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An association of hepatitis C virus (HCV) infection with diabetes has been reported in
many studies, but few have been population based and applied standard criteria for diabetes
diagnosis. We examined this relationship using recent population-based data from the U.S.
National Health and Nutrition Examination Survey. Adult participants (15,128) in the
1999-2010 surveys had data on diabetes status and serum HCV antibody (anti-HCV) or
HCV RNA. Using American Diabetes Association criteria, diabetes was defined as a health
care provider diagnosis, serum hemoglobin A1C (A1C) �6.5%, or fasting plasma glucose
(FPG) �126 mg/dL, prediabetes as A1C 5.7%-<6.5% or FPG 100-<126 mg/dL, and nor-
mal glucose as A1C <5.7% and FPG <100 mg/dL. Odds ratios (ORs) for diabetes and pre-
diabetes, comparing persons with HCV infection to those without, were adjusted for
demographics, BMI, C-reactive protein, smoking, drinking, and blood transfusion before
1992. Among participants without diabetes, we compared mean insulin resistance (IR), esti-
mated using homeostasis model assessment (HOMA-IR), by HCV status. The overall preva-
lence of anti-HCV1 was 1.7%, of HCV RNA1 1.1%, of diabetes 10.5%, and of
prediabetes 32.8%. The prevalence of diabetes and prediabetes did not differ by HCV sta-
tus. In multivariate-adjusted analysis, diabetes remained unassociated with anti-HCV (OR,
1.0; 95% confidence interval [CI]: 0.6-1.7) or with HCV RNA (OR, 1.1; 95% CI: 0.6-1.9).
In contrast, elevated alanine aminotransferase and gamma glutamyltransferase activities were
associated with diabetes regardless of HCV status. HOMA-IR was not associated with HCV
markers in unadjusted or multivariate-adjusted analyses (P > 0.05). Conclusion: In the U.S.
population, HCV was not associated with diabetes or with IR among persons with normal
glucose. Previously reported relationships of HCV with diabetes were possibly attributable
to the effect of elevated liver enzymes. (HEPATOLOGY 2014;60:1139-1149)
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B
oth hepatitis C virus (HCV) infection and dia-
betes are common conditions, with an esti-
mated 3.2 million persons chronically infected

with HCV in the United States1 and 25.8 million suf-
fering from diabetes.2 An association of HCV infec-
tion with type 2 diabetes has been reported since
shortly after the discovery of HCV in 1989. For exam-
ple, in two meta-analyses of a total of 47 unique stud-
ies, HCV was associated with diabetes with an

adjusted odds ratio (OR) of 1.7 (95% confidence
interval [CI]: 1.2-2.2) in cross-sectional studies and an
adjusted hazard ratio (HR) of 1.7 (95% CI: 1.3-2.1)
in cohort studies in the first report3 and an overall OR
of 1.7 (95% CI: 1.2-2.4) in the second report.4 How-
ever, many of these studies were based on clinical series
and may have suffered from ascertainment bias.
Among the few population-based studies that have
been conducted, results were inconsistent. In the third
U.S. National Health and Nutrition Examination Sur-
vey (NHANES; 1988-1994), a nonstatistically signifi-
cant association was found overall, whereas a stronger
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relationship was reported among persons 401 years of
age.5 In a U.S. community-based prospective study,
persons with HCV infection had a nonstatistically sig-
nificant increased risk of diabetes overall.6 An elevated
HR was found among persons at high risk for diabe-
tes, but was based on a small number of HCV-positive
cases. The strongest population-based association of
HCV infection with diabetes risk was found in a Tai-
wanese community-based cohort study (HR, 1.7; 95%
CI: 1.3-2.1).7 In contrast, in a recent Italian
population-based cohort study, HCV infection was
unrelated to incident diabetes in multivariate-adjusted
analysis.8 An association of HCV infection with insu-
lin resistance (IR) has also been reported in clinical
series,9 HCV treatment studies,10-12, in comparison
with hepatitis B virus (HBV)-infected controls,13 and
inconsistently in population-based studies.6,14,15 We
examined the association of HCV infection with dia-
betes using recent U.S. national population-based data.
Additionally, we examined the relationship of HCV
infection with IR among persons without diabetes.

Materials and Methods

The NHANES is a cross-sectional study conducted
in the United States by the National Center for Health
Statistics (NCHS) of the Centers for Disease Control
and Prevention (CDC) and, since 1999, has been a
continuous survey in 2-year cycles.16 It consists of inter-
view, examination, and laboratory data collected from a
complex multistage, stratified, clustered probability sam-
ple representative of the civilian, noninstitutionalized
population with oversampling of persons age 60 years
and older, African Americans, and Mexican Americans.
The survey was approved by the CDC Institutional
Review Board, and all participants provided written
informed consent to participate. The current analysis
utilized data collected from 1999 through 2010.

