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4Department of Nutritional Sciences and Toxicology, University of California, Berkeley, Berkeley, 
CA
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Abstract

Background: Alcohol, insulin resistance (IR), and hepatitis C (HCV) are all significant 

contributors to adverse outcomes of chronic liver disease. Latinos are disproportionately affected 

by these risk factors. We investigated the relationship between alcohol use and insulin action in a 

large prospective Latino cohort with and without HCV.

Methods: One hundred fifty-three non-diabetic Latinos (60 HCV+, 93 HCV-) underwent 

clinical evaluation and metabolic testing; 56 had repeat testing over a median follow-up of 1.5 

years. Peripheral IR and hepatic IR were measured via steady‐state plasma glucose (SSPG) 

and endogenous glucose production during a 2-step 240-minute insulin suppression test. Insulin 

secretion (IS) was measured using the graded glucose infusion test. Alcohol use was categorized 

as none, moderate (≤1 drink/day for women and ≤2 drinks/day for men), and heavy (not 

moderate). Multivariable models including HCV status assessed associations of alcohol use with 

baseline SSPG, hepatic IR and IS, and with changes in these parameters over time.

Results: Overall, the median age was 44 years, 63.4% were male, 66.7% overweight/obese, 

and 31.9% had heavy lifetime alcohol use (60.4% moderate lifetime alcohol use). SSPG and IS 

were similar by levels of alcohol use at baseline and alcohol use was not statistically significantly 

associated with change in these measures over time. However, lifetime daily heavy alcohol use 

(vs not heavy, coef 2.4 μU-mg/kg-min-ml, p=0.04) and HCV status (coef 4.4 μU-mg/kg-min-ml, 

p=0.0003) were independently associated with higher baseline hepatic IR, and current heavy 

Corresponding Author: Mandana Khalili, M.D., University of California San Francisco, San Francisco General Hospital, 1001 
Potrero Avenue, NH 3-D, San Francisco, CA 94110, USA, Tel 628-206-4766, Fax 415-641-0745, Mandana.Khalili@ucsf.edu. 

ClinicalTrials.gov Identifier: NCT01858012

HHS Public Access
Author manuscript
Alcohol Clin Exp Res. Author manuscript; available in PMC 2023 January 01.

Published in final edited form as:
Alcohol Clin Exp Res. 2022 January ; 46(1): 87–99. doi:10.1111/acer.14743.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://ClinicalTrials.gov
https://clinicaltrials.gov/ct2/show/NCT01858012


alcohol use was associated with greater change in hepatic IR in follow-up (coef 5.8 μU-mg/kg-

min-ml, p=0.03).

Conclusions: In this Latino cohort, lifetime and current heavy alcohol use influenced hepatic 

IR and its change over time. Strategies to improve rates of alcohol cessation along with lifestyle 

modification and anti-HCV therapy to reduce metabolic risk are critical to prevent adverse liver 

and metabolic outcomes in Latinos.

Overview of Manuscript:

Alcohol use adversely influences hepatic insulin resistance and its rate of change over time in 

Latino individuals with and without chronic hepatitis C infection. Alcohol cessation represents a 

highly critical intervention in addition to other risk reduction measures for prevention of adverse 

metabolic and liver-related outcomes and should be prioritized in Latinos.
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hepatic insulin resistance; alcohol use disorder; insulin secretion; SSPG; Hispanic

Introduction

Alcohol use is a major cause of morbidity and mortality worldwide, accounting for 3 

million deaths in 2016.(WHO, 2018) In the US, the Latino population is particularly at-risk 

for adverse consequences of alcohol and alcohol-related morbidity,(Witbrodt et al., 2014) 

as well as a rising mortality rate due to alcohol-associated liver disease (ALD), which 

increased in the Latino population from 8.6 per 100,000 in 2007 to 10.1 in 2016.(Kim et 

al., 2018) Latinos are also disproportionately affected by other risk factors for liver disease, 

including obesity, impaired insulin action,(Lorenzo et al., 2012) and hepatitis C (HCV) 

infection.(Rodriguez-Torres, 2008) These liver disease risk factors are all intertwined as 

diabetes is an extra-hepatic manifestation of HCV(Jacobson et al., 2010, Serfaty, 2017) and 

alcohol use impacts insulin resistance (IR)(Schrieks et al., 2015, Facchini et al., 1994, Kerr 

et al., 2019, Knott et al., 2015, Lai et al., 2019, Park et al., 2019, Tatsumi et al., 2018) and 

insulin secretion (IS).(Flanagan et al., 2002, Tatsumi et al., 2018)

The effect of alcohol use on insulin action in Latinos with coexisting risk factors is not 

fully understood but is likely influenced by the amount of alcohol consumed, given alcohol’s 

dose-dependent effects on insulin action. Some studies, but not all,(Schrieks et al., 2015) 

have found that low to moderate alcohol use decreases IR and diabetes risk,(Knott et al., 

2015, Lai et al., 2019, Kerr et al., 2019, Schrieks et al., 2015, Facchini et al., 1994) whereas 

heavy alcohol use increases risk.(Lai et al., 2019, Park et al., 2019, Tatsumi et al., 2018) 

With regards to IS, for which there are less data, studies of non-diabetic individuals have 

shown unexpectedly an increase in IS with higher alcohol use,(Tatsumi et al., 2018) while in 

healthy individuals IS decreases with moderate alcohol use.(Flanagan et al., 2002)

In the setting of chronic liver disease, alcohol and IR have a synergistic effect on liver 

disease progression.(Carr and Correnti, 2015) Both alcohol and IR also independently 

influence fibrosis progression in HCV infection.(Hui et al., 2003, Singal and Anand, 2007) 

Prior studies have been limited by use of surrogate measures of IR, such as the homeostasis 
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model assessment (HOMA), as this has been shown to have high misclassification rates and 

significant within-person variability in the setting of HCV infection.(Mukhtar et al., 2013, 

Lam et al., 2010) Considering the complexity of interaction among these factors, it is critical 

to disentangle the contribution of alcohol to impaired insulin action among Latinos using 

direct measures to effectively implement preventative and treatment strategies for at-risk 

individuals.

