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Shruti H. Mehta, PhD
Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore,
Maryland

Abstract

Background: Hepatitis C virus (HCV) infection can be cured, and the United States has joined
the World Health Organization in calling for HCV elimination by 2030. However, historically low
uptake of HCV treatment among people who inject drugs (PWID) threatens HCV elimination and
exacerbates social and racial health disparities.

Objective: To assess whether all-oral HCV treatments were accessed by PWID and reduced liver
disease burden and mortality.

Design: Community-based, longitudinal cohort study of persons with a history of injection drug
use.

Setting: Baltimore, Maryland.

Participants: 1323 participants enrolled in the ALIVE (AIDS Linked to the Intra\Venous
Experience) study from 2006 to 2019 and chronically infected with HCV.

Measurements: Liver stiffness measures (LSMs) by transient elastography, HCV RNA, and
mortality from the National Death Index.

Results: Among 1323 persons with evidence of chronic HCV infection at baseline, the median
age was 49 years. Most were Black (82%), male (71%), and HIV-negative (66%). The proportion
in whom HCV RNA was detected decreased from 100% in 2006 to 48% in 2019. Across 10 350
valid LSMs, cirrhosis was detected in 15% of participants in 2006, 19% in 2015, and 8% in 2019.
Undetectable HCV RNA was significantly associated with reduced odds of cirrhosis (adjusted
odds ratio, 0.28 [95% CI, 0.17 to 0.45]) and reduced all-cause mortality risk (adjusted hazard ratio,
0.54 [CI, 0.38t0 0.77]).

Limitation: Noninvasive markers of liver fibrosis have not been validated in persons with
sustained virologic response.

Conclusion: Many community-based PWID in Baltimore are receiving HCV treatment, which is
associated with sharp decreases in liver disease and mortality. Additional efforts will be needed to
reduce residual barriers to treatment and to eliminate HCV as a public health threat for PWID.

Primary Funding Source: National Institutes of Health.

Advances in curative hepatitis C virus (HCV) treatments prompted the World Health
Organization and the U.S. Department of Health and Human Services to call for the
elimination of hepatitis C as a public health threat by 2030 (1-3). Because more than 95%

of persons who are treated are cured, achieving the elimination target of a 65% reduction in
HCV-related mortality requires identification and cure of infected persons (4). One model
estimated that identifying at least 90% of HCV-infected persons and treating 80% of them

is necessary to reduce mortality by 65%, but whether those projections will be realized is
unclear (5, 6). However, several observational studies have reported a strong protective effect
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of HCV cure and all-cause mortality in patients chronically infected with HCV with varying
liver disease burden (7-9).

In the United States and many high-income regions, most persons chronically infected with
HCV are people who currently or formerly injected drugs (PWID). Long-standing structural
barriers impede access to HCV testing and treatment among PWID (10). Because they

are disproportionately uninsured or covered under Medicaid, restrictions on HCV treatment
reimbursement based on liver disease severity have limited HCV treatment opportunities

for PWID in many states (11). They also have a disproportionate burden of comorbidities,
such as HIV and alcohol use disorder, that may substantially alter the net effect of HCV
treatment on mortality (12). Thus, because injection drug use is the primary method of HCV
transmission in the United States (13), plans for HCV elimination must incorporate HCV
treatment uptake and its link with mortality.

Since 1988, we have been recruiting and following a community-based cohort of PWID

in Baltimore, Maryland. Within that cohort, we have shown the high burden of HCV
infection, the natural history of disease, and the effect of alcohol use and HIV infection on
HCV-related cirrhosis and mortality (12, 14-16). In 2006, we added semiannual structured
assessments of liver fibrosis by the most valid method available: liver stiffness measures
(LSMs) via transient elastography (12). Because the cohort is community-based and no
treatments are provided, it is the ideal setting to investigate whether the treatment uptake
target for HCV elimination is being realized among PWID and to reassess the links among
treatment uptake, liver disease burden, and mortality.

