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Abstract

BACKGROUND & AIMS—A genome-wide association study associated 5 genetic variants with

hepatic steatosis (identified by computerized tomography) in individuals of European ancestry.

We investigated whether these variants were associated with measures of hepatic steatosis (HS) in
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non-Hispanic white (NHW), non-Hispanic black, and Mexican American (MA) participants in the

US population-based National Health and Nutrition Examination Survey III, phase 2.

METHODS—We analyzed data from 4804 adults (1825 NHW, 1442 non-Hispanic black, and

1537 MA; 51.7% women; mean age at examination, 42.5 y); the weighted prevalence of HS was

37.3%. We investigated whether ultrasound-measured HS, with and without increased levels of

alanine aminotransferase (ALT), or level of ALT alone, was associated with rs738409 (patatin-

like phospholipase domain-containing protein 3 [PNPLA3]), rs2228603 (neurocan [NCAN]),

rs12137855 (lysophospholipase-like 1), rs780094 (glucokinase regulatory protein [GCKR]), and

rs4240624 (protein phosphatase 1, regulatory subunit 3b [PPP1R3B]) using regression modeling

in an additive genetic model, controlling for age, age-squared, sex, and alcohol consumption.

RESULTS—The G allele of rs738409 (PNPLA3) and the T allele of rs780094 (GCKR) were

associated with HS with a high level of ALT (odds ratio [OR], 1.36; P = .01; and OR, 1.30; P = .

03, respectively). The A allele of rs4240624 (PPP1R3B) and the T allele of rs2228603 (NCAN)

were associated with HS (OR, 1.28; P = .03; and OR, 1.40; P = .04, respectively). Variants of

PNPLA3 and NCAN were associated with ALT level among all 3 ancestries. Some single-

nucleotide polymorphisms were associated with particular races or ethnicities: variants in

PNPLA3, NCAN, GCKR, and PPP1R3B were associated with NHW and variants in PNPLA3 were

associated with MA. No variants were associated with NHB.

CONCLUSIONS—We used data from the National Health and Nutrition Examination Survey III

to validate the association between rs738409 (PNPLA3), rs780094 (GCKR), and rs4240624

(PPP1R3B) with HS, with or without increased levels of ALT, among 3 different ancestries.

Some, but not all, associations between variants in NCAN, lysophospholipase-like 1, GCKR, and

PPP1R3B with HS (with and without increased ALT level) were significant within

subpopulations.
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Obesity and its complications have increased to epidemic levels in the United States.1 It is

unknown why some people develop metabolic complications from obesity such as

dyslipidemia, hypertension, diabetes, and myocardial infarction, while others do not.

Interestingly, the presence of fat accumulation in the liver in the form of nonalcoholic fatty

liver disease (NAFLD) is correlated strongly with the development of obesity-related

metabolic complications.2

NAFLD can progress from steatosis to nonalchoholic steatohepatitis (NASH), and to

cirrhosis.3 Research has suggested that NAFLD is a common chronic condition, with an

estimated prevalence in the United States of 5% to 33%; at least 30 million people have

NAFLD and more than 600,000 people have NAFLD-related cirrhosis.4,5 A study of

NAFLD may provide insights into how some obesity leads to metabolic complications as

well as clarify the pathophysiology of NAFLD, both of which ultimately could improve the

management or prevention of this liver pathology in vast numbers of individuals.
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Human genetic approaches recently have begun to shed light on the pathophysiology of

many heritable conditions, including metabolic and inflammatory diseases.6–9 Studies of

liver enzymes such as alanine aminotransferase (ALT) (an indirect measure of NAFLD), and

liver imaging (a direct measure of hepatic steatosis [HS]) have implicated several genetic

variants that are associated with NAFLD.10–13 Investigators testing missense variants in the

genome of 2111 individuals for association with fatty liver disease (measured using proton

magnetic resonance spectroscopy) found one in patatin-like phospholipase domain-

containing protein 3 (PNPLA3) (rs738409, encoding I148M) that is associated with HS.11–13

The presence of HS was 2-fold higher in individuals carrying 2 alleles of this variant than in

those who did not carry the combination of these alleles. Variants near PNPLA3 also were

associated with increased levels of ALT.10

The Genetics of Obesity-related Liver Disease consortium confirmed the association of a

single-nucleotide polymorphism (SNP) in PNPLA3 and identified 4 additional variants in or

near neurocan (NCAN), glucokinase regulatory protein (GCKR), lysophospholipase-like 1

(LYPLAL1), and protein phosphatase 1, regulatory subunit 3b (PPP1R3B) that were

associated with HS using computed tomography in individuals of European ancestry.13

Variants in or near NCAN, GCKR, LYPLAL1, and PNPLA3, but not PPP1R3B, also were

associated with NASH/fibrosis.