A serum sample was collected and processed within 1
hour, frozen, and shipped weekly to testing laboratories.
Specimens were screened for HCV by the Ortho HCV
enzyme-linked immunosorbent assay (version 3.0;
Ortho-Clinical Diagnostics, Raritan, NJ) in NHANES
1999-2008 or the VITROS Anti-HCV assay (Ortho-
Clinical Diagnostics) in NHANES 2009-2010. Positives

were tested with recombinant immunoblot assay (RIBA;
Chiron RIBA HCV Strip Immunoblot Assay, version
3.0; Chiron Corporation, Inc., Emeryville, CA) at the
CDC.17,18 Specimens classified as positive or indetermi-
nate by RIBA were tested for HCV RNA with a quanti-
tative nucleic acid amplification test (Roche Cobas
Amplicor HCV Monitor Test, version 2.0; Roche
Molecular Diagnostics, Pleasanton, CA). If the result
was below the level of detection, a qualitative assay
(Amplicor HCV Test, version 2.0; Roche Molecular
Diagnostics) was performed.19 Participants with samples
positive by quantitative or qualitative tests were consid-
ered to be infected with HCV. A positive test for HCV
antibody (anti-HCV) indicates either past or current
infection. A positive test for HCV RNA indicates cur-
rent infection.

Serum hemoglobin A1C (A1C) was measured using
a Primus Automated HPLC system (1999-2004),
Tosoh A1C 2.2 Plus Glycohemoglobin Analyzer
(2005-2006), or Tosoh G7 Automated HPLC Ana-
lyzer (2007-2010), which had reportable ranges of
2.0%-20%, 3.4%-18.8%, and 3.0%-19.0%, respec-
tively. The interassay coefficient of variation ranged
from 0.7% to 2.0%. Fasting glucose was measured in
plasma by a hexokinase method using a Roche Cobas
Mira Analyzer (1999-2004), Roche/Hitachi 911 Ana-
lyzer (2005-2006), or Roche Modular P Chemistry
Analyzer (2007-2010), which had an analytical mea-
surement range of 2-600, 2-750, and 0-750 mg/dL,
respectively. The interassay coefficient of variation
ranged from 0.8% to 3.0%. In accord with American
Diabetes Association criteria, diagnosed diabetes was
defined as a health care provider diagnosis; persons
without diagnosed diabetes were defined as having
undiagnosed diabetes by A1C �6.5% or fasting
plasma glucose (FPG) �126 mg/dL, prediabetes by
A1C �5.7%-<6.5% or fasting glucose �100-<126
mg/dL, and normal glucose by A1C <5.7% and fast-
ing glucose <100 mg/dL. Fasting insulin was meas-
ured in serum by a radioimmunoassay using a
Berthold Multi-Crystal Gamma Counter (1999-2002)
or two-site immunoenzymometric assay using a Tosoh
AIA-PACK IRI (2003-2004), Beckman Coulter Bio-
mek 2000 (2005-2008), or Roche Elecsys 2010 (2009-
2010). The interassay coefficient of variation ranged
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from 2.0% to 9.1%. IR was estimated by homeostasis
model assessment (HOMA-IR) using the following
formula: fasting serum insulin (lU/mL) * fasting
plasma glucose (mmol/L) / 22.5.20

Of 43,426 sampled persons 20 years and older,
30,752 (71%) attended an examination at a mobile
examination center. One half of participants were ran-
domly assigned to a morning examination and asked
to fast and the other half were assigned to an after-
noon or evening examination. Because persons
assigned to the p.m. group were not asked to fast, this
analysis was limited to the morning sample and to
p.m. participants with diabetes based on a provider
diagnosis or an elevated A1C. Diabetes status could be
determined on 15,489 persons after the following
exclusions (Fig. 1): examined in the afternoon or eve-
ning (n 5 13,675), fasted <8 or �24 hours or fasting
time missing (n 5 1,285), or data missing on FPG (n
5 278), A1C (n 5 23), or provider diagnosis (n 5