Setting and Participants

Data originated from participants enrolled in the ALIVE (AIDS Linked to the IntraVenous
Experience) study, a community-recruited cohort of former and current PWID living in or
near Baltimore (17). Eligibility criteria included being aged at least 18 years and having a
history of injecting drugs. Enroliment began in 1988, with additional recruitment in 1994
to 1995, 1998, 2000, 2005 to 2008, and 2015 to 2018. Participant characteristics stratified
by recruitment cohort are shown in Supplement Table 1 (available at Annals.org), and

data on the number of visits over time are reported in Supplement Table 2 (available at
Annals.org). Participants visited the clinic biannually; completed an interview on substance
use behaviors, comorbidities, and health care use; and provided blood samples for laboratory
testing. We limited this analysis to data collected from 2006 to 2019 among participants
who had HCV RNA detected at least once and at least 1 valid LSM measured by transient
elastography.

Out of 2058 participants who were eligible for inclusion, 355 were excluded because they
did not have at least 1 valid LSM. Differences between participants with and without at
least 1 valid LSM are shown in Supplement Table 3 (available at Annals.org). Another 362
participants were excluded because they were not positive for HCV RNA during the study
interval. Observation time began at the first study visit for which there was both a valid
LSM and detectable HCV RNA, this was at the same visit for 97% of participants, whereas
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HCV RNA was detected after an initial negative assessment in 34 cases. The Johns Hopkins
University Institutional Review Board approved the study, and all participants provided
written informed consent.
Measurements

Laboratory Measurements—We conducted HIV serologic testing for participants not
known to have HIV and viral load testing for those with confirmed HIV. Detection of
HIV-1 antibodies was assessed by an enzyme-linked immunosorbent assay and confirmed
by Western blot. Plasma HIV-1 RNA levels were determined using reverse transcriptase
polymerase chain reaction (Roche Amplicor HIV-1 Monitor Test; limit of detection, 50
copies/mL). Detection of HCV antibodies was assessed at the first available visit. We
conducted HCV RNA testing on plasma collected at or near the time of the initial LSM,
followed by biennial testing from 2006 to 2012 and yearly testing from 2014 to 2019
(Abbott Molecular or by a commercial laboratory). Platelet count, alanine aminotransferase
level, and aspartate aminotransferase level were collected yearly.

Liver Fibrosis—Our primary outcome was LSM, which was collected semiannually by
transient elastography using a FibroScan machine (Echosens). Measurement procedures,
including quality control procedures and criteria for valid measurements, have been
described previously (12, 18, 19). The median LSM was used. We considered LSM as

both a continuous variable with natural log transformation and a dichotomous variable using
a previously validated cutoff for severe fibrosis or cirrhosis (=12.3 kPa) (12, 19, 20).

Mortality—Date of death occurring from 2006 to 2019 was obtained through linkage to the
National Death Index Plus database. Each year, we provide names, dates of birth, and Social
Security numbers to the National Death Index to determine whether any participants died in
the previous year. A probabilistic score is generated to identify a potential match (21, 22).

Exposure—The primary exposure was undetectable HCV RNA (a proxy for sustained
virologic response [SVR]), where the lower limit of quantification was 500 1U/mL.
However, more recently conducted assays were more sensitive (15 to 200 1U/mL). Because
HCV RNA data in the period before direct-acting antiviral (DAA) therapy were limited

to biennial testing (2006, 2008, 2010, 2012), we carried forward the HCV RNA value

until it was updated with a more recent test. Interferon-based treatment was minimal in

the pre-DAA period, so carrying forward the HCV RNA value was reasonable, as it was
unlikely that a person would have been cured or would have had spontaneous resolution of
infection during this period (10).

