sex, ethnicity, physical activity, diet quality, BMI or DXA percent body fat.
bCutpoint is median of PAQ score.
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applied MRI to 25 participants aged 9–16 years reported a 2.4‐fold

higher liver fat fractions when comparing participants with obesity to

the normal weight category.39 Prevalence estimates in children and

adolescents with obesity, however, report much higher proportions of

NAFLD than the 10% among participants with obesity in our study.3 An

interesting report from Mexico found that maternal weight status

might be related to fatty liver content in their children as young adults

after controlling for their own BMI.40 Our findings do not agree with a

report showing that waist circumference, a measure of abdominal

adiposity, was a stronger predictor of liver fat than BMI among a study

of adolescents.41

Prior investigations with more detailed dietary information than

the current report have found associations between NAFLD and di-

etary patterns including a Western dietary pattern characterized by

fast foods with high sugar and fat content,11 sugar and sugar‐
sweetened beverages,4,15,17 and total energy.16 Similar to previous

F I GUR E 1 Adjusted mean percent liver fat by ethnicity and weight Status. Least square means with lower (LCL) and upper (UCL) 95%

confidence limits obtained by general linear regression adjusted for age, sex, physical activity, and diet quality and stratified by body mass
index percentile (BMIPC); overall mean ¼ 2.8, NHOPI, Native Hawaiian/Other Pacific Islander

F I GUR E 2 Prevalence odds ratio (POR) for high liver fat (≥2.68%) by ethnicity and weight status. POR with lower (LCL) and upper (UCL)

95% confidence limits obtained by logistic regression adjusted for age, sex, physical activity, and diet quality with white normal weight
participants as reference and stratified by body mass index percentile (BMIPC). NHOPI, Native Hawaiian/Other Pacific Islander
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reports,15,18 no association with physical activity was found, however

the large number of missing scores limit the validity of our finding.

The current investigation has several strengths, foremost the

MRI‐based measurement of liver fat in a substantial sample size of

generally healthy children and adolescents. Previous population

surveys classified children and adolescents according to ALT con-

centrations,2,6 whereas MRI‐based investigations focused on children

with overweight/obesity.15,39,41,42 The wide age range, the ethnic

diversity, and the substantial proportion of participants with over-

weight and obesity included by design make these findings applicable

to a more general population. The most severe limitation is the lack

of detailed diet and physical activity information for all participants

due to constraints in the length and rigor of the self‐report ques-

tionnaires. An objective method of physical activity assessment, for

example, accelerometers, would have been desirable but not feasible

due to logistical issues. The unexpected findings by ethnicity would

likely need a larger sample size to be clarified.

5 | CONCLUSIONS

These results in children and adolescents with different ethnic

backgrounds confirm the strong association of BMI with percent liver

fat as assessed by MRI imaging, even in this healthy population

recruited from the general population with very low levels of liver fat.

Although the simple measure of diet quality was not directly related

to liver fat, it is possible that nutritional factors affect liver indirectly

through body weight.
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