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Background. There are limited data on clinical outcomes of hepatitis C virus (HCV) infection from low- and middle-income
countries. We characterize mortality and liver disease progression in a cohort of people who inject drugs (PWID) with high HCV
burden.

Methods. In a cohort of PWID in Chennai, India, 851 persons were observed semiannually. Information on death was obtained
through verbal autopsy and liver disease progression, which was defined as an incident liver stiffness measurement of ≥12.3 kPa if it
was <12.3 at baseline. Poisson and Cox regression were used to identify factors associated with mortality and disease progression,
respectively.

Results. At baseline, 36.9% of cases were infected with HCV, 16.7% were infected with human immunodeficiency virus (HIV),
71.6% had no or mild stiffness, 14.9% had moderate stiffness, and 13.5% had severe stiffness or cirrhosis. Mortality was significantly
higher among those with moderate (mortality rate ratio [MRR] = 2.31) and severe stiffness (MRR = 4.86) at baseline, those with on-
going substance use, those who were HIV monoinfected and not on antiretroviral therapy (ART) (MRR = 6.59), and those who were
HIV/HCV coinfected regardless of ART status (MRR for no ART = 5.34; MRR for ART = 4.51). Of those with no or mild stiffness,
25.9% and 6.4% had evidence of progression to moderate and severe stiffness or cirrhosis, respectively; 38.3% of those with moderate
stiffness had evidence of progression to severe stiffness or cirrhosis. Factors associated with progression included age, alcohol use,
body mass index, and chronic HCV infection.

Conclusions. We observed significant morbidity and mortality primarily driven by untreated HIV, HIV/HCV coinfection, and
alcohol use. Even with improved access to HIV treatment, in the absence of HCV treatment, outcomes are unlikely to improve for
HIV/HCV-coinfected persons.
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Hepatitis C virus (HCV) infection affects 185 million persons
worldwide, with the vast majority living in low- and middle-
income countries (LMICs) [1]. Hepatitis C virus infection
becomes persistent in approximately 75% of those infected
and can lead to progressive fibrosis, cirrhosis, hepatocellular
carcinoma, and premature mortality. Although newly available
direct-acting antivirals have dramatically improved cure rates,

especially in individuals with limited disease (>95%) [2–8],
these will not be accessible to all immediately [9, 10].

Progression of HCV has been consistently associated with older
age at infection, male sex, obesity, insulin resistance and diabetes,
heavy alcohol consumption, hepatitis B virus (HBV) coinfection,
and human immunodeficiency virus (HIV)-associated immu-
nosuppression [11–13]. Other more inconsistently associated
factors include HCV genotype, cigarette smoking, and cannabis
smoking [13, 14].However, most longitudinal studies have been
conducted in high-income settings among white subjects
[11–15]. Little data exist from LMICs and Asian subjects who
have different comorbidities, coinfections, and environmental
characteristics, all of which may accelerate liver fibrosis progres-
sion and/or complicate treatment. Understanding factors asso-
ciated with disease progression and mortality will be critical for
prioritizing treatment.

India has an estimated population prevalence of HCV of
1%–2% [16]. We have previously demonstrated high burden
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of HCV, HIV, and HBV infection in a cohort of current and for-
mer PWID in southern India [17, 18]. In this study, we charac-
terize long-term outcomes of HCV and associated coinfections
and comorbidities in this same cohort.

METHODS

Study Population
As previously described, the Chennai HIV, HCV and Eeral
(Liver Disease) Study (CHHEERS) was established to character-
ize the burden and cofactors of liver disease among HIV- and
HCV-infected PWID in Chennai, India [18]. In brief, we re-
cruited a convenience sample of PWID through community
outreach. Participants had to be ≥18 years old, provide in-
formed consent, report a history of drug injection in the prior
5 years, and have no intention of migrating for 2 years. Between
February 2012 and July 2015, 1324 participants were screened,
1062 were eligible, and 1042 were enrolled. In the latter cohort, a
convenience sample of 860 (83%) were enrolled in longitudinal
follow up, and 778 have thus far completed at least 1 follow-up
visit (90.5%). Compared to those enrolled in follow up, those
not enrolled were significantly less likely to be infected
with HIV and HCV and more likely to report heavy alcohol
consumption.

Study Procedures
Human immunodeficiency virus-negative and HIV-positive
participants not on antiretroviral therapy (ART) were observed
semiannually, and HIV-positive participants on ART had
additional quarterly visits. At semiannual visits, participants
underwent a blood draw and a questionnaire that collected in-
formation on sociodemographics, substance use, and HIV,
HCV, and HBV testing and treatment history. A nurse collected
information on medications, clinical history, and vital signs,
and a physician looked for signs of liver disease, conducted an-
thropometric measurements, and performed a liver stiffness
assessment. At baseline, participants also underwent liver ultra-
sound for steatosis and a fasting blood draw.

