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Abstract
Background and Aims—Although hepatitis C (HCV) is associated with diabetes, few studies
have examined pre-diabetes in this population. We aimed to evaluate factors associated with pre-
diabetes in HCV-infected patients, including direct measurement of insulin action.

Methods—Ninety-seven non-cirrhotic, non-diabetic, HCV-infected patients underwent clinical
evaluation and oral glucose tolerance testing (OGTT). Insulin sensitivity was measured directly by
steady-state plasma glucose (SSPG) concentration during insulin suppression test. Early phase and
total insulin secretion were determined using OGTT.

Results—Rates of pre-diabetes were: 21% impaired fasting glucose (IFG), 7% impaired glucose
tolerance (IGT), and 9% combined IFG/IGT. 12% of Caucasians, 50% of African-Americans, and
70% of Latinos had pre-diabetes (p=0.002). Patient characteristics among the glucose metabolism
categories were similar except those with combined IFG/IGT who had a higher BMI versus
normal glucose tolerance (NGT) (30 vs. 26 kg/m2, p=0.007) and lower LDL versus NGT and IGT
(74, 104, and 112 mg/dL, respectively, p≤0.01). On multivariable analysis, non-Caucasian race
(OR 23.1, p=0.003), BMI (OR 3.4, p=0.02), and greater liver inflammation (OR 7.9, p=0.03)
predicted IFG, whereas non-Caucasian race (OR 14.8, p=0.01) and SSPG (OR 1.1/per 10 units,
p=0.01) predicted IGT. Early and total insulin secretion adjusted for the degree of insulin
resistance were decreased in pre-diabetes compared to NGT (p=0.01 and p=0.02, respectively).

Conclusions—Pre-diabetes is highly prevalent among HCV-infected patients, and in some
instances coincides with host responses to the virus. In most cases, however, factors that are
associated with pre-diabetes in HCV-infected patients are similar to those observed in the non-
HCV population.
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Hepatitis C virus (HCV) is a leading cause of chronic liver disease and hepatocellular
carcinoma(1), and epidemiologic studies have shown a strong association between HCV and
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type II diabetes mellitus (DM).(2) The pre-diabetic states, impaired fasting glucose (IFG)
and impaired glucose tolerance (IGT), are exceedingly prevalent in the United States, with
nearly 20% of the population suffering from IFG, 5% with IGT, and 10% with combined
IFG/IGT.(3) Both IFG and IGT confer a moderately increased risk for cardiovascular
disease(4), and the majority of individuals with these conditions will progress to overt
diabetes. Appropriate screening and treatment of pre-diabetes is particularly relevant in the
setting of HCV, as impaired glucose metabolism has been shown to promote liver
fibrosis(5), decrease responsiveness to antiviral therapy(6), and lead to poor outcomes
following liver transplantation.(7)

IFG and IGT are manifestations of early derangements in glucose homeostasis that precede
diabetes. IFG and IGT are thought to represent pathophysiologically distinct entities,
characterized by higher degrees of hepatic insulin resistance in the former and higher
degrees of peripheral (skeletal muscle) insulin resistance in the latter.(8, 9) Given the
adverse health outcomes of impaired glucose metabolism, it is important to understand the
determinants of pre-diabetic states, including insulin resistance. To date, most studies
evaluating insulin resistance in HCV have used surrogate estimates of insulin resistance.(6,
10) However, the correlation between surrogate estimates such as the homeostasis model
assessment (HOMA-IR) and direct measurements of insulin resistance is impacted by
ethnicity and obesity, and caution must be exercised in interpreting data based on these
estimates in the HCV population.(11)

To date, no study has closely examined pre-diabetes within the HCV population using direct
measurements of insulin action. We therefore aimed to evaluate the prevalence and factors
associated with pre-diabetic states among patients with chronic HCV infection, including
use of direct and dynamic measurements of insulin action.

PATIENTS AND METHODS
Study Subjects

Ninety-seven consecutive non-diabetic patients with chronic HCV infection (detectable
HCV viral load) between ages 18–60 were recruited from San Francisco General Hospital
(SFGH) from 2002–2009. Diabetics, based on a fasting plasma glucose concentration (FPG)
≥ 126 mg/dl (12) or a known history of diabetes, were excluded. Additional exclusion
criteria included presence of HBV or HIV infection, liver disease other than HCV, clinical,
histologic, or known diagnosis of cirrhosis, prior HCV treatment, and medical conditions
influencing study participation. Subjects provided informed consent, and the study was
approved by the UCSF Committee on Human Research.

