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Summary

Data regarding the impact of hepatitis C (HCV) therapy on incidence of type 2 diabetes mellitus
are limited. We used the data from the longitudinal Chronic Hepatitis Cohort Study—drawn from
four large US health systems—to investigate how response to HCV treatment impacts the risk of
subsequent diabetes. Among HCV patients without a history of type 2 diabetes mellitus or
hepatitis B, we investigated the incidence of type 2 diabetes from 12 weeks post-HCV treatment
through December 2015. Cox proportional hazards models were used to test the effect of treatment
status (sustained virologic response [SVR] or treatment failure) and baseline risk factors on the
development of diabetes, considering any possible risk factor-by-SVR interactions, and death as a
competing risk. Among 5127 patients with an average follow-up of 3.7 years, diabetes incidence
was significantly lower among patients who achieved SVR (231/3748; 6.2%) than among patients
with treatment failure (299/1379; 21.7%; adjusted hazard ratio [aHR] = 0.79; 95% CI: 0.65-0.96).
Risk of diabetes was higher among African American and Asian American patients than White
patients (aHR = 1.82 and 1.75, respectively; < .05), and among Hispanic patients than non-
Hispanics (aHR = 1.86). Patients with BMI = 30 and 25-30 (demonstrated higher risk of diabetes
aHR = 3.62 and 1.72, respectively; £< .05) than those with BMI < 25; patients with cirrhosis at
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baseline had higher risk than those without cirrhosis (aHR = 1.47). Among a large US cohort of
patients treated for HCV, patients who achieved SVR demonstrated a substantially lower risk for
the development of type 2 diabetes mellitus than patients with treatment failure.
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1 INTRODUCTION

Data regarding the impact of hepatitis C (HCV) therapy on incidence of type 2 diabetes
mellitus (T2D) are limited. European studies from the interferon era of HCV therapy
suggested that viral suppression and clearance greatly reduce the risk of future insulin
resistance and T2D.1=3 In contrast, other studies have found no significant difference in the
incidence of T2D or insulin resistance between treated and untreated HCV patients.*® There
remains a lack of current data regarding the effect of HCV- related complications and
treatment outcomes on the incidence of T2D in the United States, particularly among
racially diverse populations.

We evaluated the impact of HCV treatment response, the presence of cirrhosis and other
factors on the incidence of T2D using longitudinal data from the Chronic Hepatitis Cohort
Study (CHeCS), a geographically and racially diverse cohort of over 13 000 patients from
four large US health systems.

2 METHODS

2.1 Patient population

CHeCS is an observational multicenter study that includes adult (=18 years) chronic
hepatitis C patients from four large health systems. The study follows all guidelines of the
US Department of Health and Human Services regarding the protection of human subjects.
Protocols are reviewed annually by the institutional review board at each of the study sites:
Geisinger Clinic, Danville, Pennsylvania; Henry Ford Health System, Detroit, Michigan;
Kaiser- Permanente Hawai’i, Honolulu, Hawai’i; and Kaiser- Permanente Northwest,
Portland, Oregon. CHeCS study methods have been previously described.® Briefly,
electronic administrative data and electronic health records for patients =18 years who
received health services at any study site between 1 January 2006 and 31 December 2015
were used to identify study candidates; eligibility was confirmed during medical chart
abstraction.

For this analysis, patients were included if they had received HCV treatment prior to 31
December 2015. Patients were excluded if they had hepatitis B co- infection or pre- existing
diabetes, which was defined as the presence of an International Classification of Diseases,
version 9 or 10 (ICD9/10) diagnosis code for type 1 diabetes (ICD- 9- CM code 250.x1/x3
and ICD- 10- CM code E10.xxxx) or type 2 diabetes (ICD- 9- CM code 250.x0/x2 and ICD-
10- CM code E11.xxxx) in their electronic health record. “Index date” was defined as 12
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weeks after the end of a patient’s most recent course of HCV therapy. Prior HCV treatment
history was captured as a baseline covariate.

2.2 Antiviral HCV therapy and response

Detailed antiviral medication data (drug name and start/stop dates) were collected via chart
abstraction for the patient’s most recent course of HCV therapy. Combination therapy was
identified when the multiple hepatitis drugs were administered concomitantly. Data on
routine HCV RNA quantification tests were obtained via the electronic health record.
Patients were classified as having achieved SVR if laboratory tests collected =12 weeks
post- therapy showed undetectable viral RNA loads; otherwise, the patients were classified
as having treatment failure (TF).

