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Abstract

Introduction: In hepatitis C (HCV) patients, obesity and/or diabetes may increase the risk of
liver-related outcomes. We aimed to determine if diabetes and/or obesity are associated with
adverse outcomes in direct acting antiviral (DAA)-treated HCV patients.

Methods: We conducted a retrospective study of 33,003 HCV-infected, DAA-treated Veterans
between 2013-2015. Body mass index was used to categorize patients into underweight
(<18.5kg/m?), normal-weight (18.5 to<25kg/m?), overweight (25 to<30kg/m?), obesity 1 (30
to<35kg/m?) and obesity 11-111 (>35kg/m?). Diabetes was defined by ICD-9/10 codes in
association with hemoglobin Alc>6.5% or medication prescriptions. Patients were followed from
180 days post-DAA initiation until 2/14/2019 to assess for development of cirrhosis,
decompensations, hepatocellular carcinoma (HCC) and death. Multivariable Cox proportional
hazards regression models were used to determine the association between diabetes and/or obesity
and outcomes.

Result: During a mean follow-up of 3 years, 10.1% patients died, 5.0% were newly diagnosed
with cirrhosis, 4.7% had a decompensation and 4.0% developed HCC. Diabetes was associated
with an increased risk of mortality (AHR=1.25, 95%CI 1.10-1.42), cirrhosis (AHR=1.31, 95%ClI
1.16-1.48), decompensation (AHR=1.74, 95%CI 1.31-2.31), and HCC (AHR=1.32, 95%CI 1.01-
1.72) among patients without baseline cirrhosis. Compared to normal-weight persons, obese
persons had a higher risk of cirrhosis, but overweight and obese persons had lower risk of
mortality and HCC.

Conclusion: In this large DAA-treated Veterans cohort, pre-DAA diabetes increases mortality
and liver-related events independent of SVVR. Continued vigilance is warranted in patients with
diabetes despite SVR. Elevated BMI categories appear to have improved outcomes, although
further studies are needed to understand those associations.

Keywords
Hepatitis C; direct-acting antivirals; diabetes; obesity; fatty liver

Introduction

Hepatitis C virus (HCV) infection can lead to hepatic fibrosis, cirrhosis and hepatocellular
carcinoma (HCC) [1]. The introduction of highly effective, well-tolerated direct-acting
antivirals (DAA) agents over the last 5 years has led to the eradication of chronic HCV
infection, known as sustained virologic response (SVR), in unprecedented numbers of
patients [2]. Although HCV eradication is associated with improved outcomes [3], patients
may develop adverse liver-related morbidity even after SVR, including cirrhosis,
complications of portal hypertension, and HCC [4,5]. Progression of liver disease after HCV
eradication may be related to ongoing liver injury from other etiologies including obesity,
diabetes and associated, unidentified non-alcoholic liver disease (NAFLD), thus mitigating
the benefit from viral eradication with DAAs [6].

Consistent with these concerns, some studies suggest that patients with HCV infection who
also have obesity or diabetes, have a higher risk of developing cirrhosis, decompensated
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cirrhosis and HCC [7]. However, little is known about the long-term effects of the presence
of diabetes and obesity in the era of DAA therapy for chronic HCV. The metabolic
syndrome, defined by the clustering of insulin resistance, obesity, dyslipidemia and
hypertension [8], has reached epidemic proportions [9]. NAFLD, the liver manifestation of
the metabolic syndrome, has increased in parallel and is now the most common cause of
liver disease in the United States [10]. Obesity and diabetes, which are central features of the
metabolic syndrome [11], and NAFLD likely play a role in the progression of liver-related
complications in the DAA post SVR era. In light of these trends, understanding how obesity
and/or diabetes affect liver disease progression in DAA-treated patients has key clinical
implications and will inform the intensity of clinical monitoring, HCC surveillance, and the
need for ongoing specialty care.

Accordingly, we aimed to determine whether diabetes and/or obesity are associated with
mortality and adverse liver-related outcomes (i.e., development of cirrhosis, decompensated
cirrhosis, and HCC) after antiviral treatment with DAAs in a national cohort of U.S.
Veterans treated for HCV.

The U.S. Veterans Health Administration is the largest integrated, nationwide healthcare
system in the U.S., providing healthcare to more than 8.9 million Veterans each year, at 168
Veteran Affairs (VA) Medical Centers, and 1053 outpatient clinics. Laboratory tests,
demographics, comorbidities, alcohol use questionnaires, pharmacy data and clinical
outcomes data were extracted from the VVA’s Corporate Data Warehouse (CDW), a national
data repository of VA electronic health records developed to facilitate research and quality
improvement.[12] This study was approved by the Institutional Review Board of the
Veterans Affairs Puget Sound Healthcare System.

Study population

We identified patients treated for chronic HCV infection with DAAs between 2013-2015
using VA pharmacy prescription data (n=38,093). We excluded patients who either died
within 180 days from the start of antiviral treatment (n=51), had fewer than 180 days of
available follow-up (n=52), or underwent liver transplantation prior to treatment (n=998).
We also excluded 1986 patients with missing SVR data and 174 patients with missing body
mass index (BMI) data. We defined SVR as a serum HCV RNA level below the lower limit
of detection at least 12 weeks after completion of HCV treatment. For patients who initiated
multiple DAA regimens, we analyzed only the first treatment (1358 regimens dropped),
leaving 33,474 patients in the current analysis. Patients were then followed retrospectively
from the time of initiation of antiviral treatment until 02/14/2019.

Definition of diabetes and obesity

The presence of type 2 diabetes, referred to as “diabetes” throughout the manuscript, was
defined by the International Classification of Diseases, 9™ revision (ICD-9) and ICD-10
codes for type 2 diabetes mellitus (T2DM) (ICD-9 250.00-250.92 and ICD-10 E11.00-E11.9
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and E13.00-E13.9) recorded at least twice in addition to either a measurement of
glycosylated hemoglobin (HbA1c) >6.5% or an active prescription of a diabetic medication
over the 12 months prior to antiviral treatment [13].