Study Procedures
Subjects underwent a medical interview, physical examination, and fasting laboratory
evaluation at screening. Liver biopsy was performed in 77 (79%) subjects, and histologic
evaluation was performed by a pathologist blinded to the patient’s metabolic profile using
the Ludwig-Batts scoring system.(13) Subjects were admitted to the UCSF Clinical and
Translational Science Institute-Clinical Research Center (CRC) for study tests.

Assessment of Glucose Tolerance
A 75-g oral glucose tolerance test (OGTT) was performed at the CRC after an overnight 12-
hour fast. OGTT results were used to classify subjects as normal glucose tolerance (NGT),
IFG [FPG ≥100 mg/dl and <126 mg/dl], and IGT [FPG <100 mg/dl and 2-h plasma glucose
concentration ≥140 mg/dl and <200 mg/dl] (12). Glucose and insulin response to oral
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glucose was measured by area under the curve of glucose (G-AUC) and insulin (I-AUC)
using the trapezoidal method.

Measurement of Insulin Resistance
After another overnight 12-hour fast, subjects underwent the modified insulin suppression
test (IST).(11, 14) During this test, new glucose production is inhibited, and similar plasma
levels of exogenous insulin are reached in all patients. The steady-state plasma glucose
(SSPG) concentration as the result of an identical glucose infusion rate in all patients is a
direct measure of insulin mediated glucose uptake. Higher SSPG levels represent higher
degrees of insulin resistance.

Measurement of Insulin Secretion
The early insulin secretory response to oral glucose was measured using the insulinogenic
index as determined by the ratio of the increment of plasma insulin to that of plasma glucose
at 30 minutes during OGTT.(15) The total insulin secretion during OGTT was reported as I-
AUC divided by G-AUC.

Statistical Analyses
Descriptive analyses of the patient populations within each glucose metabolism category
(NGT, IFG, IGT, and IFG/IGT) were summarized using mean±SD, median (range), and
frequency. Viral and host factors were compared across the glucose metabolism categories
using the Kruskal-Wallis test for continuous variables and chi-squared test (Fisher’s exact as
appropriate) for categorical variables. Pairwise comparisons of variables within categories
that were statistically significant were performed using the Mann-Whitney rank sum test for
continuous variables and chi-squared test (Fisher’s exact as appropriate) for categorical
variables. Multivariable stepwise forward selection logistic regression modeling was used to
evaluate the host and viral predictors associated with IFG and IGT (isolated IGT or
combined IFG/IGT) from an a priori compiled list. Statistical significance was assessed at a
p-value of <0.05 (2-sided) in all models. All analyses were performed using SAS version
9.1.3 (SAS Institute, Cary, NC).

RESULTS
Rates of Pre-Diabetes Among Patients with Chronic HCV Infection

A total of 97 subjects were enrolled. 63% of study subjects were found to have NGT and
37% were diagnosed with pre-diabetes. Among all subjects, 21% had IFG, 7% had IGT, and
9% had combined IFG and IGT. The patient characteristics were similar among the different
glucose metabolism categories with respect to age, sex, family history of diabetes, current
alcohol consumption, and ALT levels (Table 1). In addition, HCV-related factors, including
viral load, genotype, duration of infection, and liver histology (inflammation, fibrosis or
steatosis) did not vary significantly among the different categories (Table 1).

Statistically significant differences among the groups were detected with respect to race,
BMI, and low-density lipoprotein (LDL) cholesterol levels. On pairwise comparison,
subjects with combined IFG/IGT had a higher BMI than subjects with NGT (30 vs. 26 kg/
m2, p=0.007). Subjects with combined IFG/IGT also had lower LDL cholesterol levels than
subjects with NGT (74 vs 104 mg/dL, p=0.005) and isolated IGT (74 vs 112 mg/dL,
p=0.01). However, there were no statistically significant differences in total cholesterol,
high-density lipoprotein (HDL) cholesterol, and triglyceride levels among individuals with
different degrees of glucose tolerance. Notably, the prevalence of pre-diabetes was high
among African-Americans (50%) and Latinos (70%). Overall, in comparison to Caucasians,
non-Caucasians had a significantly higher prevalence of pre-diabetes, defined as IFG, IGT,
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or combined IFG/IGT (57% vs. 12%, p<0.0001). In those with pre-diabetes, the proportion
of patients with IFG or IGT (isolated or combined IFG/IGT) was equally distributed among
each of the African-American and Latino racial/ethnic groups.

