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Background. Both human immunodeficiency virus (HIV) and hepatitis C virus (HCV) infections increase the risk of hepatic 
steatosis (HS), which in turn contribute to the severity and progression of liver disease. Direct-acting antivirals (DAAs) can cure 
HCV but whether they reduce HS is unclear.

Methods. HS was assessed using the controlled attenuation parameter (CAP) and the Hepatic Steatosis Index (HSI) in 
participants coinfected with HIV and HCV from the Canadian Coinfection Cohort. Changes in HS, before, during, and after 
successful DAA treatment were estimated using generalized additive mixed models, adjusted for covariates measured prior to 
treatment (age, sex, duration of HCV infection, body mass index, diabetes, prior exposure to dideoxynucleosides, and 
hazardous drinking).

Results. In total, 431 participants with at least 1 measure of CAP or HSI before treatment were included. CAP steadily increased 
over time: adjusted annual slope 3.3 dB/m (95% credible interval [CrI], 1.6–4.9) before, and 3.9 dB/m (95% CrI, 1.9–5.9) after DAA 
treatment, irrespective of pretreatment CAP. In contrast, HSI changed little over time: annual slope 0.2 (95% CrI, −0.1 to 0.5) before 
and 0.2 (95% CrI, −0.1 to 0.5) after, but demonstrated a marked reduction during treatment −4.5 (95% CrI, −5.9 to −3.1).

Conclusions. When assessed by CAP, HS was unaffected by DAA treatment and steadily increased over time. In contrast, HSI 
did not appear to reflect changes in HS, with the decrease during treatment likely related to resolution of hepatic inflammation. 
Ongoing HS may pose a risk for liver disease in coinfected people cured of HCV.
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Steatosis Index.

Received 28 May 2024; editorial decision 27 September 2024; accepted 04 October 2024; 
published online 17 October 2024

Correspondence: Marina B. Klein, MD, MSc, Division of Infectious Diseases and Chronic 
Viral Illness Service, McGill University Health Centre, 1001 Decarie Boulevard, D02.4110, 
Montreal H4A 3J1, Quebec, Canada (marina.klein@mcgill.ca).

The Journal of Infectious Diseases® 2025;231:e101–12 
© The Author(s) 2024. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution- 
NonCommercial-NoDerivs licence (https://creativecommons.org/licenses/by-nc-nd/4.0/), which 
permits non-commercial reproduction and distribution of the work, in any medium, provided 
the original work is not altered or transformed in any way, and that the work is properly cited. 
For commercial re-use, please contact reprints@oup.com for reprints and translation rights for 
reprints. All other permissions can be obtained through our RightsLink service via the 
Permissions link on the article page on our site—for further information please contact 
journals.permissions@oup.com.
https://doi.org/10.1093/infdis/jiae487

Human immunodeficiency virus (HIV) affects the natural 
history of hepatitis C virus (HCV), and people coinfected 
with HIV and HCV experience faster liver disease progres
sion [1]. HIV and HCV infections are each independently 
associated with hepatic steatosis (HS), the accumulation of 
lipids in hepatocytes [2, 3]. HS prevalence ranges from 

35% to 86% depending on population studied [4], although 
it is unclear if rates are affected by dual infection. HS 
can lead to hepatocellular injury through oxidative stress 
and a proinflammatory environment (steatohepatitis) [5]. 
Steatohepatitis, in turn, accelerates fibrosis progression leading 
to increased risks of cirrhosis, hepatocellular carcinoma, and 
all-cause mortality [6, 7].

