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Summary

Introduction: Metabolic dysfunction-associated steatotic liver disease (MASLD) is the most 

common chronic liver disease among US children. Studies have associated food insecurity with 

MASLD in adults, but there are few studies of pediatric MASLD, particularly in high-risk 

populations. We assessed the impact of household food insecurity at 4 years of age on MASLD in 

Latinx children.

Methods: Using a prospective cohort design, Latina mothers were recruited during pregnancy 

and followed with their children until early to mid-childhood. Our primary exposure was 

household food insecurity at 4 years of age measured using the validated US Household Food 

Security Food Module. Our primary outcome, MASLD, was defined as alanine transaminase 

(ALT) ≥95th% for age/gender plus body mass index (BMI) ≥85% at time of ALT measurement 

(assessed between ages 5–12). We used multivariable logistic regression models to test for 

independent associations between household food insecurity and pediatric MASLD.

Results: Among 136 children, 28.7% reported household food insecurity at 4 years of age and 

27.2% had MASLD in early to middle childhood. Approximately 49% of children with MASLD 

and 21% of children without MASLD were food insecure (p < 0.01). Exposure to household food 
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insecurity at age 4 was independently associated with a 3.7-fold higher odds of MASLD later in 

childhood (95% CI: 1.5–9.0, p < 0.01).

Conclusions: Exposure to household food insecurity at 4 years of age was associated with 

increased risk for MASLD later in childhood. Further studies are needed to explore mechanism(s) 

and impact of reducing food insecurity on risk for MASLD.
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1 | INTRODUCTION

Metabolic dysfunction-associated steatotic liver disease (MASLD)1 is the most common 

chronic liver disease in children in the United States.2–5 MASLD describes a spectrum 

of steatotic liver disease associated with at least one known cardiometabolic risk factor,1 

from hepatic steatosis to steatohepatitis, which can progress to liver fibrosis, cirrhosis and 

end-stage liver disease.1,6,7 In children and adolescents, prevalence of MASLD increases 

with obesity, Latinx ethnicity (especially those of Mexican and Central American origins), 

male sex and older age.2,5,8,9 There is a paucity of longitudinal studies, especially in these 

high-risk groups, on risk factors associated with the development of pediatric MASLD.9,10 

While genetic, metabolic and dietary risk factors have been identified, the range and 

interplay of factors placing Latinx children at the highest risk of developing MASLD remain 

unclear.8,11 Thus, there is an urgent need to clarify these complex relationships to decrease 

MASLD-related health disparities among Latinx children.

Several recent studies among adults in the United States found that household food 

insecurity was independently associated with MASLD and advanced liver fibrosis.12,13 

Household food insecurity is defined as households that at times were unable to acquire 

adequate food for one or more household members because the household had insufficient 

income and other resources for food.14 One recent study highlighted an interaction between 

food security and obesity: adults with obesity and very low food security had increased 

risk of MASLD compared to adults with obesity and food security.13 In another study, 

adults with MASLD and food insecurity had poor diet quality, which was significantly 

associated with fibrosis.15 Adults with food insecurity may have higher rates of obesity due 

to a worse diet quality and lower access to medical care, which leads to a high burden of 

cardiometabolic disease and increased risk for liver disease.12 Two recent studies examining 

food insecurity among children receiving care for MASLD at liver clinics in the Midwest 

found that food insecurity is not uncommon16 and is associated with future health-related 

unmet social needs.17

No previous studies, to our knowledge, have examined the association of early exposure to 

household food insecurity on childhood MASLD. This is particularly important for Latinx 

families as Latinx children have high rates of both household food insecurity14 and MASLD. 

Our primary aim in this study was to evaluate the association between household food 

insecurity in early childhood (at 4 years of age) and MASLD in early to mid-childhood 

in two combined longitudinal birth cohorts of Latinx children of primarily Mexican and 
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Central American origins. We hypothesized that children with early exposure to household 

food insecurity were at increased risk for MASLD compared to those that were food secure.

2 | METHODS

2.1 | Study design and study subjects

We included data from two prospective longitudinal birth cohorts of Latinx children whose 

mothers were recruited in pregnancy and were primarily of Mexican and Central American 

origins (n = 298). These cohorts were designed to explore early life risk factors for the 

development of pediatric obesity and associated metabolic diseases.18,19 Children were born 

at the University of California, San Francisco, or the Zuckerberg San Francisco General 

Hospital during two time periods, 2006–2007 (Hispanic Eating and Nutrition [HEN] cohort) 

and 2011–2013 (Latino, Eating, and Diabetes [LEAD] cohort). Children and their mothers 

have been followed up annually from birth until 2021 as described in more detail below.

At the time of enrollment, Latina mothers expecting a healthy newborn with a non-high-risk 

pregnancy were recruited in prenatal clinics to both the HEN and LEAD cohorts, which 

used similar inclusion and exclusion criteria except with regard to type 2 diabetes mellitus 

and gestational diabetes. The HEN cohort excluded insulin-dependent diabetic mothers; 

the LEAD cohort did not. The detailed recruitment protocol and study methods have been 

described previously.18–20 In summary, both cohorts included mothers that spoke English 

or Spanish, denied illicit drug or alcohol use, polycystic ovarian syndrome or self-reported 

eating disorders. If newborns had any contraindications to breastfeeding or had an Apgar 

score <7 at 5 min of life, the mother and infant pairs were excluded.