Glucose and Insulin Responses to Oral Glucose
As expected, glycemic control measurements varied according to their classification among
the four groups of glucose metabolism (Table 2). Patients with isolated IGT, by definition,
had similar fasting glucose levels compared to NGT subjects, but during OGTT, their
glucose levels continued to increase and remained elevated at the 120-minute timepoint
(Figure 1A). Subjects with IFG had a higher fasting glucose than subjects with NGT (106
vs. 90 mg/dL, p<0.0001) and isolated IGT (106 vs. 89 mg/dL, p<0.0001). In addition,
although subjects with IGT had similar fasting glucose levels to NGT, subjects with
combined IFG/IGT had higher fasting glucose levels compared to NGT (112 vs 90 mg/dL,
p<0.0001) and isolated IGT (112 vs 89 mg/dL, p<0.0001) subjects. Following the oral
glucose load, the pattern of glucose response in IFG was similar to the NGT group and
returned to normal at 120-minutes, although the glucose levels were higher at each
timepoint. However, those with isolated IGT and combined IFG/IGT had glucose levels that
remained persistently elevated during the OGTT and did not return to normal at the 120-
minute timepoint. Fasting insulin levels, on the other hand, were higher in all pre-diabetic
groups compared to NGT subjects, with the highest levels detected among subjects with
combined IFG/IGT, though this finding did not reach statistical significance (Table 2).
During OGTT, subjects with isolated IFG or IGT had lower plasma insulin concentrations at
30 minutes compared to NGT subjects despite comparable or higher plasma glucose
concentrations (Figure 1B). However, the total glucose (G-AUC) and insulin (I-AUC)
responses to oral glucose were higher in subjects with IFG, IGT, and combined IFG/IGT
compared to subjects with NGT (p<0.0001 and p=0.04, respectively) (Table 2).

Insulin Resistance
When comparing insulin resistance indices, there was a statistically significant difference in
peripheral insulin resistance among the four groups as determined by the IST, with the
median SSPG concentration being higher among the IGT groups (isolated IGT and
combined IFG/IGT) compared to the NGT or IFG groups (Table 2 and Figure 2). The
median SSPG concentrations however, were similar among the NGT and IFG groups. Of
note, steady-state plasma insulin concentration (SSPI) during IST was similar between the
four groups.

Insulin Secretion
Although the overall insulin response to oral glucose (I-AUC) was increased in pre-diabetic
states, OGTT results show that the early insulin secretory response, as determined by the
insulinogenic index, was lower among subjects with pre-diabetes compared to subjects with
NGT, suggesting impairment of the early insulin secretory response, although this did not
reach statistical significance (Table 2). When adjusted for degree of insulin resistance, the
early insulin secretory response was significantly lower in pre-diabetics compared to
subjects with NGT (p=0.01). On pairwise comparison, compared to NGT, the impairment of
early insulin secretory response was greater in subjects with IFG (0.015 vs 0.009, p=0.02),
IGT (0.015 vs 0.006, p=0.03), and combined IFG/IGT (0.015 vs 0.006, p=0.05). In addition,
total insulin secretion adjusted for the degree of insulin resistance was decreased in subjects
with pre-diabetes compared to those with NGT (p=0.02). On pairwise comparison, the
impairment of total insulin secretion was significant among subjects with combined IFG/
IGT compared to subjects with NGT (0.003 vs 0.005, p=0.04).
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Independent Predictors of IFG and IGT Among HCV Patients
On univariable analysis comparing IFG to NGT subjects, non-Caucasian race was
significantly associated with IFG (OR 9.4, 95%CI 2.5–6.4, p=0.001). All non-Caucasian
racial categories had a positive association with IFG, with Hispanic/Latinos having the
highest OR when compared to Caucasians (African American OR 6.3, 95%CI 1.3–31.1,
Hispanic/Latino OR 15.8, 95%CI 3.5–70.9, other races OR 5.1, 95%CI 0.7–38.1). On
multivariable stepwise forward selection regression analysis comparing IFG to NGT
subjects, non-Caucasian race (OR 23.1, 95% CI 2.8–187.0, p=0.003), increasing BMI (OR
3.4, 95% CI 1.2–9.8, p=0.02) and higher grades of inflammation on liver biopsy (OR 7.9,
95% CI 1.2–53.4, p=0.03) were independently associated with IFG, and adjusting for age,
sex, or HCV genotype did not significantly affect these odds ratios (Table 3). In comparing
IGT (with or without IFG) to NGT subjects, on univariable analysis, non-Caucasian race
(OR 11.6, 95%CI 2.4–55.6, p=0.002), BMI (OR 2.7 per 5 units, 95%CI 1.3–5.5, p=0.005),
and SSPG (OR 1.2 per 10 units, 95%CI 1.06–1.3, p=0.001) were associated with IGT.
Among non-Caucasians, only African Americans and Hispanics/Latinos had IGT, and each
of these racial groups were positively associated with IGT when compared to Caucasians
(African American OR 9.5, 95%CI 1.6–56.4, Hispanic/Latino OR 21.4, 95%CI 3.9–118.3).
On multivariable stepwise forward selection analysis comparing IGT (with or without IFG)
to NGT subjects, non-Caucasian race (OR 14.8, 95% CI 1.7–127.3, p=0.01) and increasing
SSPG concentrations (OR 1.1 per 10 units, 95% CI 1.02–1.2, p=0.01) were independent
predictors of IGT, and adjusting for age, sex, BMI, or HCV genotype did not significantly
alter the observed odds ratios (Table 3).