Comorbidities and Other Covariates—To assess the independent association of HCV
viremia with LSM, we considered comorbidities and covariates previously identified to be
associated with the exposure and outcome (12). Comorbidities were based on self-report

or laboratory measurement indicating hypertension (blood pressure >150/90 mm Hg for
persons aged =60 years or >140/90 mm Hg for those aged <60 years), renal disease
(estimated glomerular filtration rate <60 mL/min/1.73 m2), or diabetes (hemoglobin A
level 26.5%). We grouped the cumulative number of comorbidities at each visit into 3
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categories (0, 1, or =2). Other covariates included baseline age, race, sex, HIV viral
load (detectable and undetectable), alcohol use (based on the Alcohol Use Disorders
Identification Test [23]), body mass index (BMI), injection drug use in the previous 6
months (12), and methadone use in the previous 6 months.

Missing Data—Overall, out of 10 350 valid LSMs, approximately 1% were missing
data on BMI (/7= 106) and comorbidities (7= 102). Missingness for alcohol and drug

use and HIV viral load was less than 0.5%. We performed multiple imputation with fully
conditional specification to impute missing data (24). All of the aforementioned covariates
were included as predictors. We imputed the data 10 times, assessed diagnostics, and
confirmed low relative increases in variance and high relative efficiency.

Statistical Analysis

XZ and Mann-Whitney tests were used to detect differences in frequency or median values
of characteristics, respectively. To evaluate the effect of HCV cure on LSM, we used mixed-
effects linear regression (continuous natural log LSM) and logistic regression (cirrhosis
[LSM >12.3 kPa]). For the longitudinal models, we also included the LSM at the previous
visit (lagged) in the model to adjust for potential time-varying confounding that could
affect treatment status (see Supplement Figure 1, available at Annals.org). Other covariates
included those listed earlier, as well as HCV RNA value at the previous visit (lagged) and
calendar time based on when the visit occurred (from 2006 to 2019). We specified random
intercepts and slopes, with an unstructured covariance matrix. To allow for individual-level
curvature and direction, we included a quadratic time term. To account for the multiply
imputed data sets, results were pooled across the data sets.

To evaluate the effect of HCV cure on mortality risk, we conducted proportional hazards
modeling. The time scale for the analysis was age in years, which accounted for the
possibility of left truncation. Participants entered the analysis at the age of their first LSM
and were followed until death or were administratively censored at 31 December 2019.
HCV RNA, LSM, HIV viral load, comorbidities, and drug use were treated as time-varying
covariates. We estimated inverse probability treatment weights (IPTWSs) to reduce bias when
time-dependent covariates (such as cirrhosis) could be risk factors for the outcome (see the
Supplement, available at Annals.org, for additional details). We also estimated differences in
survival probability between participants with and without HCV cure at different age ranges.
Ninety-five percent Cls were obtained using the 2.5th and 97.5th percentiles of the risk
differences from 1000 bootstrap resamples.

To evaluate whether the effect of HCV cure differed by key factors that could influence

both treatment access and mortality (cirrhosis before treatment and injection drug use in

the prior 6 months), we assessed interaction terms in multivariable mixed models; however,
these were not statistically significant. We also evaluated whether the association between
HCV viral load and outcomes varied by recruitment wave by testing for an interaction,

and these were also not statistically significant. In addition, we calculated E-values for the
lower 95% confidence bound to determine the minimum strength an unmeasured confounder
would need to explain the observed relative measure of association (25, 26). For example,
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an E-value of 5 indicates that an unmeasured confounder would need to be associated with
both the exposure and the outcome by a relative risk of 5 each to explain away the effect.
All statistical procedures were conducted in SAS, version 9.4 (SAS Institute), and statistical
significance was set at a 2-tailed Pvalue less than 0.05. The JM macro was used for joint
modeling (27).