We recently reviewed right upper-quadrant ultrasounds to assess the presence of HS in a

representative and genetically diverse sample of the US population from phase 2 of the

Third National Health and Nutrition Examination Survey (NHANES III).14 This recently

available data provide a unique opportunity to examine the relationship of NAFLD and

previously associated genetic variants in a genetically diverse sample of the US population.

Our primary aim was to test the association of previously reported NAFLD-related SNPs

with ultrasound-defined HS in non-Hispanic whites (NHW), non-Hispanic blacks (NHB),

and Mexican Americans (MA) who participated in NHANES III. We further examined

whether these genetic variants are associated with ultrasound-defined steatosis in

combination with high ALT levels, which may identify individuals particularly susceptible

to hepatocyte injury or who have more severe disease than those with steatosis and no

increases in ALT levels. Finally, we also evaluated the associations of these SNPs with

continuous ALT levels and the aspartate aminotransferase (AST)/ALT ratio.

Methods

Study Population: Hepatic Steatosis Component of the Third National Health and Nutrition
Examination Survey

NHANES III (1988 – 1994) included a combination of interviews, examinations, and

laboratory tests and originally was intended to measure the health and nutritional status of a

nationally representative sample of the civilian, noninstitutionalized US population. The

survey used a complex, multistage probability sample design to identify eligible participants.

This approach, when used with the appropriate sample weights, will result in nationally

representative estimates of health. NHANES III originally was designed as 2 nationally

representative phases: phase 1 included 1988 to 1990 and phase 2 included 1991 to 1994.
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During NHANES III, adults aged 20 to 74 years were eligible for the original ultrasound

examination of the gallbladder.15 In 2011, data were released after a re-evaluation of the

ultrasound images to assess HS using a standardized protocol and algorithm. Nearly 88% of

the adults age 20 to 74 years in NHANES III phase 2 had ultrasound findings available to

assess for the presence of HS. For genetic analyses, we restricted the sample to NHANES

phase 2 participants (1991–1994) who had both genetic and ultrasound data available

(Figure 1). Detailed information on the survey, its ultrasound component, and public and

restricted data sets are described elsewhere.14,16

Outcome and Variable Definitions

Our primary outcome was fatty liver disease defined as the presence of any ultrasonographic

evidence of HS.14 HS, a component of NAFLD, was defined as the ultrasonographic

presence of any fat infiltration as defined by a composite scoring system that took into

account brightness of liver parenchyma, deep beam attenuation, brightness of intrahepatic

vessels, and liver-to-kidney contrast. These components were scored using a protocol

developed and validated at the Centers for Disease Control and Prevention using metabolic

traits and other risk factors for fatty liver disease.14 Compared with our recent report,17 we

used a more comprehensive definition of HS to maintain the largest sample size for more

detailed candidate gene analysis. In secondary analyses, we examined the association of

SNPs with ultrasound-defined steatosis in combination with high ALT levels, as a possible

surrogate of steatohepatitis, and also with ALT level as a continuous variable and AST to

ALT ratio. A high ALT level was defined as greater than 19 IU/L in women and greater than

30 IU/L in men.18 We have used ALT level only in contrast to other liver enzyme levels

because PNPLA3 has not been associated with AST levels previously.10 For clinical and

metabolic variables (eg, hypertension, diabetes, metabolic syndrome), we used standard

definitions at the time NHANES III was conducted.19,20 Hypertension was defined as a

systolic blood pressure of 140 mm Hg or greater or a diastolic blood pressure of 90 mm Hg

or greater, taking blood pressure medicine, or ever having been told by a doctor that they

have high blood pressure. Diabetes was defined as a morning sample fasting plasma glucose

level of 126 mg/dL or greater, plasma glucose level after 2 hours of an oral glucose

tolerance test of 200 mg/dL or greater, taking diabetes medications (insulin or pills), or ever

having been told by a doctor that they have diabetes. Metabolic syndrome was defined by

the presence of 3 or more of the following: presence of hypertension, diabetes, triglyceride

levels 150 mg/dL or greater or taking cholesterol-lowering medications, low high-density

lipoprotein cholesterol (HDL-c) (HDL-c < 40 mg/dL in men, and HDL-c < 50 mg/dL in

women), and, finally, a waist circumference greater than 88 cm in women or greater than

102 cm in men. Race/ethnicity was self-reported as NHW, NHB, MA, and other.16 Alcohol

consumption was estimated by multiplying the number of drinking days over the past 12

months and the number of drinks, on average, on a drinking day, and dividing by 365.