2.3 Baseline covariates and possible risk factors

Baseline data (at the start of a patient’s most recent course of HCV therapy) included the
following: demographic information (age, sex, race/ethnicity, estimated median annual
household income and insurance status); HCV genotype; Charlson/Deyo comorbidity score
(calculated from inpatient, outpatient and claims data for 12 months prior to the index date);
laboratory test results for imputation of the Fibrosis- 4 (FIB4) score (based on our validated
classification categories of <1.21, 1.21- 5.88, >5.88 or “unknown”); alanine
aminotransferase (ALT) levels (<45 U/L, =245 U/L or “unknown”); and HIV co- infection.

Baseline cirrhosis status was determined using data for 2 years prior to the start date of a
patient’s most recent course of HCV therapy. Due to the observational nature of this study,
the availability of cirrhosis data varied. Roughly 20% of our sample had liver biopsy or
Fibroscan data collection, and 60-70% had laboratory data for the calculation of FIB4.
Cirrhosis data were sometimes inconsistent between the various sources for an individual
patient. To overcome this variation, we implemented the following hierarchical classification
algorithm to identify cirrhosis: (i) decompensated cirrhosis identified using our validated
Classification and Regression Tree model’; (ii) F4 liver biopsy or Fibroscan >12.5; (iii)
FIB4 > 5.888; and (iv) the presence of ICD9/10 diagnosis codes for cirrhosis.

2.4 Statistical analysis

Time- to- event outcomes included the incidence of T2D (defined using ICD9/10 codes) or
death. Follow- up began after the achievement of SVR or, for treatment- failure patients, the
date 12 weeks after HCV treatment initiation. Patients were followed until the outcome of
interest or 10 years of follow- up. Cox proportional hazards regression was used to estimate
the impact of SVR and other factors on the risk of T2D; death was included using a
competing risk approach. To assess the influence of additional risk factors on any potential
SVR effect, we began the analysis by testing each individual risk factor effect, considering
any possible risk factor-by-SVR interactions. Variables demonstrating either individual
effects or interactions with SVR (P < .05) were included in the multivariable model; those
with significant effects (P < .05) or interactions with SVR after adjustment for other
covariates were retained in the final model using a forward model selection approach. Study
site was included in all multivariable analyses as an adjustment variable. Because FIB4, ALT
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and cirrhosis are highly correlated, they were fitted into multivariable models separately to
avoid confounding effects.

3 RESULTS

Among 14 312 patients with confirmed HCV in the CHeCS cohort, 7556 (53%) had
received treatment and were hepatitis B- negative. Of these 7556 patients, 1048 were
excluded for pre- existing diabetes, 809 for the ongoing antiviral treatment or unknown SVR
status and 572 for having their last encounter date occur before the index date. This resulted
in an analytic sample of 5127 treated patients; of these, 3748 (73%) achieved SVR (44%
were treated with a direct- acting all- oral antiviral [DAA] regimen). A total of 530 incident
cases of T2D (10.3%) were observed during a mean follow- up period of 3.7 years.

Table 1 presents the characteristics of patients at the time of last treatment initiation, as well
as the risk associated with baseline covariates and the impact of SVR on the development of
T2D. Overall, 60% of patients were male and 72% were White, with an average age of 59.
Baseline age, sex, race, body mass index (BMI), Hispanic ethnicity, the presence of cirrhosis
at baseline, and SVR all had individual effects on incidence of T2D. After multivariable
modelling, six variables (age, race, BMI, cirrhosis at baseline, Hispanic ethnicity and SVR)
were retained in the final model. No risk factor- by- SVR interactions were detected after
adjustment.

3.1 Effect of SVR on incidence of T2DM

After adjustment for baseline covariates, SVR reduced the risk of T2D by 21% (aHR = 0.79,
95% CI: 0.65- 0.96, P=.02; Figures 1 and 2). There was no interaction between SVR and
other risk factors, indicating an independent effect of SVR on incidence of T2D.

3.2 Effect of additional risk factors on incidence of T2DM

Higher BMI was associated with higher risk of incident T2D; in patients with BMI = 30, the
risk of T2D was almost 4 times higher than in patients with BMI <25 (aHR = 3.6; 95% CI:
2.2—5.95; Figure 2). Race was also associated with the risk of T2D; African American and
Asian American, American Indian, or Pacific Islander (ASINPI) patients demonstrated risks
1.82- fold and 1.75- fold higher, respectively, than the White patients. There was no
significant difference in the risk for T2D between African American and ASINPI patients.
Risk increased with age. Hispanics had an almost two-fold higher risk than non- Hispanics.
Patients with baseline cirrhosis demonstrated 1.5- fold higher risk of T2D than those without
cirrhosis (Figure 3). The sensitivity analysis showed a nonsignificant effect of ALT on T2D
development (P =0.08).