Sensitivity Analyses

To provide additional validation of post-SVR findings, we assessed the effect of reduced
prevalence of chronic HCV on Fibrosis-4 (FIB-4) scores, a noninvasive measurement based
on serum markers (platelet count, alanine aminotransferase, and aspartate aminotransferase)
and age with a high specificity and positive predictive value for severe fibrosis or cirrhosis
(>3.25) in patients with chronic HCV infection (28). Second, because informative dropout
due to mortality could bias the association between longitudinal HCV RNA and LSM, we
conducted joint longitudinal and time-to-event modeling (27). This family of models is
appropriate when the longitudinal outcome of interest needs to be jointly modeled with
time to study discontinuation to adjust for informative dropout (27). We used locally
estimated scatterplot smoothing to plot the adjusted natural log LSM values generated
from the linear predictor function of the longitudinal linear regression model, stratified by
HCV treatment status. Participants were classified on the basis of their final HCV RNA
status at the end of the observation period. Further details are provided in the Supplement.
Third, we assessed self-reported treatment data rather than HCV RNA data on liver disease
outcomes. Finally, because we have previously observed important sociodemographic and
behavioral characteristics between the most recently recruited cohort (2015 to 2018) and
older recruitment cohorts (29), we conducted analyses by excluding participants from the
newer cohort who were on average younger, more likely to be non-Black, more likely to
engage in more frequent injection-related risk behaviors, and more likely to live outside
Baltimore City.

Role of the Funding Source

Results

The National Institutes of Health had no role in the design or conduct of the study;
collection, management, analysis, or interpretation of the data; preparation, review, or
approval of the manuscript; or the decision to submit the manuscript for publication.

Sample Description

Among the 1323 participants who were positive for HCV RNA at their first LSM visit,

the median age was 49 years (IQR, 44 to 54 years). Most were Black (82%), male (71%),
and HIV-negative (66%) (Table 1). An LSM indicating cirrhosis (=12.3 kPa) was observed
in 15% of participants. Between 2006 and 2019, there were annual decreases in HCV
viremia from 100% (by definition) in 2006 to 91% in 2015 and 48% by 2019 (Figure 1;
Supplement Figure 2, available at Annals.org). Similarly, self-reported treatment increased
from 3% in 2014 to 39% in 2019. From 2006 to 2019, 10 350 LSMs were conducted

over a total of 7941 person-years and a median follow-up per person of 5.0 years (IQR,
1.5 to 11.2 years). The median number of LSMs per participant was 6 (IQR, 3 to 12),
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and the median number of RNA tests per participant was 4 (IQR, 2 to 8) (Supplement
Figures 3 and 4, available at Annals.org). As shown in Figure 1, the proportion of visits
with cirrhosis on LSM increased from 15% in 2006 to 19% in 2015 and then decreased to
8% by 2019. From 2006 to 2019, 430 deaths were recorded over 11 232 person-years (38
deaths per 1000 person-years). Twenty-nine percent (7= 126) of the deaths were drug- or
trauma-related, and 41% (n = 176) were related to chronic disease. Six percent of all deaths
were liver- or cirrhosis-related. Among persons with undetectable HCV RNA, 36 deaths
occurred over 3981 person-years (9 deaths per 1000 person-years). However, among those
who remained chronically infected, 394 deaths occurred over 7252 person-years (54 deaths
per 1000 person-years).

HCV Cure and Liver Stiffness

Undetectable HCV RNA was significantly associated with reduced liver disease burden
(Table 2). In the univariable model, undetectable HCV RNA was associated with reduced
average log LSM (B, —0.171 kPa [95% CI, —0.197 to —0.146 kPa]; A< 0.001) compared
with detectable HCV RNA (Supplement Table 4, available at Annals.org). This association
remained relatively unchanged in the multivariable model (adjusted B, —0.148 kPa [ClI,
-0.181 to —-0.115 kPa]; A< 0.001; E-value, 1.55). Similarly, in the univariable model, we
found undetectable HCV RNA to be associated with a 90% reduction in the odds of cirrhosis
(odds ratio [OR], 0.10 [CI, 0.06 to 0.16]; A< 0.001). After other covariates were controlled
for, undetectable HCV RNA was associated with a 72% reduction in the odds of cirrhosis
(adjusted OR [aOR], 0.28 [CI, 0.17 to 0.45]; P< 0.001; E-value, 6.87). In multivariable
analysis, other factors significantly associated with higher odds of cirrhosis were baseline
age, BMI, number of comorbidities, and HIV infection. Predicted probability of cirrhosis
over the entire observation period was lower among those who were cured (0.090 [CI, 0.071
to 0.108]) than among those with detectable HCV RNA (0.154 [CI, 0.147 to 0.162]).

