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Abstract 

 

Demographic and developmental factors associated with hepatic fat accumulation and risk of 

nonalcoholic fatty liver disease (NAFLD) among healthy Hispanic and Non-Hispanic children 

 

By Yuichi Murayama 

 

 

           Nonalcoholic fatty liver disease (NAFLD), commonly defined as chronic liver condition, 

is a common liver disease in the US, especially prominent in the Hispanic population. 

Prevalence of NAFLD has increased markedly in recent years, among children as well as 

adults. This study aims to identify factors associated with the accumulation of hepatic fat 

among healthy Hispanic vs. Non-Hispanic children. We conducted a cross-sectional study 

utilizing data collected from the ongoing Project Exposome Analysis in Child Health 

(PEACH) cohort study conducted by the Department of Pediatrics Emory University School 

of Medicine. We created a series of linear regression models to explore the relationship 

between liver fat accumulation (%), as assessed using MRI, and age, as well as the 

interaction between age and ethnicity. We also developed multivariable models to explore 

the association between possible demographic risk factors and the role of puberty onset 

and % liver fat using risk-factor models in order to assess the impact of adjustment for 

potential confounding factors identified from previous research. Among the 30 children in 

the study, 10 were Hispanic and 20 were Non-Hispanic, the mean age (±Standard 

Deviation) of those of Hispanic ethnicity was 13.3 ±3.2 years (range, 7.5 to 18.1), and of 

those Non-Hispanic was13.5±2.8 years (range, 7.8 to 18.1), (p=0.872). The mean % liver 

fat (±SD) of Hispanic children was 4.2±1.8 (range, 1.6 to 7.0), and among Non-Hispanic it 

was 3.5±2.1 (range, 1.6 to 10.1), (p=0.365). There was no significant difference for this 

interaction term age and ethnicity (p=0.108), but the Hispanic group exhibited a steeper 

slope compared to the Non-Hispanic group. On the other hand, stepwise results showed 

“Age,” “Ethnicity,” and “Obesity” as statistically significant predictors. Our results 

demonstrated that percent hepatic fat increased with age among all participants in our 

sample of healthy children but the rate of increase was greater among those of Hispanic 

ethnicity compared to Non-Hispanic ethnicity. The results of this study can be used to 

inform the development of improved screening and intervention methods.  
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Background 

   Nonalcoholic fatty liver disease (NAFLD) is a common liver disease in the United States, 

which is prominent especially in Hispanic and Asian populations; however, there is still no 

consensus of its prevalence in the pediatric population. This is due in part to difficulty 

diagnosing NAFLD. Liver biopsy is currently the most reliable method for determining the 

presence of steatohepatitis and fibrosis in patients with NAFLD, but it is generally recognized 

that biopsy is limited by cost, sampling error, and procedure-related complications. 1 2 This 

inhibits early prevention due to the insufficient accumulation of data and lack of definitive 

diagnosis. 3-9   

   NAFLD is one of the common chronic liver diseases. It is estimated that about 10% of all 

children in the U.S. have NAFLD including both nonalcoholic fatty liver (NAFL) and non-

steatohepatitis (NASH). 3,10 NAFL is defined as a condition with more than 5% of hepatic 

steatosis without evidence of hepatocellular injury in the form of hepatocyte ballooning. On the 

other hand, NASH is defined as a condition of hepatic steatosis with more than 5% of hepatic 

steatosis with hepatocyte injury, with or without any fibrosis. 1 In the long term, NASH can 

ultimately progress to liver cirrhosis, which is one of the leading causes of liver transplant and 

hepatocellular carcinoma (HCC). However, histologic evaluation with liver biopsy remains the 

only definitive diagnosis as surrogate markers still cannot replace it. 11,12 Early prevention and 

intervention would decrease future irreversible liver cirrhosis and liver failure, reducing the need 

for more invasive measures such as a liver transplant. Liver transplant is indicated in patients 

with end-stage liver disease. The most common indication to liver transplant for end-stage liver 

disease in adults is cirrhosis. Patients need to be referred to transplant centers when major 

complications of cirrhosis, such as variceal hemorrhage, ascites, hepatorenal syndrome, and 

encephalopathy occur. 13 

   NAFLD is strongly associated with factors of metabolic syndrome, insulin resistance, diabetes 

mellitus (DM)14, obesity, and ethnicity. 15 Obese children have seven times the prevalence of 

NAFLD compared to normal-weight children. 10,16 The Hispanic population has four times 

elevated risk of hepatic steatosis compared to Non-Hispanic children (11-22 years-old).7,17 

However, the specific onset of fat accumulation during puberty by sex is understudied. 18,19 Thus, 

elucidating this natural time course would aid in timely prevention at the early stage of disease 

onset. This study aims to identify factors associated with the accumulation of hepatic fat among 

healthy Hispanic vs. Non-Hispanic children. 