In this study, we aimed to comprehensively investigate the relationship between graded 

alcohol use and directly measured insulin action in a large prospective cohort of nondiabetic 

Latinos with or without HCV infection using detailed clinical, metabolic and genetic 

measurements. We also evaluated the impact of alcohol use as well as persistent and new 

clinical and metabolic risk factors on change in insulin action over time.

Methods

Study Participants

Non-diabetic Latino individuals of 18 years or older with and without chronic HCV were 

recruited at San Francisco General Hospital between June 1, 2002 through January 1, 2016 

to evaluate the relationship between HCV infection and insulin action. Latino ethnicity 

was defined by self-report of Latino ethnicity of all four biologic grandparents and both 

parents.(Burman et al., 2015, Humes KR, 2010) Chronic HCV was confirmed by detectable 

HCV viral load. Exclusion criteria included a history of diabetes (based on fasting glucose 

≥ 126 mg/dL, 120-minute glucose ≥ 200 mg/dL on oral glucose tolerance test (OGTT), 

prior diagnosis of diabetes, or use of antidiabetic medications), human immunodeficiency 

virus (HIV), chronic hepatitis B virus (HBV), or other medical conditions limiting their 

ability to participate in the study. HCV-infected individuals were excluded if they had other 

causes of liver disease, cirrhosis (clinical or histologic), decompensated liver disease, and 

prior or current HCV therapy. This study was approved by the UCSF Committee on Human 

Research, and all participants provided written informed consent.

Study Procedures

At an initial screening visit, patients underwent demographic and clinical history, 

anthropometric measurements (height, weight, body mass index (BMI), and waist 

circumference), and laboratory evaluation. Detailed alcohol history and physical activity 

level including duration and intensity of physical activity(Ainsworth et al., 2000) were 

obtained. All patients were offered follow-up testing at ≥6 months and those willing to 

participate underwent clinical and metabolic evaluation at baseline and repeat evaluation 

at follow-up (median of 1.5 years). Genetic assessment including ancestry estimation and 

detection of polymorphisms in the alcohol-metabolizing enzyme cytochrome P450 2E1 were 

performed at baseline.(Uribe et al., 2018)

Alcohol Use Measurements

A thorough drinking history was obtained for each patient via face-to-face interview at each 

study visit. Recent drinking behavior over the prior 12 months was assessed(Kerr et al., 

2019), as well as lifetime drinking behavior. Current alcohol use in the prior twelve months 

Kim et al. Page 3

Alcohol Clin Exp Res. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



was captured and alcohol use was categorized as none, moderate and heavy, and duration 

of alcohol use and abstinence were also captured.(NIAAA, 2020) Moderate alcohol use for 

women was defined as up to one drink per day and no more than 7 drinks per week, and for 

men, up to two drinks per day and no more than 14 drinks per week. (NIAAA, 2020) Heavy 

alcohol use was defined as more than moderate, which also includes binge drinking defined 

as 4+ drinks for women and 5+ drinks for men on the same occasion. Lifetime alcohol use 

history was obtained using the validated Lifetime Drinking History instrument(Jacob et al., 

2006, Friesema et al., 2004) designed to capture an individual’s alcohol use and patterns 

from the onset of regular drinking. Lifetime daily alcohol use was similarly categorized as 

none, moderate use as up to one drink (13.6 grams of alcohol) per day for women and up 

to two drinks (27.2 grams of alcohol) per day for men, and heavy use as any use exceeding 

moderate. (NIAAA, 2020)

Metabolic Testing

Metabolic testing was performed during a 3-day inpatient visit to the UCSF Clinical and 

Translational Science Institute’s Clinical Research Center as previously described.(Uribe et 

al., 2018) During this stay, an OGTT (day 1), insulin suppression test (steady-state plasma 

glucose [SSPG], day 2), and IS and insulin clearance rate (graded glucose infusion test 

[GGIT], day 3) were performed.

On hospital day 1 after a 12-hour fast, a 75g OGTT was performed to evaluate for 

undiagnosed diabetes (120-minute glucose level ≥ 200mg/dL.(ADA, 2015)) Based on OGTT 

results, participants who met diagnostic criteria for diabetes or impaired glucose tolerance 

(IGT), defined as 2h plasma glucose ≥ 140 mg/dl, were excluded. On hospital day 2, the 

2-step insulin suppression test (IST; low dose and high dose) was performed as previously 

described.(Mukhtar et al., 2013, Uribe et al., 2018) Plasma glucose and insulin levels were 

measured from 210 to 240 minutes during the high-dose period, and these levels were 

averaged to represent the SSPG and steady-state plasma insulin (SSPI) concentrations. 

SSPG measures the peripheral (muscle) resistance of tissues to insulin-mediated glucose 

uptake, therefore higher SSPG levels represent higher degrees of peripheral IR. IST is 

considered a direct physiologic measurement of IR.(Yip et al., 1998) The SSPG is highly 

correlated (r=0.87) with the M value obtained during the euglycemic, hyperinsulinemic 

clamp technique.(Knowles et al., 2013)

Hepatic glucose production measured by infusion of deuterated glucose ([6,6-d2]-glucose) 

following priming to reach isotopic steady state during the insulin suppression test.(Uribe 

et al., 2018) Briefly, exogenous insulin levels were achieved to simulate basal (fasting) 

conditions (SSPI at ~10–15 μU/mL) to partially inhibit endogenous insulin production. At 

these levels, endogenous glucose production (EGP) is not considerably suppressed from 

fasting rates. Therefore, we were able to assess the ability of basal insulin to maintain 

glucose homeostasis by measuring the rate of (hepatic) EGP. Mass spectrometric analysis 

was used to quantify hepatic glucose production by the isotope dilution technique. Steady-

state plasma glucose enrichment was measured during a constant intravenous infusion 

of deuterated glucose.(Christiansen et al., 2000, Schwarz et al., 1995) EGP (mg/kg-min) 
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= (deuterated glucose infusion rate/deuterated glucose enrichment) – deuterated glucose 

infusion rate. Hepatic IR was then calculated as EGP (mg/kg-min) × insulin (μU/mL).