Never-drinkers replied no to the question: “In your entire life, have you had at least 12

drinks of any kind of alcoholic beverage?”17
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Study Population: Genetic Component of the Third National Health and Nutrition
Examination Survey

During phase 2 of NHANES III, lymphocytes were frozen and later used to establish

immortalized cell lines for DNA-related research. Genetic variants were measured in 7159

participants aged 12 years and older.21 For this study, we restricted the sample to individuals

ages 20 to 74 years (n = 5356) because they were eligible for the ultrasound examination in

NHANES III. After excluding those individuals with missing data including age (n = 0), sex

(n = 0), ultrasound (n = 119), alcohol consumption (n = 171), and those classified as other

race (n = 262), the final analytic sample size was 4804 (Figure 1).

Genotyping

Genotyping was performed (San Diego, CA) using the iPLEX Sequenom platform for

rs738409 (PNPLA3), rs2228603 (NCAN), rs12137855 (LYPLAL1), rs780094 (GCKR), and

rs4240624 (PPP1R3B) reported in the largest meta-analysis of NAFLD to date.13 All SNPs

passed strict quality control filters as is standard for genotyping in NHANES.22

Statistical Analyses

We used population-weighted parametric and nonparametric tests when appropriate for

studying associations of baseline characteristics. We assessed each SNP in an additive

genetic model, using ethnic-specific, weighted, logistic, and linear regression adjusted for

age, age-squared, sex, and alcohol consumption (continuous) for association with outcomes.

An additive genetic model is one in which the alleles at the fatty liver loci are coded as 0, 1,

or 2 based on how many fatty liver increasing alleles are present at that locus in a particular

individual. We estimated associations across the 3 ancestries using population-weighted

models by including self-reported race/ ethnicity as a covariate. All estimates are weighted

with the appropriate NHANES sample weight and findings were considered statistically

significant at a P value of less than .05. Weighted models mean that in each model we

applied a weight suggested by the Centers for Disease Control and Prevention to take into

account the oversampling of minorities to provide a final unbiased and accurate estimate of

effects for the population.

In each population, we had more than 80% power to detect an odds ratio (OR) of 1.15 when

the allele frequency was as high as 0.53 (PNPLA3) and an OR of 2.05 when the frequency

was as low as 0.01 (GCKR). To make our study comparable with other genetic studies and

to improve the statistical power of the regression, we have inversely normally transformed

(placed the values into a normal distribution using their ranks) ALT and AST/ALT ratio

before analysis.

From the potential eligible analytic sample that included individuals with DNA and

ultrasound data (n = 5237), 91.7% (or 4804) of participants were included in the final

analysis. Compared with other participants aged 20 to 74 years who did not have ultrasound

or DNA data, crude nominal comparisons showed that the analytic sample had a

significantly larger proportion of MA (32% analyzed vs 26% nonanalyzed), fewer NHB

(30% analyzed vs 38% nonanalyzed), and a slightly higher preponderance of women (57%

analyzed vs 54% nonanalyzed). There were no significant differences in waist

Hernaez et al. Page 5

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2014 October 14.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



circumference, fasting plasma glucose level, HDL-c, ALT level, prevalence of hypertension,

or average alcohol consumption (data not shown).

Results

Characteristics of Individuals in the Analytic Sample

We analyzed data from 4804 individuals between 20 and 74 years with DNA and liver

ultrasound (1825 NHW, 1442 NHB, and 1537 MA). The weighted prevalence of HS, a

component of NAFLD, in the analytic sample was 37.3%; and of HS with a high ALT level

was 18.8% (Supplementary Figure 1). Overall, 51.7% (standard error, 0.7%) of participants

were women, with a mean age of 42.5 years (standard error, 0.5 y) and a mean body mass

index of 26.9 kg/m2 (standard error, 0.2 kg/m2). In the overall study population, 15.3%

(standard error, 1.0%) had hypertension, 6.0% (standard error, 0.8%) had diabetes, and