 

Methods 

Study Design and Sample 

   We conducted a cross-sectional study utilizing data collected from the ongoing Project 

Exposome Analysis in Child Health (PEACH) cohort study conducted by the Department of 

Pediatrics Emory University School of Medicine. The PEACH cohort study aims to describe the 

healthy exposome in children.  Data collected will be used to investigate the mechanism, 

treatment, diagnosis, and prevention of diseases that occur in children. As part of the PEACH 

study, samples of plasma, urine, serum, stool, teeth, toenails and fingernails, and saliva were 

collected from 41 healthy children ages 6 to 18 years living in the greater Atlanta area.  In 

addition, a whole-body MRI was done among a subgroup (N=31) to assess body and liver fat. 

Children whose parents reported them as healthy were included.  Those who had an acute illness 
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(fever) within the past last 14 days, who reported consuming illicit drug or alcohol, taking 

antibiotics, or were pregnant were excluded from the enrollment.  

The 30 children enrolled in the PEACH study for whom data were available on key variables of 

interest, including demographic data, puberty status, and percent (%) hepatic fat formed the 

sample for the current study.  

 

Outcome Variable 

   “% hepatic fat” was measured by MRI utilizing a proton density fat fraction (PDFF) method to 

evaluate the hepatic steatosis 16,20  

 

Other Variables 

    During a research study visit, demographic data, including age, sex, and race/ethnicity (self-

identified category, such as Hispanic or Non-Hispanic) were collected using self-administered 

surveys. Subjects also self-reported their stage of puberty as Tanner Stage I-V. In addition, blood 

samples were collected from all participants to assess ALT (ALT: Alanine-aminotransferase, 

elevated level Male > 25.8 U/L, Female > 22.1U/L) levels21 22, which indicates inflammation or 

cellular injury, a surrogate marker for screening NAFLD. Blood samples also captured lipid 

panels including Total Cholesterol (mg/dL), LDL Cholesterol (mg/dL), HDL Cholesterol 

(mg/dL), and Triglycerides (mg/dL). Waist circumference (cm) and Body Mass Index (BMI) 

weight in kilograms divided by height in meters squared, (kg m-2). 

 

Data Analysis 

   For the statistical analysis, R version 4.0.2 (R Core Team (2020). R: A language and 

environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. 

URL https://www.R-project.org/.) was used. Visual inspection of the samples’ scatter plot 

revealed that % liver fat increased visually when the subjects’ age increased. Hence, we created a 

linear regression model to explore the relationship between % liver fat and age. We created 

multivariable models to explore the association between possible risk factors in demographic 

data and % liver fat elevation using a series of basic/risk-factor models in order to assess the 

impact of adjustment for potential confounding factors from previous research. 23  

   We developed a “basic model” with % liver fat as a dependent variable and ethnicity as 

independent variable (model A), then we added age into to the model A (model B). We also 

added the interaction term between age and ethnicity to explore the difference in steepness of 

two slopes depending on ethnicity (model C):  

 

(% liver fat   = b0 + b1*Age + b2*Ethnicity + Age*Ethnicity + Error) 

 

   To explore the association between % liver fat and puberty stage, we added Tanner Stage into 

to the model B (model D). Tanner stages were based on secondary sexual characteristics. Male 

and female children self-reported their stage on a 5-point scale. In male children, Tanner Stages 

were evaluated with the changes in genitalia (I: Pre-adolescent testes, scrotum, and penis are of 

about the same size and proportion as in early childhood ~ V: Genitalia adult in size and shape). 

In female children, Tanner Stages were evaluated with the changes in breast stages (I: Pre-

adolescent, Elevation of papilla only ~ V: Mature stage projection of papilla only) 24 25 In the last 

models, obesity or waist circumference was added, as they are one of the well-established risk 

factors of NAFLD (model E and F). In order to explain % liver fat and to create a more 
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parsimonious model, we utilized the stepwise regression method and included the statistically 

significant variables into the final model at a ten percent significance level (α=0.10). We then 

included the interaction term between age and ethnicity and evaluated the statistical significance 

by controlling variables from the stepwise results.  