On hospital day 3, a GGIT to measure insulin secretory function was performed as 

previously described.(Kim et al., 2014, Uribe et al., 2018) Patients received graded 

intravenous infusions of glucose at increasing rates (1, 2, 3, 4, 6, 8 mg/kg/min). Each 

rate was administered for 40 minutes. Fasting glucose, insulin, and C-peptide concentrations 

were measured prior to the infusion, and then again at 30 and 40 minutes into each infusion 

period. The last two values were averaged at the end of each infusion period to calculate 

the mean for that infusion. The area under the curve (AUC) for glucose, insulin, and C-

peptide were then calculated. Insulin secretion rates (ISRs) were derived by deconvolution of 

peripheral plasma C-peptide concentrations, using a two-compartment model of C-peptide 

kinetics and standard parameters for C-peptide clearance. This was estimated for each 

participant based on their body surface area and age. The mean ISRs before and during 

the six glucose infusion periods were plotted against the corresponding mean glucose for 

each participant. This constructed a dose-response relationship, and the best-fit line was 

then drawn through the data to allow comparison of ISRs at the same glucose level. The 

ISR at molar increments of plasma glucose from 5 to 9 mmol/l was therefore obtained by 

interpolation, and the total integrated area under the curve (ISR-AUC) was calculated using 

the trapezoidal rule.

Estimation of Ancestry for Latino Individuals

The Latino population is an admixed group assumed to be comprised of three ancestral 

populations: African, European, and Native American. To identify and control for the 

heterogeneity among Latino people from different origins, we estimated the proportion 

of global ancestry for each individual using the genotype data of 37 West Africans, 42 

European Americans, and 30 Native Americans.(Yaeger et al., 2008) One hundred and 

four autosomal ancestry informative markers (AIMs) across the genome were used for 

the inference of individual ancestry proportions for our Latino participants (%African, 

%Native American, and %European heritage).(Tsai et al., 2005) These AIMs were selected 

because their allele frequencies vary between those of African, European, and Native 

American populations. Samples were genotyped using Sequenom iPlex platform. The 

population structure for Latino individuals was inferred by a model-based clustering 

method,(Pritchard JK, 2000) which assumes the loci are at Hardy-Weinberg equilibrium 

and linkage equilibrium within each ancestral population group. This method introduces 

population structure to the participants, so the assumed equilibrium is achieved. The 

method was implemented in the software package STRUCTURE (version 2.2) (http://

pritchardlab.stanford.edu/structure.html), which was used to analyze the population structure 

of Latino individuals in our study.

CYP2EI Genotyping

All patients underwent genetic analysis (as previously described(Burman et al., 2016)) to 

detect polymorphisms in the cytochrome P4502E1 (CYP2E1) Rsal c2 allele, which is an 

alcohol metabolizing enzyme that has a relatively high frequency in Latino populations, 

and lower frequency in Whites and African Americans.(Beulens et al., 2007, Neafsey et al., 
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2009, Wan et al., 1998) Polymorphisms in the CYP2E1 and the homozygous mutant allele 

(c2/c2) have been associated with higher rates of transcriptional activity, protein levels, 

enzyme activity, and ALD.(Wan et al., 1998)

Statistical Analysis

Baseline characteristics of study participants were reported using mean ± standard deviation, 

median with minimum to maximum value, or proportions. The characteristics were 

compared by categories of lifetime alcohol use and by HCV status. P-values were obtained 

by Kruskal-Wallis or Mann-Whitney tests and chi-squared tests as appropriate. Our primary 

analysis used linear regression to estimate the associations of HCV and current graded 

alcohol intake with the primary outcomes of SSPG, hepatic IR, ISR-AUC, and change 

in these measurements over time. Additional a priori selected predictor variables were 

age, sex, BMI (continuous variable [kg/m2], and categorical as normal weight [<25 kg/

m2], overweight [≥ 25 kg/m2] and obese [≥ 30 kg/m2]), waist circumference, ancestry 

proportions, CYP2E1 mutations (homozygous c2/c2, heterozygous c1/c2), US birth, alcohol 

use (duration, lifetime daily alcohol use, years of abstinence), current tobacco use, physical 

activity intensity, physical activity duration, family history of diabetes, time (in years) 

between initial and follow-up visits, laboratory values at baseline and follow up (ALT, 

AST, HDL, triglycerides, and ferritin). Interaction terms to assess the relationship between 

each outcome and HCV status in conjunction with graded alcohol use (categorized as 

moderate and heavy) were created (e.g., HCV*moderate alcohol, noHCV*moderate alcohol, 

HCV*heavy alcohol, etc). Additionally, potential explanatory variables that may have 

influenced the observed relationships between predictors and changes in outcome measures 

during follow-up were evaluated and included changes in: BMI, waist circumference, ALT, 

AST, alcohol use (from none to moderate, none to heavy, moderate to heavy, etc), and 

physical activity intensity and duration. The predictor variables, interaction terms, and 

explanatory variables were included in multivariable analyses.

To address any missing values, in particular those for alcohol use and activity level 

assessments, a multiple imputation technique(Sterne et al., 2009) followed by linear 

regression modeling was used when evaluating factors associated with changes in metabolic 

parameters. We used the MCMC method for imputation in SAS proc MI to create 20 

imputation data sets. Imputed values were based on all predictor and outcome variables. 

After imputation, any observations from outcome variables that were originally missing 

were reset back to missing prior to analysis, to ensure only directly measured metabolic tests 

in analysis of the outcome were included in the final data set. We then used proc MIAnalyze 

to synthesize the results of fitting multivariable linear regressions to the 20 imputed data 

sets. We selected multivariable models by forward stepwise selection with an entry criterion 

of P < 0.05 for candidate predictors. For multivariable analysis of SSPG, hepatic IR, and 

ISR-AUC at baseline, HCV, lifetime daily heavy alcohol, and duration of alcohol use were 

forced into the model. For the multivariable models of change in metabolic parameters, 

HCV and time to follow-up were forced into all models and change in SSPG was also 

included in the ISR-AUC model. For all models evaluating change in SSPG, hepatic IR, and 

ISR-AUC over time, we further evaluated how the estimated effects changed due to addition 
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of any one of several possible explanatory variables. All analyses were performed using the 

Statistical Analysis System version 9.4 (SAS Institute, Cary, NC).