Written consent was provided annually by all mothers for themselves and their children. The 

study was approved by the Committee on Human Research (CHR), the Institutional Review 

Board (IRB) of the University of California, San Francisco.

2.2 | Cohort baseline, follow-up visits and study measurements

Mothers in both cohorts had prenatal visits. Children and mothers in both cohorts had visits 

at birth, 6 months, 1 year and then annually thereafter. Specifics of the study visits and 

measurements collected at the study timepoints are described below.

Maternal and family sociodemographic data including maternal ethnicity (Mexican, Central 

American or other Hispanic), language use (Spanish, Spanish/English or only English) and 

participation in the Special Supplemental Food Program for Women, Infants and Children 

(WIC) was collected at baseline during the prenatal visit. Maternal self-reported history 

of hypertension (HTN) including gestational hypertension, diabetes mellitus including 

gestational diabetes (GDM) and pre-pregnancy body mass index (BMI; kg/m2) were also 

collected at baseline and verified by the study staff by confirming with the patient’s medical 

record. Infant gestational age, sex and birthweight were extracted from the medical record at 

birth.

Maxwell et al. Page 3

Pediatr Obes. Author manuscript; available in PMC 2024 June 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2.3 | Anthropometrics and blood pressure

At each annual follow-up visit, child anthropometric measures were obtained, including: 

length/height, weight and waist circumference. Blood pressure measurements were assessed 

annually with an automatic oscillometer Omron HBP-1300 (Omron Healthcare, IL, USA), 

using the mean of three measurements. Child overweight was defined as BMI percentile 

≥85.0% and ≤95.0% for age and sex, and child obesity was defined as BMI percentile 

≥95.0% for age and sex using Centers for Disease Control (CDC) 2000 growth charts.21,22 

A BMI Z-score of 1 is 1 standard deviation from the mean for age, height and sex. We 

classified BMI Z-scores of −0.99 to 0.99 as normal weight, 1 to 1.99 as overweight and ≥2 

as obesity.23

2.4 | Diet

Annual dietary assessments of children were conducted beginning at 2 years of age. Intake 

of sugar-sweetened beverages (SSBs) and fast food were assessed annually in children 2 

to 5 years of age using validated food frequency questionnaires that were developed for 

use in Mexican children and validated in Latinx children.24,25 SSBs included intake of fruit 

juice (<100%), fruit drinks, soda, Kool-Aid or sweetened tea/coffee. Fast food was defined 

as any McDonalds, Burger King, Wendy’s, KFC or other popular ready-to-go foods. We 

categorized high SSB intake as >2× a week and high fast food intake as >1× a week at 5 

years of age based on our previous studies.20,26

2.5 | Household food security

For the main exposure: household food security over the past 12 months was assessed 

when the child was 4 years of age in both cohorts, using the 18 question US Household 

Food Security Food Module (US HFSSM), a validated scale by USDA.14,27 Other 

timepoints were collected in both cohorts, but 4 years of age is the earliest measurement 

in both cohorts. Household food security was categorized using the four standard USDA 

classifications: (1) high (raw score zero), (2) marginal (raw score 1–2), (3) low (raw 

score 3–7) (4) and very low (raw score 8–18).27 High household food security, as 

defined by the USDA, describes households that have no problems or anxiety about 

reliably accessing adequate food14,27; marginal is defined as problems/anxiety occasionally 

concerning accessing adequate food, but the quality/variety, and/or quantity of food is not 

reduced. Low is defined as reduced quality, variety and desirability of food intake, but the 

quantity of food intake has not been substantially altered; and very low implies that eating 

patterns of one or more household members were disrupted and food intake was reduced 

because the household lacked money and other resources for food. The USDA classifies 

households with high and marginal food security as food secure and those with low and very 

low food security as food insecure.14,27

2.6 | MASLD sub-study

We screened children for MASLD when children in the LEAD cohort were 5–8 years of age 

and children in the HEN cohort were 8–14 years of age. Of the original 298 mother–child 

pairs, 137 children (46%) had serum cardiometabolic laboratory tests conducted to screen 

for MASLD.
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Children were assessed for metabolic health, including liver transaminases (alanine 

aminotransferase [ALT] and aspartate aminotransaminase [AST]), glucose and lipids, 

including: haemoglobin A1c (HgbA1c), insulin, triglycerides, high-density lipoprotein 

(HDL), low-density lipoprotein (LDL) and uric acid. We used the AAP Obesity Guidelines/

NHLBI Criteria for Lipid Testing Results to determine normal and abnormal values for 

cardiometabolic labs.28,29

For the main outcome: children were categorized as MASLD if they had a BMI (kg/m2) 

