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Abstract

An association between hepatitis C virus (HCV) infection and insulin resistance (IR) has been
recently reported. However, causality has not been established. The cross-sectional nature of most
reported studies and varying degrees of fibrosis have limited definitive conclusions about the
independent role of HCV in development of IR. We sought to evaluate whether HCV induces IR
by prospectively analyzing a cohort of adult liver transplant (LT) recipients. A total of 34 adults
(14 HCV(+) and 20 HCV(-)) who underwent consecutive LT were followed during the first year
posttransplantation. IR was estimated using the homeostasis model assessment (HOMA).
Univariate and multivariate repeated measures analyses and Cox regression models were used.
There were no significant differences between the groups with respect to age, body mass index
(BMI), family history of diabetes, alcohol consumption, or laboratory indices. The cohort had no
or minimal fibrosis. There was lower prednisone use in the HCV(+) group, and no difference in
the use of tacrolimus between the two groups was found. IR was 77% higher in HCV(+) subjects
during the first year post-LT when controlling for BMI (P = 0.035). Subjects with high HCV
ribonucleic acid (RNA) levels reached high HOMA-IR significantly earlier than those with lower
HCV RNA (P = 0.03). Following the first month post-LT, HCV(+) subjects were 4 times more
likely to become diabetic than HCV/(-) controls (P < 0.01). In conclusion, there is significantly
higher IR in the HCV(+) group during the first year post-LT. This cannot be explained by
differences in BMI, medications used, alcohol consumption, or degree of fibrosis. Higher HCV
RNA levels were associated with earlier elevations in HOMA-IR. Collectively, these results
provide strong evidence that HCV induces the development of IR.
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Hepatitis C virus (HCV) infection is a major public health concern, infecting 3.3% of the
world's population. Recently, HCV has been associated with diabetes mellitus.1 This
association is based on the finding of increased insulin resistance (IR) among HCV-infected
subjects.2,3 IR is not only a precursor to diabetes, but is also itself associated with
significant morbidity.4 IR is a major component of nonalcoholic fatty liver disease and other
conditions such as polycystic ovarian syndrome.5 Insulin resistance, independent of
dysglycemia, has been associated with a 2-fold increase in the risk of hypertension, a 3-fold
increased risk of coronary heart disease, and an 8-fold increased risk of type 2 diabetes.
These undesirable health effects can develop in a period of less than 15 years.6 In a study by
Bonora et al.,7 among 1,326 individuals with type 2 diabetes followed for 4.5 years, IR was
an independent predictor of cardiovascular disease. Furthermore, fasting hyperinsulinemia8
and IR have also been shown to predict overall mortality.9

The presence of IR in the setting of HCV infection is of particular importance because
hyperinsulinemia appears to play a role in the progression of HCV-liver disease. In 2003,
Hickman et al.10 evaluated 160 patients with chronic HCV. Hickman et al.10 concluded that
hyperinsulinemia contributes to the development of fibrosis and is not merely a consequence
of liver injury in HCV-infected individuals. Hui et al.3 evaluated 260 HCV-infected
individuals using multivariate analysis and found IR to be an independent predictor of
degree of fibrosis and rate of fibrosis progression. Recent investigations at the cellular level
have provided additional evidence for a direct role of hyperinsulinemia in the development
of fibrosis.11,12

Furthermore, evidence also suggests that IR may contribute to the development of fibrosis in
HCV infection indirectly through steatosis. Hepatic steatosis is considered a common
histological feature of chronic liver disease and is present in up to 30% to 70% of patients
with HCV infection.13 The relationship between IR and steatosis in nonalcoholic
steatohepatitis is well established.14 IR is associated with an increased flux of dietary and
stored free fatty acids away from adipose tissue and into the liver, leading to the
development of hepatic steatosis.15 Although viral factors may play a role in the
development of steatosis, specifically in genotype 3a infection,16,17 other elements,
including risk factors for nonalcoholic steatohepatitis and abdominal fat mass, have been
independently associated with steatosis in HCV-infected subjects.18,19 This suggests that,
as in nonalcoholic fatty liver disease, IR is important in the pathogenesis of obesity-related
steatosis in chronic HCV infection.20 Given the independent association between HCV and
IR it is, therefore, likely that hyperinsulinemia contributes to the development of steatosis
even in the nonobese HCV-infected population. Steatosis itself has been noted by multiple
investigators to be strongly associated with fibrosis progression in HCV infection and the
mechanisms of fibrosis in HCV-associated steatosis likely share similarities with those
involved in nonalcoholic fatty liver disease.17,19-21