Results

Cohort Characteristics

One hundred fifty-three non-diabetic Latino participants with (n = 60) or without (n = 93) 

HCV were enrolled in the study. Table 1 summarizes overall patient characteristics and 

categorized by HCV infection status. Overall, the median age was 44, most participants 

were male (63.4%), overweight or obese (BMI ≥ 25 kg/m2, 66.7%), and reported a family 

history of diabetes (64.1%). Two thirds (66.4%) of the patients were born outside of the US 

(66.4%) and with high proportion of Native American and European ancestry. Among the 

60 HCV-infected participants, the mean duration of HCV infection was estimated at 23.7 

± 11.8 years; 73.3% had HCV genotype 1 (15.0% genotype 2, 11.7% genotype 3), with a 

mean log10HCV viral load of 5.8 ± 0.6 IU/ml. Forty-two HCV-infected participants had a 

liver biopsy; 40 (95.2%) had mild to moderate inflammation (grade ≤ 2), 16 (38.9%) had 

steatosis (34.1% with grade 1 at ≤ 33%), and 3 (7.1%) had no fibrosis and 31 (73.8%) had 

mild to moderate fibrosis (stage ≤ 2).

In comparing the HCV and non-HCV groups (Table 1), statistically significant differences 

in demographic, clinical, and metabolic testing parameters are as follows. The HCV 

participants were older (median 48.5 years vs 40 years, p < 0.0001), a higher proportion 

were US born [54.2% (n=59) vs 20.4% (n=93), p < 0.0001], and had a higher median 

lifetime alcohol use [24.4 grams alcohol/day (n=45) vs 4.3 grams alcohol/day (n=93), p 
= 0.0001] compared to the non-HCV group. With respect to laboratory parameters, as 

expected, HCV participants had higher baseline ALT (median ALT 65.5 vs 25 U/L, p < 

0.0001) and AST levels (median AST 51.5 vs 25 U/L, p < 0.0001) as well as lower low-

density lipoprotein (LDL) (median 87 vs 107 mg/dL, p < 0.0001). With respect to metabolic 

testing parameters at baseline, when compared to non-HCV participants, those with HCV 

had lower ISR-AUC [median 1430 (n=57) vs 1550 pmol/min (n=92), p = 0.6] and increased 

peripheral IR [SSPG, median 145 (n=60) vs 112 mg/dL (n=93), p = 0.07], but these did not 

reach statistical significance. However, hepatic IR was statistically significantly increased in 

HCV compared to non-HCV group [median 19.4 (n=46) vs 14.0 μU-mg/kg-min-ml (n=93), 

p < 0.0001, respectively].

All participants were genotyped for polymorphisms in the alcohol metabolizing gene 

CYP2E1 and there were no statistically significant differences between HCV and non-HCV 

groups (p = 0.32). Three (2.0%) participants were found to have the homozygous mutant 

allele (c2/c2), 35 (23.3%) participants were heterozygous (c1/c2), and 112 (74.7%) had no 

CYP2E1 mutation.

Characteristics by Lifetime Alcohol Use

Among the 138 participants who completed the Lifetime Drinking Questionnaire, cohort 

characteristics were categorized by lifetime daily alcohol use as none (n=10), moderate 

(n=84) and heavy (n=44) and summarized in Table 2. Those with moderate alcohol use were 
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less likely to be male, smoke cigarettes, or have a history of injection drug use. In addition, 

although there were no significant differences in the BMI across the three groups, those with 

moderate alcohol use had lower waist circumference compared to those with no alcohol or 

heavy alcohol use (mean 91.7 ± 12.5 cm vs 98.1 ± 8.3 cm vs 96.8 ± 9.8 cm, p = 0.01, 

respectively). Both ALT and AST were highest in the heavy alcohol use group (mean ALT 

58.2 ± 50.0 U/L, mean AST 48.8 ± 41.0 U/L), and lowest in the moderate alcohol use group 

(mean ALT 45.9 ± 65.5 U/L, mean AST 35.2 ± 31.7 U/L).

Insulin Resistance and Insulin Secretion by Lifetime Alcohol Use—At baseline, 

metabolic tests by lifetime alcohol use (Table 2) showed that ISR-AUC was increased in 

those with heavy alcohol use compared to those with moderate or no alcohol use (median 

1730 vs 1400 vs 1330 pmol/min, respectively) and SSPG was lowest in the moderate alcohol 

group compared to those with none or heavy alcohol use (median 114 vs 141 or 133 mg/dL, 

respectively), but these did not reach statistical significance.

With respect to hepatic IR at baseline, those with heavy alcohol use had higher hepatic IR 

compared to those with moderate or none (median 18.1 vs 13.8 vs 13.7 μU-mg/kg-min-ml, 

respectively, p = 0.006). Moreover, those with heavy alcohol use (vs none/moderate) had 

higher hepatic IR irrespective of HCV status. The median hepatic IR for individuals with 

moderate or no alcohol use and without HCV was 13.2 μU-mg/kg-min-ml (range 6.3–33.4) 

versus with HCV at 18.6 μU-mg/kg-min-ml (range 11.3–27.6) (p=0.001). The hepatic IR in 

those with heavy alcohol use and without HCV was 16 μU-mg/kg-min-ml (range 8.3–33.2) 

versus 20 μU-mg/kg-min-ml (range 8.4–43.4) in those with HCV (p=0.07) (Figure 1).

Impact of Alcohol Use on Insulin Secretion and Resistance

Table 3 summarizes results of univariate analysis of the outcome measures of IS and 

IR. Although duration of alcohol use was associated with lower ISR-AUC (coef −13.7 

pmol/min per years of use, p = 0.01), lifetime daily alcohol amount (coef 5.1 pmol/min per 

10g/day, p = 0.58) or lifetime daily heavy alcohol use (vs none/moderate, coef 140.7 pmol/

min, p = 0.30) were not statistically significantly associated with ISR-AUC. BMI, waist 

circumference, and triglyceride levels were associated with higher ISR-AUC, while age and 

HDL levels were associated with lower ISR-AUC. With respect to peripheral IR, female sex, 

BMI, ALT, and triglyceride and HDL levels were associated with SSPG, but lifetime daily 

alcohol use (coef 1.1 mg/dL, 95% CI −0.8 to 2.9) and lifetime daily heavy alcohol use (vs 

none/moderate, coef −1.7 mg/dL, 95% CI −29.1 to 25.6) did not appear to influence SSPG. 