Assessments
Transient elastography was performed using FibroScan
(EchoSens, Paris, France) [19]. In brief, this technology involves
pulse-echo ultrasonography acquisitions, which measure the
velocity of a shear wave propagated through the liver. Results
are instantaneously received as a single, quantitative variable
of liver stiffness measurement (LSM), reported in kilopascals
(kPa). Three operators who were trained and certified by the
manufacturer performed assessments with a single device. Ex-
aminations with ≥10 discrete valid measurements, success rate
≥60% (number of valid divided by the total number of mea-
surements), and limited variability (interquartile range [IQR]
of measures divided by the median value ≤30%) were considered
valid [20]. Of the 4666 FibroScan assessments, 4568 (97.9%)
were valid. Ultrasound was performed by a radiologist using a

high-resolution B-mode ultrasonography system (Logic 400;
GE, Milwaukee, WI) as previously described [18] and graded ac-
cording to standard criteria into mild, moderate, and severe [21].

Human immunodeficiency virus serostatus was determined
using double enzyme-linked immunosorbent assay (ELISA) test-
ing (Murex HIV-1.2.O, Abbott Murex, UK and Vironostika HIV
Uni-form II Ag/Ab, Biomérieux, The Netherlands). CD4+ count
was estimated using the FlowCARE PLG CD4 (CD45-FITC/
CD4-PE) assay (Beckman Coulter, Brea, California) and HIV-
1-ribonucleic acid (RNA) with RealTime HIV-1 assay (Abbott
Laboratories, Abbott Park, Illinois) in samples from HIV-posi-
tive participants. HCV antibody testing was performed using
the Genedia HCV ELISA 3.0 (Green Cross Medical Science,
Chungbuk, Korea). Hepatitis C virus RNA was ascertained
using the RealTime HCV assay (Abbott Molecular Inc., Des
Plaines, Illinois) in samples from HCV-positive participants.
Chronic HBV infection was measured by presence of hepatitis
B surface antigen (Hepanostika HBsAg Uniform II; Biomérieux,
Zaltbommel, The Netherlands). Plasma glucose, triglycerides,
total cholesterol, including high-density lipoprotein cholesterol
and low-density lipoprotein cholesterol, were measured using
an enzymatic methods (Olympus AU400; Olympus Diagnostica,
Tokyo, Japan). Plasma insulin was measured by immunoassay
(ELISA) using a Bioscience kit (Monobind kit; Monobind Inc.,
Lake Forest, California). Homeostasis model assessment-esti-
mated insulin resistance score was calculated as (fasting plasma
glucose [mmol/L] × fasting insulin [μU/mL]/22.5).

Mortality
Information on death and cause was obtained through reports
from other participants and field workers who actively tracked
participants within 1 month of a missed visit through locator
information. Self-reported information from family or network
members (verbal autopsy) was used to classify cause of death;
no death registry is available in India. Cause was grouped into
the following categories: acquired immune deficiency syndrome
(AIDS) related, drug related, accidental, liver related, other
chronic disease related, and nonspecific (cause not known).

Statistical Analysis
The mortality analysis included persons enrolled in longitudi-
nal follow up who had a valid baseline LSM (n = 851). Mortality
rates per 100 person-years (PY) were calculated. Person-time at
risk was calculated between enrollment and either date of death
or the last contact date. For participants with whom staff were
able to maintain regular contact (even if visits were missed), this
date was May 1, 2016 (analysis date). For participants who could
not be contacted (n = 54, 6.3%), person-time at risk was time be-
tween enrollment and the last study visit. Characteristics of per-
sons were compared by liver stiffness using Fisher’s exact tests for
categorical variables and Kruskal-Wallis tests for continuous var-
iables. Persons were classified as either having no/mild stiffness
(LSM < 8.5 kPA), moderate stiffness (8.5–12.3 kPA), or severe
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stiffness/cirrhosis (≥12.3 kPA) based on established cutoffs [22–
24]. Factors associated with all-cause mortality were examined
using Poisson regression.We considered fixed (eg, demographics,
liver stiffness at baseline) and time-varying (HIV, HCV, drug, al-
cohol use, and liver stiffness) covariates. Factors were considered
for multivariable models based on prior evidence and statistical
associations in univariable models (P < .10). Variables were re-
tained in final models if associated with either outcome at
P < .05. Population attributable fractions (PAFs) were calculated
for a simplified multivariate model [25].

To characterize liver disease progression among those with
no/mild or moderate stiffness, we used survival analysis methods
(n = 663). Persons were observed until they developed the out-
come, severe stiffness/cirrhosis (≥12.3 kPA), or were censored
at their last study visit. Sensitivity analyses were performed
(1) removing the additional quarterly visits for HIV-positive per-
sons on ART, (2) excluding LSM where a concomitant liver en-
zyme measurement was elevated >200 IU/L, and (3) restricting
analysis to only individuals with no/mild stiffness at baseline
and defining no/mild stiffness as having 2 LSM< 8.5 kPA. In pre-
vious studies, it has been demonstrated that having 2 consistent
low measurements is associated with higher negative predictive
value [23]. The purpose of this final analysis was to rule out mis-
classification of disease progression. Analyses were conducted in
Stata, version 13.0 (StataCorp, College Station, Texas).