BMI prior to antiviral treatment, calculated using the measured weight (kg) divided by the
square of the measured height (meters), was used to categorize patients into underweight
(BMI <18.5 kg/m?), normal-weight (BMI 18.5 to <25 kg/m?), overweight (BMI 25 to <30
kg/m?), class | obesity (BMI 30 to <35 kg/m?), class I1-111 obesity (BMI > 35 kg/m?). Height
had a mean, median and maximum of 249, 104 and of 5677 number of days since
measurement, respectively, with 81% of measurements within 1 year prior of DAA
initiation. Weight had a mean, median and maximum of 49, 28 and 5466 number of days
since measurement with 98% within 1 year and 90% within 6 months of DAA initiation.

Baseline patient characteristics

Age, sex, race/ethnicity, HCV DAA regimen, receipt of prior antiviral treatment, HCV
genotype, and co-morbidities including hepatitis B virus (HBV) co-infection, human
immunodeficiency virus (HIV) co-infection, were extracted from medical charts. Medical
co-morbidities, listed in Supplemental Table 1, were included if documented at least twice
before initiating antiviral treatment based on ICD-9/1CD-10 codes. The Charlson
Comorbidity Index (Supplemental Table 2) was calculated using appropriate ICD-9/10 codes
to capture and adjust for the overall burden of comorbidities.[14] Platelet count, total
bilirubin, creatinine, aloumin, aspartate aminotransferase (AST)/Valanine aminotransferase
(ALT) ratio, international normalized ratio (INR), and hemoglobin values were extracted
from CDW as of the time of DAA initiation or within the preceding 3 months. The Model
for End Stage Liver Disease (MELD)[15], was calculated at the time of DAA treatment.
Alcohol use was assessed using the AUDIT-C questionnaire, a validated screening tool for
identifying unhealthy alcohol use (Supplemental Table 2). [16]

Outcomes: death and adverse liver-related outcomes

We identified outcomes that occurred during the time period starting at 180 days after DAA
initiation and extending through 02/14/2019. The first 180 days after DAA initiation were
excluded because DAA courses extend for 8-12 weeks with another 12 weeks or more after
completion required to ascertain SVR. Outcomes included death from any etiology,
development of cirrhosis, decompensated cirrhosis (defined as development of variceal
bleeding, hepatic encephalopathy, ascites, spontaneous bacterial peritonitis, hepatorenal
syndrome and hepatopulmonary syndrome), HCC, and receipt of liver transplantation. These
outcomes were defined using appropriate ICD-9/ICD-10 codes that were used and validated
in multiple prior studies [17] (Supplemental Table 1) recorded at least twice during follow-
up in inpatient or outpatient medical records.

Statistical analysis

Cox proportional hazards regression was used to assess for associations between obesity or
diabetes and overall mortality or each of the liver-related outcomes listed above, with or
without adjusting for potential confounders. We decided a priorito adjust multivariable Cox
proportional hazards models for the following potential confounders, which may be related
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to both the exposure (diabetes/obesity) and the outcomes (liver outcomes, death): SVR,
history of cirrhosis or decompensated cirrhosis or HCC, age, sex, race/ethnicity, HCV
genotype, HIV co-infection, HBV co-infection, Charlson Comorbidity Index, platelet count,
serum bilirubin, serum creatinine, serum albumin, serum AST/VALT ratio, blood INR, blood
hemoglobin levels. We conducted additional analyses in which the presence of baseline
diabetes or obesity (as defined by BMI = 30 kg/m?) were adjusted for in the models.
Survival analyses were stratified by the VA facility at which the antiviral treatment was
administered. Patients were retrospectively followed from the date 180 days after DAA
initiation until 02/14/2019 or the last day of follow-up, transplantation date or date of death,
whichever occurred first.

We analyzed the entire population as well as subdividing into clinically meaningful
subgroups defined by SVR or cirrhosis status. All patients were included in the analysis of
mortality. However, patients who already had a specific outcome before treatment were
excluded from the analysis of that outcome (e.g., patients diagnosed with cirrhosis at
baseline were excluded from the analysis of cirrhosis risk).

To assess interaction terms between obesity and diabetes in their associations with any of the
outcomes for any subgroups, we used a log-likelihood test of a full model (diabetes, obesity,
diabetes and obesity interaction and all other predictors used in the multivariate analysis)
versus a nested model (same as full model except without the interaction term).

Characteristics of study population

Of the 33,474 DAA-treated patients, 29,887 (89%) achieved SVR. The most common DAA
regimen was sofosbuvir/ledipasvir (58.1%) followed by paritaprevir/ritonavir/ombitasvir/
dasabuvir (19.1%), sofosbuvir (xdaclatasvir) (13.2%) and sofosbuvir/simeprevir (9.7%). The
average age of the cohort was 61.1 years (SD 6.5 years), with the majority being men
(96.8%) and non-Hispanic Whites (52.4%) (Table 1). The mean BMI was 28.2 kg/m? (SD
5.3 kg/m?2), 34.6% were obese, and 29.7% had diabetes. Nearly a quarter of the cohort had
previously been treated for chronic HCV and 31.7% carried a diagnosis of cirrhosis at the
start of treatment, with only a minority having at least one prior decompensation event
(8.1%).

Compared to patients without diabetes (n=23,209), those with diabetes (n=9,794) were more
likely to be older (62.3 vs 60.6, p<0.001) and non-Hispanic Black (42.4 vs 26.8, p<0.001).
They were more likely to have MELD scores = 9 (35.6 vs 27.3, p<0.001), have baseline
cirrhosis (40.4 vs 28, p<0.001), baseline HCC (3.3 vs 2.3, p<0.001) and FIB-4 scores = 3.25
(39.9 vs 33.8, p<0.001). Compared to patients without obesity (n=21,403), those with
obesity (n=11,600) were younger (60.5 vs 61.4, p<0.001), and more likely to have diabetes
(39.4 vs 24.4, p<0.001), MELD scores = 9 (32.4 vs 28.4, p<0.001), baseline cirrhosis (35.4
vs 29.6, p<0.001) and FIB-4 scores = 3.25 (36.5 vs 35.1, p<0.001).
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During a mean follow-up of 3.0 years after antiviral treatment (median of 3.0 and maximum
of 4.8 years), 3392 (10.1%) patients died, 1657 (5.0%) developed cirrhosis, 1569 (4.7%)
developed decompensated cirrhosis and 1325 (4.0%) were diagnosed with new HCC.