On the other hand, lifetime daily heavy alcohol use (vs none/moderate, coef 3.9 mg/dL, 95% 

CI 1.5 to 6.2) was associated with hepatic IR. Other factors that also influenced hepatic IR 

included HCV status, and ALT, AST, and HDL levels.

On multivariable analysis (Table 4) that included HCV status, lifetime daily heavy alcohol 

use and alcohol duration, ISR-AUC was independently associated with age, BMI, and 

triglycerides, but did not have a statistically significant association with HCV status (coef 

120.4 pmol/min, 95% CI −132.3 to 373.1) or lifetime daily heavy alcohol use (coef 86.8 

pmol/min, 95% CI −153.8 to 327.4). Adjustment for waist circumference (a surrogate for 

central obesity) did not significantly modify the estimated effects of HCV or lifetime heavy 

Kim et al. Page 8

Alcohol Clin Exp Res. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



alcohol use. Moreover, the observed estimated effects of age, BMI or triglyceride levels on 

ISR-AUC remained similar when accounting for degrees of IR. With inclusion of interaction 

terms to assess how much the effect of current alcohol use differed by HCV status (all p > 

0.05), in individuals without HCV, ISR-AUC appeared to be higher with heavy alcohol use 

(coef 286.3 pmol/min vs none, 95% CI −126.4 to 699.0) than those with moderate alcohol 

use (coef 47.3 pmol/min, 95% CI −283.3 to 378.0). However, in those with HCV, heavy or 

moderate alcohol use appeared to have a similar effect on ISR-AUC (coef 66.7 pmol/min, 

95% CI −379.0 to 512.5 vs coef 79.8 pmol/min, 95% CI −322.9 to 482.5, respectively).

With respect to IR, multivariable analysis showed that female sex, BMI, and ALT and 

triglyceride levels were associated with higher and HDL was associated with lower SSPG 

(Table 4). However, alcohol use category or duration of alcohol use was not associated 

with SSPG levels, although, SSPG appeared to be lower in those with moderate alcohol 

use who did not have HCV (coef −13.9 mg/dL vs none, 95% CI −43.0 to 15.1, p = 0.35) 

than those with HCV (coef −3.2 mg/dL, 95% CI −38.0 to 31.6, p = 0.86) (data not shown). 

With respect to hepatic IR, lifetime daily heavy alcohol use (vs none/moderate; coef 2.4 

μU-mg/kg-min-ml, 95% CI 0.1–4.6) and also HCV infection (coef 4.4 μU-mg/kg-min-ml, 

95% CI 2.0 to 6.7) were independently associated with increased hepatic IR (Table 4). 

A sensitivity analysis using waist circumference as a measure of central obesity in the 

models produced similar estimated effects for lifetime daily heavy alcohol use (vs none/

moderate; coef 2.4 μU-mg/kg-min-ml, 95%CI 0.03 to 4.8, p=0.048) and HCV infection 

(coef 4.1 μU-mg/kg-min-ml, 95%CI 1.6 to 6.6, p=0.0001). Additional analysis evaluating 

the impact of moderate alcohol use among those with or without HCV showed that the effect 

of moderate use (vs none) on hepatic IR appeared to be higher in those with HCV than 

those without HCV (coef 1.6 μU-mg/kg-min-ml, 95% CI −2.4 to 5.7, p = 0.43 and coef 

0.07 μU-mg/kg-min-ml, 95% CI −3.0. to 3.1, p = 0.96, respectively), but these were not 

statistically significant.

Effect of Alcohol Use on Changes in Insulin Secretion and Insulin Resistance Over Time

Fifty-six participants underwent follow-up [median 1.5 (0.5 to 3.5) years] of whom 23 had 

HCV, 19 had lifetime daily heavy alcohol use, and 6 had current heavy alcohol use. There 

were no statistically significant differences (all p>0.05) in median age (46 years vs 44 

years), sex (36% vs 37% female), HCV infection (38% vs 35%), median BMI (27.5 vs 26.5 

mg/kg2), and alcohol use (moderate alcohol, 60% vs 63%, and heavy alcohol 36% vs 30%) 

among those who had versus those who did not agree to follow-up testing, respectively.

Overall, the mean change in ISR-AUC was −344.1 ± 861.0 pmol/min, SSPG was 9.4 ± 

54.5 mg/dl, and hepatic IR was 2.3 ± 7.9 μU-mg/kg-min-ml on follow-up. On univariable 

analysis, lifetime daily alcohol use was not statistically significantly associated with change 

in ISR-AUC (coef 14.5 pmol/min per 10 grams of alcohol/day, 95% CI −42.0 to 71.0) or 

change in SSPG (coef −1.4 mg/dL per 10 grams of alcohol/day, 95% CI −5.6 to 2.9 mg/dL). 

Current alcohol use category (vs no alcohol use) was also not statistically significantly 

associated with change in ISR-AUC (coef −290.9 pmol/min, 95% CI −743.7 to 161.9 for 

moderate use and coef −82 pmol/min, 95% CI −681.9 to 517.9 for heavy use) or change 

in SSPG (coef 15.3 mg/dL, 95% CI −18.3 to 48.9 for moderate use and coef 30.3 mg/dL, 
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95% CI 27.3 to 31.9 for heavy use). However, while lifetime daily alcohol use was not 

statistically significantly associated with change in hepatic IR (coef 0.2 μU-mg/kg-min-ml, 

95% CI −0.5 to 0.8), current heavy alcohol use was associated with 5.6 points greater 

change in hepatic IR (95% CI 0.0 to 11.2) compared to those with no alcohol use.

On multivariable analysis which included HCV status and duration of follow-up, BMI was 

associated with lesser change (average of −625.3 points per 5 kg/m2, 95% CI −916.2 to 

−334.3) and HCV was associated with greater change (average of 411.8 points higher vs no 

HCV, 95% CI 38.0 to 785.6) in ISR-AUC when accounting for change in insulin resistance 

(SSPG) on follow-up (Table 5). While no baseline factor had p<0.05 for predicting change 

in SSPG, age was associated with an average of 3.1 points lesser change per decade (95% 

CI −5.3 to −1.0) and current heavy alcohol use was associated with an average of 5.8 points 

greater change (95% CI 0.6 to 11.1) in hepatic IR compared to those with no current alcohol 

use (Table 5). In addition, the impact of current heavy alcohol use on change in hepatic IR 

remained similar when controlling for changes in alcohol use, BMI, AST, ALT or physical 

activity over time (< 15% change in coef in all cases).