Ethical Clearances
This study was approved by the Johns Hopkins and YRGCARE
Institutional Review Boards.

RESULTS

At baseline, the median age was 39. All patients were male, and
55.8% had primary school education or less. Although 94.5% of
patients reported a history of injecting heroin, only 14.3% report-
ed injection in the 6 months before enrollment. A total of 90.6%
of patients reported a lifetime history of marijuana use, and
95.4% reported a history of cigarette smoking. At baseline, the
median number of cigarettes smoked daily was 10; 34.6% report-
ed drinking 7 or more drinks per day, and 53.6% had evidence of
alcohol dependence on Alcohol Use Disorders Identification Test
(AUDIT). One hundred forty-two (16.7%) patients were infected
with HIV, 47.9% of whomwere on ART. Three hundred fourteen
(36.9%) patients were HCV antibody positive: 78.0% were chron-
ically infected and 11 (3.4%) reported HCV treatment.

At baseline, 609 (71.6%) had no/mild stiffness, 127 (14.9%)
had moderate stiffness, and 115 (13.5%) had severe stiffness/
cirrhosis. Those with higher stiffness were older, had longer
injection duration, were more likely to have a history of phar-
maceutical drug injection, and consumed more alcohol per
day (P < .05 for all) (Table 1). Those with severe stiffness/cir-
rhosis were significantly more likely to have chronic HCV
and HIV/HCV coinfection (P < .0001). This group was also

significantly more likely to have signs and/or symptoms of
liver disease, elevated liver enzymes, insulin resistance, steatosis,
and lower cholesterol levels.

Mortality
Across a median of 2.16 years (IQR, 1.33–3.53), 91 persons died
(mortality rate, 4.36 per 100 PY; 95% confidence interval [CI],
3.55–5.35). Among the 91 deaths, cause of death could not be
determined in 58 (63.7%) patients. Among the 33 patients with
a cause determination, 10 (30.3%) died of a liver-related cause, 9
(27.3%) died of some other chronic condition, 3 (9.1%) died of an
HIV/AIDS-related cause, 8 (24.2%) died of an ‘accidental’ cause,
and 3 (9.1%) died of a drug-related cause. Mortality was signifi-
cantly higher among those with baseline severe stiffness/cirrhosis
(11.93 per 100 PY vs 2.45 per 100 PY, P < .001; mortality rate
ratio [MRR], 4.86; 95% CI, 3.02–7.82) (Figure 1) and moderate
stiffness (5.68 per 100 PY; MRR, 2.31; 95% CI, 1.31–4.08) com-
pared with those with no/mild stiffness. When considering time-
varying liver stiffness, mortality was significantly higher among
those with severe but not moderate stiffness (Table 2, Figure 1A).

In univariable analysis, mortality was also associated with on-
going drug injection (MRR, 2.71; 95% CI, 1.31–5.59), alcohol
dependence (MRR, 2.68; 95% CI, 1.68–4.30) (Table 2), HCV in-
fection regardless of whether the persons had cleared (MRR,
2.26; 95% CI, 1.46–3.50) or were chronically infected (MRR,
2.37; 95% CI, 1.50–3.75), and HIV (MRR, 3.15; 95% CI, 2.08–
4.77). Associations among chronic HCV, HIV, and mortality
differed by whether an individual was on ART. Among those
who were HIV negative, HCV infection was associated with
higher mortality (MRR, 1.78; 95% CI, 1.02–3.09) (Table 2, Fig-
ure 1B). Being HIV positive and not on ART was associated
with significant mortality risk that did not differ by whether a
person was HCV coinfected (MRR, 5.16; 95% CI, 2.73–9.76) or
not (MRR, 6.45; 95% CI, 2.83–14.7). However, among HIV-
positive persons on ART, mortality was significantly increased
among those who were HCV coinfected (MRR, 3.76; 95% CI,
1.88–7.53) but not those who were HIV monoinfected (MRR,
1.91; 95% CI, .79–4.59). All associations persisted in multivar-
iable analysis (Table 2). Associations between chronic HCV in-
fection and mortality were attenuated after adjustment for
severe stiffness/cirrhosis, which remained an independent pre-
dictor (adjusted MRR, 5.46; 95% CI, 3.24–9.20). In a multivar-
iate model that included independent effects of these factors
(Table 3), the PAFs were as follows: active injection drug
use (6.3%), alcohol use (32.5%), HIV (32.3%), and cirrhosis
(35.3%). The association of HCV with mortality in this model
was almost entirely explained by cirrhosis. In a model that did
not include cirrhosis, the PAF for HCV was 21.3%.