Diabetes: Associations with adverse liver outcomes or mortality

Patients with SVR—Among patients who achieved SVR, mortality over an average of 3
years of follow up among patients with diabetes was 11.6%. Cirrhosis, any decompensated
cirrhosis and HCC development was 5.2%, 5.4% and 3.7%, respectively.

In the multivariable model, compared to patients without diabetes, diabetes was significantly
associated with overall mortality (AHR=1.15, 95% CI 1.05-1.26), development of cirrhosis
(AHR=1.32, 95% CI 1.16-1.51) and decompensated cirrhosis (AHR=1.21, 95% CI 1.05-
1.38) but not HCC (Table 2, Figure 1).

Patients without pre-DAA cirrhosis—Among patients without baseline cirrhosis,
mortality among patients with diabetes was 9.6%. Cirrhosis, any decompensated cirrhosis
and HCC development was 9.6%, 2.2% and 2.0%, respectively. In the multivariable model,
diabetes was significantly associated with overall mortality (AHR=1.25, 95% CI 1.10-1.42),
cirrhosis (AHR=1.31, 95% CI 1.16-1.48), decompensated cirrhosis (AHR=1.74, 95% ClI
1.31-2.31) and HCC development (AHR=1.32, 95% CI 1.01-1.72), compared to patients
without diabetes. These findings are summarized in Table 2 and Figure 1.

We additionally assessed the associations between mortality and liver-related outcomes
among patients with baseline cirrhosis and found no significant associations. Among
patients who did not reach SVR, diabetes was associated with mortality (AHR=1.20, 95%
Cl 1.01-1.42) but not cirrhosis, decompensated cirrhosis or HCC development (Table 2,
Figure 1).

Obesity: Associations with adverse liver outcomes or mortality

Patients with SVR—Among patients who achieved SVR, mortality in the overweight
(BMI 25 to <30 kg/m?), obese | (BMI 30 to <35 kg/m?) and obese I1-111 (BMI >35 kg/m?)
categories was 7.7%, 8.8% and 11.1%, respectively. Among the same groups, development
of cirrhosis, any decompensated cirrhosis and HCC was 4.6%, 3.6% and 2.8% in the
overweight patients and 4.6%, 3.9% and 3.2% in patients with type | obesity and 5.0%, 5.1%
and 3.2% in patients with type I1-111 obesity, respectively.

In the multivariable model, the relationship between obesity categories and liver-related
outcomes and mortality varied. For example, overweight (BMI 18.5 to <25 kg/m?) patients
had a decreased risk for mortality (AHR=0.81, 95% CI 0.73-0.90) and HCC development
(AHR=0.75, 95% CI 0.62-0.89) compared to normal-weight persons. The risk for morality
but not HCC development was decreased in underweight patients (BMI<18.5 kg/m?)
(AHR=1.62, 95% CI 1.22-2.14). The risk for mortality was also decreased for obese | (BMI
30 to <35 kg/m?2) patients (AHR=0.88, 95% CI 0.78-0.99) compared to normal-weight
persons (Table 3, Figure 2). Obesity type 11-111 (BMI > 35 kg/m?) patients also had
decreased risk for HCC development (AHR=0.75, 95% CI 0.59-0.96). All BMI categories
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(BMI>25 kg/m?) were not significantly associated with cirrhosis or decompensated cirrhosis
development.

Patients without pre-DAA cirrhosis—Among patients without cirrhosis at baseline,
being overweight (BMI 18.5 to <25 kg/m?) was associated with overall mortality
(AHR=0.83, 95% CI 0.73-0.95), compared to normal-weight persons. Underweight patients
however (BMI1<18.5 kg/m?2), were at increased risk for mortality (AHR=1.76, 95% CI 1.29—
2.41), similarly to the post SVR patients. Obesity | was inversely associated with HCC
development (AHR=0.63, 95% CI 0.45-0.87). Obesity | and I1-111 categories were
associated with increased cirrhosis (AHR=1.18, 95% CI 1.01-1.38) and decompensated
cirrhosis (AHR=1.23, 95% CI 1.02-1.47), compared to normal-weight persons (Table 3).

Among patients with baseline cirrhosis, we found that overweight patients had a lower risk
of overall mortality and HCC development (AHR=0.79 and AHR=0.83, respectively).
Among patients who did not reach SVR, obesity | and 11-111 categories were associated with
decreased mortality and HCC development, respectively, compared to normal-weight
patients. Patients with obesity | and 11 had increased associations with cirrhosis development
(AHR=1.51 for both) (Table 3, Figure 2).

