
UC San Diego
UC San Diego Previously Published Works

Title

Genetic Variants Associated With Obesity and Insulin Resistance in Hispanic Boys With 
Nonalcoholic Fatty Liver Disease

Permalink

https://escholarship.org/uc/item/2277n2cq

Journal

Journal of Pediatric Gastroenterology and Nutrition, 66(5)

ISSN

0277-2116

Authors

Rausch, John C
Lavine, Joel E
Chalasani, Naga
et al.

Publication Date

2018-05-01

DOI

10.1097/mpg.0000000000001926
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/2277n2cq
https://escholarship.org/uc/item/2277n2cq#author
https://escholarship.org
http://www.cdlib.org/


Genetic Variants Associated with Obesity and Insulin Resistance 
in Hispanic Boys with Nonalcoholic Fatty Liver Disease

John C Rausch, MD, MPH1, Joel E Lavine, MD, PhD1,#, Naga Chalasani, MD2, Xiuqing Guo, 
PhD3, Soonil Kwon, PhD3, Jeffrey B. Schwimmer, MD4, Jean P Molleston, MD5, Rohit 
Loomba, MD, MHSc6, Elizabeth M Brunt, MD7, Yii-Der I da Chen, PhD3, Mark O Goodarzi, 
MD, PhD8, Kent D Taylor, PhD3, Katherine P Yates, ScM9, and Jerome I Rotter, MD3 for the 
NASH Clinical Research Network
1Pediatrics, Columbia University, New York, NY

2Medicine, Indiana University, Indianapolis, IN

3Institute for Translational Genomics and Population Science and Pediatrics, LA BioMed at 
Harbor-UCLA Medical Center, Los Angeles, CA

4Pediatrics, University of California, San Diego, San Diego, CA

5Pediatrics, Indiana University, Indianapolis, IN

6Medicine, University of California, San Diego, San Diego, CA

7Pathology and Immunology, Washington University, St. Louis, MO

8Division of Endocrinology, Diabetes and Metabolism, Cedars-Sinai Medical Center, Los Angeles, 
CA

9Bloomberg School of Public Health, Johns Hopkins University, Baltimore, MD

Abstract

Background and Objectives—Nonalcoholic fatty liver disease (NAFLD) disproportionately 

affects Hispanic boys. Further, obesity and insulin resistance are major risk factors for NAFLD. 

No gene localization studies had been performed on children with biopsy-proven NAFLD. This 

study aims to identify genomic variants associated with increased adiposity and insulin resistance 

in a population of children with varying histologic severity of NAFLD.

Methods—We conducted a genome-wide association scan (GWAS) including 624,297 single 

nucleotide polymorphisms (SNPs) distributed among all 22 autosomal chromosomes in 234 

Hispanic boys (up to 18 years of age) who were consecutively recruited in a prospective cohort 
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study in the Nonalcoholic Steatohepatitis Clinical Research Network Studies. Traits were 

examined quantitatively using linear regression. SNPs with p-value <10−5 and a minor allele 

frequency > 5% were considered potentially significant.

Results—Evaluated subjects had a median age of 12.0 years, BMI of 31.4, and hemoglobin A1C 

(Hgb A1C) of 5.3. The prevalence of NAFL, borderline NASH and definite NASH were 23%, 

53%, and 22%, respectively. The GWAS identified 10 SNPs that were associated with BMI z-

score, 6 within chromosome 2, and 1 within CAMK1D, which has a potential role in liver 

gluconeogenesis. In addition, the GWAS identified 9 novel variants associated with insulin 

resistance: HOMA-IR (6) and HbA1c (3).

Conclusions—This study of Hispanic boys with biopsy-proven NAFLD with increased risk for 

the metabolic syndrome revealed novel genetic variants that are associated with obesity and insulin 

resistance.

Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most common cause of liver disease in 

children and its prevalence is rising in relation to the increasing number of overweight and 

obese children. Prevalence of NAFLD may approach 11% of all children in some areas (1). 