Liver Stiffness Progression
Over a median of 2.35 years, among 548 of those with baseline
no/mild stiffness, 142 (25.9%) had at least 1 subsequent mea-
surement consistent with moderate stiffness and 35 (6.4%)
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Table 1. Baseline Characteristics of Study Population by Liver Stiffness (n = 851)a

Characteristics No/Mild Stiffness (n = 609) Moderate Stiffness (n = 127) Severe Stiffness (n = 115) P Valueb Total

Median age 37 (31–44) 40 (34–45) 44 (39–48) <.001 39 (32–45)

Male 609 (100) 127 (100) 115 (100) — 851 (100)

Education

None or primary 350 (57.5) 67 (52.8) 58 (50.4) .503 475 (55.8)

Secondary 95 (15.6) 18 (14.2) 16 (13.9) 129 (15.2)

High School 103 (16.9) 24 (18.9) 26 (22.6) 153 (18.0)

Vocational/University/Graduate 61 (10.0) 18 (14.2) 15 (13.0) 94 (11.1)

Median monthly income, rupees 6000 (4000–9000) 6000 (4000–8000) 6000 (3000–10 000) .409 6000 (4000–9000)

Injection duration (years) 12 (7–19) 15 (9–20) 18 (13–23) <.001 14 (8–20)

Lifetime drug injection

Heroin 576 (94.6) 118 (92.9) 110 (95.7) .642 804 (94.5)

Stimulants 3 (0.5) 2 (1.6) 0 (0) .291 5 (0.6)

Buprenorphine 342 (56.2) 81 (63.8) 93 (80.9) <.001 516 (60.6)

Other prescription opiates 129 (21.2) 38 (29.9) 37 (32.2) .010 204 (24.0)

Sedatives 270 (44.3) 64 (50.4) 71 (61.7) .002 405 (47.6)

Injection drug use in prior 6 mo 97 (15.9) 15 (11.8) 10 (8.7) .089 122 (14.3)

Lifetime noninjection drug use

Marijuana

Heroin 547 (89.8) 116 (91.3) 108 (93.9) .41 771 (90.6)

Stimulants 326 (53.5) 75 (59.0) 91 (79.1) <.001 492 (57.8)

Buprenorphine 111 (18.2) 27 (21.3) 33 (28.7) .038 171 (20.1)

Other prescription opiates 70 (11.5) 11 (8.7) 13 (11.3) .696 94 (11.1)

Sedatives 321 (52.7) 72 (56.7) 67 (58.3) .444 460 (54.1)

Median cigarettes smoked daily 8 (4–15) 10 (4–12) 10 (5–16) .226 10 (4–15)

Drinks per day

None 96 (15.8) 19 (15.0) 14 (12.2) .02 129 (15.2)

1–4 156 (25.6) 30 (23.6) 34 (29.6) 220 (25.9)

5–6 166 (27.3) 23 (18.1) 19 (16.5) 208 (24.4)

7 or more 191 (31.4) 55 (43.3) 48 (41.7) 294 (34.6)

AUDIT category

No/mild alcohol use 191 (31.4) 33 (26.0) 26 (22.6) .089 250 (29.4)

Harmful/hazardous alcohol use 110 (18.1) 19 (15.0) 16 (13.9) 145 (17.0)

Alcohol dependence 308 (50.6) 75 (59.0) 73 (63.5) 456 (53.6)

HIV and treatment status

Negative 509 (83.6) 104 (81.9) 90 (78.3) .131 703 (82.6)

Positive and no ART 45 (7.4) 16 (12.6) 13 (11.3) 74 (8.7)

Positive on ART 51 (8.4) 6 (4.7) 11 (9.6) 68 (8.0)

HIV infection/CD4 count (cells/mm3)

HIV negative 509 (83.6) 104 (81.9) 90 (78.3) .047 703 (82.6)

HIV positive, ≥200 14 (2.3) 2 (1.6) 9 (7.8) 25 (2.9)

HIV positive, <200 82 (13.5) 20 (15.8) 15 (13.0) 117 (13.8)

HCV infection

HCV antibody negative 414 (68.0) 73 (57.5) 33 (28.7) <.001 520 (61.1)

HCV antibody positive, RNA neg 56 (9.2) 5 (3.9) 8 (7.0) 69 (8.1)

HCV antibody positive, RNA pos 129 (21.2) 47 (37.0) 69 (60.0) 245 (28.8)

HIV/HCV infection

HIV negative, HCV RNA negative 418 (68.6) 69 (54.3) 37 (32.2) <.001 524 (61.6)

HIV positive, HCV RNA negative 49 (8.1) 9 (7.1) 4 (3.5) 62 (7.3)

HIV negative, HCV RNA positive 83 (13.6) 34 (26.8) 50 (43.5) 167 (19.6)

HIV positive, HCV RNA positive 46 (7.6) 13 (10.2) 19 (16.5) 78 (9.2)

Ever HCV treatmentc 5 (2.6) 2 (3.8) 4 (4.9) .569 11 (3.4)