Associations between the presence of both diabetes and obesity and adverse liver
outcomes or mortality

Since diabetes and obesity are both features of the metabolic syndrome and closely linked,
we sought to determine their combined effects by creating the following categories:

1. “no diabetes-no obesity” (the reference category)

2. “diabetes-no obesity” (patients with diabetes and BM1<30 kg/m?),

3. “obesity-no diabetes” (patients with BMI=30 kg/m? and no diabetes),
4, “obesity-diabetes” (patients with BM1=30 kg/m? and diabetes), and

Among patients who achieved SVR, we found that patients with diabetes alone (*diabetes-
no obesity”) were at increased risk of cirrhosis (AHR=1.39, 95% CI 1.18-1.63) and
decompensated cirrhosis (AHR=1.28, 95% CI 1.08-1.52) compared to patients without
obesity and diabetes (“no diabetes-obesity”) (Table 4). Obesity alone (“obesity-no diabetes”)
was not associated with mortality and liver-related outcomes. Patients with both diabetes and
obesity (“obesity-diabetes™) were at increased risk for mortality (AHR=1.18, 95% CI 1.05-
1.32) and cirrhosis development (AHR=1.41, 95% CI 1.18-1.68), compared to those without
obesity or diabetes. Similarly, we found that among patients who did not have cirrhosis at
baseline, diabetes alone (“diabetes-no obesity™) increased the risk of mortality (AHR=1.19,
95% ClI 1.02-1.39), cirrhosis (AHR=1.39, 95% CI 1.20-1.62) and decompensated cirrhosis
(AHR=2.81, 95% CI 1.55-3.06), compared to patients without obesity and diabetes
(“diabetes-no obesity™). Patients with obesity alone (“obesity-no diabetes”) had an increased
risk of cirrhosis development (AHR=1.16, 95% CI 1.01-1.33) but not HCC, decompensated
cirrhosis or mortality. Patients with both diabetes and obesity (“obesity-diabetes™) had an
increased risk of cirrhosis (AHR=1.42, 95% CI 1.22-1.67) and decompensated cirrhosis
development (AHR=1.71, 95% CI 1.18-2.47) compared to those without diabetes or obesity
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(Table 4). We assessed for interaction terms between obesity and diabetes in their
associations with any of the four outcomes in the subgroups and found no statistically
significant interactions (Supplemental Table 4).

Discussion

HCYV eradication reduces, but does not eliminate the risk of cirrhosis, cirrhosis
decompensation, HCC and mortality [3,5,18]. Determining factors associated with
progressive liver disease after HCV treatment has important clinical implications, including
the need for continued post-treatment monitoring for cirrhosis development and
complications of cirrhosis and HCC. This large, national cohort study of US Veterans with
prolonged follow up after HCV treatment had several important findings that could inform
post-DAA clinical care.

First, diabetes significantly increased the risk of mortality, cirrhosis and decompensated
cirrhosis even in patients who achieved SVR. Diabetes was also associated with an increased
risk of HCC in patients without cirrhosis at baseline and in those without HCV SVR.
Second, compared to normal weight persons, overweight and obese persons had a lower risk
of mortality and HCC, in contrast to our a priori hypotheses. Third, obesity was associated
with a higher risk of development of cirrhosis. Overall, these findings support the continued
close monitoring and screening for liver disease progression of HCV DAA-treated patients,
particularly those with diabetes at baseline.

Diabetes increases risk of mortality and liver-related outcomes

Our results show that diabetes at the time of DAA treatment for HCV presents an important
diagnosis to consider as it was associated with significant increased risks for poor outcomes.
These include increased risk of mortality, cirrhosis and decompensation and HCC in those
without SVR or baseline cirrhosis, as well as overall mortality in those who achieved SVR.
These findings have key clinical implications in the DAA era and suggest that patients with
baseline diabetes constitute a population at risk for liver-related complications and should be
monitored closely for the development of worsening fibrosis or cirrhosis, liver-related
complications and HCC. These patients may therefore benefit from continued care of liver-
subspecialists after treatment with DAAs.

Corroborating our findings, a smaller study by Hung et al. showed that diabetes was a
significant risk factor for overall morality, liver-related mortality and the development of
HCC in patients treated with interferon-based therapy without baseline cirrhosis (at a
median follow up of 4.4 years) [19]. Similarly, Kanwal et al. also showed that in a \eteran
population with virological cure of chronic HCV, diabetic patients had twice the risk of
developing HCC (AHR=2.13, 95% CI 1.11-4.12), compared to those without diabetes [20].

The precise mechanism underlying this association remains unclear. For instance, diabetes is
a known risk factor for cardiovascular disease, which could contribute substantially to
overall mortality. Furthermore, diabetes among patients with HCV could predispose to
underlying NAFLD, which drives an increased risk of worsening fibrosis, liver-related
mortality and HCC. We were unable to determine cause of death and etiology of new
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cirrhosis diagnoses as part of this study, precluding assessment of these questions. However,
we did find that if patients had cirrhosis at the start of therapy, having a diagnosis of diabetes
did not impact their risk of mortality and liver-related outcomes, suggesting that cirrhosis is

a stronger driver for complications compared to diabetes alone.

Others have suggested that DAA-induced HCV cure could improve insulin resistance, which
may mitigate the effect of baseline diabetes on liver-related complications.[21] While we did
not aim to measure insulin resistance changes with DAA-based HCV therapy, our study
suggests that any improvement in insulin resistance from SVR with DAAs may not be
sufficient to alter clinical outcomes, at least in the follow up time period we evaluated. As
has been suggested by Garcia-Compean et al., it is conceivable that once insulin resistance
has been initiated by HCV, it activates a cascade of diabetogenic mechanisms that are
independent of the presence or absence of the virus [22]. Longer follow up times are needed
to determine if these effects persist or resolve with time.

Obesity is associated with higher risk of cirrhosis but lower risk of HCC and overall

mortality

We observed that patients with obesity had a decreased risk of mortality and HCC
development after DAA treatment. There are several potential explanations for these
findings. First, patients with a high BMI (considered obese by our definition) may represent
a group without sarcopenia. Given that patients with sarcopenia (potentially captured by the
“normal weight” reference group in our study) have poor liver-related outcomes [23], it
would not be surprising to see that patients with a higher weight would have less adverse
outcomes, and could potentially be “healthier”. This is consistent with the “underweight”
category having increased risk of overall mortality, who may represent a group of patients
with severe sarcopenia. Interestingly, the underweight category patients did not have an
increased risk of HCC, suggesting that the increased mortality association is independent of
HCC development. Interestingly, the underweight category patients did not have an
increased risk of HCC, suggesting that the increased mortality association is independent of
HCC.