NAFLD is often accompanied by insulin resistance (2) and is considered by some to be the 

hepatic manifestation of the metabolic syndrome (3). Hispanic boys are at increased risk for 

NAFLD as well as for obesity and its comorbidities, including the metabolic syndrome, 

making them a particularly vulnerable group (4–6). While the prevalence of obesity has 

stabilized in certain groups, it continues to increase in Hispanic boys (7). Further, severe 

obesity continues to increase in childhood with an associated increase in the prevalence of 

cardiometabolic risk factors, particularly in boys. Thus, understanding the genetic 

underpinnings of obesity and its comorbidities in Hispanic boys is particularly important.

There is a significant genetic predilection to obesity, with estimates of heritability up to 70% 

(8). Genome-wide association studies (GWAS) offer a powerful hypothesis-free approach to 

identify the location of potential genetic contributions to obesity and its metabolic 

consequences (9). Such studies have identified over 100 single nucleotide polymorphisms 

(SNPs) that are associated with obesity in adults (10, 11). Limited studies in children have 

validated some of the more significant genetic loci, including the fat mass and obesity-

associated (FTO) gene (12). There are at least 15 candidate genes that have been associated 

with elevated hemoglobin A1C in adults, and a number of other potential loci (13, 14). To 

our knowledge, no GWAS studies have been reported on solely obese children to examine 

loci associated with elevated hemoglobin A1C.

No genetic variant studies have been performed on children with biopsy-proven NAFLD to 

determine associated genetic risk factors for adiposity and insulin resistance. The aim of the 

current study is to identify genetic loci associated with adiposity as measured by BMI z-

score and markers of insulin resistance by homeostasis model of assessment-insulin 

resistance (HOMA-IR) and hemoglobin A1C (Hgb A1C) in a population of Hispanic boys 

with biopsy-confirmed NAFLD. Due to the high prevalence of co-morbidities in this at risk 

population, this group of boys serves as an appropriate discovery cohort.
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Methods

Subjects

As described previously, this discovery cohort included all of the self-identified Hispanic 

boys with liver biopsies who were enrolled in the Nonalcoholic Steatohepatitis (NASH) 

Clinical Research Network (CRN) in the NAFLD Database I Study (n=234) (15, 16). This 

prospective longitudinal cohort with over 4,400 subjects began in 2002. These subjects all 

met exclusion criteria to rule out any other potential contributors to fatty liver disease. 

Biopsy specimens were reviewed and scored centrally by the NASH CRN Pathology 

Committee according to the histology scoring system established by the NASH CRN (17). 

We focused on Hispanic male adolescents in this analysis because this minimizes the 

potential heterogeneity of characteristics that could be identified in a more diverse 

population. This approach has been utilized in similar analyses in the past (15). The protocol 

was approved by the Institutional Review Boards at each participating center. All parents 

provided consent and all children older than 7 years of age provided assent.

Genotyping and Quality Control

As described previously, genotyping was performed using Illumina OmniExpress chips that 

included 624,297 single nucleotide polymorphisms (SNPs) spanning all 22 autosomal 

chromosomes (16). Quality controls (QCs) were performed on the 234 samples and 657,675 

single-nucleotide polymorphisms (SNPs) using PLINK (18).

Filtering criteria that were applied included a genotype missing rate > 0.02, minor allele 

frequency (MAF) <0.01, Hardy-Weinberg equilibrium (HWE) p-value < 10−6, and 

heterozygosity > 0.53. This led to a total of 624,297 SNPs available for genome-wide 

association analysis. We also performed QCs at an individual level to check for missing rate 

and cryptic relatedness (πˆ). We observed no sample with missing rate > 0.02, but found 22 

pairs of samples with πˆ ≥ 0.125. Principal component analysis (PCA) was then carried out 

using EIGENSTRAT (19) to examine potential population stratification among our study 

samples. Four samples were identified as population outliers. We thereafter excluded 26 

samples (22 cryptic relatedness and 4 PCA outliers) from further association analysis. To 

adjust for potential population stratification, we included the first 2 PCs as covariates in the 

model of association analysis. The final data set for the association analysis after QCs had 

624,297 SNPs and 208 samples.