Alternative medications for HIVd 3 (3.1) 0 (0) 0 (0) 1.000 3 (2.1)

Alternative medications for HCVc 3 (1.6) 2 (3.8) 2 (2.5) .429 7 (2.2)

HBsAg positive 34 (5.6) 12 (9.5) 12 (10.4) .061 58 (6.8)

History of tuberculosis 99 (16.3) 15 (11.8) 23 (20.0) .224 137 (16.1)

History of dengue 4 (0.7) 0 (0) 0 (0) 1.000 4 (0.5)

History of chikungunya 47 (7.7) 8 (6.3) 10 (8.7) .834 65 (7.6)

History of malaria 63 (10.3) 13 (10.2) 14 (12.2) .882 90 (10.6)
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Table 1 continued.

Characteristics No/Mild Stiffness (n = 609) Moderate Stiffness (n = 127) Severe Stiffness (n = 115) P Valueb Total

Signs or symptoms of liver disease 84 (13.8) 15 (11.8) 35 (30.4) <.001 134 (15.8)

Median body mass index, kg/m2 19.5 (17.7–22.5) 20.9 (18.2–23.6) 20.6 (18.4–24.6) .007 19.8 (17.9–23.0)

Median ALT, mg/dL 23 (15–39) 42 (24–82) 62 (31–103) <.001 28 (16–54)

Median AST, mg/dL 29 (23–47) 61 (32–107) 84 (56–157) <.001 35 (24–71)

Median GGT, mg/DL 32 (21–64) 69 (35–197) 176 (77–335) <.001 40 (23–109)

Median platelet count 221 (183–273) 202 (171–243) 158 (112–210) <.001 213 (170–261)

Median total cholesterol, mg/dL 170 (140–199) 168 (138–203) 151 (123–188) .006 169 (138–198)

Median HOMA IR 1.12 (0.60–2.11) 1.33 (0.59–2.55) 1.9 (0.72–4.15) <.001 1.22 (0.59–2.42)

Steatosis

Normal 295 (48.4) 44 (34.7) 42 (36.5) .006 381 (44.8)

Mild 241 (39.6) 59 (46.5) 51 (44.4) 351 (41.3)

Moderate 73 (12.0) 24 (18.9) 22 (19.1) 119 (14.0)

Data are presented as n (%) or median (interquartile range); percentages may not add to 100% due to missing data.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; AUDIT, Alcohol Use Disorders Identification Test; GGT, gamma-glutamyl transferase; ART, antiretroviral therapy;
HBsAg, surface antigen of the hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; HOMA IR, homeostasis model assessment-estimated insulin resistance score; neg,
negative; pos, positive; RNA, ribonucleic acid.
a 851 with valid FibroScan scores at baseline among those enrolled in longitudinal follow-up.
b Fisher’s exact test for categorical variables and Kruskal–Wallis for continuous variables.
c Among HCV antibody positives.
d Among HIV antibody positives.

Figure 1. (A) Mortality rates per 100 person-years by liver stiffness at baseline and over follow-up. (B) Mortality rates per 100 person-years by human immunodeficiency virus
(HIV), hepatitis C virus (HCV), and antiretroviral therapy (ART) status.
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had 1 measurement consistent with severe stiffness/cirrhosis.
Among 115 of those with baseline moderate stiffness, 44
(38.3%) had a subsequent measurement consistent with severe
stiffness/cirrhosis. Among 101 of those with baseline severe

stiffness/cirrhosis, the median maximal stiffness score over
follow up was 26.3 kPA (IQR, 16.8–37.4 kPA). In univariable
analysis, among 663 patients with no/mild or moderate stiffness
at baseline, factors associated with progression to severe

Table 2. Correlates of Mortality Among People Who Inject Drugs in Chennai, India (n = 851)

Characteristics Unadjusted MRR (95% CI) Multivariable Model 1: aMRR (95% CI) Multivariable Model 2: aMRR (95% CI)

Age (scaled by 10 y) 1.25 (.98–1.58) 1.34 (1.02–1.75) 1.17 (.87–1.56)

Education

None REF

Primary school 0.81 (.47–1.39)

Secondary school 0.85 (.42–1.73)

High school 0.78 (.42–1.45)

Vocational/University/Graduate school 0.50 (.20–1.25) — —

Injection duration (scaled by 10 y) 1.17 (.90–1.51) — —

Injection drug use in prior 6 mo 2.71 (1.31–5.59) 2.68 (1.28–5.62) 3.26 (1.54–6.90)

AUDIT category

No/mild alcohol use REF REF REF

Harmful/hazardous alcohol use 1.07 (.63–1.81) 1.44 (.82–2.54) 1.41 (.78–2.52)

Alcohol dependence 2.68 (1.68–4.30) 3.33 (2.03–5.46) 3.01 (1.80–5.03)