Results previously reported by our group2 and by Hui et al.3 suggest that increasing viremia
likely leads to greater IR, but the cross-sectional nature of these studies has thus far
precluded establishing a causal role for HCV in the development of IR. Most importantly,
previous studies have not been able to clearly evaluate changes in viremia independently of
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histology, which has been a major impediment in clarifying the relationship between
hepatitis C infection and IR. A number of reports have discussed the association between
HCV infection and diabetes and/or IR over the past few years. However, definitive
conclusions about the independent role of HCV in development of IR continue to be limited
by confounding factors. Therefore, we selected a cohort of liver transplant (LT) recipients
followed immediately after transplantation to serve as a plausible model of de novo HCV
liver disease. We hypothesized that HCV-infected subjects develop greater degrees of IR
over time than uninfected controls during the first year posttransplantation, and that IR
would correlate with levels of HCV ribonucleic acid (RNA) level independently of fibrosis.

PATIENTS AND METHODS

Patient Population

Our cohort consisted of consecutive adult patients (18-year-old or older) who underwent
orthotopic LT at Massachusetts General Hospital between January 2002 and March 2003. A
total of 49 patients underwent LT during this period. Of these, 8 subjects were not eligible to
participate in our study (pediatric patients), 3 patients were missed and not enrolled, 2
patients refused to participate, and 2 had significant complications postoperatively and died
within 3 months after transplantation. Thus, 34 subjects were included in our study. Subjects
were followed longitudinally from the time of LT until 1 year post-LT. Data including
patient characteristics and medical history were obtained at time of transplantation, and at 1,
3, 6,9, and 12 months following transplantation. Anthropometric measurements and blood
sample collections were obtained at 1, 3, 6, 9, and 12 months following transplantation.

The diagnosis of HCV infection was established by serological markers and confirmed in all
cases by HCV RNA testing. The HCV(+) group included 14 subjects with confirmed HCV
infection pretransplantation. Comorbidities noted in the HCV(+) group included history of
alcohol abuse pretransplantation (n = 7), hepatocellular carcinoma (n = 3), and sickle cell
disease (n = 1). The HCV/(-) group consisted of 20 subjects with negative tests for HCV
RNA who had other causes of liver failure necessitating transplantation. This group included
patients with end-stage liver disease caused by alcoholic cirrhosis (n = 10), hepatocellular
carcinoma (n = 5), hepatitis B virus infection (h = 2), cryptogenic cirrhosis (n = 4), primary
biliary cirrhosis (n = 1), vasoactive intestinal peptide-producing tumor (n = 1), and
hemochromatosis (n = 1). Institutional review board approval was obtained and all patients
provided written informed consent for participation in this study.

Patient Characteristics

Patients” demographic characteristics including gender, age, and self-reported ethnicity were
reviewed. Family history of diabetes mellitus was obtained from patient interviews.
Anthropometric data including weight and height were obtained at the time of blood sample
collection. Total lifetime history of alcohol consumption was assessed by interview using an
abbreviated version of a previously validated questionnaire.22,23

Immunosuppressive medications were recorded at each time point of interest.
Immunosuppressive regimens for post-LT recipients at Massachusetts General Hospital have
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been described previously by Baid et al.24 Maintenance immunosuppressive regimens at
Massachusetts General Hospital included prednisone, tacrolimus, and azathioprine, or
mycophenolate mofetil. In general, mycophenolate mofetil was not used in the HCV(+)
group because of concerns regarding increased HCV RNA levels and potential for early
graft recurrence.25,26 Information regarding participants’ use of glucose-lowering agents,
antihypertensive drugs, and lipid-lowering medications was obtained from patients’ charts.
Subjects who were taking medications to lower blood pressure or those with a systolic blood
pressure greater than 140 mm Hg or diastolic blood pressure greater than 90 mm Hg (stage |
classification of the Joint National Committee) on more than 1 occasion were considered
hypertensive. Allograft liver biopsies obtained for clinical purposes were reviewed by a
blinded pathologist. Fibrosis scores were based on the scale of Ishak et al.27 Steatosis scores
were based on the scale described by Brunt et al.28