   Because there was a small sample size, continuous variables were dichotomized to keep the 

residuals normally distributed. Total Cholesterol over 170 (mg/dL) was categorized as 

“Elevated”. LDL Cholesterol over 100 (mg/dL) was categorized as “Elevated”. HDL Cholesterol 

under 45 (mg/dL) was categorized as “Low”. Triglycerides over 150 (mg/dL) was categorized as 

“Elevated”. BMI over 95 (percentile) was categorized as “Obesity.” Waist Circumference above 

90 percentile (cm) was categorized as “WC above 90 percentile”. 26 27 28 29 (Table.1)    

   We utilized Cook’s distance and identified outliers using the cutoff of 4/N. When sample size 

is small, outliers would have a stronger influence on the overall result and a series of sensitivity 

analyses were conducted with and without outliers to assess their impact. 30 In our study, samples 

who had strong influence due to high hepatic fat were excluded. 

 

Results    

   Among the 30 children in the study, 10 were Hispanic and 20 were Non-Hispanic, the mean 

age (±Standard Deviation (SD)) of those of Hispanic ethnicity was 13.3 ±3.2 years (range, 7.5 to 

18.1), and of those Non-Hispanic was13.5±2.8 years (range, 7.8 to 18.1), (p=0.872). The mean % 

liver fat (±SD) of Hispanic children was 4.2±1.8 (range, 1.6 to 7.0), and Non-Hispanic was 

3.5±2.1 (range, 1.6 to 10.1), (p=0.365), The mean ALT (±SD) of those of Hispanic ethnicity was 

25.3 ±18.0 (range, 14.0 to 74.0), and of those Non-Hispanic was 21.0±6.15 (range, 11.0 to 35.0), 

(p=0.354). (Table 2) 

   The samples’ distribution showed a linear relationship between % liver fat and age, and 

residuals were was fairly normally-distributed. As the age increased, % liver fat also increased.  

Age was not significant in explaining % liver fat at a ten percent significance level (age: 

coefficients=0.197, p=0.123), but it became significant after removing the outlier (age: 

coefficients=0.219, p=0.030).  

   We developed a linear regression model with the % liver fat and age, and identified one outlier 

(MRI:10.1 (%), Age:12.1) based on Cook’s distance, and the influence from this outlier was 

Cook’s SD > 0.20.  

    As preliminary analysis prior to outlier removal, we developed a model only with % liver fat, 

as the dependent variable and ethnicity as the independent variable; ethnicity was not significant 

in this model (ethnicity: coefficients = -0.71, p=0.365). After removing the outlier, ethnicity 

became significant (ethnicity: coefficients = -1.0595, p=0.097) in the univariate model (Table. 3: 

model A). We then added age into model and it showed both age and ethnicity as significant 

variables (age: coefficients = 0.226, p=0.0196; ethnicity: coefficients = -1.11, p=0.055) (Table. 

4: model B). Then, we added the interaction term between % liver fat and age into model B 

(Figure.1, Table. 5: model C), and the interaction term was not found to be significant (p=0.108). 

We adjusted for Tanner Stage into model B (Table. 6: model D), and only ethnicity remained 

significant (ethnicity: coefficients = -1.25, p=0.047). We added obesity into the model D, and 

only ethnicity remained significant (ethnicity: coefficients = -1.28 p=0.0622) (Table. 7: model 

E). We replaced obesity with waist circumference above 90 percentile in model D, then only 

ethnicity remained significant (ethnicity: coefficients = -1.65 p=0.00386), (Table. 8: model F). 

for models C, D, E, and F, only ethnicity was significant.  



 4 

   To find a more parsimonious model explaining MRI liver fat accumulation (%), we integrated 

other variables known as possible risk factors of NAFLD into the model. We also dichotomized 

continuous variables and conducted the stepwise method using age, ethnicity, sex, obesity, and 

WC above 90 percentile. (Table. 2) The stepwise method without the outlier indicated age, 

ethnicity, and obesity were chosen as predictors with an adjusted R2 of 0.51. (Table. 9) 

    

   It is known that DM is related to having NAFLD. There were no subjects diagnosed with DM 

prior to the participation in the research in our data. In our dataset, the highest blood sugar levels 

noted were 99 (mg/dL), which was still within a normal range based on diagnostic criteria 31. For 

this reason, we omitted the DM variable, and considered other known risk factors such as “Total 

Cholesterol (mg/dL),” “HDL_Cholesterol (mg/dL),” “Triglycerides(mg/dL),” “BMI 

(percentile),” and “Waist Circumference (cm).” 