HCV Cure and Mortality

In the unadjusted analysis, undetectable HCV RNA was associated with significantly lower
risk for death (hazard ratio [HR], 0.42 [CI, 0.30 to 0.59; A< 0.001) (Table 3). In the

IPTW models, all-cause mortality risk was significantly lower among participants who had
undetectable HCV RNA than among those who did not (adjusted HR, 0.54 [CI, 0.38 to
0.77]; P<0.001). Unadjusted and adjusted effect estimates strengthened when only deaths
not related to drugs or trauma were included. Differences in survival probabilities between
participants who were cured and those who were not increased with age (Supplement Figure
5, available at Annals.org).

Sensitivity Analyses

In the validation model with FIB-4 as the outcome, after adjustment for the same covariates
as in the LSM model, undetectable HCV RNA was associated with 83% lower odds of
having a FIB-4 value above 3.25 (aOR, 0.17 [CI, 0.08 to 0.37]; A< 0.001) (Supplement
Table 5, available at Annals.org). Based on self-reported data rather than HCV RNA,
participants who reported receiving HCV treatment had 39% lower odds of cirrhosis (aOR,
0.61 [CI, 0.43 to 0.89]). Furthermore, in the joint modeling analysis, we did not find
substantial differences in the adjusted odds ratio or hazard ratios for HCV RNA with regard
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to the longitudinal and survival processes, respectively (Supplement Table 6, available at
Annals.org). Adjusted natural log LSM trajectories of participants whose final HCV RNA
status was undetectable diverged in 2015 from those who remained with detectable HCV
RNA, with a sustained decrease as more participants received treatment over time (Figure
2). This was consistent with a sharp decrease in the adjusted natural log LSM occurring
immediately after HCV clearance (Supplement Figure 6, available at Annals.org). After
more recently recruited participants were removed, the associations between HCV RNA and
liver disease outcomes were similar to those in the full cohort (Supplement Table 7, available
at Annals.org).

Discussion

In this study, we found that HCV treatment has expanded into the PWID community and has
bent the rising arc of HCV-related liver disease. Conversely, given that 48% of participants
in this sample remain chronically infected, the findings also underscore the heterogeneity

of treatment uptake among PWID and the imperative to overcome these residual barriers to
eliminate HCV infection in the United States.

These data strongly substantiate the link between increasing cure and decreasing HCV-
related liver disease. By studying liver disease longitudinally using the most valid
instruments, we had already characterized the increasing incidence of cirrhosis before the
approval of sofosbuvir and ledipasvir in October 2014 (18). Continuing these structured
measures on the same persons in the same setting provides rigorous evidence while also
maintaining community representation. Moreover, SVR was confirmed by longitudinal
testing of HCV RNA clearance, which is important because PWID can be reinfected (30).
Our findings, which are supported by self-reported HCV treatment uptake and alternative
measures of liver disease, indicate the benefit of treatment on liver disease and mortality.
The mortality findings are especially important given the ultimate public health intent of
HCV elimination.

Although other studies have shown that provision of HCV treatment results in high cure
rates and reduced mortality (4, 31), we are unaware of other studies that have demonstrated
in a community setting that HCV treatment uptake is sufficient among PWID to reduce the
burden of cirrhosis and mortality at the population level. Thus, the critical question was not
whether HCV treatment will work but whether it will be used in a community setting of
PWID and the extent to which SVR will be sustained and will reduce cirrhosis and mortality
despite HIV co-infection and ongoing alcohol use in some PWID. This is particularly salient
given that more than 90% of persons with chronic hepatitis C in the United States are current
or former PWID, and it is timely given the commitment by the U.S. Department of Health
and Human Services to eliminate HCV infection by 2030 (1).