≥85% for their age and sex and an ALT ≥95th % for age and sex (cut-point for males ≥25.8 

IU/L cut-point for females ≥22.1 IU/L), based on US norms.22,30 These ALT cut-points have 

sensitivities and specificities for detecting MASLD of 80% and 79% respectively for boys 

and 92% and 85% respectively for girls.30

3 | STATISTICAL ANALYSES

Our primary exposure was household food insecurity and our primary outcome was 

MASLD. We used descriptive statistical analyses to estimate the proportion of children with 

exposure to household food insecurity and those with MASLD. We assessed the frequency 

of covariates including maternal and child demographics and health characteristics in our 

cohort.31–37 All data were presented as percentages and medians with interquartile ranges 

(IQRs). We checked all continuous covariates for normality using the Shapiro–Wilk test.

We subsequently assessed the association between our main predictor, food security status 

and these demographic, maternal and child health parameters. In our analysis, those with 

food security included those who had a high food security or marginal food security score 

on the USDA questionnaire and food insecurity included those with a low or very low 

food security score based on USDA definitions.14 For covariates with normal distributions, 

we used a Student’s t-test to test for differences between groups, and for covariates with 

non-normal distributions we used two sample Wilcoxon rank sum (Mann–Whitney) tests. 

For dichotomous or categorical variables, we used chi-squared or Fisher’s exact tests.

We subsequently assessed MASLD in relation to child and family demographics and 

maternal and child health metrics using a similar approach. As our two cohorts had different 

mean ages at the time that MASLD was assessed, we also stratified by age using a cut-point 

of 10 years, which separated the cohorts to assess for differences by age or cohort in relation 

to MASLD.

To test for the potential biases from missing data as our MASLD cohort only represented 

a subset of the total initial HEN and LEAD cohorts, we assessed if there were any 

sociodemographic differences including participation in WIC, ethnicity and language use 

among those who received metabolic labs and those who did not (137/289 or 46%). 

There were no statistically significant differences in language use, WIC participation or 

maternal ethnicity between those with metabolic labs and those without. Additionally, we 

assessed sociodemographic differences among the cohorts for missing data for food security 

assessment when the child was 4 years old (122/136 or 89.7%). There were similarly no 

statistically significant differences in maternal age, WIC participation or ethnicity among 
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mothers who completed food security screening when the children were 4 years of age and 

those who did not. However, mothers who did complete food security screening were more 

likely to only speak Spanish compared with those that did not.

3.1 | Multivariable logistic regression

We used multivariable logistic regression models to assess if exposure to household food 

insecurity versus food security when the child was 4 years old was an independent predictor 

of MASLD in early to middle childhood. Variables significant at p < 0.05 in bivariate 

analyses were included in multivariable analyses. The child’s age category (<10 or ≥10 

years) at the time of MASLD evaluation and sex were included in all multivariable models. 

We used STATA 17.0 (StataCorp) for all analyses.

4 | RESULTS

4.1 | Participant characteristics

We included 136 Latinx mother/child pairs of which 59.9% of mothers were of Mexican 

origins and 35.7% were of Central American origins; 91.2% of mothers reported speaking 

Spanish as a primary language (Table 1). Although income status was not directly 

assessed, 94.1% of families were enrolled in WIC during pregnancy. Our primary exposure: 

household food insecurity when the child was 4 years of age was reported in 28.7% of 

households. Nearly half of the children were male (47%). The median age at MASLD 

assessment was 11.2 years (IQR: 7.0–11.5); 68.4% of children were ≥10 years of age, and 

57.3% had overweight/obesity (Table 1).

When we stratified our sample by cohort or by <10 years of age at the time of MASLD 

assessment versus ≥10 years of age, the two groups had some demographic and metabolic 

differences. The older group of children had younger mothers, lower birthweight Z-scores, 

lower AST levels and higher triglyceride, insulin levels and waist circumferences compared 

to the younger group of children. The younger group consumed more fast food at 5 years of 

age than the older cohort at the same age (Supplemental Table 1).

4.2 | Factors associated with household food insecurity

Sociodemographic and health-related characteristics that were associated with exposure to 

household food insecurity when the child was 4 years of age included: Central American 

ethnicity (vs. Mexican) (p = 0.03), lower gestational age (p < 0.01), lower birthweight Z-

scores (p < 0.03), higher BMI-Z scores at 2 years of age (p = 0.03) and greater consumption 

of fast food when the child was 5 years of age (p = 0.02) compared with children in 

food secure households (Table 2). Household food insecurity at 4 years of age was not 

significantly associated with overweight or obesity alone (using closest BMI measurements 

to the time of the laboratory metabolic measurements) compared to those who were in food 

secure households (p = 0.78).

4.3 | Factors associated with MASLD

The overall prevalence of MASLD was 27.2% (Table 3); 56.8% of children with MASLD 

were male (p = 0.17). Of the children with MASLD, 24.3% were <10 years of age and 
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75.7% were ≥10 years of age (p = 0.26). Children with MASLD had higher median BMI 

Z-scores at 2 years of age compared to children without MASLD (p < 0.01) with 54.0% 

having overweight/obesity (BMI Z-score ≥1) (p = 0.03). Children with and without MASLD 

did not differ by SSB intake or fast-food consumption at 5 years of age (Table 3).