Second, it could be that more severe liver disease or occult HCC could be leading to weight
loss, thus driving the increased complications and mortality in the “normal weight” group.
However, we are less concerned about the possibility of reverse causality, particularly due to
advanced liver disease, given the adjustment for baseline cirrhosis, decompensation and
MELD labs in our multivariable models. Third, confounding factors including increased use
of statins or other chemopreventive agents in the obese group, could lower the risk of HCC
and death in these patients [24].

Although BMI is widely used as a surrogate for obesity, it may not reflect metabolic health
accurately [25], especially in the cirrhosis patient population where sarcopenia can occur
with normal weight [26]. Measurement of sarcopenia, muscle mass and distribution of
adipose tissue (visceral/intra-abdominal versus subcutaneous) would be needed to further
ascertain this association, however this is not commonly measured in clinical practice and
could therefore not be assessed as part of this study [27]. Future work to distinguish between
visceral/intra-abdominal versus subcutaneous adipose tissue could help us further
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understand the risk of obesity in patients with cirrhosis. We therefore conclude that although
obesity by standard definitions is important to understand in context of liver disease
progression, it remains complex and needing further characterizations.

While our study is strengthened by its large, national cohort of HCV patients with prolonged
post-treatment follow-up, it has some limitations. First, our findings may not be
generalizable to women as the majority of VA patients are male. Second, no liver histology
or radiographic data were assessed to determine what percent of patients with obesity and
diabetes have underlying NAFLD and/or NASH as a contributing factor. Third, given the
retrospective nature of the study, residual confounders of the association between exposure
and outcome may be present.

Implications and future directions

Our study has important clinical implications as it represents the largest HCV DAA-treated
cohort of patients with detailed metabolic features and long-term outcomes. We found that
patients cured of chronic HCV with diabetes should be followed closely for the development
of any adverse outcomes. Many patients undergoing HCV treatment do not have cirrhosis at
baseline and it remains unclear who deserves close monitoring and/or continued follow-up
in hepatology clinic. These data suggest that patients with baseline diabetes deserve vigilant
monitoring given their increased risk for new diagnosis of cirrhosis and development of
liver-related complications. The specific means and frequency of follow-up in these patients
remains unclear, particularly given that many non-invasive tools to monitor steatosis/fibrosis
have not been validated in HCV patients who have achieved SVR [28]. Future research
could assess the clinical value and cost-effectiveness of various means and frequency of
post-SVR monitoring among patients with diabetes.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1- Forest plot of the hazard ratios for mortality and liver-related outcomes in patients

with diabetes compared to pati

ents without diabetes.

The left side of the plot demonstrates the sub-group analyses in patients with SVR, no SVR,
baseline cirrhosis and without baseline cirrhosis (no cirrhosis). Outcomes are labeled on the

right side of the plot.
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Figure 2- Forest plot of the adjusted hazard ratios for mortality and liver-related outcomes in

patients with different categories of BMI.

Panels A, B and C depict overweight (BMI 25-30 kg/m?2), type | obesity (BMI 30-35
kg/m?) and type 11-111 obesity (BMI > 35 kg/m?) categories for patients (left side, top to
bottom): 1. Reached SVR; 2. Did not reach SVR; 3. With baseline cirrhosis; 4. Without

baseline cirrhosis, for all outcomes (labeled on the right).

Dig Dis Sci. Author manuscript; available in PMC 2022 July 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Benhammou et al. Page 15
Table 1.
Baseline Characteristics of HCV-infected Veterans who Initiated DAA-only Treatment for HCV
DIABETES OBESITY (BMI =230)

Characteristics N;I';;zI? 4 N:\S(f; 49 N:gIB(,)GZS P-value™ N:Tf;gg N:;ll?875 P-value™
Age, years (meanSD) 61.146.5 | 62.3+5.2 | 60.6+6.9 <0.001 60.5+6.2 | 61.4+6.6 <0.001
Male (%) 96.8 97.6 96.5 <0.001 96 97.2 <0.001
Race/ethnicity (%0) <0.001 0.15

White, non-Hispanic 52.4 41.8 56.8 52.8

Black, non-Hispanic 32.7 42.4 28.7 32.4

Hispanic 54 6.4 5 55

Other 1.7 1.7 17 1.6

Declined/missing 7.7 7.7 7.7 7.7
HCV genotype (%) <0.001 0.02

1 83.8 86.2 82.8 83.2 84.1

2 9 7.9 9.4 9.6 8.6

3 51 4 5.6 5 5.2

4 0.8 0.8 0.8 0.7 0.8

Missing 13 11 14 15 1.2
Prior antiviral treatment (%) 23.4 27.4 21.7 <0.001 26.3 21.9 <0.001
Diabetes (%) 29.4 100.00.0 <0.001 39.4 24.1 <0.001
BMI, kg/m? (mean+SD) 28.145.4 | 29.7+#5.6 | 27.5%5.2 <0.001 33.9+4.1 | 25.0+2.9 <0.001
BMI, kg/m? (%) <0.001

<18.5 (underweight) 14 0.6 1.8 - -

18.5 to<25 (normal weight) 23.9 15.6 27.4 - -

25 to <30 (overweight) 40 37.4 411 - -

30 to <35 (type | obesity) 23.2 28.8 20.9 - -

> 35 (type Il & El obesity) 115 17.6 8.9 - -
HBV co-infection (%) 1.2 13 1.2 0.3 11 13 0.21
HIV co-infection (%0) 44 3.9 4.6 0.01 25 5.4 <0.001
Unhealthy alcohol use ™ (%) 9.8 6.2 11.4 <0.001 7.8 10.9 <0.001
Charlson Comorbidity Index (%0) <0.001 <0.001

0 18.2 13.4 20.3 18 18.4

1 329 9.5 42.7 30 344

2 18.2 26.9 145 19.3 175

>2 30.7 50.3 225 32.6 29.7
Cirrhosis (%) 315 40.3 27.8 <0.001 354 29.4 <0.001
Decompensated cirrhosis (all indications) (%) 0.1 0.1 0.1 0.03 0.1 0.1 0.11
Decompensated cirrhosis (any indication) (%) 8.1 113 6.8 <0.001 9.3 75 <0.001
Pre-treatment HCC (%) 2.6 33 2.3 <0.001 23 2.7 <0.01
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DIABETES OBESITY (BMI 230)

‘o Total Yes No * Yes No *
Characteristics N=33474 | N=9,849 | N=23,625 | P-value" | n=ji509 [ N=21,875 | P-value
MELD Score = 9 (%) 29.8 356 272 <0.001 324 28.4 <0.001
FIB-4 score 23.25 355 39.8 337 <0.001 365 35 <0.01

BMI: body mass index. HBV: hepatitis B virus. HIV: human immunodeficiency virus. HCC: hepatocellular carcinoma. HCV: hepatitis C virus

*
P-value considered statistically significant if <0.05.