Data Analysis

Genome-wide single SNP association analysis was done using linear regression for BMI z-

score, HOMA-IR, and Hgb A1C. HOMA-IR is an assessment of insulin sensitivity and 

resistance and was computed from the clinical data: HOMA-IR = (insulin*glucose)/22.5, 

where fasting insulin is in microU/mL and fasting glucose is in mmol/L(20). For each SNP, 

association analyses were run using both an additive and a dominant genetic model using 

PLINK software. Additive and dominant models assume different methods of inheritance, as 

the underlying method of inheritance is unknown (21). The assumption of different methods 

of inheritance produce different results, as our results show.
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With the association results obtained from additive and dominant genetic models, we 

generated Manhattan plots showing the –log10(p-value) along with the 22 autosomal 

chromosomes for BMI z-score, HOMA-IR, and Hgb A1C. Given the sample size of the 

population only those traits that had a p-value of <10−5 and had a mean minor allele 

frequency of at least 5% were considered potentially significant. The p-value was set at 10−5 

to account in part for multiple comparisons. We calculated quantile–quantile (QQ) plots for 

each model and these are shown in Figure 2. Quantile-Quantile plots are a graphical tool to 

assess the normality of the data.

Results

Subjects

The baseline demographic characteristics, laboratory values, and histologic characteristics of 

the patient population were previously reported and the study subjects remain the same, as 

described in Table 1 (16). The subjects were overweight/obese Hispanic boys with a median 

BMI of 31.4 kg/m2 and BMI z-score of 2.4. They were young adolescents with a median age 

of 12 years. Serum aminotransferases were elevated with a median ALT of 83 U/L and AST 

of 51 U/L. While only 4 boys had type 2 diabetes the subjects demonstrated signs of 

potential insulin resistance with a median insulin of 26 U/ml and Hgb A1C level of 5.3%. 

Lipid analysis revealed an abnormally low HDL with a median level of 38 mg/dL. The 

median levels for VLDL and LDL were within normal limits. Per the NASH CRN histology 

scoring system (17), the majority demonstrated significant steatosis with 71% having at least 

a steatosis grade of 2 (34–66%) according to NAS scoring, meaning at least 34% of 

hepatocytes demonstrated macrovesicular steatosis. As often found in pediatric populations, 

59% of samples demonstrated no evidence of hepatocellular ballooning, a sign of cell injury 

necessary for the diagnosis of NASH. In terms of diagnostic pattern, 53% of subjects had 

evidence of borderline NASH and another 22% had definite NASH.

Adiposity

Manhattan plots from both the dominant and additive models for BMI z-score are shown in 

Figure 1. The dominant model resulted in 4 significant SNPs, one of which showed a 

previous association with adiposity, specifically CAMK1D (Table 2). All were located 

within introns. The allele on chromosome 10 in rs17583338 in the calcium/calmodulin-

dependent protein kinase ID gene (CAMK1D) which codes for a calcium/calmodulin-

dependent protein kinase was of special interest. A qualitative model using linear regression 

was also found in association with BMI z-score (p=5 x 10−6, data not shown). Another allele 

was located in chromosome 2 in rs295120 in the spermatogenesis associated, serine-rich 2-

like gene (SPATS2L) which codes for the uncharacterized protein, spermatogenesis 

associated, serine-rich 2-like. There was also an association with an allele on chromosome 5 

in SNP rs2303752 in the sema domain, transmembrane domain (TM), and cytoplasmic 

domain, (semaphorin) 6A gene (SEMA6A) which codes for the cell surface receptor 

semaporin-6A. The final association was with an allele on chromosome 11 in rs11026723 

located in the growth arrest-specific 2 gene (GAS2) which codes for the growth arrest-

specific protein 2, which may play a role in apoptosis.
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The additive model resulted in 7 SNPs of interest, none showing a previous association with 

adiposity in other populations (Table 2). Six were located within introns and another was 

located within an uncharacterized region. There was an association with 4 alleles on 

chromosome 2 in SNPs rs12619898, rs17397163, rs11687204 and rs17397380 all located 

within non coding regions of NCK-associated protein 5 gene (NCKAP5) which codes for 

the protein NCK–associated protein 5. Another 2 alleles were located in chromosome 2 in 