Transient elastography is the most valid method of ascertaining cirrhosis in persons with
HCV infection (32-37). In addition, emerging data point to the value of a post-SVR LSM (or
FIB-4) as a determinant of progression to liver failure and hepatocellular carcinoma (38-40).
Just as SVR reduces but does not eliminate these risks, lower fibrosis scores in those
noninvasive markers are associated with substantially reduced risk for clinical outcomes.
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Nonetheless, the absence of any validated marker of liver fibrosis after SVR is a challenge
for monitorial global elimination of HCV infection.

Because the goal of a 65% reduction in mortality by 2030 is relative to 2015, progress
toward achieving this target must include HCV epidemiologic data collected before 2015.
We capitalized on a unique research ecosystem that for decades has rigorously and
repeatedly collected HCV serologic and viremic data, LSMs, and self-reported treatment
data from community-recruited PWID in and out of clinical care (12, 15, 41, 42). These
empirical findings complement mathematical modeling indicating that with substantial
testing and access to treatment, elimination targets can be achieved (5). For instance,

after Australia removed restrictions on DAA access in 2016, treatment rates increased
nearly 6-fold (43), and severe complications resulting from chronic HCV infection, such as
decompensated cirrhosis and hepatocellular carcinoma, have either plateaued or decreased
(44).

There are likely direct and indirect effects explaining the association between undetectable
HCV RNA and mortality. Because cure is conditional on access to care, the direct effect of
HCV cure was on reducing liver disease. However, indirect effects could also be related to
management of chronic comorbidities and reduction of injection drug use after HCV cure,
thereby reducing mortality risk. Thus, we recognize that lower mortality in persons who
are cured might reflect not simply the effect of HCV cure but a constellation of social,
environmental, and medical differences compared with those who are not cured.

Although the ALIVE cohort is replenished every few years to adapt to the changing profile
of injection drug use, generalizability to populations outside Baltimore might be limited
because injection drug use, HIV, and HCV infection have been endemic in Baltimore for
decades. As discussed earlier, bias in HCV treatment uptake might affect the mortality
estimates, potentially due to more motivated participants managing their own health.
However, the more scientifically rigorous approach of randomly assigning participants to
treatment or no treatment would be unethical. Moreover, the consistency in the findings
and use of LSM as an intermediate step that was measured uniformly without bias is
reassuring. Likewise, we could not estimate access to testing and awareness of HCV
infection because, for ethical reasons, our study personnel counseled participants at each
visit on the importance of HCV testing and treatment as well as delivering other harm
reduction messages. Thus, it is possible that the effect of HCV testing and treatment is
smaller in PWID not participating in this community-based cohort. Finally, the study was
insufficiently powered to detect whether liver-related mortality decreased significantly in the
post-DAA period, and death certificates likely undercount HCV infection as a contributing
cause of liver death (45).

In conclusion, we found high uptake of curative HCV treatment in a community-based
cohort of former and current PWID. In addition, concurrent decreases in HCV viremia and
liver stiffness indicate that treatment is associated with substantial reductions in liver disease
progression and mortality. With continued testing, treatment, and interventions to strengthen
linkage to care and prevent HCV transmission, elimination of HCV infection could be
achieved within the next decade.
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Figure 1.

Temporal coincidence of HCV DAA availability in 2015 with declining prevalence of
viremia (line, left Y-axis) and cirrhosis (bar, right Y-axis) in a cohort of Baltimore PWID,
2006-2019. HCV-hepatitis C virus; PWID — people who inject drugs; LSM — liver stiffness

measures.
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Figure 2.
Adjusted liver stiffness measurements (LSM) in participants over calendar year by HCV

RNA status at final observation. LSM are natural log transformed and adjusted for age, HIV,
alcohol use and other factors then smoothed and depicted as blue if HCV RNA became
negative by the final study visit through end of 2019 (as indication of cure) or as red (if HCV
RNA remained detectable).
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Table 1.