15.5% (standard error, 1.0%) met the criteria for having metabolic syndrome. Among

participants, the mean plasma glucose level was 94.0 mg/dL (standard error, 1.0 mg/dL),

triglyceride level was 155.4 mg/dL (standard error, 3.6 mg/dL), and HDL level was 50.0

mg/dL (standard error, 0.5 mg/dL). Mean alcoholic drinks per week were 3.7 (standard

error, 0.2), and the average systolic and diastolic blood pressures were 120.5 mm Hg

(standard error, 0.5 mm Hg) and 74.7 mm Hg (standard error, 0.3 mm Hg), respectively

(Table 1). The prevalence of HS, a component of NAFLD, was substantially higher among

MAs compared with NHWs and NHBs. Comparing individuals with HS with those without

fat in the liver, we found no difference in the prevalence of fatty liver by average alcohol

consumption, impaired fasting glucose level, or sex, except for NHWs, in whom men had

more fatty liver than women (P < .05). Individuals with ultrasound-defined fatty liver were

older and had higher levels of the following: body mass index, levels of fasting glucose,

triglycerides, and cholesterol, and lower levels of HDL (except for NHBs; Table 1).

Participants with HS also tended to have a higher prevalence of diabetes, hypertension, and

the metabolic syndrome, as shown in Table 1.

Allele Frequency Differences in the Analytic Sample

We found that the weighted allele frequency of the G allele of rs738409 at PNPLA3 in the

overall analytic sample was 25.4%, 6.2% for the T allele of rs2228603 (NCAN), 80.4% for

the C allele of rs12137855 (LYPLAL1), 38.7% for the T allele of rs780094 (GCKR), and

89.6% for the A allele of rs4240624 (PPP1R3B) (Supplementary Figure 2). The SNP G

allele of rs738409 of PNPLA3 was more prevalent in MAs (effect allele frequency [EAF],

0.54) compared with NHWs and NHBs (EAF, 0.25 and 0.14, respectively). The T allele of

rs2228603 (NCAN) was present at very low frequencies in NHBs (EAF, 0.01); the A allele

of rs12137855 (LYPLAL1) had a similar distribution across ancestries (EAF, 0.80 – 0.88).

The SNP T allele of rs780094 (GCKR) was more common in NHWs than in MAs and less in

NHBs (EAF, 0.42 vs 0.35 vs 0.20, respectively). Finally, the A allele of rs4240624

(PPP1R3B) was more prevalent in NHWs than in NHBs and in MAs (EAF, 0.92 vs 0.81 vs

0.75, respectively).
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Effects on Hepatic Steatosis

The T allele of rs2228603 at NCAN and the A allele of rs4240624 at PPP1R3B were

associated significantly with HS across ancestries (OR, 1.40; P = .04; and OR, 1.28, P = .03,

respectively) and also were associated with HS in NHWs (OR, 1.41; P = .04; and OR, 1.46;

P = .04, respectively) (Figure 2). The G allele at rs738409 in PNPLA3 also statistically was

associated with HS in MAs (OR, 1.25; P = .01) (Figure 2).

We then examined the association of these 5 SNPs with ultrasound-defined HS in

combination with high ALT levels and found that the G and T variants in or near rs738409

(PNPLA3) and rs780094 (GCKR) were associated significantly with increased HS with high

ALT levels in the analytic sample overall (OR, 1.36; P = .01; and OR, 1.30; P = .03,

respectively) and in NHWs (OR, 1.39; P = .03) (Figure 3).

Effects on Alanine Aminotransferase and the Aspartate Aminotransferase/Alanine
Aminotransferase Ratio

Finally, using continuous ALT level as the outcome variable, we found that increased levels

of ALT were associated significantly with the G allele rs738409 in PNPLA3 overall, in

NHWs and MAs, but not in NHBs (Table 2). We also found an association between ALT

level and the T allele of rs2228603 (NCAN) overall and in NHWs, and, only for MAs, we

showed an association between ALT level and the A allele of rs4240624 (PPP1R3B) (Table

2).

We conducted 2 additional analyses using high ALT level, defined as greater than 30 U/L in

men or greater than 19 U/L in women, and inverse normally transformed AST/ALT ratio

(Supplementary Table 1). For high ALT levels we found significant associations with

PNPLA3, GCKR, and PPP1R3B across all ethnicities and for NHWs for PNPLA3 and

GCKR (Supplementary Figure 3). For the AST/ALT ratio, we found significant associations

with NCAN for NHBs, LYPLAL1 for MAs, and PPP1R3B for all race/ethnicities and

NHWs (Supplementary Table 1).