*ok

AUDIT-C= 3 in women, AUDIT-C = 4 in men
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Association of baseline (i.e. pre-treatment) type 2 diabetes with mortality and liver-related outcomes by SVR
(YES/NO) and presence of baseline cirrhosis (YES/NO)

Mortality HCC Cirrhosis Decompensated cirrhosis
Adj. Adj. Adj. Adj. Adj. Adj. Adj. Adj.
HR HR HR HR
HR® | HRT HR® | HRT HR™ | HRT HR® | HRT
PATIENTS WITH SVR
No
Diabetes 1 1 1 1 1 1 1 1 1 1 1 1
1.49 1.14 1.15 1.39 1.07 1.09 1.54 1.36 1.32 1.74 1.21 121
Diabetes | (1.37- | (.04~ | o5~ | @21- | ©92- | 093 | (38~ | (119- | (@16~ | (@.55- | (1.06- | (1.05-
1.61) 1.25) 1.26) 1.59) 1.25) 1.28) 1.73) 1.55) 1.51) 1.96) 1.38) 1.38)
PATIENTS WITH NO SVR
No
Diabetes 1 1 1 1 1 1 1 1 1 1 1 1
1.27 1.16 1.20 1.37 1.18 1.24 1.50 1.28 1.20 122 0.99 0.99
Diabetes (1.10- (0.98- (1.01- (1.13- (0.95- (0.99- (1.19- (0.96- (0.90- (1.00- (0.80- (0.79-
1.48) 1.37) 1.42) 1.66) 1.47) 1.56) 1.89) 1.71) 1.61) 1.48) 1.24) 1.23)
PATIENTS WITH CIRRHOSIS
o 1 1 1 1 1 1 N/A N/A N/A 1 1 1
Diabetes
1.15 1.09 1.10 1.05 1.04 1.06 1.09 1.04 1.04
Diabetes | (1.04- | (0.98- | (0.99- | (0.92- | (0.90- | (0.92- N/A N/A N/A 097- | (0.92- | (0.92-
1.26) 1.21) 1.22) 1.20) 1.20) 1.23) 1.22) 1.18) 1.18)
PATIENT WITHOUT CIRRHOSIS
No
Diabetes 1 1 1 1 1 1 1 1 1 1 1 1
154 1.20 1.25 1.40 1.23 1.32 1.55 1.35 131 2.09 1.79 1.74
Diabetes | (1.39- | (1.06- | (1.10- | (12- | 094~ | @o1- | @40- | @a20- | @16~ | (67— | (1.36- | (1.31-
1.71) 1.36) 1.42) 1.75) 1.60) 1.72) 1.71) 1.52) 1.48) 2.62) 2.35) 2.31)

HR: Hazard ratio, Adj. HR: Adjusted Hazard Ratio

*

Adjusted for SVR, history of cirrhosis or decompensated cirrhosis or HCC, age, sex, race/ethnicity, HCV genotype, HIV co-infection, HBV co-
infection, Charlson Comorbidity Index, platelet count, serum bilirubin, serum creatinine, serum albumin, serum AST/NVALT ratio, blood INR, blood
hemoglobin levels

#

Adjusted for obesity and diabetes as well as all the characteristics listed above
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Association of baseline (i.e. pre-treatment) BMI categories with mortality and liver-related outcomes by SVR
(YES/NO) and presence of baseline cirrhosis (YES/NO)