Several pathogenetic mechanisms might contribute to the 
development of HS in HIV-HCV coinfection. These are often 
differentiated as direct cytopathic effects of HCV (viral steato
sis), seen predominantly in genotype 3 HCV infection, and in
direct effects mediated through insulin resistance (metabolic 
steatosis), seen in HCV genotype 1, 2, or 4 infections [8]. 
HCV can directly disrupt lipid metabolism through upregula
tion of lipogenesis, accumulation of intrahepatic triglycerides, 
and by inducing mitochondrial dysfunction, which in turn de
creases lipoprotein degradation [9]. HCV also induces insulin 
resistance, ultimately promoting lipogenesis and a hypocholes
terolemic state [5, 9]. HIV has direct proapoptotic effect on he
patocytes, disrupts mitochondrial function, causes immune 
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activation, and establishes a proinflammatory environment, 
contributing to insulin resistance [1, 7]. Certain early generation 
antiretrovirals such as dideoxynucleosides (d-drugs) and pro
tease inhibitors, may directly contribute to HS by exacerbating 
metabolic disturbances and impairing lipid oxidation [10]. 
More recently, integrase inhibitors have been associated 
with weight gain, through mechanisms not yet known [11]. 
Increasing body mass index (BMI) has been associated with 
the risk of HS in a dose-dependent manner [12].

Direct-acting antivirals (DAAs) result in sustained virologic 
responses (SVR) in over 95% of those treated. Viral eradication 
may have effects beyond direct hepatic benefits. Changes in 
blood lipids seem to reverse in people with HCV monoinfec
tion, possibly increasing cardiovascular risk [13, 14], but 
it is not clear whether HCV cure also leads to a reversal 
in hepatocyte lipid content. Both increases and decreases in 
HS have been reported after successful DAA treatment in 
people with HIV-HCV coinfection [15–17] and HCV mono
infection [18–20].

An accessible, noninvasive marker sensitive to changes over 
time is essential for long-term monitoring of HS and for eval
uating effects of interventions, such as HCV treatment, on HS. 
Liver biopsy is too impractical and risky. Transient elastogra
phy, with a controlled attenuation parameter (CAP) to estimate 
hepatic fat content, has been validated to assess HS in people 
with HCV infection and is now recommended in guidelines 
[21, 22]. The Hepatic Steatosis Index (HSI), which uses com
monly available laboratory and clinical parameters, was devel
oped in patients with nonalcoholic fatty liver disease (NAFLD) 
[23] and is increasingly used to estimate presence of HS in both 
HIV and HCV monoinfected populations [24, 25].

We assessed whether successful treatment with DAAs reduc
es HS over time when measured by CAP or HSI in people with 
HIV-HCV coinfection who have many ongoing risk factors for 
HS. In addition, we assessed whether the presence of pretreat
ment HS and HCV genotype affect the course of HS in this pa
tient population.

METHODS

Data Collection

The Canadian Coinfection Cohort (CCC) is a multicenter, 
open prospective study established in 2003, recruiting partici
pants 16 years of age or older, with proven HIV-HCV coinfec
tion from 18 centers in Canada. A total of 2115 participants had 
been recruited as of February 2023. Clinical and laboratory data 
were collected approximately every 6 months during follow-up 
visits. Starting in 2014, 15 sites (representing 97% of CCC par
ticipants) had access to transient elastography with CAP using 
Fibroscan (Echosense). Participants underwent assessments at 
least yearly after fasting for at least 4 hours as per manufacturer 
guidelines.

CCC participants were included in this analysis if they 
achieved SVR following treatment with a second-generation 
DAA (eg, without interferon). SVR was defined as undetectable 
HCV RNA 12 weeks after treatment completion. Participants 
were excluded if reinfected after successful interferon treat
ment, if previously unsuccessfully treated with DAAs, or if co
infected with hepatitis B virus (hepatitis B surface antigen 
positive). All participants meeting inclusion criteria and with 
at least 1 CAP or HSI measurement in the year prior to starting 
successful DAA treatment were included in our modelling. HSI 
was calculated as: 8 × (ALT/AST ratio) + BMI + 2 (if female) + 2 
(if diabetes mellitus); where ALT is alanine aminotransferase 
(IU/L) and AST is aspartate aminotransferase (IU/L) [23]. 
Steatosis was defined as a CAP ≥ 248 dB/m [21] or an HSI ≥  
36 [23]. Diabetes mellitus was defined as having at least 1 
of the following: (1) a recorded clinical diagnosis; (2) fasting glu
cose > 7.0 mmol/L or nonfasting glucose > 11.1 mmol/L; and 
(3) any use of insulin or antidiabetic medications. Alcohol use 
was assessed using the Alcohol Use Disorder Identification 
Test-C (AUDIT-C) [26]; hazardous drinking was defined as 
an AUDIT-C score of at least 4 for men and 3 for women.