Discussion

In this large cohort of nondiabetic Latinos with and without HCV, we found that both HCV 

and alcohol use influenced hepatic IR. Importantly, participants with lifetime daily heavy 

alcohol use had higher hepatic IR when compared to those with moderate or no alcohol 

use, irrespective of HCV status. Additionally, current heavy alcohol use was associated with 

greater change in hepatic IR over time compared to those with no alcohol use. On the 

other hand, while certain demographic and clinical factors were associated with SSPG and 

ISR-AUC in this cohort, alcohol use did not appear to influence these parameters at baseline 

or at follow up. As expected, HCV status was associated with higher hepatic IR at baseline, 

and interestingly, impacted insulin secretion but did not statistically significantly impact 

insulin resistance over time.

Latinos are one of the largest and fastest growing ethnic minority groups in the United 

States(Vespa J, 2020) and are disproportionately impacted by alcohol-related morbidity and 

mortality,(Witbrodt et al., 2014) impaired glucose regulation(Lorenzo et al., 2012) and HCV.

(Rodriguez-Torres, 2008) With the introduction of highly effective anti-HCV therapies, there 

are now reported steady increases in the prevalence of and mortality due to metabolically-

related liver diseases, namely nonalcoholic fatty liver disease (NAFLD) as well as ALD, 

especially among the Latino population.(Kim et al., 2018) While studies show that the 

metabolic parameters can improve with HCV eradication,(Russo et al., 2020) it does not 

fully eliminate the risk. Therefore, evaluation of the interplay between alcohol use and 

metabolic derangements in Latinos with or without coexisting HCV are timely and critical to 

addressing both metabolic and liver disease disparities in this population.

It is known that HCV results in a cascade of metabolic abnormalities. Its influence on insulin 

action involves direct and indirect effects on insulin signaling pathways, enhanced lipolysis 

resulting in increased free fatty acids, and effects on regulation of adipocyte genes that 

modify insulin sensitivity.(Knobler and Malnick, 2016) On the other hand, the underlying 
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mechanism by which alcohol affects insulin action is not well understood.(Steiner et al., 

2015) While the relationship in healthy individuals is often referred to as J-shaped, with 

reported improvement in insulin resistance with moderate alcohol use and worsening with 

heavy alcohol use, this finding is not always consistent across studies.(Schrieks et al., 

2015) With respect to insulin secretion, limited data suggest that heavy alcohol use appears 

to increase insulin secretion.(Tatsumi et al., 2018) Importantly, the relationship between 

alcohol use and insulin action in patients with underlying liver disease, including HCV, has 

not been well investigated.

We have previously shown that Latino ethnicity was associated with peripheral insulin 

resistance,(Mukhtar et al., 2013) and in those with HCV who had normal weight, moderate 

alcohol use was associated with better peripheral insulin sensitivity independent of ethnicity.

(Burman et al., 2016) Moreover among Latinos, hepatic IR was the only metabolic 

parameter of insulin action that statistically significantly increased following short-term 

discontinuation of moderate alcohol use, but HCV status was associated with lesser change 

in hepatic IR.(Uribe et al., 2018) Thus, the observed potential non-harmful effect of 

moderate alcohol use in this population required further investigation. In the current study 

with a comprehensive assessment of lifetime and current alcohol use and longitudinal follow 

up in a large Latino cohort, we show that moderate alcohol use, irrespective of HCV status, 

did not appear to influence insulin action. Although not statistically significant, there was a 

trend towards increased hepatic IR and SSPG with moderate alcohol use in HCV, compared 

to those without HCV, suggesting a potentially harmful effect in that setting.

Several observations are noted in this study. Known risk factors including age, 

BMI, dyslipidemia and liver inflammation contributed to SSPG or increased ISR-AUC 

independent of alcohol use and HCV status. Female gender was also associated with higher 

SSPG as previously reported by our group.(Gonzales et al., 2016, Mukhtar et al., 2013) 

We have previously shown that in general, women are at increased risk for elevated SSPG 

in HCV compared to men,(Gonzales et al., 2016, Mukhtar et al., 2013) and this finding is 

independent of menopausal status. While the reason for this observation is not clear, and 

some have attributed physical activity level as a potential contributor, but in this study, 

levels of physical activity were not statistically significantly associated with SSPG. With 

respect to alcohol use, we have confirmed that both lifetime and current heavy alcohol use 

are particularly harmful to hepatic IR. Heavy alcohol use has also been associated with 

increase in visceral fat in some populations(Molenaar et al., 2009, Kondoh et al., 2014), 

which in turn may influence hepatic IR. Although surrogate measures of increased adiposity 

using BMI and waist circumference was accounted for, measurements of regional body fat 

depots were not performed in our study. The contribution of visceral fat using computed 

tomography scan or magnetic resonance imaging to the relationship between alcohol use and 

insulin resistance requires investigation in future studies. Given the role of hepatic IR in the 

pathogenesis of diabetes(Petersen et al., 2017), heavy alcohol cessation is not only important 

in liver disease but also potentially for diabetes prevention in this population.

This study has several strengths and some limitations. The strengths include quantification 

of alcohol use with validated measures, use of directly measured parameters of insulin 

action, and comprehensive evaluation of risk factors including physical activity, in a 
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longitudinal cohort. Our sample size is relatively large compared to other similar studies 

using directly measured IR and ISR-AUC, due to accuracy of these measures and 

impracticality of performing extensive 3 days of inpatient testing in a larger sample.(Kim 

et al., 2014, Mukhtar et al., 2013, Lim et al., 2019, Gastaldi et al., 2019) As glucose 

concentrations can affect glucose clearance independent of insulin levels, IST can be viewed 

as semiquantitative measure of insulin sensitivity. Nevertheless, IST is a highly reproducible 

measure that is less labor-intensive and less technically demanding than the euglycemic 

hyperinsulinemic clamp and estimates of insulin sensitivity determined by IST correlate 

highly (r~0.9) with reference standard clamp estimates as shown in various population.