Laboratory Determinations

Laboratory data, including all chemistries and HCV RNA levels, were obtained at 5
different time points (1 month posttransplant, and then every 3 months following
transplantation for a period of 1 yr). Venous blood samples were collected after an overnight
fast (minimum of 8 hours). Plasma glucose concentration was measured using the Hitachi
917 (Hitachi, Yokohama, Japan) Roche reagent hexokinase method. Fasting plasma insulin
was measured by radioimmunoassay.

Serum aminotransferase, bilirubin, fasting total cholesterol, and triglyceride levels were
obtained by standard assays. High-density lipoprotein levels were measured using
polyethylene glycol-modified enzymes, and low-density lipoprotein levels were calculated
using the Friedewald formula. Hepatitis C viral RNA levels were assessed by reverse-
transcription polymerase chain reaction detection of HCV RNA using Roche COBAS
Amplicor 2.0 (Roche Molecular Diagnostics, Branchburg, NJ) and expressed as
International Units per milliliter (IU/mL). This assay had a lower limit of detection of 600
IU/mL and an upper limit of 850,000 IU/mL. For samples with HCV RNA <600 IU/mL,
HCV RNA qualitative polymerase chain reaction was performed using Roche Amplicor 2.0
(Roche Molecular Diagnostics). This assay had a lower limit of detection of 60 IU/mL.

Calculations

IR was calculated using the homeostasis model assessment (HOMA), a validated model
derived from normal volunteers, expressed in the following equation: IR = fasting insulin
(mUJ/L) x fasting glucose (mmol/L)/22.5.29 In addition, HOMAZ2-IR was also calculated in
all patients. This is a model that more accurately reflects IR, particularly in subjects with
higher insulin levels. HOMAZ2-IR was calculated using a publicly available program.30
Body mass index (BMI) was calculated as weight (kg) divided by height squared (m?). Total
lifetime alcohol consumption was calculated as follows: lifetime alcohol consumption =
number of days/month x average drinks/day (gm ethanol) x period of time. Each drink was
estimated to contain 10 gm of alcohol.22,23

Liver Transpl. Author manuscript; available in PMC 2015 January 21.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Delgado-Borrego et al. Page 5

Statistical Analysis

The SAS program (SAS Institute, Cary, NC) was used for all statistical analyses.
Continuous variables were expressed as medians with ranges. Observations based on
continuous variables were compared using Wilcoxon rank tests. Categorical variables were
compared using Fisher's exact tests. The following variables were evaluated: HCV status,
gender, ethnicity, age, BMI, family history of diabetes, alcohol consumption, HCV geno-
type, use of immunosuppressives and antiviral medications, liver enzymes, bilirubin levels,
lipids, hemoglobin Alc, fasting glucose, and fasting insulin levels. Finally, we evaluated all
available liver biopsies performed during the study period.

Tacrolimus and prednisone use over the follow-up period were compared using logistic
regression models. The correlations between use of and dose of interferon as well as
ribavirin with the natural log of HOMA (HOMA-IR and HOMAZ2-IR) over time were
estimated through mixed-effects models to adjust for repeated observations on the same
individuals.

The natural log of HOMA across time was used as the primary outcome of interest based on
the characteristics of the distribution of this variable. All statistical analyses were performed
using HOMA-IR and were repeated using HOMAZ2-IR. A mixed-effects model was used to
evaluate the factors that contributed most significantly to IR across time. Variables
considered in the model were the presence of HCV infection, BMI, high-density lipoprotein
level (previously found to be a significant predictor of IR2), and medications used. Variables
identified as confounders and those that were clinically relevant were entered in the final
model. Steatosis and fibrosis scores were not entered into the final model because only
patients with abnormal liver function tests underwent liver biopsies.