The study was approved by the community advisory com
mittee Canadian Institutes of Health Research-Canadian HIV 
Trials Network, by the Research Ethics Board of the McGill 
University Health Centre (2006-1875, BMB-06-006t), and by 
all institutional ethics boards of participating centers. All par
ticipants gave written informed consent in accordance with 
the ethical standards of the Helsinki Declaration.

Statistical Analysis

Generalized additive mixed models (GAMMs) were used to an
alyze the changes in CAP and HSI before, during, and after suc
cessful DAA treatment. This method allows for repeated 
measurements over time from the same individual, measure
ments at irregular intervals, and for the change in those mea
surements to be modelled using flexible spline functions 
rather than simple linear relationships. The mgcv package (ver
sion 1.8-41) with R (version 4.2) was used.

Changes in CAP over time were modelled as a γ distribu
tion with identity link function; CAP is right-skewed and 
takes nonnegative continuous values. The GAMM included 
covariates measured prior to starting HCV treatment: age, 
sex, duration of HCV infection in years, diabetes, d-drug ex
posure, BMI, and hazardous drinking. Covariates were iden
tified and selected a priori from literature on predictors of HS 
in people with either HIV-HCV coinfection or HCV monoin
fection [10].

Changes in HSI over time were modelled as a γ distribution 
with a log link function. The log transformation implies that the 
influence of covariates on the mean response is multiplicative 
rather than additive. This GAMM included the same covariates 
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as before except sex, diabetes, and BMI were omitted because 
they are included in the HSI formula.

Both GAMMs included 2 smoothing terms. The first 
smoothing term was equivalent to a random intercept to ac
commodate repeated measurements from the same patient. 
The second smoothing term was an adaptive P-spline to ac
count for the change in the outcome over time [27].

Time zero was the time at which DAA treatment started. All 
available measurements, before and after treatment, were used 
for those included. However, an individual’s measurement se
quences were left censored until 6 months after any earlier unsuc
cessful interferon-based treatment and right censored at any 
detectable HCV viremia (if reinfected). Otherwise, measurement 
sequences were right censored at February 2023 (administrative 
censoring), loss to follow-up (no visit for 18 months), or death.

Each participant needed only a single CAP measurement (pri
or to treatment) to be included in the analysis. Including such 
participants avoids bias if participants with certain characteris
tics are more likely to be lost to follow-up [28]. Models for lon
gitudinal data fit by maximum likelihood and with a random 
effect have the attractive property that inference from the model 
is not affected by drop-out, provided participant missingness de
pends only on the participant’s random effect and covariate val
ues and not on the value of the unobserved measurements [29].

A reference participant with the following characteristics was 
created by centering covariates: male, age 50 years, BMI 25, not 
diabetic, not hazardous drinking, infected with HCV for 20 years, 
and no d-drug exposure. Estimates were made for this patient of 
the rate of change in mean HS between 1.5 years and 0.5 years 
both before and after treatment. By sampling model parameters 
from their posterior distribution (using the predict function in 
mgcv), we repeatedly estimated slopes before and after treatment 
and then calculated the mean and approximate 95% credible in
terval (95% CrI) for the slope from the 2.5 and 97.5 percentiles of 
a distribution of 10 000 slope estimates [30]. We used a similar 
process to predict individual values from the model, such as 
whether a participant would have a CAP ≥ 248 dB/m at different 
points in time. When predicting individual values, we used the 
covariate values for each participant (including the participant’s 
random intercept) rather than those of a reference participant 
(without a random intercept).

Subgroup Analyses

Analyses were repeated stratified by CAP when starting treat
ment (above or below 248 dB/m) and by genotype (genotype 
3 vs genotypes 1, 2, 4). These other genotypes have been asso
ciated with promoting “metabolic” steatosis rather than driving 
“viral steatosis” hypothesized to occur with genotype 3.