Children with MASLD also had abnormal values of other components of metabolic 

syndrome, including: lower HDLs; higher fasting insulin levels; higher fasting triglycerides; 

larger waist circumferences; and higher systolic and diastolic blood pressure measurements 

than children without MASLD (p < 0.01 for all variables, Table 3). At the time of laboratory 

assessment, children with MASLD had median BMI Z-scores more than double than those 

without MASLD (p < 0.01) with children with MASLD having median BMI-Z scores of 2.1 

(IQR 1.6–2.3), which is classified as obesity compared to median BMI Z-scores of 0.9 (IQR 

0.2–1.6) in children without MASLD, which is classified as normal weight (Table 3).

5 | ASSOCIATION OF HOUSEHOLD FOOD INSECURITY AND MASLD

Children with MASLD were more than twice as likely to live in food insecure households 

when the child was 4 years of age compared to those without MASLD: 48.6% of the 

MASLD group reported household food insecurity compared to 20.7% in the non-MASLD 

group (p < 0.01) (Table 3; Figure 1).

In multivariable analysis adjusting for age (<10 or ≥10 years), sex and BMI Z-score at 2 

years of age, household food insecurity at 4 years of age was associated with an almost 

fourfold increased odds of MASLD in later childhood: OR 3.7 (95% CI: 1.5–9.0, p < 0.01) 

compared with children living in food secure homes (Table 4). Higher BMI Z-scores at 2 

years of age were also independently associated with MASLD (OR of 1.6; 95% CI: 1.1–2.5, 

p = 0.02). Age and sex were not independent risk factors for MASLD. To assess for cohort 

effects, we ran additional analyses controlling for cohort rather than age category and found 

similar statistically significant results (data not shown).

6 | DISCUSSION

Our study of urban Latinx children of Mexican and Central American origins found 

exposure to household food insecurity at 4 years of age was associated with increased 

odds of MASLD in early to middle childhood. This was an independent association that 

persisted after adjusting for age at the time of MASLD assessment, sex and BMI Z-score at 

2 years of age. To our knowledge, this is the first study associating exposure to household 

food insecurity with the development of MASLD in children. Our findings are consistent 

with recent adult studies that have found an increased risk of MASLD among adults with 

food insecurity.12,13 This association complements earlier cross-sectional studies that found 

food insecurity among children with MASLD was not uncommon.16,17 Our prospective birth 

cohort study demonstrates that early exposure to household food insecurity itself is a risk 

factor for MASLD in a high-risk pediatric population.

While our study is the first to document the association of early household food 

insecurity with MASLD in early to mid-childhood, others have found that children from 

socioeconomically deprived neighbourhoods may be at risk for an earlier onset of MASLD38 
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and that those with MASLD and food insecurity are more likely to have other unmet social 

needs at future medical visits.17 Children who grow up in neighbourhoods with higher 

socioeconomic disadvantage—based on a score derived from census data that includes the 

proportion of adults with primary education only, unemployment rates and the percent of 

people living in rented housing—have higher odds for developing MASLD in adulthood.39 

We found that 28.7% of households in our cohort reported living with food insecurity. 

This is significantly higher than what was reported by the USDA in 2020, which found 

a household food insecurity prevalence of 17.1% among Latinx families.14 Notably, we 

assessed household food security and not individual child food security. Household food 

security indices measure food security at the level of the household, but does not assess 

food access issues that may be specific to the children living in the household. Children 

are often protected from reductions in food intake, even in households with very low 

food security,14,40 as parents may prioritize children’s food intake over their own. This is 

important because although children in food insecure households may not have reduced 

intake of nutritionally appropriate foods, their diet or stress response may still be altered 

enough to increase their risk for MASLD.

We hypothesize that early exposure to household food insecurity could potentially lead 

to increased risk for MASLD through multiple mechanisms. Previous studies have found 

associations between pediatric obesity and food insecurity based on diets of poor nutritional 

quality.41 Food insecurity has also been linked to lower intake of fruits and vegetables and 

higher intake of energy dense, nutrient poor foods as well as high intake of fructose (from 

SSB intake),41 which leads to increased fat directly into the liver. Although we did find 

an association between household food insecurity when the child was 4 years of age and 

fast food intake at 5 years of age, we did not find associations between SSB intake or fast 

food intake and MASLD, nor did we find an association between household food insecurity 

and SSB intake. This may be due to the relatively small size of our sample. Alternatively, 

exposure to household food insecurity may lead to irregular feeding patterns causing higher 

stress42,43 and increased inflammation.44,45 Children exposed to household food insecurity 

may also experience higher intake of less diverse foods and rapid cycles of fasting and high 

intake, which may result in altered gut-liver axis (change in microbiota)46 and increased 

insulin resistance.45 Additional research is needed to explore these potential mechanisms 

and develop early screening and prevention strategies.