4 DISCUSSION

In a large US cohort of patients treated for HCV, we found that the achievement of SVR
independently reduced the risk of T2D. There were no SVR- by- covariate interactions
detected, meaning the SVR effect was consistent across patient demographic characteristics
and clinical conditions at the time of treatment, including serum alanine aminotransferase
(ALT) levels.
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We observed an independent effect of HCV- related cirrhosis on increasing T2D incidence
after adjusting for other covariates as well as SVR status. This effect has been reported
previously; univariate analyses in a smaller European study (n = 365) showed that increasing
fibrosis score was a risk factor for the development of T2D.2 We did not observe a
significant effect of ALT in either univariate or multivariate analyses. It is possible, however,
that the lack of a significant finding was a consequence of a relatively large proportion
(20%) of missing ALT data and/or the strong correlation between ALT and cirrhosis, which
may have diminished the observed effect of ALT.

Race has been previously identified as a factor associated with increased the risk of T2D in
the general US population and among patients with HCV in Europe.?19 Our results are
consistent with these findings, although the effects we observed were larger than those
reported in other studies; the risk of T2D was 92% higher among African American patients
and 75% higher among ASINPI patients compared with Whites, after adjusting for BMI and
other covariates.

Some studies have suggested that sex and HCV genotype are associated with the risk of
T2D, but these results have not been consistent.® In our study, sex was a significant risk
factor in univariate analysis, but was not significant after adjusting for other covariates. HCV
genotype was not significantly associated with T2D incidence in either univariate or
multivariate analyses.

Our study has some limitations. Data available to calculate baseline BMI and to impute
F1B4 score were incomplete, given our reliance on electronically collected observational
data as well as the inclusion of some patients treated beginning in the early 1990s.
Additionally, our study was largely limited to the interferon era of HCV treatment. However,
the CHeCS “dynamic” sampling design, which adds new patients to the cohort at regular
intervals while continuing to follow the existing patients, has allowed us to begin the
preliminary analyses of the impact of DAA regimens on the incidence of T2D.

Debate remains regarding whether and how HCV infection might increase the risk of T2D.
1112 Although some studies have found that T2D occurs more frequently among subsets of
HCV- infected versus uninfected individuals,13-15 other studies suggest that observed
increases in the risk of T2D may be a consequence of HCV- related elevation in ALT,16:17
perhaps further confounded by high BMI and/or cirrhosis.1® We found that cirrhosis, but not
baseline ALT, independently increased the risk of T2D in all treatment groups. Although we
observed that successful HCV treatment reduced the risk of future diabetes, our analysis
could not evaluate whether this risk reduction resulted from viral eradication, from
subsequent reductions in inflammation or fibrosis, or through some other mechanism. Future
analyses may help elucidate these mechanisms.

Additionally, although we observed that the absence of successful antiviral therapy increases
HCV patients’ risk of T2D, a number of studies have suggested that T2D and insulin
resistance reduce response to antiviral therapy, particularly interferon- based treatments.19-22
This two- way association illustrates the complex relationship between T2D, HCV and SVR,
and may have introduced bias into the observed effect of SVR on the risk of T2D. We
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excluded patients previously diagnosed with T2D from our analysis, but due to the
observational nature of our study, comprehensive identification of each patient with
potentially elevated glucose and insulin resistance was not feasible. To address this issue, we
performed a sensitivity analysis of patients with available glucose assessments, excluding
those with fasting or random glucose levels greater than 110 mg/dl. Exclusion of these
patients produced results similar to our main analysis.

Another limitation is that our assessment of the association between independent baseline
covariates and the risk of T2D incidence was restricted to treated patients. Given the absence
of variable- by- SVR interactions and the increasing uptake of DAA treatment in the HCV
patient population, we expect that our observations regarding the impact of race and
cirrhosis on the development of T2D may be generalizable to a broader population of
patients with HCV.

In conclusion, among a geographically and racially diverse cohort of more than 5000
patients from US healthcare systems, successful HCV treatment was associated with
significant reductions in the incidence of T2D. African American and ASINPI race as well
as the presence of cirrhosis appear to increase the risk of developing T2D among those
without SVR. Therefore, patients with these risk factors should be monitored closely for
T2D prevention and care.
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Cumulative incidence of type 2 diabetes in patients who did and did not achieve sustained

virologic response (SVR)
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