2). We also excluded participants for whom anti-HCV
was indeterminate (n 5 59) or missing (n 5 305),
resulting in a sample of 15,125 for analyses of anti-
HCV. HCV RNA analyses excluded 363 persons for
whom RNA was missing and 90 who were RNA nega-
tive, but either anti-HCV positive or indeterminate,
resulting in a sample of 15,036. Therefore, the com-

parison group for both markers consisted of 14,848
anti-HCV-negative participants. There were 277 par-
ticipants positive for anti-HCV and 188 positive for
HCV RNA. The total analysis sample consisted of
15,128 participants with known glucose and HCV sta-
tus (15,125 with data on anti-HCV and 3 RNA1 per-
sons who were anti-HCV indeterminate). Included in
this sample were 3,082 cases with diagnosed diabetes,
1,006 with undiagnosed diabetes, 4,511 with prediabe-
tes, and 6,529 controls with normal glucose. Because
the glucose status of almost half the examined sample
could not be determined with certainty (primarily
because participants randomly assigned to an afternoon
or evening examination were not asked to fast),
excluded participants were analyzed as a separate cate-
gory, compared to persons with normal glucose, and
found to have a similar prevalence of HCV markers
and risk factors for diabetes (data not shown). Analyses
of HCV and HOMA-IR excluded participants with
diabetes or who were missing data on serum insulin
level, leaving 11,962 persons for anti-HCV analyses
and 11,896 persons for HCV RNA analyses.

Data were collected on factors known or thought to
be related to HCV or diabetes and included as covari-
ates in multivariate analyses: age (years); sex; race-
ethnicity (non-Hispanic white, non-Hispanic black,

Fig. 1. Derivation of the analysis sample with known diabetes status.
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Mexican American, or other); education (years; <12,
12, or >12); body mass index (BMI; weight [kg]/
height [m2]); waist circumference (cm); serum triglyc-
erides (TGs; mg/dL) and high-density lipoprotein
(HDL) cholesterol (mg/dL); systolic and diastolic
blood pressure (mmHg); C-reactive protein (mg/dL;
0.0-0.3 or >0.3); cigarette smoking (never, former, <1
pack/day, or �1 pack/day), alcohol consumption
(drinks/day; 0, <1, 1-2, or >2), and blood transfusion
before 1992. Additional HCV-related factors only
available in a subgroup of participants included previ-
ous use of illegal injection drugs (asked of persons
20-59 years) and age at first sexual intercourse (years;
<18 or �18) and lifetime number of sexual partners
(�20 or >20; asked of persons 20-59 years from
1999 to 2006 or 20-69 years from 2007 to 2010).
Alanine aminotransferase (ALT) and gamma glutamyl-
transferase (GGT) activities (IU/L) were measured21-24

and categorized as normal or elevated using cut points
of >43 for men or >31 for women for ALT and >58
for men or >35 for women for GGT. Liver enzyme
cut points were the 95th percentiles among persons at
low risk for liver injury (i.e., negative for anti-HCV
and HBV surface antigen, alcohol consumption �2
drinks/day for men and �1 drink/day for women,
BMI <25 kg/m2, waist circumference �102 cm for
men and �88 cm for women, no provider-diagnosed
diabetes, and A1C <6.5%).

Statistical Analysis. Characteristics of participants
with normal glucose, prediabetes, undiagnosed diabetes,
and diagnosed diabetes were examined by comparing
means (standard deviations; SD) of continuous variables
using a t test and percentages of categorical variables
using a chi-square (v2) test. Unadjusted prevalence of
diabetes and prediabetes by HCV infection status was
compared using a v2 test. OR estimates and 95% CI
for diabetes and prediabetes, comparing persons with
HCV infection to those without, were calculated using
polychotomous logistic regression analysis (SUDAAN,
PROC MULTILOG, SUDAAN User’s Manual, Release
10.0, 2008; RTI, Research Triangle Park, NC). Models
were adjusted for age alone and for demographics,
BMI, C-reactive protein, smoking, drinking, and blood
transfusion before 1992. Because liver enzyme elevation
is strongly associated with both HCV infection and dia-
betes,25 we also conducted analyses among strata cross-
classified by both HCV status and normal or elevated
activity of ALT or GGT. Consistency of the relationship
of HCV with diabetes was evaluated across age (years;
20-39, 40-59, and 601) and BMI (kg/m2; <25, 25-
<30, and 301) strata, and interaction between HCV
status, and age or BMI subgroups were tested by adding

interaction terms individually to regression models.
Finally, we conducted analyses to compare mean IR of
participants with HCV infection to those without HCV
infection among the subgroup without diabetes using
linear regression analysis (PROC REGRESS) to calcu-
late adjusted (least squares) mean estimates and 95%
CI. Multivariate analyses were adjusted for the same fac-
tors as in the main analysis described above. All multi-
variate analyses excluded persons with missing values for
any factor included in the model. P values were two
sided, and P < 0.05 was considered to indicate statisti-
cal significance. Analyses used sample weights that
accounted for unequal selection probabilities and non-
response. Variance calculations accounted for the design
effects of the survey using Taylor series linearization.26