Household food insecurity when the child was 4 years of age was also associated with 

higher child BMI Z-score at 2 years, lower birthweight Z-scores and shorter gestational 

duration. As we only assessed household food insecurity at one timepoint in this study, 

we were unable to evaluate if exposure to prenatal food insecurity or sustained exposure 

may further increase the risk for MASLD and impact growth trajectories from birth. Future 

longitudinal studies assessing food security at multiple timepoints are needed.

We found a high prevalence of MASLD in our cohort (27.2%), which is notable given that 

the median age of our participants was only 11 years. While this is higher than estimates 

from another study estimating a prevalence of 13% in US teenagers nationally,2 our cohort 

was high risk given it is a Latinx cohort with high rates of obesity (36.0%). We found that 

early life overweight/obesity (BMI Z-scores >1) at 2 years of age were also independent 
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risk factors for MASLD later in childhood. This is consistent with findings from other 

studies that have shown higher adiposity measures in mid-childhood and greater increases in 

adiposity in mid-childhood were associated with higher ALT levels.47

Our findings suggest that children with overweight or obesity in early childhood are likely 

at increased risk for MASLD later in childhood. The high prevalence of MASLD in our 

cohort also suggests that screening for MASLD should occur earlier in childhood than 

recommended in both the current American Academy of Pediatrics (AAP) and the North 

American Society of Pediatric Gastroenterology, Hepatology, and Nutrition (NASPGHAN) 

guidelines.10,28 Both guidelines recommend to start screening children with obesity and 

those with overweight and the presence of cardiometabolic risk factors at 9–11 years of 

age.10,28 The AAP guidelines also state that pediatricians may consider screening children 

with severe obesity for MASLD at 2–9 years of age by checking an ALT every 2 years.28

A key limitation to our study is that the definition of MASLD is not based on liver biopsy 

or MR imaging. However, it is not the standard of care10 or feasible to perform biopsies 

or MRIs in population-based studies such as ours, which is composed primarily of healthy 

children and not children diagnosed with MASLD receiving care in subspecialty clinics. 

Studies have found that MASLD and even steatohepatitis are often present in children 

with obesity and mild or even normal ALT values.48 The metabolic factors that we would 

expect to see in children with MASLD were associated with MASLD in our cohort (insulin 

resistance, elevated triglycerides, low HDL levels, high LDLs, higher blood pressures and 

waist circumferences). As such, ALT in the context of obesity is a reasonable surrogate 

marker. Given that children with MASLD in our study had a median ALT of 31 (IQR 

27–55), we likely would have found an even stronger relationship between food insecurity 

and MASLD in a clinic or hospital-based sample of children with more severe MASLD or 

MASH. Moreover, we may be underestimating the rates of MASLD disproportionately in 

boys compared with girls as ALT values are less specific and sensitive in boys.30

Another limitation is that we have labs at one timepoint; thus, we could not assess ALT 

changes over time or the evolution of other potentially mediating factors like insulin 

resistance or systemic inflammation. Our conclusions are also limited by our small overall 

sample size (n = 136), limited number of cases with MASLD and associated relatively wide 

confidence intervals.

As our study is composed primarily of children in urban households of Mexican and Central 

American origins, our results may not be generalizable to all Latinx children. Finally, the 

two cohorts were recruited at different times and are composed of two different age groups, 

with the HEN cohort being recruited in 2006–2007 and the LEAD cohort being recruited in 

2011–2013. This could have led to temporal changes in terms of economic stressors in San 

Francisco.

Our study also has several strengths. This is a longitudinal birth cohort of Latinx children 

from households experiencing low-income who are primarily of Mexican and Central 

American origins. This group is at known high risk for MASLD. There have been few 
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longitudinal cohort studies on pediatric MASLD, well characterized in terms of their 

maternal and childhood risk factors.

7 | CONCLUSIONS

Ours is the first study to find that exposure to household food insecurity in early childhood 

(at 4 years of age) is independently associated with MASLD in early to middle childhood. 

Moreover, our cohort of children of Mexican and Central American origins had a high 

prevalence of both food insecurity and MASLD, suggesting a potential role for earlier 

screening for both in Latinx populations. By screening for food insecurity in addition to 

MASLD, pediatricians and pediatric sub-specialists could connect families to food resources 

in their communities. Programmes to address food insecurity may have beneficial effects in 

Latinx children living in households experiencing low income who are already at high risk 

for development of MASLD and warrant further investigation. Higher BMI Z-scores at 2 

years of age were also associated with subsequent risk for MASLD suggesting a need for 

primary care providers to focus on early life weight management to prevent future metabolic 

disease.

In future work, it will be important to also assess whether and why chronic exposure to food 

insecurity may be associated with MASLD, especially given that food insecurity increased 

threefold in the COVID-19 pandemic among Latinx families.49

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

FUNDING INFORMATION

Sarah L. Maxwell was supported in part by NIH Training Grant T32-DK007762. Janet M. Wojcicki was supported 
by HHS NIH NIDDK 080825 and 097458 and also received funding from Marc and Lynne Benioff, the Hellman 
Family Foundation and the Allen Foundation.