Cox models were used to evaluate the time to development of high HOMA (defined as the
level above the medians of HOMA-IR and HOMAZ2-IR) as a function of HCV RNA. For
each subject, HCV RNA levels were categorized as low (<600 IU/mL and >60 IU/mL, i.e.,
undetectable by quantitative but detectable by qualitative assay), medium range (=600
IU/mL and <500,000 IU/mL), or high (>500,000 1U/mL). Then, an integrated value per
subject was obtained using the mean categorical HCV RNA value from the initial time point
(month 1) until reaching high HOMA.. Cox regression analysis was used to establish
whether subjects with higher integrated HCV RNA levels reached high HOMA levels ealier.
BMI was also considered in the model.

The development of diabetes during the study period was evaluated. Subjects with fasting
glucose level =125 mg/dL or who were treated with hypoglycemic medications were defined
as diabetics. The prevalence of diabetes at month 0 after transplantation was calculated and
compared between the HCV(+) and HCV/(-) groups. In addition, logistic regression was
used to assess the incidence or rate of diabetes over time for each of the groups of interest
while controlling for initial diabetic status at month O post-LT.
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RESULTS

Patient Characteristics

Patients’ baseline demographics characteristics are summarized in Table 1. There were 5
women in the HCV(-) group and none in the HCV/(+) group, with no statistically significant
difference between the two groups. The vast majority of participants in both groups were
Caucasian. There were no significant differences between the two groups with respect to age
and BMI at transplantation. Although a slightly higher percentage of patients with HCV
infection were considered diabetic prior to transplantation, the difference in prevalence of
diabetes pre-orthotopic LT between the two groups did not reach statistical significance.
There was no difference in family history of diabetes or reported history of total lifetime
alcohol consumption between the two groups. There were no subjects treated with lipid
lowering agents in either group during the course of the study. The majority of HCV(+)
patients had the 1a genotype. A total of 5 subjects, all HCV(+), underwent liver biopsies for
elevated liver enzymes. Among these, all but 1 patient had fibrosis scores equal to or less
than 1 on the Ishak scale.27 One patient had a fibrosis score of 3 at 10 months post-LT.

All participants were treated with prednisone and tacrolimus. Figures 1 and 2 demonstrate
the median prednisone dose and tacrolimus level over time for each group of interest. There
was a trend toward lower prednisone use in the HCV(+) group compared to the HCV(-)
group, reflecting concerted efforts to minimize prednisone in the chronic HCV group at our
institution (P = 0.06). There was no significant difference in the use of tacrolimus between
the two groups over time. Table 2 summarizes the use of and response to antiviral treatment
during the course of the study. A total of 12 HCV/(+) subjects were treated with pegylated
interferon and ribavirin at some point during the first yr post-LT. The other 2 subjects were
not treated because of contraindications to treatment (anemia). A total of 5 of the 14 subjects
were considered “responders” (achieved HCV RNA undetectability at month 12 post-
orthotopic LT). There were no correlations between use or dose of interferon or ribavirin
and HOMA-IR over time (data not shown). There was no difference between the 2 groups
with respect to the rate of hypertension during the study period (7/14 HCV(+) patients and
9/20 HCV(-) patients met criteria for hypertension; P = not significant), and a minimal
number of subjects in the entire cohort were treated with antihypertensive medications.

Table 3 shows the results of laboratory testing obtained at the initial post-LT time point
(month 1 post-LT) of the study. There was no statistically significant difference between the
two groups in any of the chemistries evaluated.

HCV Is Independently Associated With Increased IR During the First Yr
Posttransplantation

In the initial phase, HCV status and fasting insulin over time were evaluated in univariate
analyses. There was a statistically significantly higher fasting insulin level over time for
HCV(+) as compared to HCV/(-) subjects (estimate = 0.24, standard error =0.12, P =
0.049). This association was even stronger when controlling for BMI (estimate = 0.36,
standard error = 0.13, P = 0.007). High-density lipoprotein was later added to our multiple
regression model given that this had been a selected variable in our prior cross-sectional
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cohorts.2 High-density lipoprotein level was not significantly associated with insulin levels
over time while both HCV and BMI remained strongly associated with fasting insulin.