(Knowles et al., 2013, Muniyappa et al., 2008) It should be noted that the graded glucose 

infusion technique to calculate insulin secretion used a model containing parameters for 

C peptide kinetics that were estimated for each subject. However, this approach should 

give estimates of insulin secretion rates that differ by only 10–12% for each individual 

and 1–2% for group means from those obtained with individual parameters, even in a 

sample heterogeneous in terms of insulin resistance. (Van Cauter et al., 1992) In addition, 

insulin secretion was measured at the end of each 40 min of a stepped glucose infusion 

(non-steady state), and it is possible that longer infusion periods will lead to different 

estimates of the β-cell secretory response to incremental increases in plasma glucose. Unless 

dynamics of insulin secretion and clearance disproportionally changed between groups, 

it is less likely that this confounded the estimates obtained. While the lifetime alcohol 

use and physical activity questionnaires were missing in a limited number of participants, 

multiple imputation to handle missing data was used in order to reduce potential bias. A 

biomarker of alcohol use was not utilized in this study for confirmation of chronic or recent 

alcohol use and self-report may be subject to recall bias. However, as biomarkers do not 

provide categorization of graded alcohol use (a main predictor for this study), similar to 

prior studies(Burman et al., 2015, Burman et al., 2016, Kerr et al., 2019), self-reported 

alcohol use was utilized. Moreover, the evaluation of recent alcohol defined over the prior 

12 months to allow for metabolic changes was supplemented by a validated instrument that 

measures amount and frequency while accounting for phases of alcohol use over the lifetime 

to assess moderate and heavy alcohol consumption history. In the non-HCV group, there 

were two participants who had ALT > 30 U/L and reported mild alcohol use. Although 

etiologies of other liver disease using serology and patient history were ruled out, due to 

lack of approval of elastography in the US when the participants were enrolled, we could 

not rule out underlying NAFLD. However, it is unlikely that these participants contributed 

substantially to the results of this study.

In summary, this study provides evidence that alcohol use adversely influences hepatic 

IR and its rate of change over time in Latino individuals independent of other metabolic 

abnormalities including HCV. Given the rising incidence of NAFLD and ALD in this 

population, alcohol cessation represents a highly critical intervention in addition to other 

risk reduction measures for prevention of adverse metabolic and liver-related outcomes and 

should be prioritized in Latinos.
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Figure 1: Baseline hepatic insulin resistance by lifetime daily alcohol use and hepatitis C (HCV) 
status.
Boxplots showing median baseline hepatic IR [(line), interquartile range (box outline), 

minimum to maximum values (whiskers) and outliers (dots)] in participants by lifetime 

daily alcohol use category (none/moderate vs heavy) and HCV status (no HCV vs HCV). 

Hepatic IR was higher with lifetime daily heavy alcohol use irrespective of HCV status. 

Median hepatic IR for individuals with none or moderate alcohol use without HCV was 

13.2 μU-mg/kg-min-ml (range 6.3–33.4) vs with HCV 18.6 μU-mg/kg-min-ml (range 11.3–

27.6) (p=0.001). For participants with lifetime daily heavy alcohol use, hepatic IR for 

those without HCV was 16 μU-mg/kg-min-ml (range 8.3–33.2) versus 20 μU-mg/kg-min-ml 

(range 8.4–43.4) in those with HCV (p=0.07).

IR = insulin resistance; HCV = hepatitis C virus
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Table 1.

Baseline patient, laboratory, and metabolic characteristics by hepatitis C status

Characteristic Overall Without HCV (N=93)* With HCV (N=60)* p value

Age (years), median (min-max) 44 (20–63) 40 (20–60) 48.5 (26–63) <0.0001

Male sex, N (%) 97 (63.4) 57 (61.3) 40 (66.7) 0.5

BMI (kg/m2), mean ± SD 27.3 ± 4.4 27.4 ± 4.3 27.3 ± 4.6 0.72

Overweight/obese (BMI ≥ 25kg/m2), N (%) 102 (66.7) 64 (68.8) 38 (63.3) 0.48

Waist circumference (cm), mean ± SD 93.6 1 ± 1.4 92.9 ± 10.9 94.6 ± 12.1 0.59

Ancestry proportions (N=151) (N=58)

 % African, mean ± SD 7.6 ± 8.4 7.4 ± 9.0 7.9 ± 7.4 0.34

 % European, mean ± SD 52.1 ± 20.0 47.7 ± 19.5 59.3 ± 18.8 0.0008

 % Native American, mean ± SD 40.3 ± 20.1 44.9 ± 19.7 32.8 ± 18.5 0.0003

US born, N (%) (N=152) (N=59)

51 (33.6) 19 (20.4) 32 (54.2) <0.0001

Current smoker, N (%) (N=152) (N=59)

41 (27.0) 14 (15.1) 27 (45.8) <0.0001

Tobacco use (pack-years), median (min-max) (N=145) (N=88) (N=57)

0.5 (0–74) 0 (0–60) 7 (0–74) <0.0001

Intravenous drug use, N (%) 42 (27.5) 0 (0) 42 (70) <0.0001

Lifetime daily alcohol (g), median (min-max) (N=138) (N=45) <0.0001

7.0 (0–422) 4.3 (0–422) 24.4 (0–237)

Physical activity duration, N (%) (N=125) (N=83) (N=42) 0.72

 None 6 (4.8) 4 (4.8) 2 (4.8)

 Recommended (≥ 150 mins/week) 97 (77.6) 66 (79.5) 31 (73.8)

 Insufficient (< 150 mins/week) 22 (17.6) 13 (15.7) 9 (21.4)

Physical activity intensity, N (%) (N=125) (N=83) (N=42) 0.11

 Light 52 (41.6) 32 (38.6) 20 (47.6)

 Moderate 54 (43.2) 41 (49.4) 13 (31.0)

 Vigorous 19 (15.2) 10 (12.0) 9 (21.4)

Family history of diabetes, N (%) 98 (64.1) 66 (71) 32 (53.3) 0.026

Mean ALT (U/L) ± SD 52.2 ± 58 27.7 ± 12.1 90.1 ± 77.6 <0.0001

Mean AST (U/L) ± SD 41.0 ± 33.6 25.7 ± 5.9 64.8 ± 43.7 <0.0001

Mean total cholesterol (mg/dL) ± SD 178.9 ± 35.8 190 ± 33.2 162 ± 33.1 <0.0001

Mean LDL (mg/dL) ± SD (N=91) (N=59)