Sensitivity Analyses

For CAP, several sensitivity analyses were used to assess the in
fluence of covariates. First, analyses were rerun without 

adjusting for covariates. Second, analyses were repeated re
stricting the data to those with all covariates measured at least 
within 1 year prior to starting treatment. Third, analyses were 
rerun with time-dependent use of integrase inhibitors as an ad
ditional covariate, because of the association between integrase 
inhibitors and weight gain.

For HSI, 2 additional analyses were used to assess change 
over time in the main components of the index. Separate mod
els were fit to both BMI and the ALT/AST ratio using the same 
model as used in the main analysis of HSI.

RESULTS

Patient Characteristics

In total, 687 participants achieved SVR with second-generation 
DAAs, and 627 met inclusion criteria (Figure 1). After exclud
ing those with missing outcome or covariate data, 399 and 
98 participants were included in the HSI and CAP analyses, re
spectively. Pretreatment characteristics were similar among 
participants meeting inclusion criteria and those included in 
the CAP and HSI analyses (Table 1).

Prior to treatment, participants were middle aged and around 
30% were female (Table 1). Most did not have steatosis (74% 
CAP < 248 dB/m) when starting DAA treatment. Only 67 
(17%) were infected with HCV genotype 3. Most participants 
were virally suppressed (around 90% with HIV RNA < 50 cop
ies/mL). Around 80% reported ever using injection drugs, with 
30% still actively using, and 35% reported hazardous drinking.

Measurement sequences for HSI and CAP started a median 
3.8 and 1.1 years before treatment, respectively, and extended a 
median 2.8 and 2.4 years after treatment (Supplementary 
Table 1). Sequences for HSI and CAP contained a median of 
5 and 2 measures before treatment, respectively, and a median 
of 4 and 2 measures after treatment. Many sequences ended 
when the participant was lost to follow-up (52% and 58% for 
HSI and CAP, respectively; Supplementary Table 2); a relatively 
high percentage ended when the participant died (13% and 7%, 
respectively).

Changes in CAP and HSI Before, During, and After Treatment Overall

The mean response curve showed a gradual increase in CAP 
over time, which remained unaffected by SVR (Figure 2). The 
adjusted slope estimates before and after treatment were 
3.3 dB/m/year (95%, CrI, 1.6–4.9) and 3.9 dB/m/year (95% 
CrI, 1.9–5.9), respectively (Table 2); both estimates were 
not materially different from the estimate during treatment 
(4.3 dB/m/year; 95% CrI, 2.1–6.4). These findings were sup
ported by sensitivity analyses. Excluding covariates, using pre
treatment values no more than 1 year before starting treatment 
and adding time updated integrase inhibitor exposure as a co
variate resulted in similar response curves and slope estimates 
as in the main analysis (Table 2).
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In contrast, the rate of change for HSI over time remained 
relatively flat and constant, with slope estimates 0.2 (95% CrI, 
−0.1 to 0.5) and 0.2 (95% CrI, −0.1 to 0.4) before and after 
treatment, respectively. During treatment, however, a steep 
decline in the response was seen, showing the effect of 
DAA treatment on HSI (Figure 2), with a slope estimate of 
−4.5 (95% CrI, −5.9 to −3.1). Sensitivity analyses of HSI 

components showed a steady increase in BMI over time, like 
CAP, unaffected by DAA treatment (Figure 3). Conversely, 
ALT/AST ratio decreased during treatment but was other
wise constant (Figure 3), the same as response as seen in 
the index itself.