Results

When the data on the 15,128 participants were
weighted to be representative of the U.S. population,
the overall prevalence of anti-HCV1 was 1.7% and of
HCV RNA1 was 1.1%. Diagnosed diabetes was found
in 7.3%, undiagnosed diabetes in 3.2%, and prediabe-
tes in 32.8%. Increasing impairment of glucose metab-
olism was associated with older age, non-Hispanic
black ethnicity, less education, higher BMI and waist
circumference, higher TGs, lower HDL cholesterol,
higher systolic blood pressure, elevated C-reactive pro-
tein, having received a blood transfusion before 1992,
a past history of smoking, lower alcohol consumption,
and higher insulin, HOMA-IR, and ALT and GGT
activities (Table 1). For most factors, diagnosed and
undiagnosed diabetes did not differ greatly from each
other. Therefore, for the remainder of analyses, results
are shown with all diabetes cases combined to increase
statistical power. Supporting Table 1 provides results
for individual analyses of diagnosed and undiagnosed
diabetes.

Relationship of HCV Infection With Diabe-
tes. The unadjusted prevalence of diabetes and pre-
diabetes did not differ among participants positive for
anti-HCV or for HCV RNA, compared to persons
without HCV infection (Table 2). After adjusting for
age or for multiple factors, diabetes and prediabetes
remained unassociated with HCV infection (Table 2).
Substituting waist circumference for BMI, adding his-
tory of illegal injection drug use and first sexual inter-
course before age 18 years, or adding lipid and blood
pressure measures had little effect on results (data not
shown). In some previous reports, the relationship of
HCV infection and diabetes varied by age or BMI
subgroup; therefore, we conducted analyses stratified
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by these factors. No association of HCV with diabetes
was found in any age or BMI subgroup (P > 0.05),
and interaction terms for HCV and age or BMI were
not statistically significant (data not shown).

Because elevation of liver enzymes (ALT and GGT)
has been found to increase the risk of diabetes without
regard to underlying liver disease, we hypothesized

that the association of HCV and diabetes found in
clinical studies might be attributable to nonspecific ele-
vation of liver enzyme activity, rather than to an effect
of HCV infection itself. Therefore, we examined the
combined effect of HCV markers and activities of
ALT or GGT on the odds of diabetes and prediabetes.
Prevalence of elevated enzymes was much higher

Table 1. Characteristics of Participants by Diabetes Status

Characteristic Normal Glucose Prediabetes Undiagnosed Diabetes Diagnosed Diabetes

Prevalence of glucose categories, %§ 56.7 32.8 3.2 7.3

Age, years (mean [SD]) 40.8 (15.2) 51.9 (16.1)* 58.9 (14.4)*,† 59.2 (13.9)*,†

% women 57.5 43.4* 38.8* 51.1*,†,‡

Race-ethnicity, %

Non-Hispanic white 71.9 71.3 68.3 63.2*,†,‡

Non-Hispanic black 10.2 10.5 12.7* 15.9*,†,‡

Mexican American 7.6 8.1 9.0 8.1

Education, years, %

<12 15.6 22.6* 29.8*,† 31.3*,†

12 23.8 26.6* 29.7* 24.7‡

>12 60.5 50.8* 40.4*,† 44.0*,†

BMI, kg/m2 (mean [SD]) 26.8 (5.7) 29.7 (6.7)* 32.7 (7.5)*,† 32.4 (7.5)*,†

Waist circumference, cm (mean [SD]) 92.3 (14.3) 101.7 (15.0)* 110.5 (15.9)*,† 109.2 (16.2)*,†

TGs, mg/dL (mean [SD])¶ 123.7 (101.1) 153.9 (126.0)* 208.6 (265.0)*,† 184.2 (169.3)*,†

HDL cholesterol, mg/dL (mean [SD]) 55.5 (16.1) 50.9 (15.3)* 46.3 (13.5)*,† 48.0 (14.1)*,†,‡

Systolic blood pressure, mmHg (mean [SD]) 117.0 (16.0) 125.1 (17.7)* 131.6 (20.8)*,† 130.3 (20.4)*,†

Diastolic blood pressure, mmHg (mean [SD]) 69.8 (11.5) 71.1 (13.0)* 71.5 (14.7)* 68.3 (15.0)*,†,‡