Overview of Study Participants With Chronic HCV Infection at the First LSM Visit (7= 1323) "

Characteristic Value
Median age (IQR), y 49 (43-54)
Sex
Male 936 (71)
Female 387 (29)
Race
Black 1085 (82)
Non-Black 238 (18)

AUDIT category f

None 587 (44)
Harmful/hazardous alcohol use 295 (23)
Severe alcohol use/dependence 439 (33)

Injection drug use in previous 6 mo

No 606 (46)

Yes 714 (54)
Methadone use in previous 6 mo

No 958 (73)

Yes 362 (27)
BMI7

Underweight/normal 660 (51)

Overweight 401 (31)

Obese 238 (18)

Number of comorbidities?

0 626 (47)

1 554 (42)

>2 135 (10)
HIV status

Negative 867 (66)

Positive, undetectable viral load 235 (18)

Positive, detectable viral load 217 (16)
Median log LSM (IQR), kPa 1.95 (1.72-2.29)
LSM =212.3 kPa (cirrhosis)

Yes 194 (15)

No 1129 (85)

AUDIT = Alcohol Use Disorders Identification Test; BMI = body mass index; HCV = hepatitis C virus; LSM = liver stiffness measure.

*
Data are numbers (percentages) unless otherwise indicated. Some frequencies might not sum to the total because of missing values.

fAUDIT scores between 8 and 14 were classified as harmful/hazardous alcohol use, and scores =15 were classified as severe alcohol use/

dependence.
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iBMI <25 kg/m2 was classified as underweight/normal, 25-29.9 kg/m2 was classified as overweight, and =230 kg/m2 was classified as obese.

Because there was a small number of underweight participants, they were grouped with those with normal weight.

§Comorbidities were based on either 1) participants self-reporting that they had ever been told by a physician that they had kidney disease,
diabetes, or hypertension, or 2) diagnostic criteria—based clinical/laboratory measurements (chronic kidney disease: estimated glomerular filtration

rate <60 mL/min/1.73 m2; diabetes: hemoglobin A1¢ level >6.5%; hypertension: blood pressure >150/90 mm Hg for persons aged =60 y or
>140/90 mm Hg for those aged <60 y).
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Association of HCV RNA and Selected Covariates With Log LSM and Cirrhosis (LSM =12.3 kPa)

Table 2.

Covariate

HCV RNA status
Undetectable

Detectable

Lagged HCV RNA status (previous visit)

Undetectable

Detectable

Lagged LSM =12.3 kPa (previous visit)

Yes
No
Baseline age (1-y increase)
Sex
Female
Male
Race
Black
Non-Black
AUDIT category ™
Severe alcohol use/dependence
Harmful/hazardous alcohol use

None

Injection drug use in previous 6 mo

Yes
No
Methadone use in previous 6 mo
Yes
No

BMI7
Obese
Overweight

Underweight/normal

Number of comorbidities?
>2
1
0
HIV status
Positive, detectable viral load
Positive, undetectable viral load

Negative

Log LSM (Continuous):
Adjusted Mean (B) (95% CI)

-0.148 (~0.181 to —0.115)

Reference

-0.078 (~0.111 to -0.044)

Reference

0.400 (0.370 to 0.429)
Reference
0.007 (0.004 to 0.010)

~0.016 (~0.066 to 0.034)

Reference

-0.071 (-0.145 to 0.005)

Reference

0.026 (0.004 to 0.048)
0.011 (~0.008 to 0.031)

Reference

-0.019 (~0.036 to 0.001)

Reference

0.048 (0.027 to 0.068)

Reference

0.119 (0.091 to 0.148)
0.036 (0.016 to 0.055)

Reference

0.052 (0.022 to 0.082)
0.036 (0.018 to 0.055)