Funding information

Marc and Lynne Benioff; National Institute of Diabetes and Digestive and Kidney Diseases, Grant/Award Numbers: 
007762, 080825, 097458; Hellman Family Foundation; Allen Foundation

DATA AVAILABILITY STATEMENT

Data will be considered for sharing based on individual requests to the corresponding author.

REFERENCES

1. Rinella ME, Lazarus JV, Ratziu V, et al. A multi-society Delphi consensus statement on new fatty 
liver disease nomenclature. Hepatology. 2023;78:1966–1986. doi:10.1097/HEP.0000000000000520 
[PubMed: 37363821] 

2. Arshad T, Paik JM, Biswas R, Alqahtani SA, Henry L, Younossi ZM. Nonalcoholic fatty liver 
disease prevalence trends among adolescents and young adults in the United States, 2007–2016. 
Hepatol Commun. 2021;5(10):1676–1688. doi:10.1002/hep4.1760 [PubMed: 34558817] 

3. Yu EL, Golshan S, Harlow KE, et al. Prevalence of nonalcoholic fatty liver disease in children with 
obesity. J Pediatr. 2019;207:64–70. doi: 10.1016/j.jpeds.2018.11.021 [PubMed: 30559024] 

Maxwell et al. Page 10

Pediatr Obes. Author manuscript; available in PMC 2024 June 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



4. Anderson EL, Howe LD, Jones HE, Higgins JPT, Lawlor DA, Fraser A. The prevalence of non-
alcoholic fatty liver disease in children and adolescents: a systematic review and meta-analysis. 
PloS One. 2015; 10(10):e0140908. doi:10.1371/journal.pone.0140908 [PubMed: 26512983] 

5. Schwimmer JB, Deutsch R, Kahen T, Lavine JE, Stanley C, Behling C. Prevalence of fatty 
liver in children and adolescents. Pediatrics. 2006; 118(4):1388–1393. doi:10.1542/peds.2006-1212 
[PubMed: 17015527] 

6. D’Adamo E, Castorani V, Nobili V. The liver in children with metabolic syndrome. Front 
Endocrinol. 2019;10(August):1–17. doi:10.3389/fendo.2019.00514

7. Tricò D, Caprio S, Rosaria Umano G, et al. Metabolic features of non-alcoholic fatty liver (NAFL) 
in obese adolescents: findings from a multiethnic cohort. Hepatology. 2018;68(4):1376–1390. 
doi:10.1002/hep.30035 [PubMed: 29665034] 

8. Rich NE, Oji S, Mufti AR, et al. Racial and ethnic disparities in nonalcoholic fatty liver disease 
prevalence, severity, and outcomes in the United States: a systematic review and meta-analysis. 
Clin Gastroenterol Hepatol. 2018;16(2):198–210.e2. doi:10.1016/j.cgh.2017.09.041 [PubMed: 
28970148] 

9. Phen C, Ramirez CM. Hepatic steatosis in the pediatric population: an overview of pathophysiology, 
genetics, and diagnostic workup. Clin Liver Dis. 2021;17(3):191–195. doi:10.1002/cld.1008

10. Vos MB, Abrams SH, Barlow SE, et al. NASPGHAN clinical practice guideline for the 
diagnosis and treatment of nonalcoholic fatty liver disease in children: recommendations from 
the Expert Committee on NAFLD (ECON) and the North American Society of Pediatric 
Gastroenterology, Hepatology and Nutrition. J Pediatr Gastroenterol Nutr. 2017;64(2):319–334. 
doi:10.1097/MPG.0000000000001482 [PubMed: 28107283] 

11. Juanola O, Martínez-López S, Francés R, Gomez-Hurtado I. Non-alcoholic fatty liver disease: 
metabolic, genetic, epigenetic and environmental risk factors. Int J Environ Res Public Health. 
2021;18(10): 5527. doi:10.3390/ijerph18105227 [PubMed: 34064019] 

12. Golovaty I, Tien PC, Price JC, Sheira L, Seligman H, Weiser SD. Food insecurity may be an 
independent risk factor associated with nonalcoholic fatty liver disease among low-income adults 
in the United States. J Nutr. 2020;150(1):91–98. doi:10.1093/jn/nxz212 [PubMed: 31504710] 

13. Tamargo JA, Sherman KE, Campa A, et al. Food insecurity is associated with magnetic resonance-
determined nonalcoholic fatty liver and liver fibrosis in low-income, middle-aged adults with 
and without HIV. Am J Clin Nutr. 2021;113(3):593–601. doi:10.1093/ajcn/nqaa362 [PubMed: 
33515016] 

14. Coleman-Jensen A, Rabbitt MP, Gregory CA, Singh A. Household Food Security in the United 
States in 2020. 2021. www.ers.usda.gov

15. Kardashian A, Dodge JL, Terrault NA. Racial and ethnic differences in diet quality and food 
insecurity among adults with fatty liver and significant fibrosis: a U.S. population-based study. 
Aliment Pharmacol Ther. 2022;56(June):1383–1393. doi:10.1111/apt.17219 [PubMed: 36173037] 

16. Ley SL, Kidwell KM, Van Dyk TR, et al. Insight into the adolescent patient experience 
with nonalcoholic fatty liver disease. J Pediatr Gastroenterol Nutr. 2022;75(1):88–96. [PubMed: 
35442241] 

17. Orkin S, Yodoshi T, Sun Q, et al. Health-related social needs facing youth with nonalcoholic fatty 
liver disease. JPGN Rep. 2021;3(1): e153.