C-reactive protein >0.3 mg/dL, % 29.9 40.6* 56.0*,† 50.3*,†,‡

Blood transfusion before 1992, % 5.5 8.6* 11.2* 12.2*,†

Smoking, %

Never 54.6 47.9* 44.3* 48.6*,‡

Former 21.4 30.0* 37.3*,† 33.6*,†

<1 pack/day 14.8 11.9* 9.2*,† 9.4*,†

�1 pack/day 9.2 10.1 9.1 8.4†

Alcohol (drinks/day; %)

0 24.3 30.0* 39.1*,† 52.6*,†,‡

<1 60.0 53.2* 46.3*,† 39.8*,†,‡

1-2 9.8 10.4 8.4 5.2*,†,‡

>2 6.0 6.4 6.1 2.5*,†,‡

Illegal injection drug use ever, %¶¶ 2.0 2.1 0.6*,† 1.6

Age at first sexual intercourse <18 years, %# 56.0 52.2* 47.6* 51.8*

Sexual partners in lifetime >20, %# 13.4 13.0 10.9 12.8

Hemoglobin A1C, % (mean [SD]) 5.2 (0.28) 5.6 (0.35)* 6.9 (1.6)*,† 7.3 (1.8)*,†,‡

Glucose, mg/dL (mean [SD])¶ 90.2 (6.2) 104.4 (8.1)* 154.7 (54.6)*,† 151.4 (63.9)*,†

Insulin, pmol/L (mean [SD])¶ 56.1 (43.8) 85.0 (66.8)* 129.7 (100.2)*,† —

HOMA-IR (mean [SD])¶ 2.1 (1.7) 3.7 (3.0)* 8.2 (7.0)*,† —

ALT, IU/L (mean [SD]) 24.1 (18.9) 28.8 (44.3)* 32.3 (24.1)*,† 26.5 (23.8)*,†,‡

ALT elevated, %** 9.4 13.4* 23.2*,† 12.7*,‡

GGT, IU/L (mean [SD]) 24.4 (29.9) 32.2 (36.4)* 54.2 (125.7)*,† 36.5 (51.2)*,†,‡

GGT elevated, %†† 7.6 12.8* 24.3*,† 19.8*,†,‡

HCV antibody positive, % 1.6 1.8 1.7 1.6

HCV RNA positive, % 0.9 1.3 1.3 1.2

N 5 15,128.

*P < 0.05, compared with normal glucose,
†P < 0.05, compared with prediabetes,
‡P < 0.05, compared with undiagnosed diabetes.
§Weighted to be representative of the general U.S. population.
¶Fasting sample (a.m.).
¶¶Persons 20-59 years of age.
#Persons 20-59 years of age from 1999-2006 or 20-69 from 2007-2010.

**ALT (IU/L) >43 for men or >31 for women.
††GGT (IU/L) >58 for men or >35 for women.
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among participants with HCV markers (Table 3). In
multivariate-adjusted analyses, elevated enzymes were
associated with increased odds of diabetes irrespective
of HCV status (Fig. 2A). In contrast, the presence of
HCV markers did not increase the odds of diabetes.
Similar relationships were noted when separate analyses
were performed for diagnosed and undiagnosed diabe-
tes (data not shown). For prediabetes, there was also a
positive association with elevated enzyme activity (Fig.
2B). Beyond the effect of elevated enzymes, a positive
association of prediabetes with HCV markers was evi-
dent for ALT, but not GGT.

Relationship of HCV Infection With IR. Among
participants with normal glucose, mean HOMA-IR
did not differ in persons negative, compared to posi-
tive, for anti-HCV or for HCV RNA (P > 0.05 for
both; Table 4). HCV markers remained unassociated
with age- and multivariate-adjusted HOMA-IR (P >
0.05; Table 4). Among participants with prediabetes,
HOMA-IR was higher in persons positive than persons

negative for anti-HCV and HCV RNA, but these dif-
ferences were not statistically significant (except the
multivariate-adjusted analysis among persons with pre-
diabetes; P < 0.05 for both anti-HCV and HCV
RNA; Table 4). We further examined the relationship
of HCV status to HOMA-IR according to enzyme
activity. Elevated ALT and GGT activities were associ-
ated with increased HOMA-IR regardless of HCV sta-
tus among persons with either normal glucose (Fig.
3A) or with prediabetes (Fig. 3B). Neither anti-HCV
nor HCV RNA positivity was associated with
increased HOMA-IR among persons with normal
enzyme activities. Only among persons with elevated
enzyme activity could a relationship be observed of
markers of HCV with HOMA-IR.