Mortality HCC Cirrhosis Decompensated cirrhosis
Adj. Adj. | Adj. Adj. | Adj. Adj.
HR 1 * HR HR HR i t
AdjHR™ | Rt HR* | HRT HR* | HRT HR* | Ad-HR
PATIENTS WITH SVR
Underweight 1.72 1.59 1.62 0.64 0.66 0.66 0.83 0.73 0.76 0.50 0.71 0.74
<185 9 (1.34- (1.20- | (1.22- | (0.32- | (0.29- | (0.29- | (0.50- | (0.41- | (0.43- | (0.23- | (0.33- (0.35-
: 2.22) 2.10) 2.14) | 1.30) | 1.48) | 150) | 1.37) | 1.30) | 1.36) | 1.05) | 1.51) 1.57)
Normal
Weight 18.5 1 1 1 1 1 1 1 1 1 1 1 1
to<25
Overweight 0.80 0.82 0.81 0.87 0.75 0.75 1.13 1.15 1.13 1.05 1.03 1.01
75 to <3g (0.73- (0.74- | (0.73- | (0.74- | (0.63- | (0.62- | (0.98- | (0.99- | (0.97- | (0.89- | (0.87- (0.86-
0.88) 0.91) 0.90) | 1.04) | 090) | 0.89) | 1.30) | 1.34) | 1.31) | 1.22) | 1.20) 1.20)
Obese 1 30 0.90 0.90 0.88 1.00 0.85 0.84 1.18 1.18 1.13 1.13 1.00 0.97
10 <35 (0.81- (080- | (0.78- | (0.83- | (0.70- | (0.69- | (1.01- | (0.99- | (0.95- | (0.95- | (0.83- | (0.81-
1.01) 1.01) 0.99) | 1.21) | 1.03) | 1.02) | 1.38) | 1.40) | 1.34) | 1.35) | 1.20) 1.17)
Obese 11 & 114 1.04 1.01 1.00 0.77 0.75 141 1.28 1.19 1.48 1.07 1.02
11 >35 (1.00- (0.91- (0.88- | (0.79- | (0.60- | (0.59- | (1.17- | (1.04- | (0.97- | (1.22- | (0.87- (0.83-
1.29) 119) | 115) | 1.26) [ 098) | 096) | 171) | 157) | 146) | 1.81) | 1.32) 1.26)
PATIENTS WITH NO SVR
Underweight 0.89 0.94 0.94 0.85 0.96 0.92 1.33 2.10 2.14 0.99 0.92 0.92
<185 9 (0.44- (0.46- (0.46- | (0.31- | (0.35- | (0.33- | (0.48- | (0.74- | (0.76- | (0.36- | (0.33- (0.33-
: 1.81) 1.93) 1.94) | 231) | 263) | 254) | 364) | 5.94) | 6.06) | 2.69) | 2.54) 2.55)
Normal
Weight 18.5 1 1 1 1 1 1 1 1 1 1 1 1
t0<25
Overweight 0.86 0.83 0.81 114 0.93 0.91 1.39 1.26 1.25 114 0.94 0.95
25 10 <3g 0.72- (0.68- (0.66- | (0.89- | (0.72- | (0.69- | (1.02- | (0.90- | (0.89- | (0.87- | (0.71- (0.71-
1.04) 1.01) 1.00) | 1.46) | 1.22) | 119) | 1.90) | 1.76) | 1.74) | 1.48) | 1.26) 1.26)
Obese 1 30 0.82 0.80 0.77 0.92 0.73 0.70 1.58 1.55 151 117 0.90 0.90
0 <35 (0.67- (0.64- (0.62- | (0.70- | (0.54- | (0.52- | (1.14- | (@.10- | (1.06- | (0.89- | (0.66- | (0.66-
1.00) 0.99) 0.96) | 1.21) | 0.98) | 095) | 2.19) | 219) | 213) | 1.55) | 1.22) 1.22)
Obese Il & 0.80 0.74 0.71 0.97 0.71 0.67 1.81 1.58 151 1.65 1.15 1.15
111 35 (0.63- (0.57- (055- | (0.72- | (0.50- | (0.47- | (1.25- | (1.06- | (1.01- | (1.23- | (0.83- (0.83-
1.01) 0.96) 0.93) | 1.33) | 1.00) | 095) | 2.62) | 235 | 227) | 2.22) | 1.58) 1.59)
PATIENTS WITH CIRRHOSIS
. 1.08 1.04 1.05 0.75 0.62 0.62 0.53 0.58
nderweioht | o8- | (05~ | (@65~ | (035~ | (026~ | 026 | nA | nA | NA | 23 | (026- o 3651932)
: 1.71) 1.68) 1.69) | 1.60) | 1.52) | 152) 1.18) | 1.32) 0%
Normal
Weight 18.5 1 1 1 1 1 1 N/A N/A N/A 1 1 1
to<25
Overweight 0.77 0.80 0.79 0.90 0.84 0.83 0.95 0.96 0.96
2510 <3g (0.68- (0.70- (0.70- | (0.76- | (0.70- | (0.70- | N/A N/A N/A | (0.82- | (0.82- (0.82-
0.87) 0.91) 0.91) | 1.06) | 1.00) | 0.99) 1.10) | 1.13) 1.12)
Obese | 30 0.83 0.86 0.85 0.96 0.87 0.86 0.97 0.93 0.93
to.<35 (0.72- (0.75- (0.74- | (0.80- | (0.72- | (0.72- | N/A N/A N/A | (0.82- | (0.78- (0.78-
0.95) 0.99) 0.98) | 1.15) | 1.05) | 1.04) 1.14) | 1.11) 1.11)
Obese 11 & 0.97 0.98 0.96 0.87 0.73 0.72 117 1.01 1.00
11535 (0.84- (0.83- (0.82- | (0.70- | (0.58- | (057- | N/A N/A N/A | (0.97- | (0.83- (0.82-
1.13) 1.15) 1.13) | 1.09) | 0.92) | 0.91) 1.40) | 1.22) 1.21)
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Mortality HCC Cirrhosis Decompensated cirrhosis
Adj. Adi. | Adi. Adi. | Adi. Adi.
HR i HR® HR HR HR ——
A HR™ Rt HR* | HRY HR* | HRT HR® | Ad-HR
PATIENT WITHOUT CIRRHOSIS
Underweiatt | 202 171 176 | 078 | o089 | 092 | 087 | 087 | 090 | 128 | 13 1.43
orpeeiat | qso- | (125~ | (129~ | (032- [ (036~ | (037- | (056~ [ (053~ | (055~ | (052- | (052~ | (057
: 2.68) 2.35) 241) | 191) | 219) | 227) | 137) | 144) | 149) | 319) | 331) 3.58)
Normal
Weight 18.5 1 1 1 1 1 1 1 1 1 1 1 1
to<25
. 0.79 083 [ 078 [ 073 | o7 | 115 | 116 | 114 | 111 | 117 112
Syerwerdht | (.70~ 0'83(907';4‘ ©73- | ©61- | ©55- | ©54- | (Loi- | (Loi- | (0.99- | (0.82- | (085- | (0.81-
0.90) : 095) | 101) | 095 | 094) | 130) | 133) | 1.30) | 150) | 1.63) 1.56)
Obese 1 30 0.86 0.91 087 | 065 | o066 | 063 | 124 | 123 | 118 | 115 | 111 1.00
obese 07| 7 | 075 | 048 | 04a7- | 045 | @wos- | @wos- | wor- | 081~ | ©76- | (0.68-
0.99) 1.06) 101) | 089) | 0.91) | 087) | 143) | 143) | 138) | 161) | 161 1.46)
obese & | 101 0.94 088 | 083 [ 073 | 068 | 150 | 131 | 123 | 190 | 158 1.36
opese. ©s86- | (078 | ©73- | 057- | ©49o- | a6~ | @27- | @1o- | @oz- | @3- | 2os- | (0.90-
1.20) 1.13) 1.07) | 121) | 108) | 1.02) | 177) | 157) | 147) | 2585 | 236) 2.04)