18. Wojcicki JM, Holbrook K, Lustig RH, et al. Chronic maternal depression is associated with 
reduced weight gain in Latino infants from birth to 2 years of age. PLoS One. 2011;6(2):2–9. 
doi:10.1371/journal.pone.0016737

19. Ville AP, Heyman MB, Medrano R, Wojcicki JM. Early antibiotic exposure and risk of childhood 
obesity in Latinos. Child Obes. 2017;13(3): 231–235. doi:10.1089/chi.2016.0235 [PubMed: 
28165758] 

20. Baskind MJ, Hawkins J, Heyman MB, Wojcicki JM. Obesity at age 6 months is associated with 
shorter preschool leukocyte telomere length independent of parental telomere length. J Pediatr. 
2021;233: 141–149. doi:10.1016/j.jpeds.2020.11.025 [PubMed: 33242471] 

21. Frieden TR, Jaffe HW, Stephens JW, et al. Morbidity and Mortality Weekly Report Use of World 
Health Organization and CDC Growth Charts for Children Aged 0–59 Months in the United 
States. CDC; 2009. www.cdc.gov/mmwr

Maxwell et al. Page 11

Pediatr Obes. Author manuscript; available in PMC 2024 June 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ers.usda.gov
http://www.cdc.gov/mmwr


22. CDC. Data Table of BMI-for-age Charts. Centers for Disease Control and Prevention, National 
Center for Health Statistics; 2001. https://www.cdc.gov/growthcharts/html_charts/bmiagerev.htm

23. Freedman D, Berenson G. Tracking of BMI z scores for severe obesity. Pediatrics. 
2017;140(3):e1072.

24. Jiménez-cruz A, Jones EG. Consumption of fruits, vegetables, soft drinks, and high-fat-containing 
snacks among Mexican children on the Mexico-U.S. border. Arch Med Res. 2002;33:74–80. 
[PubMed: 11825635] 

25. Wojcicki JM, Jiménez-cruz A, Heyman MB. Acculturation, dietary practices and risk for childhood 
obesity in an ethnically heterogeneous population of Latino school children in the San Francisco 
bay area. J Immigr Minor Health. 2015;14(4):533–539. doi:10.1007/s10903-011-9553-7

26. Wojcicki J, Medrano R, Lin J, Epel E. Increased cellular aging by 3 years of age in Latino, 
preschool children who consume more sugar-sweetened beverages: a pilot study. Child Obes. 
2018;14(3): 149–157. [PubMed: 29148828] 

27. Bickel G, Nord M, Price C, Hamilton W, Cook J. Guide to Measuring Household Food Security, 
Revised 2000. U.S. Department of Agriculture, Food and Nutrition Service; 2000.

28. Hampl SE, Hassink SG, Skinner AC, et al. Clinical practice guideline for the evaluation 
and treatment of children and adolescents with obesity. Pediatrics. 2023;151(2):e2022060640. 
doi:10.1542/peds.2022-060640

29. National Heart Lung and Blood Institute. Expert panel on integrated guidelines for cardiovascular 
health and risk reduction in children and adolescents. US Dep Heal Hum Serv Natl Inst Heal. 
2012; 12(7486):1–83.

30. Schwimmer JB, Dunn W, Norman GJ, et al. SAFETY study: alanine aminotransferase cutoff 
values are set too high for reliable detection of pediatric chronic liver disease. Gastroenterology. 
2010;138(4): 1357–1364.e2. doi:10.1053/j.gastro.2009.12.052 [PubMed: 20064512] 

31. Bedogni G, Gastaldelli A, Manco M, et al. Relationship between fatty liver and glucose 
metabolism: a cross-sectional study in 571 obese children. Nutr Metab Cardiovasc Dis. 
2012;22(2):120–126. doi:10.1016/j.numecd.2010.05.003 [PubMed: 20880682] 

32. Newton KP, Hou J, Crimmins NA, et al. Prevalence of type 2 diabetes and prediabetes in 
children with nonalcoholic fatty liver disease. JAMA Pediatr. 2017;170(10):e161971. doi:10.1001/
jamapediatrics.2016.1971

33. Burgert TS, Taksali SE, Dziura J, et al. Alanine aminotransferase levels and fatty liver in childhood 
obesity: associations with insulin resistance, adiponectin, and visceral fat. J Clin Endocrinol 
Metab. 2006; 91(11):4287–4294. doi:10.1210/jc.2006-1010 [PubMed: 16912127] 