Discussion

In this large, national, U.S. population-based study,
HCV infection was not associated with diabetes. No
relationship was found in unadjusted analyses or in
analyses adjusted for multiple factors associated with
HCV or diabetes. Neither ever having had HCV infec-
tion nor current HCV infection was related to diabetes
in overall analysis.

An association of HCV infection with diabetes has
been found, in comparison to noninfected controls, in
mostly clinical studies of patient samples.3,4 A similar
relationship has been reported, in comparison to
HBV-infected controls, with adjusted ORs of 1.8
(95% CI: 1.2-2.4) in one meta-analysis3 and 1.9 (95%
CI: 1.4-2.6) in a second meta-analysis.4 Though some
studies matched HCV- and HBV-infected patients on

Table 2. Unadjusted Prevalence and Age- and Multivariate-Adjusted ORs for Diabetes and Prediabetes by HCV Status

Diabetes Status

HCV Status Unadjusted Prevalence (%)

Age Adjusted Multivariate Adjusted*

ORy 95% CI P Value OR 95% CI P Value

Anti-HCV

Diabetes 0.72 0.99

Anti-HCV2 10.5 1.0 1.0

Anti-HCV1 10.2 1.10 0.64-1.88 1.00 0.59-1.70

Prediabetes 0.52 0.79

Anti-HCV2 32.7 1.0 1.0

Anti-HCV1 36.4 1.12 0.79-1.61 1.06 0.68-1.65

HCV RNA

Diabetes 0.44 0.84

HCV RNA2 10.5 1.0 1.0

HCV RNA1 12.0 1.30 0.67-2.52 1.06 0.59-1.90

Prediabetes 0.22 0.53

HCV RNA2 32.7 1.0 1.0

HCV RNA1 39.6 1.27 0.86-1.87 1.17 0.72-1.89

N 5 15,125 for anti-HCV analysis and 15,036 for HCV RNA analysis.

*Adjusted for age, sex, race-ethnicity, education, BMI, elevated C-reactive protein, smoking, alcohol use, and blood transfusion before 1992. N 5 13,630 for

anti-HCV analysis and N 5 13,554 for HCV RNA analysis.
†From logistic regression analysis.

Table 3. Serum Liver Enzyme Activities by HCV Status

HCV2

(N 5 14,848)

Anti-HCV1

(N 5 277)

HCV RNA1

(N 5 188)

ALT, IU/L

Elevated, %* 10.8 48.0 59.8

Mean (SD) 25.6 (29.6) 52.3 (46.0) 60.5 (47.3)

GGT, IU/L

Elevated, %† 10.2 45.1 50.3

Mean (SD) 28.0 (38.7) 80.3 (101.2) 89.5 (109.9)

P < 0.001 for all comparisons of anti-HCV1 or HCV RNA1 to HCV2. Means

were compared using a t test and percentages using a chi-squared test.

*ALT (IU/L) >43 for men or >31 for women.
†GGT (IU/L) >58 for men or >35 for women.
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various factors, including disease severity, the associa-
tion with diabetes may have been influenced by the
greater prevalence of liver enzyme elevation with HCV
infection, compared with HBV infection.27 Many
studies that used HBV-infected controls did not con-
duct multivariate-adjusted analyses or did not include
liver enzymes in adjusted analyses. In one study that
did adjust for ALT, HCV infection was no longer stat-
istically significantly associated with diabetes in
adjusted analysis, whereas ALT was an independent
predictor.28 In another study, IR in nondiabetic indi-
viduals was not independently associated with HCV
infection after adjustment for ALT and GGT elevation,

whereas ALT and GGT elevation were independent
predictors.29 In a third study, both HCV infection and
ALT elevation were independently associated with dia-
betes.30 A decreased incidence of diabetes after success-
ful treatment of HCV (sustained virological response;
SVR) has also been reported.31 ALT elevation at the
beginning of follow-up was not an independent pre-
dictor of diabetes development, but the relationship of
treatment outcome with liver enzyme levels was not
presented.

Among the few previous population-based studies of
the relationship of HCV infection and diabetes, find-
ings were inconsistent. A positive association was

Fig. 2. (A) OR for diabetes accord-
ing to enzyme activities (ALT and GGT)
and presence of markers of HCV infec-
tion (anti-HCV1 or HCV RNA1). ORs
were adjusted for age, sex, race-
ethnicity, education, BMI, elevated C-
reactive protein, smoking, alcohol use,
and blood transfusion before 1992.
(B) OR for prediabetes according to
enzyme activities (ALT and GGT) and
presence of markers of HCV infection
(anti-HCV1 or HCV RNA1). ORs were
adjusted for age, sex, race-ethnicity,
education, BMI, elevated C-reactive
protein, smoking, alcohol use, and
blood transfusion before 1992.