The predicted changes in CAP translate into an increase in 
the proportion of people with HS (CAP ≥ 248 dB/m) from 

Figure 1. Participant selection flow diagram. Abbreviations: CAP, controlled attenuation parameter; CCC, Canadian Coinfection Cohort; DAA, direct-acting antiviral; HBV, 
hepatitis B virus; HSI, Hepatic Steatosis Index.

e104 • JID 2025:231 (15 January) • Truscello et al

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/231/1/e101/7824781 by guest on 01 M

ay 2025



19% (95% CrI, 14%–26%) prior to treatment to 27% (95% CrI, 
20%–34%) 2 years after treatment (Table 3). In contrast, the 
predicted changes in HSI translate into a higher proportion 
with HS (HSI ≥ 36) before treatment (34%; 95% CrI, 
31%–37%), which then decreased over time (28%; 95% CrI, 
26%–30%).

Change in CAP in Pretreatment Subgroups

As seen in the main model for CAP, a gradual increase in CAP 
was seen in both those with and without HS when starting 
treatment, with no effect of DAA treatment (Figure 4). The es
timated increase over time was somewhat higher in participants 
without pretreatment steatosis (Table 2).

CAP appeared to behave somewhat differently with geno
type 3 infection, showing no real increase over time, either be
fore or after treatment, in contrast to other genotypes (Table 2). 
However, these slope estimates were less precise than other 

slope estimates due to the small number of participants with ge
notype 3 infection (approximately 20%; Table 1).

DISCUSSION

Among people with HIV and HCV, we found that HS, when 
measured by CAP, steadily increased over time without signs 
of abating. Successful HCV treatment had no effect on this in
crease regardless of the presence of HS when starting treatment. 
This continuous increase in HS appears clinically important— 
those with HS are estimated to increase by 30% (from mean 
of 19% before treatment to 27% 2 years after treatment)— 
potentially negating some of the benefits of curing HCV on 
liver health. Given HS can increase risks of fibrosis and cirrho
sis, it will be important to monitor patients with HIV-HCV co
infection for HS after SVR and, if necessary, intervene to 
ensure the benefits of curing HCV are realized.

Table 1. Participant Characteristics When Starting a Successful Direct-Acting Antiviral Treatment for Hepatitis C

Study Population

With Pretreatment Outcome Measurement and 
Covariates

Characteristic (n = 627) HSI (n = 399)a CAP (n = 98)

Age, median, y 51 51 52

Female, % 28 31 27

MSM, % 29 37 36

IDU ever, % (% missing) 83 (17) 83 82

IDU past 6 mo, % (% missing) 32 (22) 29 31

Hazardous drinking, % (% missing) 37 (30) 36 36

Diabetes, % (% missing) 17 (35) 17 18

HCV duration, y 23 24 25

HCV genotype, %

1 61 70 67

2 3 4 4

3 17 16 19

4 3 4 3

Missing 17 7 6

Antiretroviral therapy naive, % 2 0 0

Exposure to d-drugs, %b 27 28 39

Exposure to integrase inhibitors, %c 48 49 49

HIV RNA < 50 copies/mL, % (% missing) 90 (25) 90 93

CD4 cell count, median, cells/µL (% missing) 530 (21) 520 480

LDL, median, mmol/L (% missing) 2.0 (42) 2.1 (25) 2.2 (18)

Triglycerides, median, mmol/L (% missing) 1.2 (43) 1.2 (27) 1.4 (18)

BMI, median, kg/m2 (% missing) 24 (31) 24 24

Waist circumference, median, cm (% missing)

Men 93 (45) 93 (22) 91 (7)

Women 92 (39) 92 (24) 91 (12)

CAP, median, dB/m NA NA 210

HSI, median NA 34 34

Hepatic steatosis, HSI≥36 or CAP≥248 dB/m, % NA 39 26

Statistics reported are either a median or a percentage for the data available, and where relevant the percentage missing is shown in parentheses.  