SNPs rs99521 and rs295120 in the spermatogenesis associated, serine-rich 2-like gene 

(SPATS2L) which codes for the uncharacterized spermatogenesis associated, serine-rich 2-

like protein. This gene, and in fact one of the exact SNPs rs295120, was also identified in 

the dominant model. The final association was with an allele on chromosome 14 in SNP 

rs8005339 which is of unknown significance.

Insulin Resistance

The dominant models for HOMA-IR and Hgb A1C did not produce any significant results. 

Each of the additive models, on the other hand had a number of potentially intriguing 

findings. Manhattan plots for each of these models are in Figure 1(c) and (d). There were 6 

significant SNPs associated with HOMA-IR, none of which has shown a previous 

association with insulin resistance in other populations (Table 2). Five were located within 

introns and another was located within an uncharacterized region. There was significance 

with an allele on chromosome 17 on rs11773571 in the Williams-Beuren syndrome 

chromosome region gene (WBSCR17) which codes for the putative polypeptide N-

acetylgalactosaminyltransferase-like protein 3 which may catalyze the initial reaction in 

oligosaccharide biosynthesis. Another association was with an allele on chromosome 3 on 

rs9846667 in the noncoding region of the family with sequence similarity 19 (chemokine 

[C-C motif-like], member A1) gene (FAM19A1) which codes for an uncharacterized 

protein. A third association was with an allele on chromosome 2 on rs10865041 in the intron 

of RFX family member 8, lacking RFX DNA binding domain gene (RFX8) which codes for 

the DNA-binding protein RFX8. A further association was on chromosome 20 in rs4361192 

located in the intron of double zinc ribbon and ankyrin repeat domains gene (RFX8) which 

codes for double zinc ribbon and ankyrin repeat-containing protein 1. Another association 

on chromosome 20 was rs2295067 in the intron of LINC00851 which has unknown 

significance. The final association was with an allele on chromosome 16 in SNP rs8046133 

which is of unknown significance.

There were 3 significant SNPs associated with Hgb A1C where the minor allele frequency 

was greater than 0.05, none of which has shown a previous association with insulin 

resistance (Table 2). Two of the significant alleles were on chromosome 11, rs3923850 and 

rs11727927, both located in the introns of the opioid binding protein/cell adhesion molecule-

like gene (OPCML) coding for opioid-binding cell adhesion molecule. The final association 

was with an allele on chromosome 16 in SNP rs11644684 which is of unknown significance.

Discussion

This GWAS study was undertaken to investigate potential genetic influences relating to 

pediatric adiposity and insulin resistance in a discovery cohort of Hispanic boys with 
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biopsy-proven NAFLD. Hispanic boys with NAFLD were chosen because of their higher 

propensity to have obesity and diabetes and other aspects of the metabolic syndrome and 

because of the increased risk of metabolic syndrome features in NAFLD independent of 

obesity (4–6). The genetic homogeneity of this population, primarily Mexican-Americans, 

increases power to detect associations of interest that would require greater sample sizes in a 

more heterogeneous sample broadening ethnicity, gender and age (22). With this population, 

we report 19 genetic variant associations with adiposity and glucose metabolism, one 

previously recognized as having an association with adiposity and insulin resistance, but the 

majority representing novel loci. Of note, alleles of patatin like phospholipase domain 

containing 3 (PNPLA3) which have been associated with NAFLD in numerous other studies 

were not associated with NAS or fibrosis in this study. Thus, perhaps it is not surprising that 

in this cohort it did not associate with BMI z-score or HOMA.