Hepatitis B antibody positive 1.40 (.70–2.79) — —

HCV infection 2.26 (1.46–3.50) — —

HCV infection, RNA

HCV antibody negative REF

HCV antibody positive, RNA negative 1.83 (.94–3.57)

HCV antibody positive, RNA positive 2.37 (1.50–3.75) — —

HIV positive 3.15 (2.08–4.77) — —

HIV infection/HIV RNA (copies/mL)

HIV negative REF

HIV positive, undetectable 0.63 (.15–2.60)

HIV positive, 40–1000 3.16 (1.43–6.95)

HIV positive, 1000–10 000 3.93 (1.69–9.14)

HIV positive, >10 000 4.39 (2.71–7.13) — —

HIV infection/CD4 count (cells/mm3)

HIV negative REF

HIV positive, ≥200 2.30 (1.43–3.71)

HIV positive, <200 9.23 (5.12–16.7) — —

HIV infection and ART use/ HCV RNA

HIV negative, HCV RNA negative REF REF REF

HIV positive not on ART, HCV RNA negative 6.45 (2.83–14.7) 6.59 (2.87–15.1) 7.58 (3.29–17.5)

HIV positive on ART, HCV RNA negative 1.91 (.79–4.59) 2.15 (.87–5.35) 2.15 (.85–5.41)

HIV negative, HCV RNA positive 1.78 (1.02–3.09) 1.76 (.99–3.10) 0.87 (.46–1.68)

HIV positive not on ART, HCV RNA positive 5.16 (2.73–9.76) 5.34 (2.82–10.1) 3.37 (1.69–6.69)

HIV positive on ART, HCV RNA positive 3.76 (1.88–7.53) 4.51 (2.20–9.25) 2.70 (1.26–5.77)

Baseline liver stiffness

No/mild REF

Moderate 2.31 (1.31–4.08)

Severe 4.86 (3.02–7.82) — —

Liver stiffness

No/mild REF REF

Moderate 1.50 (.77–2.94) 1.34 (.67–2.68)

Severe 4.95 (3.15–7.78) — 5.46 (3.24–9.20)

Steatosis

Normal REF

Mild 0.95 (.60–1.49)

Moderate 1.43 (.79–2.60) — —

Abbreviations: aMRR, adjusted mortality ratio; AUDIT, Alcohol Use Disorders Identification Test; CI, confidence interval; ART, antiretroviral therapy; HCV, hepatitis C virus; HIV, human
immunodeficiency virus; MRR, mortality rate ratio; REF, reference; RNA, ribonucleic acid.
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stiffness/cirrhosis included longer injection duration (hazard
ratio [HR], 1.44; 95% CI, 1.14–1.82), longer cigarette smoking
duration (HR, 1.35; 95% CI, 1.10–1.66), higher body mass index

(BMI) (HR per 2 kg/m2, 1.15; 95% CI, 1.05–1.25), mild (HR vs
none, 2.06; 95% CI, 1.25–3.39) and moderate steatosis (HR vs
none, 2.24; 95% CI, 1.10–4.55), and chronic HCV (HR, 3.85;
95% CI, 2.40–6.19) (Table 4). Among those not HCV coinfected,
HIV was not significantly associated with progression risk even
among those not on ART (HR, 2.13; 95% CI, .52–8.68). Risk
was elevated among those with chronic HCVand was comparable
among those who were HIV uninfected (HR, 4.26; 95% CI, 2.50–
7.26), HIV infected not on ART (HR, 3.95; 95% CI, 1.70–9.14),
and HIV infected on ART (HR, 5.49; 95% CI, 2.74–11.0). The
risk of progression also increased with higher baseline stiffness
(HR, 1.61; 95% CI, 1.44–1.79). In multivariable adjustment,
all associations persisted. Moreover, after adjustment, the
association between alcohol dependence and cirrhosis risk
became statistically significant (HR, 2.14; 95% CI, 1.22–
3.75). These associations were attenuated after adjustment
for baseline stiffness measures, and associations rendered
with BMI and alcohol use were nonstatistically significant.

Table 3. Population Attributable Fractions (PAF) for Mortality

Characteristics

Model 1 Model 2

MRR (95% CI) PAF MRR (95% CI) PAF

Age (scaled by 10 y) 1.10 (.83–1.46) — 1.29 (.99–1.69) —

Alcohol usea 2.31 (1.47–3.64) 32.5% 2.36 (1.53–3.64) 33.0%

Injection drug use in
prior 6 mo

2.96 (1.42–6.17) 6.3% 2.64 (1.27–5.48) 5.6%

Chronic HCV 0.95 (.58–1.55) −2.8% 1.68 (1.08–2.60) 21.3%

HIV positive 3.75 (2.38–5.91) 32.3% 3.19 (2.05–4.99) 29.3%

Cirrhosis 5.02 (3.12–8.10) 35.3% — —

Abbreviations: AUDIT, Alcohol Use Disorders Identification Test; CI, confidence interval;
HCV, hepatitis C virus; HIV, human immunodeficiency virus; MRR, mortality rate ratio.
a At least harmful/hazardous on AUDIT.