When evaluating HOMA, only BMI and HCV infection were significantly associated with
IR over time. The univariate association between HCV status and HOMA-IR over time was
first evaluated. There was a trend towards higher HOMA-IR over time for the HCV(+) than
the HCV/(-) group (estimate = 0.24, standard error = 0.18, P = 0.19). These results are
depicted in Figure 3. Similar results were obtained when using HOMAZ2-IR as the outcome
(not shown). We found lower BMI levels over time in the HCV/(+) as compared to the
HCV(-) group (P < 0.01, Fig. 4) and BMI was noted to be a confounder in the association
between HCV infection and IR. In other words, when we controlled for BMI, the presence
of HCV infection was independently associated with increased IR. Our final model included
the variables HCV, BMI, and high high-density lipoprotein. HCV infection was associated
with a 77% (= e%5")increase in IR (P = 0.0035) and an 1-unit increase in BMI was
associated with a 7% (= €297) increase in IR (P = 0.004) (Table 4). Results of analysis using
HOMAZ2-IR were similar (not shown).

Higher HCV RNA Levels Correlate With More Rapid Development of Elevated IR

Subjects with higher mean integrated HCV RNA levels (defined as mean HCV RNAs from
month 1 post-LT to the time at which high HOMA-IR was attained) reached high HOMA
levels significantly earlier than subjects with lower HCV RNA levels. We found a hazard
ratio of 5.2 (P = 0.03) when evaluating integrated mean HCV RNA levels as a function of
time. In other words, subjects with high integrated HCV RNA levels (>500,000 IU/mL)
reached high HOMA-IR 5.2 times earlier than those with medium integrated HCV RNA
levels (>600 and <500,000 1U/mL), and these in turn reached high HOMA IR 5.2 times
earlier than those with low integrated HCV RNA levels (>60 and <600 IU/mL). This result
remained statistically significant after adjusting for BMI (P = 0.04) (Table 5). The hazard
ratio using HOMAZ2-IR was 4.8 (P = 0.037).

Development of Diabetes During the First Yr Post-LT

The prevalence of diabetes in our cohort, over time, is depicted in Figure 5. Prior to
transplantation, there was no statistically significant difference in the prevalence of diabetes
between the two groups (Table 1). Immediately following transplantation (at month 0), there
was a greater prevalence of diabetes in the HCV negative as compared to the HCV positive
group (P = 0.03). However, following the first month posttransplantation, the prevalence of
diabetes became greater for the HCV(+) than the HCV(-) group. HCV(+) subjects were 4
times more likely to become diabetic when compared to HCV/(-) controls (P < 0.01) after
the first month post-transplantation, controlling for diabetic status at month 0. This
correlation was even stronger when the analysis was restricted to the second 6 months of the
study (months 6, 9, and 12), when HCV/(+) patients were 5 times more likely to become
diabetic relative to HCV/(-) controls (P = 0.01). A total of 2 HCV(-) (10%) and 2 HCV(+)
(14%) subjects died during the course of the study (during the first year posttransplantation).
All subjects who died met criteria for diabetes prior to their death.
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DISCUSSION

Recent reports of increased IR among HCV-infected adults relative to control groups
suggest that IR underlies the development of diabetes in HCV infection. However, the cross
sectional nature of previously reported investigations has precluded establishment of
causality. Furthermore, the confounding element of fibrosis has represented a significant
impediment in understanding the independent relationship between HCV and IR. In this
study, we investigated a cohort of LT recipients during the initial year posttransplantation.
We chose this cohort as a model of de novo HCV liver disease in which the confounding
effects of fibrosis on IR would be minimized.

In this longitudinal study of post-LT patients we found that IR was higher in the HCV(+)
than the HCV/(=) group during the first yr posttransplantation, despite comparable baseline
insulin levels. HCV infection was associated with a 77% increase in IR during the first year
posttransplantation. All of our analyses were repeated using HOMAZ2-IR as the main
outcome in view of the observation that this model may be a more accurate predictor of IR,
especially among individuals with elevated glucose and insulin levels.30 Using HOMA2-IR,
all of our results remained unchanged, including the significant association between HCV
infection and increased IR. This could not be explained by differences in age, BMI,
immunosuppression used, family history of diabetes, or total lifetime alcohol consumption.
BMI was actually significantly lower in the HCV(+) group.