DISCUSSION
In this study, we found high rates of pre-diabetes in our HCV population, similar to the
prevalence observed in the general population. Non-Caucasian race predicted both IFG and
IGT; BMI and liver inflammation predicted IFG; and insulin resistance was associated with
IGT (IGT or combined IFG/IGT). In addition, both early phase and total insulin secretion (in
relation to the degree of insulin resistance) were decreased in pre-diabetic states compared to
individuals with NGT.

Studies in HCV-uninfected individuals have shown increasing age and BMI, male sex,
Latino/Hispanic ethnicity, insulin resistance and dyslipidemia as risk factors for pre-
diabetes.(3, 18, 19) Similarly, higher BMI, Latino ethnicity, and higher degrees of insulin
resistance were associated with pre-diabetes in HCV. However, whereas African American
race has not been associated with pre-diabetes(3), African Americans with HCV had high
rates of pre-diabetes. Moreover, unlike prior studies of HCV-uninfected individuals, age and
sex were not associated with pre-diabetes in HCV. These findings suggest that there may be
a different phenotype of pre-diabetes in the HCV-infected population.

The precise nature of the complex interaction of host and viral factors that leads to the
development of impaired glycemic control in patients with chronic HCV infection is poorly
understood. Although inconsistent, several studies suggest that HCV alters glucose
homeostasis by interfering with insulin signaling through mechanisms that may be
genotype-specific and influenced by higher levels of viral replication.(5, 20) In addition,
advanced stages of liver disease and steatosis have been associated with insulin resistance in
HCV.(5, 21) In this study, viral factors, including HCV viral load, duration of infection, and
genotype were not predictive of pre-diabetes. Furthermore, fibrosis and steatosis were not
associated with pre-diabetes, possibly due to the fact that the majority of subjects had mild-
to-moderate degrees of liver fibrosis and steatosis. However, the presence of liver
inflammation was independently associated with IFG. HCV infection can directly induce
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insulin-signaling defects in the liver that lead to hepatic insulin resistance(22, 23), which is
thought to be the principal metabolic abnormality in individuals with IFG.(16)

Different pre-diabetic states have unique insulin and glucose responses to oral glucose and
whether these responses are altered within the context of HCV has not been previously
assessed. In this study, the glucose and insulin responses during OGTT (Figure 1) mimicked
those observed in the HCV-uninfected population.(16) Accordingly, greater degrees of
peripheral insulin resistance were detected among HCV-infected subjects with IGT as
compared with NGT and IFG subjects. Moreover, consistent with prior studies in the HCV-
uninfected individuals, (25, 26) the early phase insulin response was impaired among those
with IFG and IGT. Limited studies evaluating total insulin secretion adjusted for degree of
insulin resistance have suggested that patients with IGT have a greater degree of impairment
than patients with IFG.(25) In HCV, the most significant reduction in total insulin secretion
was evident in the combined IFG/IGT group compared to subjects with NGT. However,
overall, the abnormalities in insulin action and secretion characteristic of pre-diabetic states
do not appear to be significantly altered by HCV infection.