Table 4. Predictors of Progression to Severe Stiffness/Cirrhosis Among People Who Inject Drugs (PWID) in Chennai, India (n = 663)

Characteristics Unadjusted HR (95% CI) Adjusted HR (95% CI) Adjusted HR (95% CI)

Age (scaled by 10 y) 1.33 (1.08–1.64) 1.21 (.91–1.61) 1.08 (.79–1.49)

AUDIT category

No/mild alcohol use REF REF

Harmful/hazardous alcohol use 0.68 (.38–1.20) 0.98 (.50–1.91) —

Alcohol dependence 1.60 (.94–2.71) 2.14 (1.22–3.75)

Injection duration (scaled by 10 y) 1.44 (1.14–1.82) — —

Injection drug use in prior 6 mo 1.33 (.41–4.31) — —

Cigarette smoking duration (scaled by 10 y) 1.35 (1.10–1.66) — —

Cigarette smoking in prior 6 mo 0.88 (.54–1.44) — —

Used marijuana in prior 6 mo 0.64 (.40–1.03) — —

HBsAg positive 0.67 (.25–1.82) — —

HCV infection, RNA

HCV antibody negative REF

HCV antibody positive, RNA negative 0.54 (.16–1.83) — —

HCV antibody positive, RNA positive 3.85 (2.40–6.19)

HIV infection/CD4 count (cells/mm3)

HIV negative REF

HIV positive, ≥200 1.54 (.93–2.56) — —

HIV positive, <200 2.61 (.91–7.50)

HIV infection and ART use/ HCV RNA

HIV negative, HCV RNA negative REF REF REF

HIV positive not on ART, HCV RNA negative 2.13 (.52–8.68) 2.21 (.51–9.53) 1.44 (.32–6.49)

HIV positive on ART, HCV RNA negative 1.15 (.35–3.80) 1.11 (.30–4.03) 1.04 (.28–3.88)

HIV negative, HCV RNA positive 4.26 (2.50–7.26) 3.83 (2.26–6.50) 2.58 (1.46–4.56)

HIV positive not on ART, HCV RNA positive 3.95 (1.70–9.14) 4.49 (1.98–10.2) 2.05 (.85–4.97)

HIV positive on ART, HCV RNA positive 5.49 (2.74–11.0) 6.28 (3.16–12.5) 5.79 (2.67–12.6)

Baseline liver stiffness score (by 1 unit) 1.61 (1.44–1.79) — 1.61 (1.43–1.81)

Body mass index (by 2 kg/m2) 1.15 (1.05–1.25) 1.18 (1.08–1.28) —

HOMA IR > 2 1.52 (.96–2.39) — —

Steatosis

Normal REF

Mild 2.06 (1.25–3.39) — —

Moderate 2.24 (1.10–4.55)

Abbreviations: AUDIT, Alcohol Use Disorders Identification Test; ART, antiretroviral therapy; HBsAg, surface antigen of the hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency
virus; HOMA IR, homeostasis model assessment-estimated insulin resistance score; HR, hazard ratio from Cox proportional hazards model; REF, reference; RNA, ribonucleic acid.
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Results were similar in all sensitivity analyses (Supplementary
Tables).

DISCUSSION

In this relatively young population with high HIV and HCV
prevalence and substantial liver disease burden, we observed
high mortality over a relatively short period of time. Moreover,
in this same time span, a large proportion of individuals with
mild stiffness appeared to experience at least some disease pro-
gression. We identified several modifiable and nonmodifiable
factors associated with both mortality and disease progression
reflecting a combination of behavioral factors and disease status.

Longitudinal cohorts characterizing clinical outcomes among
PWID derive primarily from the United States andWestern Eu-
rope. In a meta-analysis of 67 cohort studies of PWID, 14 of
which were from LMICs [15], mortality was 2.35 per 100 PY
and mortality among PWID was approximately 15 times higher
than comparable general population settings. Cohorts from
Asia demonstrated the highest mortality at 5.25 per 100 PY
[15]. Although AIDS and drug overdose represented the prima-
ry drivers of mortality [15], non-AIDS mortality was higher
among LMIC than non-LMIC settings; however, only 5 studies
from LMICs had cause of death data [26]. In a previous study,
we demonstrated that mortality among a cohort of PWID in
Chennai, India from 2005 to 2008 was 4.25 per 100 PY [27].
In this prior cohort, mortality risk was overwhelmingly driven
by HIV infection; those with a CD4 < 200 cells/mm3 had mor-
tality rates that were 34.5 times higher than those who were
HIV-uninfected.