Adiposity

There were several variants associated with BMI z-score. One previously identified 

association is within CAMK1D. This gene encodes a member of the Ca2+/calmodulin-

dependent protein kinase 1 subfamily of serine/threonine kinase cell cycle regulators. This 

has been recognized as being associated with fat mass deposition and fat mass change in 

Hispanic children (23). CAMK1D also associates with risk of type II diabetes in a number 

of ethnic groups, including Mexican Mestizos, a comparable background to the children 

described here (24). This validates the role of this gene in the development of obesity and 

insulin resistance in young Mexican American boys. There is a biologically plausible 

pathway for the function of CAMK1D in obesity. In an in vitro model of primary human 

hepatocytes, down regulation of CAMK1D reduces expression of phosphoenolpyruvate 

carboxykinase 1 (PCK1) gene in an insulin-independent signaling pathway (25). The PCK1 

gene encodes the cytosolic isozyme of phosphoenolpyruvate carboxykinase (PEPCK-C), 

which is a gluconeogenic enzyme in liver and kidney (26). The role of adipocyte PEPCK 

identified in rodent models is to regulate fatty acid storage and release via the production of 

glycerol-3-phosphate (26). In a mouse model where the PEPCK gene is overexpressed the 

mice are obese (26). It is unknown if it serves similar functions in humans and deserves 

further study in in vitro and in vivo models.

Another genetic variant not previously recognized with adiposity is the SPATS2L gene. The 

gene was found to be associated with bronchodilator response in asthmatics (27). This 

function implies that SPASTL2 may be a regulator of beta adrenergic function. In human 

smooth muscle cells, knockdown of SPATS2L mRNA leads to increased levels of beta-2 

adrenoceptor proteins (27). The beta 2 adrenoceptor is a lipolytic receptor in human fat cells 

and different polymorphisms associate with adiposity in women (28). Homozygotes with the 

Glu27 polymorphism have significant excess body fat, 50% increase in fat cell size and 

evidence of insulin resistance (28). This offers a yet to be characterized, but plausible 

relationship between SPATS2L and the association with BMI in this current study.

A polymorphism within the NCKAP5 gene was found to be associated with BMI z-score. 

Variants within this gene are associated with height (29), essential hypersomnia, bipolar 

disorder, attention deficit hyperactivity disorder, and schizophrenia (30), but has not been 
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with reported with adiposity. A final notable association was related to GAS2. This gene 

associates with length of survival on dialysis in African-American patients (31). What its 

relationship with adiposity in Hispanic adolescent boys may be is unknown at this time.

Insulin Resistance

In terms of measures of insulin resistance, there were several novel locations found. One was 

an association between HOMA-IR and WBSCR17. This is an opioid binding protein/cell 

adhesion molecule that has been associated with antihypertensive response to an angiotensin 

II receptor blocker (32). Another association relates to hemoglobin A1C and OPCML. This 

gene encodes a protein in the IgLON subfamily of cell adhesion molecules that acts as a 

tumor suppressor (33). OPCML has a documented association with the development of 

coronary artery calcified plaque in African Americans with type 2 diabetes (34) and visceral 

adipose tissue/subcutaneous adipose tissue ratio in women (35).

Limitations of this study include the lack of testing of generalizability of the findings to 

pediatric girls, and to other pediatric racial and ethnic groups. Whether the findings are 

germane to other populations remains to be studied. Also, while GWAS studies indicate 

possible association, they do not specify any underlying mechanism or directly map to any 

particular gene. While several of the genes suspected have a plausible biologic mechanism, 

whether or not these pathways are in fact responsible for the outcomes observed remains to 

be determined in functional studies. Finally, while most of the patients were of Mexican 

Mestizo ancestry, this was self-reported and future studies should include genetic markers 

that more precisely determine ancestry.