Overall Effects

The ORs of these same Genetics of Obesity-related Liver Disease HS-increasing variants

were relatively consistent across ancestries, 9 of the 15 possible associations were positive

(3 were significant: near PNPLA3, NCAN, and PPP1R3B genes). No significant associations

were seen of less than 1.0 (Figures 2 and 3).

Discussion

HS was present in 37.3% (weighted value) (Supplementary Figure 1) of the analytic sample,

and HS with increased ALT level was present in 18.8% (weighted value) (Supplementary

Figure 2). Across ancestries, we found that the G allele of rs738409 at PNPLA3 and the T

allele of rs780094 at GCKR were associated with HS with high ALT levels (OR, 1.36; P = .

01; and OR, 1.30; P = .03, respectively); in addition, the T allele of rs2228603 at NCAN and

the A allele of rs4240624 at PPP1R3B was associated significantly with HS across

ancestries (OR, 1.40; P = .04; and OR, 1.28; P = .03, respectively). In addition, we found
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that ALT level was associated significantly with both the G allele of rs738409 at PNPLA3

and the T allele of rs2228603 (NCAN), and high ALT level was associated significantly with

PNPLA3, GCKR, and PPP1R3B across all races/ethnicities. Additional analyses of the

AST/ALT ratio showed associations with NCAN, LYPLAL1, and PPP1R3B in different

ethnicities. When we examined the race/ethnicity-specific associations, we found that some

SNPs showed significant associations in particular phenotypes (for NHW, PNPLA3, NCAN,

GCKR, and PPP1R3B; for MA, PNPLA3; and none for NHB).

Overall, the earlier-described results strongly reinforce that the G allele of rs738409

(PNPLA3), the T allele of rs780094 (GCKR), and the A allele of rs4240624 (PPP1R3B) are

HS-increasing variants, as have been reported previously.13 In agreement with other studies,

we found that the G allele of PNPLA3 was associated significantly with liver steatosis,

especially in MAs.11,23 The effect of the G allele on HS was similar across all races/

ethnicities, however, the association was only statistically significant for MAs. This result is

due in part to the high EAF of this variant in the MA population, which increases our power

to find the association significant. Indeed, as has been reported previously, the EAF of this

variant is greatest in MA, then NHW, and then NHB, which parallels the prevalence of

steatosis in these populations.11,23 However, this pattern is not seen with all SNPs associated

with HS. For example, in our study, the frequency of the HS-increasing allele of PPP1R3B

and GCKR was highest in NHWs and for NCAN in MAs. Thus, risk allele frequency is not

the only explanation for the differences in the prevalence of NAFLD across ancestries.

We observed that the A allele of rs4240624 (PPP1R3B) also increased the odds of having

HS using ultrasound. In computerized tomography, increased fat content decreases liver

density, whereas glycogen increases it.24 The previous association of the A allele of

rs4240624 with decreased liver attenuation could reflect increased fat or decreased glycogen

content. By ultrasonography, both increased fat and increased glycogen are hyperechoic.25

Therefore, our finding that the A allele associates with increased echogenicity suggests that

it does indeed increase fat accumulation in the liver. Interestingly, this allele, unlike the

other 4 HS-associated alleles, was not found to have an effect on NASH/fibrosis.13

Therefore, it is possible that there are different mechanisms by which fat accumulates in the

liver, only some of which progress to NASH/fibrosis. In this case, the A allele of rs4240624

genetically could differentiate a more benign steatosis from steatosis that may progress to

NASH/fibrosis.13

We observed higher ORs for HS-increasing alleles at loci affecting HS with increased ALT

levels vs HS alone across ancestries, in particular for PNPLA3 and GCKR in NHW and a

similar, but not significant, trend in NCAN and PPP1R3B in NHW. These findings may be

owing to this subset of individuals having more steatosis, being more prone to hepatic injury

that releases ALT into the serum, or having advanced liver disease (NASH/fibrosis). Indeed,

a recent meta-analysis showed that PNPLA3 rs738409 GG homozygotes had a 3.2-fold

greater risk of higher necroinflammatory scores and a 3.2-fold greater risk of developing

fibrosis compared with wild-type CC homozygotes.26 In addition, NASH was more

common in GG homozygotes compared with wild-type CC homozygotes (OR, 3.49; 95%

CI, 1.86 – 6.55).25 Further, GCKR recently was associated with inflammatory pathways,27

and thus may help to identify individuals prone to developing NASH. We confirmed
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previous work that associated the G allele of rs738409 (PNPLA3) with higher ALT levels in

individuals of European ancestry,10,28 but we also have found it to be associated with ALT

level in MAs.11 Some variants were associated with increased ALT level whereas others

were associated with the AST/ALT ratio with variants at PPP1R3B associated with both

phenotypes. This may be owing to these variants having a differential effect on steatosis,

being more prone to hepatic injury that releases ALT into the serum, or having advanced

liver disease (ALT)29 vs fibrosis (AST/ALT ratio),30 which will require study in further

samples to confirm.