Seven years later in a comparable cohort, mortality has not
declined appreciably and drug use and HIV infection remain
important drivers; however, we are now seeing increased mor-
tality associated with HIV/HCV coinfection and alcohol use.
Overall, 51.3% of those with a CD4 < 350 cells/mm3 (current el-
igibility threshold for India) reported using ART. Mortality risk
for those on ART differed by whether individuals were HCV co-
infected. On the one hand, those without HCV had comparable
mortality rates with those who were HIV/HCV uninfected. On
the other hand, those on ART with HCV coinfection had a >4-
fold increased mortality risk—a risk that was comparable to
HIV monoinfected persons not on ART. Efforts need to contin-
ue to focus on engaging and retaining PWID in HIV care
through strategies such as patient navigators, incentives, and
other supportive interventions. However, these data suggest
that even if ART access improves, mortality will remain elevated
among those with HIV/HCV coinfection in the absence of ef-
forts to reduce HCV burden.

Some of this association between HIV/HCV and mortality was
explained by higher prevalence of severe stiffness/cirrhosis. Not
surprisingly, severe stiffness/cirrhosis was associated with higher
mortality risk as was moderate stiffness at baseline, in part due to
high risk of progression to severe stiffness/cirrhosis among this

group. Moreover, hepatitis C treatment in this cohort was negli-
gible. In India, as in many countries, access to curative therapies
remains challenging. Sofosbuvir, ledipasvir, and daclatasvir are li-
censed in India, and generic versions are being produced by phar-
maceutical companies. The cost of therapy, although lower than
that in developed country settings (approximately $1000), is still
too high for most. Although the Indian government provides free
ART, there are no systems in place to provide free HCV therapy.

Hepatitis C virus treatment will be critical for those who have
already progressed to severe stiffness/cirrhosis. However, the
fact that even those with moderate stiffness had elevated mor-
tality is concerning. Overall, 38% of those with moderate stiff-
ness at baseline had evidence of progression to severe stiffness/
cirrhosis, and 28% of those with mild stiffness at baseline had
evidence of progression to moderate or severe stiffness/cirrho-
sis. There are few longitudinal data on liver stiffness, particular-
ly from LMICs [28], but our data are suggestive of more rapid
disease progression in some subgroups than what has been seen
in developed settings. In studies among persons infected with
HCV or HBV in Europe, progression ranged from 11% to
17.5% over 4–5 years [29], which is substantially lower than
that found in our study. Although some of this progression
might reflect misclassification of initial disease status, it still
points to a substantial disease burden.

Aside from HIV and HCV, a key driver of adverse out-
comes in this cohort was alcohol use. We have previously dem-
onstrated declines in drug injection in Chennai with reciprocal
increases in alcohol use [30]. The burden in this population is
striking; 53.6% had evidence of dependence, and 34.6% report-
ed drinking >7 drinks per day at baseline. Across follow up with
repeated counseling on the harms of alcohol use, 41.9% of those
with evidence of dependence at baseline reported some reduc-
tion in intake. However, relapse into dependency was not infre-
quent. At the most recent follow-up visit, 7.3% of patients
reported alcohol dependence and 7.8% reported drinking
more than 7 drinks a day. Additional efforts are clearly needed
to promote sustained reductions in alcohol use particularly
among those with HCV infection. Even with expanded HCV
treatment, persons will still be at risk for adverse outcomes if
they do not reduce alcohol intake.

Several limitations should be acknowledged. Approximately
10% of individuals enrolled in the longitudinal follow-up compo-
nent of this study were lost, and there were differences in those
lost with respect to HIV and HCV status and alcohol use, factors
associated with mortality and disease progression. However,
these rates (approximately 5% per year) are comparable to
other PWID cohort studies, and there did not appear to be dif-
ferences with respect to the stage of liver disease among those
who were lost versus those who had some follow up. Misclassifi-
cation of liver stiffness is also possible given that we did not have
biopsies for confirmation and that we observed substantial pro-
gression particularly among those with moderate stiffness at
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baseline. However, sensitivity analyses that focused on those with
no/mild stiffness at baseline revealed comparable results. Fibro-
Scan has been validated previously in India [24, 31, 32];moreover,
the strong associations between increasing stiffness and mortality
represent further validation. We did not have information on
HCV genotype infection, and although we have previously dem-
onstrated a predominance of genotype 3 infection in a compara-
ble cohort in India, it is unclear whether the genotype of infection
is somehow related to progression [33]. Finally, we did not have
complete data on cause of death because no death registries are
available in India. Moreover, because there are limitations to
using verbal autopsy to define cause, the data on cause of
death should be interpreted with caution.

CONCLUSIONS

In conclusion, we observed significant mortality in this cohort
of PWID that was primarily driven by untreated HIV, HIV/
HCV coinfection, and alcohol use. Efforts are needed to engage
PWID in HIV care and treatment. However, in the absence of
HCV treatment, morbidity and mortality outcomes are unlikely
to improve dramatically for persons coinfected with HIV and
HCV.

Supplementary Data
Supplementary material is available online at Open Forum Infectious Diseases
online (http://OpenForumInfectiousDiseases.oxfordjournals.org/).
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