HEPATOLOGY, Vol. 60, No. 4, 2014 RUHL ET AL. 1145



found in a Taiwanese community-based cohort study
in which anti-HCV-positive persons had a higher risk
of incident diabetes (based on fasting glucose �126
mg/dL or casual glucose �200 mg/dL).7 The associa-
tion was strongest at a younger age and higher BMI.
In the U.S. community-based prospective Atheroscle-
rosis Risk in Communities Study, anti-HCV positive
persons were at increased risk for incident diabetes
(based on self-report or fasting glucose), but the associ-
ation was not statistically significant (HR, 1.9; 95%
CI: 0.6-6.2).6 An elevated HR was found among per-
sons at high risk for diabetes (defined by older age and
higher BMI), but was based on a small number of
anti-HCV-positive cases.

Several previous U.S. studies have utilized NHANES
data to examine the association of HCV and diabetes.
In an analysis of the third NHANES (1988-1994), a
nonstatistically significant association with diabetes
(based on self-report or fasting glucose) was found over-
all, whereas a stronger relationship was reported among
persons 401 years of age (OR, 3.8; 95% CI: 1.8-7.9).5

In a study that used later NHANES cycles, no associa-
tion was found in NHANES 1999-2004 (OR, 0.9;
95% CI: 0.6-1.6) or NHANES 2005-2008 (OR, 1.3;
95% CI: 0.7-2.3).14 In a second study by the same
group using NHANES 1999-2010, persons with
chronic HCV infection were reported to be over twice
as likely to have diabetes (OR, 2.3; 95% CI: 1.2-4.5).32

However, the control group was limited to persons with
no evidence of chronic liver disease, for which no liver
enzyme elevation was a criterion. We believe those crite-
ria were overly restrictive, resulting in a control group
at low risk of diabetes. As we have shown in the current
study, diabetes was associated with liver enzyme eleva-
tion, rather than with HCV infection per se. Also differ-
ing from other studies, we applied recognized standard
diabetes criteria to rule out diabetes and prediabetes

among controls. Previous studies, including those that
analyzed NHANES data, have most often employed
less-precise definitions of diabetes and normal glucose
and have not examined the relationship with prediabetes
at all.

An association of HCV with diabetes was found
only in the presence of increased liver enzyme activ-
ities. Increased ALT and GGT activities are markers of
fatty liver, which itself is associated with diabetes. The
causal direction of this association is unclear. Fatty
liver may increase the risk of diabetes, but diabetes
might also increase the risk of fatty liver, or there are
common factors that might increase the risk of both.
In any case, it was not surprising, in the current study,
that elevated ALT and GGT activities were associated
with diabetes, a relationship documented (for ALT) by
a recent meta-analysis of incident type 2 diabetes.25

On the other hand, it is not entirely clear why diabetes
was found to be relatively underrepresented among
participants with HCV infection and normal enzyme
activities (Figs. 2A and 2B). It may be that persons
infected with HCV who have normal enzyme activity
are at particularly low risk of fatty liver. However, this
is a side issue to the major findings and one that we
were not able to pursue further in the current analysis.
In a recent Italian population-based prospective study
in which there was no overall association of HCV
infection with incident diabetes, a higher risk was
found among persons with abnormal ALT.8 With
cross-classification by both ALT elevation and HCV
status, increased diabetes risk with HCV positivity was
observed only with ALT elevation. We are unaware of
other studies that have considered specifically the effect
of liver enzyme elevations in their reports of associa-
tions of HCV and diabetes. Most studies have relied
on patients undergoing clinical care for HCV. It would
be expected that the large majority of such patients
would have elevated liver enzymes. Additionally,
patients under clinical observation and treatment for
HCV likely have more-advanced liver disease than per-
sons in the general population with unrecognized
HCV. Because advanced liver disease is associated with
diabetes, regardless of cause,33,34 clinical series that
overrepresent patients with advanced HCV would be
expected to show a stronger association than that
found in the current study.