The strength of our study was that it reports an association of genetic variants in or near

PNPLA3, GCKR, and PPP1R3B with ultrasound-defined HS in a large nationally

representative population of NHWs. Given the population-based nature of the survey

sample, these findings suggest that these results are likely to hold true across many

European ancestry individuals living in the United States compared with more biased chosen

samples.

The study also provided nationally representative estimates of allele frequencies and effects

across 3 race/ethnicities as well as combined across the 3 groups. Although not having

biopsyproven HS, our phenotypes indirectly measure hepatic fat. All measures of liver

steatosis were associated with known risk factors for the development of fatty liver disease

and ultrasound has been shown to be an accurate and reliable method for detecting

histologically defined steatosis.14,31 Our study also reports an association of the G allele of

rs738409 PNPLA3 variant with increased ALT level in MAs.10,28 We also show that the A

allele of rs4240624 (PPP1R3B) is associated with HS using ultrasound, which makes the

previously possible alternative hypothesis that the G allele at this locus increases glycogen

unlikely.13 Finally, we characterized the effect of allele frequencies and ORs of 5 genetic

variants in several race/ethnic groups, which expand previous research that associated these

variants with liver steatosis in individuals of European ancestry.

Insulin resistance is considered a key factor in the development and progression of NAFLD

and NASH. In our study, the association with impaired fasting glucose trended toward

significance but did not reach it. This result is consistent with HS being associated with

impaired fasting glucose overall, but we likely did not have enough power to reach statistical

significance with the current sample size. Although there likely are variants that promote

both increased fatty liver and increased impaired fasting glucose to cause the overall

association seen between these traits, in well-powered genetic studies of glucose

phenotypes32,33 and our prior genome-wide association studies,13 the HS-promoting allele at

GCKR and PPP1R3B was associated with decreased (not increased) impaired fasting

glucose. This suggests that some variants promote HS via a different mechanism than by

increasing impaired fasting glucose.

Our study had several limitations. First, it did not include individuals of all possible

ancestries present in the United States (eg, Asian ancestry) or the institutionalized

population (military, nursing home residents); second, it may not have sufficient power to

detect allele effects in all of the ancestries examined; and, third, because of the phenotypic

characterization, it cannot assess the effects of these variants on NASH/ fibrosis, which
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requires liver biopsy samples that ethically cannot be obtained from healthy individuals in a

population-based general health survey. Finally, our current phenotype definition may

overestimate the true prevalence of HS and presumed NASH in the United States. We opted

to collapse 3 fatty liver categories—mild, moderate, and severe—into one category to

increase the power to detect genetic associations. To estimate the true prevalence of

ultrasound-defined HS in the US population, see Lazo et al (American Journal of

Epidemiology, accepted 2012).

In conclusion, we have shown that ultrasound-based HS is associated with 4 SNPs, rs738409

(PNPLA3), rs2228603 (NCAN), rs780094 (GCKR), and rs4240624 (PPP1R3B) in NHW

from a population sample representative of the United States. In addition, we found that

rs738409 (PNPLA3) was associated significantly with MA, and we found no significant

associations with ultrasound-defined HS in this US representative sample of NHB. Our

findings show that there are specific genetic influences to the development of fatty liver

disease across ancestries. This suggests that in addition to environmental variables, genetic

influences can affect health disparities in the development of fatty liver disease among

ancestry groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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NHANES III Third National Health and Nutrition Examination Survey

NHB non-Hispanic black
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OR odds ratios

PNPLA3 patatin-like phospholipase domain-containing protein 3

PPP1R3B protein phosphatase 1, regulatory subunit 3b
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Figure 1.
Flow chart of the National Health and Nutrition Examination Survey, phase 2 (1991–1994).
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Figure 2.
Association between HS and different SNPs, stratified by ethnicity in the NHANES III

(1991–1994), population-weighted, additive model, adjusted for age, age squared, sex, and

alcohol consumption.
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Figure 3.
Association between HS with high ALT level and different SNPs, stratified by ethnicity in

the NHANES III (1991–1994), population-weighted, additive model, adjusted for age, age

squared, sex, and alcohol consumption.
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