Abbreviations: BMI, body mass index; CAP, controlled attenuation parameter; d-drug, dideoxynucleoside drug; HCV, hepatitis C virus; HIV, human immunodeficiency virus; HSI, Hepatic 
Steatosis Index; IDU, injection drug use; LDL, low-density lipoprotein; MSM, men reporting sex with men; NA, not available.  
aAmong 627 participants in the study population, 81 had no measurement of liver enzymes (alanine transaminase and aspartate transaminase) in the year before starting HCV treatment; 
among those with a liver enzyme measurement, 142 had no weight measurement and a further 5 had no AUDIT-C score.  
bExposed to early generation antiretroviral therapies containing dideoxynucleosides.  
cPast or current exposure to antiretroviral therapies containing an integrase inhibitor.
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If chronic HCV were the principal driver of HS, either di
rectly (viral steatosis) or indirectly (metabolic steatosis), we 
would have expected to see improvement in CAP following 
treatment. The lack of any appreciable reduction in CAP, 
even years after HCV cure, suggests that HS is not readily re
versible by DAAs or is being driven principally by factors other 
than chronic HCV in a coinfected population. Metabolic 
dysfunction-associated steatotic liver disease (MASLD, former
ly NAFLD) in the setting of HIV infection is multifactorial [10]. 
Contributing factors include HIV and antiretroviral-induced 
metabolic changes, genetic factors, and other exposures such 
as alcohol. In our analysis, prior HIV treatment with d-drugs 
was associated with higher CAP at treatment initiation while 
integrase inhibitor exposure was not. Accounting for d-drugs 
and for time updated integrase inhibitor use did not change 
our results. Nor did accounting for age, sex, hazardous drink
ing, BMI, and diabetes—the main factors known to increase 
risk of HS (Supplementary Tables 2 and 3). Without a clear 

specific cause, lifestyle modification and weight reduction re
main the mainstays of HS management. Vitamin E [31] and 
glucagon-like peptide-1 receptor agonists [32, 33] represent ad
ditional promising avenues for intervention in HIV infection. 
Recently, a large number of new molecules have been shown 
to slow HS progression and reverse steatohepatitis and fibrosis 
in trials of people without viral infection and should be evalu
ated in people with HIV, including those cured of HCV 
[34, 35].

While other studies have described an increase in CAP fol
lowing successful DAA treatment in HIV-HCV coinfection 
[16, 36] and HCV monoinfection [37, 38], in some cases at
tributing it to curing HCV, these studies compared CAP at 
the start of treatment to measurements at 1 or a few time 
points after SVR. Our analyses shows that CAP starts increas
ing well before treatment. Thus, the posttreatment increase in 
HS is most likely not a consequence of SVR, but rather a con
tinuous, uninterrupted increase in steatosis over time. In our 

Figure 2. Mean response curves from the main models for (A) the CAP and (B) the HSI. Vertical reference lines represent the usual 12-week treatment period. 
Abbreviations: CAP, controlled attenuation parameter; HCV, hepatitis C virus; HIS, Hepatic Steatosis Index.
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study, the change in CAP was mirrored by a steady increase 
in BMI equivalent to an increase in mean weight of 0.7 kg 
per year (95% CrI, 0.0–1.4) before to 1.1 kg per year (95% 
CrI, 0.5–1.8) after treatment. While we cannot rule out that 
SVR is associated with some increase in the rate of weight 
gain, our participants cured of HCV appear to experience a 
similar trajectory of weight gain to those without HCV infec
tion treated for HIV with modern antiretrovirals [39]. This 
weight gain parallels, but exceeds, trends in obesity in the ge
neral population and represents a growing clinical concern 
due to potential implications for metabolic consequences, in
cluding HS [40]. Integrase inhibitors have been associated 
with weight gain [41]; however, there is limited evidence 
they are associated with HS [42, 43]. We did not see such 
an association in our data.

With genotype 3, HS has been shown to be higher in untreat
ed infection and lower following successful interferon treat
ment relative to other genotypes on paired liver biopsies [8]. 
Our subgroup analyses suggested there could be some differ
ence in CAP according to HCV genotype. In contrast to other 
genotypes, CAP was essentially constant in those with genotype 
3, neither increasing before nor decreasing after successful treat
ment. Relatively few participants were infected with genotype 3 
and while this limits the power to detect differences between 

genotypes, the precision of our response curves suggest, if there 
were differences, they were relatively minor.