34. Tominaga K, Fujimoto E, Suzuki K, Hayashi M, Ichikawa M, Inaba Y. Prevalence of non-alcoholic 
fatty liver disease in children and relationship to metabolic syndrome, insulin resistance, and waist 
circumference. Environ Heal Prev Med. 2009;14:142–149. doi:10.1007/s12199-008-0074-5

35. Schwimmer JB, Pardee PE, Lavine JE, Blumkin AK, Cook S. Cardiovascular risk factors and the 
metabolic syndrome in pediatric nonalcoholic fatty liver disease. Circulation. 2008;118(3):277–
283. doi:10.1161/CIRCULATIONAHA.107.739920 [PubMed: 18591439] 

36. Sartorio A, Del Col A, Agosti F, et al. Predictors of non-alcoholic fatty liver disease in obese 
children. Eur J Clin Nutr. 2007;61(7):877–883. doi:10.1038/sj.ejcn.1602588 [PubMed: 17151586] 

37. Fonvig CE, Chabanova E, Andersson EA, et al. H-MRS measured ectopic fat in liver and muscle 
in Danish lean and obese children and adolescents. PLoS One. 2015;10(8):1–15. doi:10.1371/
journal.pone.0135018

38. Orkin S, Brokamp C, Yodoshi T, et al. Community socioeconomic deprivation and nonalcoholic 
fatty liver disease severity. J Pediatr Gastroenterol Nutr. 2020;70(3):364–370. doi:10.1097/
MPG.0000000000002527 [PubMed: 31651666] 

39. Kivimäki M, Vahtera J, Tabák AG, et al. Neighbourhood socioeconomic disadvantage, risk factors, 
and diabetes from childhood to middle age in the Young Finns Study: a cohort study. Lancet 
Public Health. 2018;3(8):e365–e373. doi:10.1016/S2468-2667(18)30111-7 [PubMed: 30030110] 

40. Potochnick S, Perreira KM, Bravin JI, et al. Food insecurity among Hispanic/Latino youth: who 
is at risk and what are the health correlates? J Adolesc Health. 2019;64(5):631–639. doi:10.1016/
j.jadohealth.2018.10.302 [PubMed: 30711363] 

Maxwell et al. Page 12

Pediatr Obes. Author manuscript; available in PMC 2024 June 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cdc.gov/growthcharts/html_charts/bmiagerev.htm


41. Metallinos-Katsaras E, Must A, Gorman K. A longitudinal study of food insecurity on obesity in 
preschool children. J Acad Nutr Diet. 2012;112(12):1949–1958. doi:10.1016/j.jand.2012.08.031 
[PubMed: 23174682] 

42. Leung CW, Stewart AL, Portela-Parra ET, Adler NE, Laraia BA, Epel ES. Understanding the 
psychological distress of food insecurity: a qualitative study of children’s experiences and related 
coping strategies. J Acad Nutr Diet. 2020;120(3):395–403. [PubMed: 31959490] 

43. Distel LML, Egbert AH, Bohnert AM, Santiago CDC. Chronic stress and food insecurity: 
examining key environmental family factors related to body mass index among low-income 
Mexican-origin youth. Fam Community Health. 2019;42(3):213–220. [PubMed: 31107732] 

44. Gowda C, Hadley C, Aiello A. The association between food insecurity and inflammation in the 
US adult population. Am J Public Health. 2012;102:1579–1686. [PubMed: 22698057] 

45. Bermúdez-Millán A, Wagner JA, Feinn RS, et al. Inflammation and stress biomarkers mediate the 
association between household food insecurity and insulin resistance among Latinos with type 2 
diabetes. J Nutr. 2019;149(6):982–988. doi:10.1093/jn/nxz021 [PubMed: 31006809] 

46. Bixby M, Gennings C, Malecki KMC, et al. Individual nutrition is associated with altered 
gut microbiome composition for adults with food insecurity. Nutrients. 2022;14(16):3407. 
doi:10.3390/nu14163407 [PubMed: 36014913] 

47. Woo Baidal JA, Elbel EE, Lavine JE, et al. Associations of early to mid-childhood adiposity 
with elevated mid-childhood alanine aminotransferase levels in the project viva cohort. J Pediatr. 
2018;197: 121–127. [PubMed: 29627190] 

48. Molleston JP, Schwimmer JB, Yates KP, et al. Histologic abnormalities in children with 
nonalcoholic fatty liver disease and normal or mildly elevated alanine aminotransferase levels. 
J Pediatr. 2014;164(4):707–713. doi:10.1016/j.jpeds.2013.10.071 [PubMed: 24360992] 

49. Escobar M, Mendez AD, Encinas MR, Villagomez S, Wojcicki JM. High food insecurity in Latinx 
families and associated COVID-19 infection in the Greater Bay Area, California. BMC Nutr. 
2021;7(23):1–9. [PubMed: 33413686] 

Maxwell et al. Page 13

Pediatr Obes. Author manuscript; available in PMC 2024 June 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 1. 
Household food security by child MASLD status.
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