 

Discussions 

   We discovered differences in the percentage of liver fat between healthy children of Hispanic 

compared to Non-Hispanic ethnicity in % liver fat.  Our findings are consistent with previous 

studies that were conducted among Hispanic and Non-Hispanic children that had been previously 

diagnosed with NASH/NAFLD. Race/ethnicity is an established risk factor in the prevalence of 

NAFLD in the United States. 32,33 This finding suggests that this disparity is also true among 

healthy children’s populations in the United States.   

   According to the MRI/Age plots figure, children tend to accumulate liver fat with increased 

age in a monotonic relationship. Ethnicity remained statistically significant all throughout before 

and after controlling age, Tanner Stages, Obesity, Waist Circumference, and the coefficient for 

ethnicity was highest (-1.65) when controlling for age, Tanner Stage, and Waist Circumference 

without the outlier. The interaction between age and ethnicity was not statistically significant in 

the model. However, the graph presents a difference in steepness. This implies that Hispanics 

accumulate liver fat faster than Non-Hispanic groups before they develop fatty liver disease. In 

addition to increase with age, Hispanic ethnicity and obesity explain MRI liver fat accumulation 

according to the stepwise analysis. In this analysis, to keep the residuals normally distributed, we 

dichotomized most of the numerical variables such as lipid profile, body weight, and height. This 

could have introduced excessive rounding, leading to an unavoidable loss of information and 

power and increase the potential for misclassification. Despite these issues, most of the models 

have shown that age and ethnicity are important factors to explain % liver fat. In the models in 

which the age variable is replaced with Tanner Stage, the stepwise method shows ethnicity is not 

significant. However, as shown in Table 2, there was not enough data for analysis in each cell 

among stages (I - V); some cells are absent in the analysis. Therefore, due to the small sample 

size in these models, identifying specific stages within puberty or other risk factors contributing 

to liver fat accumulation was not clear. We note that at least one research group has suggested 

that compensatory changes in insulin secretion fails after Tanner III in both sexes. 34 Thus, a 

larger sample size and would allow for the exploration of the possible relationship between 

Tanner Stages and liver fat accumulation. 

   Multiple studies have confirmed genetic disparities as well as environmental disparities among 

NAFLD patients. Studies point to an allele in the Patatin‐like phospholipase domain‐containing 

protein 3 (PNPLA3) for increased risk of developing NAFLD. 32Hispanics have been shown to 

present the highest frequency of the PNPLA3 compared to their other ethnicity counterparts 

suggesting a potential genetic mechanism. 35 Furthermore, Mexican Americans tend to consume 
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more carbohydrates, saturated fats, cholesterol, and less linoleic acids than Anglo Americans 

implicating behavioral risk factors as well. There was a small impact of socioeconomic status 

among different ethnicities on the consumption of atherogenic diet. 36 Davis et al., implies GG 

genotype of PNPLA3 makes Hispanic children more susceptible to increased hepatic fat when 

dietary carbohydrate intake, specifically sugar, is high. 37 Among Hispanics, there will be genetic 

variation depending on their origin of countries and their ancestries. To explore the racial 

disparities of NAFLD, not only the cultural context and socioeconomic status could be helpful, 

but exploring the genetic dispositions would allow a better understating of NAFLD prevalence.  

   We only used self-identified ethnicity in the questionnaire, many of the participants who 

answered as Hispanics did not answer the race question, and our samples size was small. Despite 

this shortcoming, our results using % liver fat of healthy children follow the findings of previous 

reports that indicate that Hispanics are more likely to accumulate liver fat. While we did not find 

any statistical differences, our data visually suggest that healthy Hispanic children may 

accumulate liver fat faster than Non-Hispanics (Figure.1). Because this study only used clinical 

data, future studies would benefit from the use of genomic data and further demographic data 

such as socioeconomic status to determine the difference between Hispanics and Non-Hispanics.  

    

Conclusion  

   Our results demonstrated that the % of hepatic fat increased with age among all in our sample 

of healthy children but the rate of increase was greater among those of Hispanic compared to 

Non-Hispanic ethnicity. There was no positive linear association between puberty stage and % 

liver fat. 
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TCHO: Total Cholesterol, TG: Triglycerides, LDL_CHO: LDL Cholesterol, HDL_CHO: HDL Cholesterol, Obesity: 

BMI over 95 (percentile), and WC above 90 percentile: Waist Circumference above 90 percentile (cm) 
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Obesity: BMI over 95 (percentile) 
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WC above 90 percentile: Waist Circumference above 90 percentile (cm) 
 

 

 

 
Obesity: BMI over 95 (percentile) 