We also studied the relationship of HCV infection
with IR (as estimated by HOMA-IR) among persons
with normal glucose and with prediabetes and did not
find associations. As with diabetes, we did observe a
relationship of elevated enzyme activities with IR. We
are unaware of other studies that adequately considered

Table 4. Mean (SE) IR* Comparing Persons by HCV Status
Within Diabetes Categories

HCV2 Anti-HCV1 HCV RNA1

Normal

Unadjusted 2.10 (0.03) 1.80 (0.16) 1.97 (0.23)

Age adjusted 1.98 (0.03) 1.78 (0.17) 2.00 (0.23)

Multivariate adjusted† 2.33 (0.04) 2.48 (0.18) 2.70 (0.22)

Prediabetes

Unadjusted 3.67 (0.06) 4.23 (0.36) 4.19 (0.43)

Age adjusted 3.80 (0.07) 4.30 (0.36) 4.28 (0.43)

Multivariate adjusted† 3.41 (0.06) 4.25 (0.33)‡ 4.36 (0.38)‡

*Estimated using HOMA-IR.
†Adjusted for age, sex, race-ethnicity, education, alcohol use, smoking status,

BMI, elevated C-reactive protein, and blood transfusion before 1992.
‡P value <0.05, compared to HCV2.

Abbreviation: SE, standard error.
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the influence of enzyme elevation on IR. For example,
treatment studies that have demonstrated improvement
in HOMA-IR following a SVR have not shown that
the improvement was independent of improvement in
liver enzymes.10-12

NHANES is a cross-sectional study, which is the
most important limitation of our work. Thus, we can-
not, for example, rule out the possibility that persons
with both HCV and diabetes may have been underre-
presented because increased morbidity and mortality
prevented them from participating. Such a potential
problem could be addressed in a cohort study that fol-
lowed persons with HCV from time of infection for a
long enough time to determine whether incidence of
diabetes was greater than among uninfected, but other-

wise comparable, persons. Although the participation
rate was relatively high, sampled persons who did not
come to the mobile examination center represent a
potential source of bias in studies using NHANES
data because they may be less healthy than examined
persons. An additional source of bias is the restriction
of the NHANES sample to the civilian noninstitution-
alized population. Some nonsampled groups, particu-
larly incarcerated persons, are known to have a high
prevalence of HCV.35,36 However, we are unaware of
any literature on the relationship of HCV and diabetes
among the incarcerated and have no reason to believe
that prevalence of diabetes would be particularly high
among HCV1 incarcerated persons. There were other,
less-significant limitations. The number of participants

Fig. 3. (A) Mean HOMA-IR accord-
ing to enzyme activities (ALT and GGT)
and presence of markers of HCV infec-
tion (anti-HCV1 or HCV RNA1) among
participants with normal glucose. Error
bars represent standard errors. IR was
estimated using HOMA-IR. Means were
adjusted for age, sex, race-ethnicity,
education, alcohol use, smoking sta-
tus, BMI, elevated C-reactive protein,
and blood transfusion before 1992.
*P < 0.05, compared to normal liver
enzymes and HCV2. (B) Mean HOMA-
IR according to enzyme activities (ALT
and GGT) and presence of markers of
HCV infection (anti-HCV1 or HCV
RNA1) among participants with predia-
betes. Error bars represent standard
errors. IR was estimated using HOMA-
IR. Means were adjusted for age, sex,
race-ethnicity, education, alcohol use,
smoking status, BMI, elevated C-
reactive protein, and blood transfusion
before 1992. *P < 0.05, compared
to normal liver enzymes and HCV2.
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with HCV infection was relatively small, despite utiliz-
ing 12 years of data. Prevalence of diabetes was lower
than if oral glucose tolerance test (OGTT) results had
been included in the definition37; however, OGTT
data were not available for all survey years. In addi-
tion, we were unable to distinguish type 1 diabetes,
which is not thought to be increased with HCV infec-
tion,38 from type 2 diabetes. However, 90-95% of dia-
betes cases in this adult cohort would be expected to
have type 2 diabetes.2 Finally, analyses of the relation-
ship of HCV infection with IR used HOMA-IR as a
surrogate measure of IR.39 Though this is a limitation,
HOMA-IR is a commonly used marker for IR in epi-
demiologic studies in which more direct measurement
cannot be performed. An important strength of our
study was the precise case definitions for diabetes sta-
tus, as discussed above. Other strengths of this large,
national, population-based sample include the avoid-
ance of ascertainment bias that occurs in clinical stud-
ies of selected patients and the ability to generalize the
results to the U.S. population.

In conclusion, in the U.S. population, we were
unable to demonstrate an association of HCV infec-
tion with diabetes or with IR. Elevated liver enzyme
activities were associated with both diabetes and with
IR. We suggest that previous reports of relationships of
HCV with diabetes may, in large measure, have been
the result of this effect of elevated liver enzymes.
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