Use of potentially diabetogenic medications throughout the study period was carefully
evaluated, but as expected, use of medications such as prednisone was minimized in the
HCV(+) as compared to the HCV (=) group as per our institutional policy. At the time the
study subjects were transplanted at our center, Massachusetts General Hospital had
implemented a preemptive antiviral strategy for HCV-infected transplant recipients. A total
of 12 of the 14 recipients underwent preemptive treatment with pegylated interferon and
ribavirin at some point during the first yr posttransplantation. The remaining 2 patients were
not treated because of contraindications. There was no correlation between use of or dose of
interferon or ribavirin (either as categorical or numerical variables) and HOMA.. Since HCV
RNA levels were used to analyze the relationship between HCV status and HOMA, any
effect of treatment of HCV was taken into account by evaluation of HCV RNA values.

Biopsies were performed for clinical indications, specifically elevated alanine
aminotransferase with HCV RNA positivity. In the 5 patients who underwent allograft
biopsy within the first year, stage 0 or 1 fibrosis was noted in all but 1 of the patients. We
made the assumption that these biopsies reflect the group at highest risk of HCV progression
and that subjects who did not undergo a liver biopsy were even less likely to have
meaningful fibrosis that could confound our findings.

Although our initial findings strongly confirmed the independent association between HCV
infection and IR, we attempted to more strictly evaluate the question of causality using a
different approach. In order to assess whether IR is induced by the HCV infection, we
analyzed whether HCV RNA levels are an independent predictor of time to development of
elevated HOMA. We found that subjects with higher HCV RNA levels reached elevated
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HOMA earlier than those with lower HCV RNA levels. This finding strongly implies that
the HCV is not merely associated with but that it induces IR. Characterization of the
mechanism by which HCV induces IR is beyond the scope of this investigation. However,
we speculate that IR may result from a combination of direct effects of HCV and indirect
effects mediated by adipokines peripherally.

Finally, we evaluated the development of diabetes during the study period. The prevalence
of diabetes immediately posttransplantation was higher in the HCV(-) group. This was
likely the result of high doses of induction of corticosteroids among HCV/(-) patients.
However, during the subsequent months, HCV/(+) subjects were 4 to 5 times more likely to
meet criteria for diabetes than HCV(-) controls. Once again, this could not be explained by
the previously cited confounders, including BMI, medications, or fibrosis. Our findings
corroborate those of Saliba et al.,31 who found, in a cross-sectional and retrospective study
of LT recipients, that HCV infection is a risk factor for the development of post-L T diabetes.

In summary, we have demonstrated in this longitudinal model of de novo HCV that HCV-
infected persons develop increased IR and are significantly more likely to develop diabetes
than HCV(-) controls during the first year after LT. Furthermore, the development of IR
occurs earlier in HCV(+) patients with high level viremia, strongly suggesting that HCV
infection directly induces IR in a dose-dependent manner. Additional investigations with
larger number of subjects will be important to corroborate our findings, and further study is
necessary to establish the mechanism of induction of IR by HCV. Our findings have
important implications for the care of the LT recipient and for the HCV-infected patient in
general. In view of the high long-term morbidity and mortality of diabetes and IR, we
recommend routine early monitoring of fasting glucose and insulin levels in the care of
patients with HCV infection, particularly in the setting of LT.
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HCV hepatitis C virus

IR insulin resistance

LT liver transplant(ation)

HOMA homeostasis model assessment

HOMA2 HOMA model that more accurately reflects IR
BMI body mass index

RNA ribonucleic acid
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Figure 1.
Trend toward lower prednisone use in HCV/(+) subjects. Using analysis of maximum

likelihood ratio, there is no significant difference in mean daily prednisone dose between
HCV(+) and HCV/(-) groups over time, although data suggests a trend toward lower
prednisone use in the HCV(+) group (P = 0.06). [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com.]
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Figure 2.
Comparable use of tacrolimus (FK506) over time. Using analysis of maximum likelihood

ratio, there is no significant difference in tacrolimus levels between HCV(+) and HCV(-)
groups over time (P = 0.09). [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]
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Figure 3.
Trend toward higher HOMA-IR over time in HCV/(+) subjects. There was a trend towards

higher HOMA-IR for HCV(+) than HCV(-) subjects during the first year post-LT when
evaluated in univariate analysis.