HR: Hazard Ratio, Adj. HR: Adjusted Hazard Ratio

*
Adjusted for SVR, history of cirrhosis or decompensated cirrhosis or HCC, age, sex, race/ethnicity, HCV genotype, HIV co-infection, HBV co-
infection, Charlson Comorbidity Index, platelet count, serum bilirubin, serum creatinine, serum albumin, serum AST/VALT ratio, blood INR, blood

hemoglobin levels

fAdjusted for obesity and diabetes as well as all the characteristics listed above.
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Table 4-

Association between obesity alone, diabetes alone or both diabetes and obesity

Page 20

Mortality HCC Cirrhosis Decompensated cirrhosis
HR Adj. HR” HR Adj. HR" HR Adj. HR® HR Adj. HR®
PATIENTS WITH SVR
No Diabetes No 1 1 1 1 1 1 1 1
Obesity
Diabetes, No 1.47 (1.32- | 1.12(1.00- | 1.37(1.14- | 1.04 (0.85- | 1.60 (1.38- | 1.39 (1.18- | 1.90 (1.62- | 1.28 (1.08-
Obesity 1.63) 1.26) 1.64) 1.27) 1.85) 1.63) 2.21) 1.52)
e No 1.02 (0.92- | 1.03(0.92- | 1.04(0.87- | 095(0.78- | 113098~ | 1.10(0.94- | 1.251.07- | 1.05(0.88-
Diabetes 1.14) 1.15) 1.25) 1.14) 1.31) 1.28) 1.47) 1.25)
Diabetes AND 153 (1.37- | 1.18(1.05- | 1.44(1.19- | 1.07(0.87- | 1.60 (1.37- | 1.41(1.18- | 1.84(1.56- | 1.17 (0.98-
obesity 1.70) 1.32) 1.73) 1.31) 1.87) 1.68) 2.17) 1.40)
PATIENTS WITHOUT SVR
No Diabetes No
Obesity 1 1 1 1 1 1 1 1
Diabetes, No 138 (L.14- | 117 (094 | 1.42(1.20- | 1.21(0.91~ | 1.68 (1.23- | 1.40 (0.95- | 1.49 (1.15- | 1.03(0.77-
Obesity 1.68) 1.45) 1.82) 1.60) 2.31) 2.04) 1.94) 1.39)
Obesity 0.90 (0.74- | 0.84(0.68- | 0.81(0.63- | 0.72(0.55- | 1.44(1.08- | 1.44 (1.07- | 1.46 (1.15- | 1.07 (0.83
BMI230, No R et Sl Iaed Sl Bt § Sl el el Bl vl Bt =l B o
Diabetes 09) 03) -06) 95) 90) 94) -85) 38)
Diabetes AND 1.09 (0.89- | 1.02(0.82- | 1.16(0.90- | 0.91(0.68- | 1.72 (1.26- | 1.50 (1.04- | 1.32 (1.01- | 1.01(0.75-
obesity 1.33) 1.27) 1.51) 1.23) 2.35) 2.16) 1.73) 1.36)
PATIENTS WITH CIRRHOSIS
No Diabetes No
Obesity 1 1 1 1 N/A N/A 1 1
Diabetes, No 118 (1.04- | 1.08(0.94- | 1.00(0.84- | 1.01(0.83- NIA NIA 1.16 (1.00- | 1.05(0.90-
Obesity 1.34) 1.24) 1.19) 1.21) 1.35) 1.24)
Obesity
1.04 (0.92- | 1.02(0.89- | 0.94(0.80- | 0.88 (0.73- 1.15(0.99- | 1.00 (0.85-
BMI1=30, No N/A N/A
Disbetes 1.19) 1.17) 1.12) 1.05) 1.33) 1.17)
Diabetes AND 1.15(1.01- | 1.12(0.97- | 1.07 (0.90- | 0.98 (0.81- NIA NIA 113 (0.96- | 1.03(0.87-
obesity 1.31) 1.29) 1.27) 1.18) 1.32) 1.21)
PATIENTS WITHOUT CIRRHOSIS
No Diabetes No
Obesity 1 1 1 1 1 1 1 1
Diabetes, No 1.46 (1.28- | 1.19(1.02- | 1.42(1.07- | 1.28(0.93- | 1.62(1.41- | 1.39(1.20- | 2.33 (1.73- | 2.18 (1.55-
Obesity 1.67) 1.39) 1.88) 1.77) 1.85) 1.62) 3.14) 3.06)
Obesity 0.88 (0.77- | 0.94(0.81- | 0.74 (055~ | 0.78 (0.57- | 1.21(1.06- | 1.16 (1.01- | 1.35(0.99- | 1.31(0.94-
BMI30, No '181' ) '1(()9' B '180' B ‘1(()8‘ B '157' - '153' B '1533' B '1§34'
Diabetes 1) 09) 00) 08) 37) 33) 83) 84)
Diabetes AND 152 (1.32- | 1.17(1.00- | 1.16(0.84- | 1.01(0.71- | 1.66 (1.44— | 1.42 (1.22- | 2.25(1.65- | 1.71(1.18-
obesity 1.75) 1.37) 1.60) 1.45) 1.91) 1.67) 3.08) 2.47)

HR: Hazard ratio, Adj. HR: Adjusted Hazard Ratio

*
Adjusted for SVR, history of cirrhosis or decompensated cirrhosis or HCC, age, sex, race/ethnicity, HCV genotype, HIV co-infection, HBV co-
infection, Charlson Comorbidity Index, platelet count, serum bilirubin, serum creatinine, serum albumin, serum AST/VALT ratio, blood INR, blood

hemoglobin levels

*Kk
Obesity defined as BMI = 30 kg/m2
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