104.4 ± 30.7 115 ± 28.1 88.3 ± 27.5 <0.0001

Mean HDL (mg/dL) ± SD 52.2 ± 14.2 51.3 ± 13 53.6 ± 15.8 0.22

Mean triglycerides (mg/dL) ± SD 113.9 ± 70.2 125 ± 77.3 96.5 ± 53.6 0.015

Median ISR-AUC (pmol/min) (min-max) (N=149) (N=92) (N=57)

1530.4 (657.9–6566.8) 1550 (658–6570) 1430 (699–3750) 0.6
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Characteristic Overall Without HCV (N=93)* With HCV (N=60)* p value

Median SSPG (mg/dL) (min-max) 130 (39–316.3) 112 (43–271) 145 (39–316) 0.074

Median hepatic IR (μU-mg/kg-min-ml) (min-max) (N=139) (N=46)

15.5 (6.3–43.4) 14 (6.25–33.4) 19.4 (8.4–43.4 <0.0001

*
Unless otherwise noted in the table

Min = minimum, max = maximum, BMI = body mass index, SD = standard deviation, ALT = alanine aminotransferase, AST = aspartate 
aminotransferase, LDL = low-density lipoprotein, HDL = high-density lipoprotein, SSPG = steady-state plasma glucose, ISR = insulin secretion 
rate, AUC = area under the curve, IR = insulin resistance, HCV = hepatitis C virus
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Table 2.

Baseline patient, laboratory, and metabolic characteristics by level of lifetime daily alcohol use category

Characteristic
No Lifetime Alcohol 
Use (N=10)*

Moderate Lifetime 
Alcohol Use (N=84)*

Heavy Lifetime 
Alcohol Use (N=44)*

p value

Age (years), median (min-max) 42 (26–63) 44 (20–60) 44.5 (23–59) 0.81

Male sex, N (%) 7 (70.0) 47 (56.0) 34 (77.3) 0.05

BMI (kg/m2), mean ± SD 27.8 ± 4.0 27 ± 4.7 28.2 ± 4.4 0.24

Overweight/obese (BMI ≥ 25kg/m2), N (%) 7 (70.0) 54 (64.3) 32 (72.7) 0.62

Waist circumference (cm), mean ± SD 98.1 ± 8.3 91.7 ± 12.5 96.8 ± 9.8 0.01

Ancestry proportions (N=9) (N=83)

 % African, mean ± SD 11.6 ± 16.1 7.3 ± 8.2 8.0 ± 7.3 0.46

 % European, mean ± SD 62.3 ± 23.0 48.3 ± 19.9 52.8 ± 17.2 0.39

 % Native American, mean ± SD 26.2 ± 20.4 44.4 ± 19.9 39.2 ± 17.9 0.09

US born, N (%) (N=43) 0.02

4 (40.0) 20 (23.8) 21 (48.8)

Current smoker, N (%) (N=9) 0.003

4 (44.4) 14 (16.7) 19 (43.2)

Tobacco use (pack-years), mean ± SD (N=78) (N=43) <0.0001

5.4 ± 12.4 3.4 ± 8.9 9.6 ± 13.5

Intravenous drug use, N (%) 3 (30.0) 12 (14.3) 16 (36.4) 0.02

Lifetime daily alcohol (g), median (min-max) 0.0 (0.0–0.0) 3.4 (0.04–19.9) 39.5 (18.5–422) <0.0001

Physical activity duration (N=8) (N=78) (N=39) 0.31

 None 1 (12.5) 3 (3.8) 2 (5.1)

 Recommended (≥ 150 mins/week) 7 (87.5) 63 (80.8) 27 (69.2)

 Insufficient (< 150 mins/week) 0 (0.0) 12 (15.4) 10 (25.6)

Physical activity intensity (N=8) (N=78) (N=39) 0.12

 Light 3 (37.5 27 (34.6) 22 (56.4)

 Moderate 4 (50.0) 40 (51.3) 10 (25.6)

 Vigorous 1 (12.5) 11 (14.1) 7 (17.9)

Family history of diabetes, N (%) 5 (50.0) 58 (69.0) 30 (68.2) 0.47

Mean ALT (U/L) ± SD 51.1 ± 49.2 45.9 ± 65.5 58.2 ± 50 0.02

Mean AST (U/L) ± SD 41.9 ± 24.7 35.2 ± 31.7 48.8 ± 41.0 0.0007

Mean total cholesterol (mg/dL) ± SD 188 ± 44.6 185 ± 34.7 168 ± 32.9 0.09

Mean LDL (mg/dL) ± SD (N=82) (N=43) 0.07

113 ± 36.6 108 ± 30.7 96.3 ± 27.3

Mean HDL (mg/dL) ± SD 51.7 ± 12.7 53.6 ± 13.4 50.4 ± 16.6 0.28

Mean triglycerides (mg/dL) ± SD 116 ± 76.8 116 ± 75.6 112 ± 64.5 0.99

Median ISR-AUC (pmol/min) (min-max) 1330 (699–6570) 1400 (686–4680) 1730 (658–3760) 0.12

Median SSPG (mg/dL) (min-max) 141 (48–239) 114 (43–316) 133 (39–310) 0.97
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Characteristic
No Lifetime Alcohol 
Use (N=10)*

Moderate Lifetime 
Alcohol Use (N=84)*

Heavy Lifetime 
Alcohol Use (N=44)*

p value

Median hepatic IR (μU-mg/kg-min-ml) (min-
max)

13.7 (9.6–27.0) 13.8 (6.3–33.4) 18.1 (8.3–43.4) 0.006

Positive HCV status, N (%) 4 (40.0) 17 (20.2) 24 (54.5) 0.0004

*
Unless otherwise noted in the table

Min = minimum, max = maximum, BMI = body mass index, SD = standard deviation, ALT = alanine aminotransferase, AST = aspartate 
aminotransferase, LDL = low-density lipoprotein, HDL = high-density lipoprotein, SSPG = steady-state plasma glucose, ISR = insulin secretion 
rate, AUC = area under the curve, IR = insulin resistance, HCV = hepatitis C virus
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