Page 14

Liver Transpl. Author manuscript; available in PMC 2015 January 21.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

yduasnuel Joyny vd-HIN

Delgado-Borrego et al. Page 15

104

BMI

B
T — =
I
|
(!
1
|
1
|
|
‘ §
1
]
|
{
(]
Ly
| ':
\ I.
| 1“
———

HCY siaus
Figure 4.

Lower BMI among HCV/(+) subjects. There was a lower BMI in HCV(+) than HCV(-)
subjects during the first yr post-LT (P < 0.01).
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Figure 5.
Higher incidence of diabetes among HCV/(+) subjects posttransplantation. HCV(+) subjects

are 4 times more likely to become diabetic when compared to HCV/(-) controls (P < 0.01)
after the first month posttransplantation, controlling for diabetic status at month 0, and 5
times more likely when the analysis is restricted to the last 6 months (P = 0.01). Month 0
represents time of LT.
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TABLE 3
Chemistries at Initial Post-LT Time Point (Month 1)

HCV(-) (n = 20) Median (range) HCV(+) (n = 14) Median (range) P value

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny Yd-HIN

AST (UIL) 22 (13-124) 23 (10-38) 0.9
ALT (U/L) 28 (8-195) 23.5 (5-43) 0.4
Total bilirubin (mg/dL) 0.7 (0.1-3.6) 1.05 (0.4-8.6) 0.2
Direct bilirubin (mg/dL) 0.45 (0.1-2.3) 0.65 (0.2-5.1) 0.4
Cholesterol (mg/dL) 127.5 (61-264) 123 (90-202) 0.7
HDL (mg/dL) 24 (5-73) 28 (8-40) 0.98
LDL (mg/dL) 80.5 (18-157) 73 (48-137) 0.98
Triglycerides (mg/dL) 136.5 (51-280) 114.5 (82-261) 0.4
HbAlc 5.35(3.8-7.3) 5.1(3.7-7.6) 0.6
Glucose (mg/dL) 106 (83-282) 102 (70-283) 0.8
Insulin (mg/dL) 10.2 (5.8-17.8) 12.1 (7.5-167.6) 0.2
C-peptide (pmol/L) 1,000 (130-3500) 1,250 (33-3100) 0.8
HOMA IR (mU)(mmol)/L2 2.9(1.3-7.1) 3.1 (1.8-66.6) 0.4
HOMAZ2 IR (pmol)(mmol)/L2 1.49 (0.8-2.3) 1.6 (1-19.2) 0.2
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Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; HDL, high density lipoprotein; LDL, low density lipoprotein;
HbA1c, hemoglobin Alc.
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TABLE 4
Predictors of Increased Insulin Resistance (HOMA-IR) During the First Year Post-LT

Covariate Effect on In (IR) SE Pvalue
+HCV 0.57 (HCV associated with 77% increase in IR)  0.18 0.035
BMI 0.07 0.02 0.002
High HDL 022 0.19 0.25

Abbreviations: SE, standard error, HDL, high-density lipoprotein.
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TABLE 5
Time to Development of High HOMA-IR as a Function of HCV RNA Level

Covariate Hazard ratio  95% CI for hazard ratio P value

Integrated HCV RNA (low, medium, high)* 5.2 12-227 0.03

Abbreviation: CI, confidence interval.

*
HCV RNA values were categorized as low (>60 IU/mL and <600 1U/mL, qualitatively +), medium (=600 IU/mL and <500,000 1U/mL), or high
(>500,000 1U/mL), and integrated as a mean of HCV RNAs from 1 month post-LT until the time that high HOMA was recorded.
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