Reference

0.133 (0.009 to 0.181)
0.075 (0.028 to 0.122)

Reference

Cirrhosis (LSM 212.3 kPa):
Adjusted Odds Ratio (95% CI)

0.28 (0.17 to 0.45)

Reference

1.13 (0.67 to 1.90)

Reference

37.3(27.1t051.2)
Reference
1.02 (0.99 to 1.05)

1.08 (0.82 to 1.41)

Reference

0.52 (0.33 t0 0.81)

Reference

1.36 (1.07 to 1.75)
1.22 (0.98 to 1.61)

Reference

0.74 (0.58 t0 0.93)

Reference

1.31 (1.04 to 1.65)

Reference

2.11 (1.56 to 2.86)
1.48 (1.17 to 1.87)

Reference

1.98 (1.44 t0 2.72)
1.59 (1.26 to 2.01)

Reference

2.08 (1.48 to 2.94)
1.44 (1.05 to 1.97)

Reference
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Covariate Log LSM (Continuous): Cirrhosis (LSM 212.3 kPa):
Adjusted Mean (B) (95% Cl)  Adjusted Odds Ratio (95% CI)

Recruitment cohort

2015-2018 -0.22 (-0.302 to —0.130) 0.39 (0.20t0 0.75)
2005-2008 -0.058 (—0.114 to 0.002) 0.72 (0.53 to 0.98)
1998-2000 -0.051 (-0.144 t0 0.043) 0.97 (0.47 to 1.33)
1994 0.042 (-0.037 to —0.121) 0.86 (0.58 to 1.29)
1988-1989 Reference Reference

AUDIT = Alcohol Use Disorders Identification Test; BMI = body mass index; HCV = hepatitis C virus; LSM = liver stiffness measure.

*
AUDIT scores between 8 and 14 were classified as harmful/hazardous alcohol use, and scores =15 were classified as severe alcohol use/
dependence.

fBMI <25 kg/m2 was classified as underweight/normal, 25-29.9 kg/m2 was classified as overweight, and =230 kg/m2 was classified as obese.

Because there was a small number of underweight participants, they were grouped with those with normal weight.

11‘Comorbidities were based on either 1) participants self-reporting that they had ever been told by a physician that they had kidney disease,
diabetes, or hypertension, or 2) diagnostic criteria—based clinical/laboratory measurements (chronic kidney disease: estimated glomerular filtration

rate <60 mL/min/1.73 m2; diabetes: hemoglobin A1¢ level >6.5%; hypertension: blood pressure >150/90 mm Hg for persons aged =60 y or
>140/90 mm Hg for those aged <60 y).
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Table 3.

Effect Estimates of HCV Cure on All-Cause Mortality and Non-Drug-Related or Non—-Trauma-Related
Mortality

Effect Estimate Undetectable HCV RNA  Detectable HCV RNA
All-cause mortality
Unadjusted hazard ratio (95% CI) 0.42 (0.30-0.59) Reference

* -~
IPTW-adjusted hazard ratio (95% CI) 0.54(0.38-0.77) Reference

Non-drug-related or non-trauma-related mortality
Unadjusted hazard ratio (95% CI) 0.32 (0.21-0.50) Reference

* —|
IPTW-adjusted hazard ratio (95% CI) 0.41(0.26-0.64) Reference

AUDIT = Alcohol Use Disorders Identification Test; BMI = body mass index; HCV = hepatitis C virus; IPTW = inverse probability treatment
weight; LSM = liver stiffness measure.

*
IPTWs were calculated using race, sex, recruitment cohort, age, AUDIT category, injection drug use in the previous 6 months, methadone use

in the previous 6 months, BMI, number of comorbidities, HIV status, lagged HCV RNA status (previous visit), lagged LSM =12.3 kPa, lagged
AUDIT category, lagged injection drug use in the previous 6 months, lagged methadone use in the previous 6 months, and lagged BMI.
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