In conclusion, in this group of Hispanic boys with biopsy-proven NAFLD we found 

suggestive evidence for the association of a number of both known and novel loci with 

obesity and insulin resistance. Validation studies are needed to confirm the contributions of 

these genes to the increased likelihood of obesity and insulin resistance. If any of these loci 

are replicated and possibly validated in other cohorts this will provide potential targets for 

understanding the underlying processes relating obesity and insulin resistance in individuals 

with fatty liver disease. Understanding the genetic influences relating obesity and insulin 

resistance in this young and potentially vulnerable population will give us greater 

understanding of the mechanisms associated with NAFLD and its numerous metabolic 

correlates.
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What is Known

• Nonalcoholic fatty liver disease (NAFLD) is the most common cause of liver 

disease in children.

• NAFLD is associated with increased rates of pediatric obesity and with 

insulin resistance.

• No genetic variant studies have been performed on children with biopsy-

proven NAFLD to determine associated genetic risk factors for adiposity and 

insulin resistance.

What is New

• This genome-wide association scan (GWAS) identified 10 SNPs that were 

associated with BMI z-score, 6 within chromosome 2, and 1 within 

CAMK1D, which has a potential role in liver gluconeogenesis.

• The GWAS ALSO identified 9 novel variants associated with insulin 

resistance: 6 with HOMA-IR and 3 with Hemoglobin A1C.
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Figure 1. Manhattan Plots
Manhattan plots of BMI z-score, HOMA-IR, and hemoglobin A1C using linear regression 

genome-wide association studies. (A) represents BMI z-score using a dominant model, (B) 

represents BMI z-score using an additive model, (C) represents HOMA-IR using an additive 

model, and (D) represents hemoglobin A1C using an additive model. The y-axis is the –

log10(p-value). The x-axis is the position on the 22 autosomal chromosomes. The different 

colored circles each represent individual single nucleotide polymorphisms (SNPs). The 

dotted line indicates significance at p-value of <10−6.
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Figure 2. Quantile-Quantile Plots
Quantile–Quantile (QQ) plots for BMI z-score, HOMA-IR, and hemoglobin A1C in 

genome-wide association studies. (A) represents BMI z-score using a dominant model, (B) 

represents BMI z-score using an additive model, (C) represents HOMA-IR using an additive 

model, and (D) represents hemoglobin A1C using an additive model.
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Table 1

Baseline Subject Values (N=208)

Characteristic Median (25th–75th%) Actual # of subjects

Demographic Characteristics

Gender (male), n (%) 208 (100%) 208

Ethnicity (Hispanic), n (%) 208 (100%) 208

Age (years) 12.0 (11.0–14.0) 208

BMI (kg/m2) 31.4 (27.8–35.5) 207

BMI Z-Score 2.4 (2.1–2.6) 208

Waist/Hip Ratio 1.00 (0.96–1.04) 207

Diabetes mellitus, n (%) 4 (2) 4

Laboratory Measures

ALT (U/L) 83 (61–138) 208

AST (U/L) 51 (38–72) 208

Total cholesterol, mg/dL 167 (142.5–187) 207

HDL cholesterol, mg/dL 38 (32–43) 207

LDL cholesterol, mg/dL 101 (83.3–118.8) 206

Triglycerides, mg/dL 118 (82–157.5) 207

Serum glucose (mg/dl) 86 (82–92) 207

Serum insulin(U/ml) 26 (17–42) 201

HBA1c (%) 5.3 (5.1–5.5) 205

Histologic characteristics

Steatosis, n (%) NASH CRN Score Number of Subjects (Percentage of total)

<5% 0 8 (4)

5%–33% 1 52 (25)

34%–66% 2 60 (29)

>66% 3 88 (42)

Lobular inflammation, n (%) NASH CRN Score

0 0 0 (0)

<2 under 20x magnification 1 113 (54)

2–4 under 20x magnification 2 81 (39)

>4 under 20_xmagnification 3 14 (7)

Ballooning, n (%) NASH CRN Score

None 0 123 (59)

Few 1 54 (26)

Many 2 31 (15)

NASH diagnosis, n (%)

No NASH 48 (23)

Borderline zone 3 pattern 26 (13)

Borderline zone 1 pattern 84 (40)

Yes, definite 46 (22)

Missing 4 (2)
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