A responsive noninvasive marker suitable for monitoring HS 
would help in the long-term management of people treated for 
HCV. Our results suggest that CAP appears to capture the be
havior of HS before, during, and after DAA treatment and is 
therefore the diagnostic tool of choice in this setting until 
such time as an accessible alternative and reliable serologic 
measure is developed. CAP has also been shown to correlate 
well with important clinical outcomes, such as the incidence 
and severity of liver-related disease and cardiovascular disease 
[44, 45].

We also evaluated HSI as a simple noninvasive biomarker of 
HS given it may be more readily available in clinical practice 
and is increasingly being used for clinical and research purpos
es in people with HIV [46, 47] or with viral hepatitis [48]. The 
lack of change in HSI before and after treatment shows the in
ability of this marker to capture increasing HS over time. In 
contrast to CAP, HSI decreased markedly during the treatment 
period. This decrease in HSI is likely driven by a reduction in 
the ALT to AST ratio, because of a reduction in hepatocellu
lar injury and liver inflammation in the context of HCV erad
ication [49]. HSI remained stable years after SVR, consistent 
with the persistent normalization of ALT and AST after HCV 

Table 2. Slope Estimates for Transient Elastography With CAP and HSI Before, During, and After a Successful Treatment for HCV With a 
Second-Generation Direct-Acting Antiviral Therapy

Marker and Model

Slope Estimate (95% Credible Interval)

1.5–0.5 y  
Before Treatment

During Treatment, 12-wk 
Treatment Period Assumed

0.5–1.5 y  
After Treatment

HSI

Adjusted, main modela 0.2 (−0.1 to 0.5) −4.5 (−5.9 to −3.1) 0.2 (−0.1 to 0.4)

Adjusted, within 1 yb 0.2 (−0.1 to 0.5) −4.5 (−6.0 to −3.0) 0.2 (−0.1 to 0.5)

No covariates 0.2 (−0.1 to 0.5) −4.5 (−5.9 to −3.1) 0.2 (−0.1 to 0.5)

CAP

Adjusted, main modelc 3.3 (1.6 to 4.9) 4.3 (2.1 to 6.4) 3.9 (1.9 to 5.9)

Adjusted, within 1 yb 4.5 (2.5 to 6.3) 5.8 (3.3 to 8.2) 5.3 (3.0 to 7.6)

Adjusted, INSTI exposured 3.4 (1.7 to 5.1) 4.5 (2.2 to 6.6) 4.1 (2.1 to 6.1)

No covariates 3.2 (1.7 to 4.8) 4.2 (2.2 to 6.3) 3.9 (2.0 to 5.8)

CAP subgroups

Pretreatment CAP < 248 dB/mc 3.7 (1.9 to 5.6) 4.9 (2.5 to 7.3) 4.5 (2.3 to 6.7)

Pretreatment CAP ≥ 248 dB/mc 2.1 (−1.3 to 5.3) 2.7 (−1.7 to 6.9) 2.4 (−1.5 to 6.3)

HCV genotype 1, 2, or 4c 3.8 (1.1 to 6.5) 5.5 (2.5 to 8.4) 5.4 (2.9 to 7.8)

HCV genotype 3c −0.5 (−4.7 to 3.7) −0.6 (−6.1 to 4.7) −0.6 (−5.6 to 4.3)

BMI

Adjusteda 0.2 (0.0 to 0.5) 0.3 (−1.1 to 1.8) 0.4 (0.2 to 0.6)

ALT/AST ratio

Adjusteda 0.0 (−0.1 to 0.0) −0.8 (−1.0 to −0.7) 0.1 (0.0 to 0.1)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CAP, controlled attenuation parameter; HCV, hepatitis C virus; HIS, Hepatic Steatosis 
Index; INSTI, integrase strand transfer inhibitor.  
aAdjusted for pretreatment age, duration of HCV infection in years, past exposure to dideoxynucleosides, and hazardous drinking.  
bRestricted to participants with all covariates measured within the year prior to starting treatment (HSI n = 360; CAP n = 85).  
cAdjusted for pretreatment age, sex, duration of HCV infection in years, diabetes, past exposure to dideoxynucleosides, BMI, and hazardous drinking.  
dAdjusted for the covariates in the main model plus a time-dependent indicator for exposure to integrase inhibitors.
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cure [50]. BMI behaved differently, rising consistently over 
time. The net effect of combining these components affected 
differently by treatment in a single measure renders HSI a 
poor marker of HS in those treated for HCV.