Similar to other studies incorporating direct measurements of insulin resistance (25, 27), this
study is limited by a small sample size. However, accurate assessment of peripheral insulin
resistance by direct measurement using IST allows for adequate comparisons and
performing this test would be impractical in a larger patient population. Since the prevalence
of pre-diabetic states and their pathophysiology have been extensively studied in the general
population with a similar mean age (48 vs 46 years) and BMI (27 vs 28 kg/m2) to this HCV
cohort, a control group of HCV-negative subjects was not included.(3) However, this study
has allowed for confirmation of prior findings or identification of distinguishing features
associated with pre-diabetes within the context of HCV infection.

The pre-diabetic states are highly prevalent in the HCV population. Given its potential to
disrupt insulin signaling pathways, HCV may accelerate progression of these intermediate
states of glucose homeostasis. As such, early identification of pre-diabetes in the HCV
population is needed to prevent the development of overt diabetes and its complications.
Moreover, treatment of HCV infection may be indicated in patients with additional risk
factors for diabetes. The findings of this study suggest that host factors play a more
significant role than viral factors in the development of pre-diabetes among HCV-infected
patients. However, HCV-induced liver inflammation was shown to be associated with IFG,
and HCV infection may represent a significant risk factor for this condition. As such,
aggressive HCV therapy in these individuals may be warranted. Furthermore, this study
confirms that the abnormalities in insulin action characteristic of pre-diabetic states are
preserved in the presence of chronic HCV infection. This finding supports future studies
investigating the role of targeted pharmacologic treatment of pre-diabetes in HCV-infected
patients.
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OGTT oral glucose tolerance test

SSPG steady-state plasma glucose determined by the insulin suppression test

IFG impaired fasting glucose

IGT impaired glucose tolerance

NGT normal glucose tolerance

DM type II diabetes mellitus

HOMA-IR homeostasis model assessment of insulin resistance

FPG fasting plasma glucose

HBV hepatitis B virus

HIV human immunodeficiency virus

G-AUC area under the curve of glucose response following a 75g oral glucose load
during oral glucose tolerance testing

I-AUC area under the curve of insulin response following a 75g oral glucose load
during oral glucose tolerance testing

IST insulin suppression test

SSPI steady-state plasma insulin determined by the insulin suppression test

ALT alanine aminotransferase

BMI body mass index

LDL low-density lipoprotein

HDL high-density lipoprotein
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Figure 1.
A. Plasma glucose responses to oral glucose during OGTT in subjects with normal
glucose tolerance (NGT), impaired fasting glucose (IFG), impaired glucose tolerance
(IGT), and combined IFG/IGT. Values represent mean plasma glucose concentrations (±
SE) measured during OGTT for N=97 patients.
B. Plasma insulin responses to oral glucose during OGTT in subjects with normal
glucose tolerance (NGT), impaired fasting glucose (IFG), impaired glucose tolerance
(IGT), and combined IFG/IGT. Values represent mean plasma insulin concentrations (±
SE) measured during OGTT for N=97 patients.
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Figure 2. Insulin resistance (SSPG) by glucose metabolism categories
Box plots illustrate median and range of SSPG concentrations for all four groups of subjects,
with boundaries of the box representing upper and lower quartiles. • Outliers with values
between 1.5 and 3 box lengths from the boundaries of the box.
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Table 3

Multivariable Logistic Regression Assessment of Viral and Host Factors Associated with IFG and IGT

IFG

Characteristic Unadjusted Odds Ratio (95% CI) *Adjusted Odds Ratio (95% CI)

Non-Caucasian Race** (vs. Caucasians) 23.1 (2.8–187.0) 24.7 (3.0–206.3)

Inflammation on Liver Biopsy (Grade ≥ 2 vs. < 2) 7.9 (1.2–53.4) 11.0 (1.4–87.0)

BMI (per 5 units), kg/m2 3.4 (1.2–9.8) 3.1 (1.07–8.9)

IGT (Isolated IGT or IFG/IGT)

Characteristic Unadjusted Odds Ratio (95% CI) †Adjusted Odds Ratio (95% CI)

SSPG (per 10 units), mg/dL 1.1 (1.02–1.2) 1.1 (1.01–1.2)

Non-Caucasian Race** (vs. Caucasians) 14.8 (1.7–127.3) 19.7 (1.7–224.3)

*
Adjusted for age, sex, and HCV genotype.

†
Adjusted for age, sex, BMI, and HCV genotype.

**
Each of the non-Caucasian racial categories had a positive association with pre-diabetes and these races were combined due to small sample size

to improve the precision of the point estimates.

BMI, body mass index; HCV, hepatitis C virus; SSPG, steady-state plasma glucose.
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