This is the first longitudinal measurement study of CAP 
and HSI before and after DAA treatment in a coinfected pop
ulation, with reliable modelling of the mean response up to 3 
years posttreatment. Our models for the mean response 

Figure 3. Mean response curves from models for (A) body mass index and (B) for the ALT to AST ratio. Vertical reference lines represent the usual 12-week treatment 
period. Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; HCV, hepatitis C virus.

Table 3. Model Predictions for Cohort Participants Providing Data to a Given Model

Prediction and Model
At Start 

of Treatment
1 y 

after Treatment
2 y 

after Treatment

CAP ≥ 248 dB/m, %

Main model (n = 98) 19 (14–26) 23 (17–30) 27 (20–34)

HSI ≥ 36, %

Main model (n = 399) 34 (31–37) 27 (25–29) 28 (26–30)

BMI, kg/m2

Adjusted (n = 399) 25 (24–27) 25 (24–27) 26 (24–27)

ALT/AST ratio

Adjusted (n = 399) 1.0 (0.8–1.2) 0.8 (0.7–1.0) 0.8 (0.7–1.0)

Data are the mean among individuals (95% credible interval for individual values). Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CAP, 
controlled attenuation parameter; HSI, Hepatic Steatosis Index.
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reproduce mean individual values but underestimate individu
al variability. The estimated CAP for individual participants 
when starting treatment was mean 220 dB/m (95% CrI, 156– 
284); the observed pretreatment CAP among individual par
ticipants was mean 218 dB/m (95% CrI, 136–300). When 
individual variability is underestimated, the proportion pre
dicted ≥ 248 dB/m will be too low (compare proportions in 
Table 1 and Table 3). However, the model provides predicted 
proportions that are robust to informative censoring of mea
surement sequences. The observed proportions are not robust: 
among 28 participants with CAP measurements between 0.5 
and 1.5 years after treatment, 89% had HS. The high observed 
percentage is biased because it is the result of repeated mea
surement in those more at risk of liver disease.

This study has limitations: only 98 of the 687 participants 
achieving SVR had at least 1 CAP measure available. However, 
those with and without CAP measures were similar with respect 
to pretreatment characteristics. Some participants had to be 

excluded from modelling due to missing covariate data. 
However, sensitivity analyses of the full data without covariate 
adjustment yielded similar results. Modelling choices were 
made to create response curves (the type of spline, the number 
and placement of knots); these choices may hide or exaggerate 
elements of a response curve. Finally, our results may not apply 
to people with HIV or HCV monoinfection.

In conclusion, HS progressively increased in people with 
HIV-HCV coinfection when measured by CAP. This increase 
started before DAA treatment, occurred irrespective of the pres
ence of pretreatment HS and was unaffected by HCV cure. 
Future research should consider the clinical consequences of 
this unabated increase in HS among people cured of HCV espe
cially in those who may have residual liver fibrosis. In particular, 
understanding the impact of HS on both hepatic and extrahepat
ic outcomes, such as cardiometabolic health and all-cause mor
tality, would support the need for introducing additional 
interventions after HCV cure.

Figure 4. Mean response curves from models for CAP subgroups: (A) subgroups based on the values of CAP when starting HCV treatment; and (B) subgroups based on HCV 
genotype. Vertical reference lines represent the usual 12-week treatment period. Abbreviations: CAP, controlled attenuation parameter; HCV, hepatitis C virus.
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Supplementary Data

Supplementary materials are available at The Journal of Infectious 
Diseases online (http://jid.oxfordjournals.org/). Supplementary 
materials consist of data provided by the author that are pub
lished to benefit the reader. The posted materials are not 
copyedited. The contents of all supplementary data are the 
sole responsibility of the authors. Questions or messages re
garding errors should be addressed to the author.
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