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Background. It remains unclear if cure of hepatitis C virus (HCV) infection with direct-acting antivirals (DAAs) ameliorates
HCV-related inflammation and bone deficits. We evaluated changes in cytokines and bone measurements by high-resolution
peripheral quantitative computed tomography (HR-pQCT) prior to DAA treatment and 18 months following initiation and
compared changes in uninfected controls over 18 months.

Methods. We conducted a cohort study of 40 participants who initiated DAAs and achieved cure and 48 without HCV as
controls. At enrollment and 18 months later, participants had measurements of volumetric bone mineral density, cortical
dimensions, and mechanical properties of the radius and tibia by HR-pQCT; visceral fat area and appendicular lean mass by
whole-body dual-energy X-ray absorptiometry; and serum tumor necrosis factor alpha (TNF-a), interleukin 6 (IL-6), and
interleukin 18 (IL-18). Multivariable linear regression was used to estimate group differences in mean changes in bone
measurements and cytokines.

Results. We observed no significant differences in month 0-18 changes in HR-pQCT measurements between participants with
cured HCV and controls in unadjusted models or after adjustment for age, sex, appendicular lean mass index, visceral fat area, and
smoking. Participants with cured HCV had decreases in IL-18 (mean change, —0.085 vs +0.086 log pg/mL; P <.001) and TNF-a
(mean change, —0.050 vs +0.084 log pg/mL; P <.001), but not IL-6 (mean change, +0.108 vs +0.009 log pg/mL; P =.214) versus
controls.

Conclusions. Participants with cured HCV had no significant changes in bone microarchitecture by HR-pQCT 18 months after
DAA initiation compared with controls, but did have decreases in IL-18 and TNF-a versus controls.
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Graphical Abstract

Changes in Bone Microarchitecture and Inflammatory Cytokines after Cure of Chronic Hepatitis C Infection
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In addition to its effects on the liver, chronic hepatitis C virus
(HCV) infection can have extrahepatic effects [1], including on
bone, which has been referred to as “hepatic osteodystrophy”
[2, 3]. Cross-sectional studies have shown that bone mineral
density (BMD) as determined by dual-energy X-ray absorpti-
ometry (DXA) is lower in people with chronic HCV than those
without HCV infection [4-7]. Cohort studies have demonstrat-
ed that chronic HCV infection is also associated with increased
rates of bone fractures [7-9], particularly at the hip, which can
adversely affect survival, with an effect on mortality similar to
that of cardiovascular disease [10]. Consequently, people with
chronic HCV infection, especially those with other risk factors
for osteoporosis, may possibly benefit from BMD screening by
DXA to identify bone loss.

We recently used high-resolution peripheral quantitative
computed tomography (HR-pQCT), a 3-dimensional X-ray—
based imaging technique that can discriminate between trabec-
ular and cortical bone when estimating volumetric BMD
[11, 12], to show that patients with chronic HCV infection had
lower radius and tibia trabecular volumetric BMD and tibia cor-
tical dimensions compared to people without HCV, independent
of age, sex, visceral fat area, appendicular lean mass, and smok-
ing [13]. Chronic HCV stimulates production of inflammatory
cytokines, such as tumor necrosis factor alpha (TNF-o), inter-
leukin 6 (IL-6), and interleukin 18 (IL-18) [14-18], which can

promote low BMD by inhibiting osteoblasts (decreasing bone
formation) [19-22] and stimulating osteoclasts (increasing
bone resorption) [23, 24]. We found that higher log TNF-a lev-
els were associated with lower radius trabecular volumetric
BMD, lower tibia cortical volumetric BMD, and higher tibia
cortical porosity by HR-pQCT [13], suggesting that HCV-
associated inflammation might be an important contributor
to bone deficits.

Given the adverse impact that chronic HCV-related inflam-
mation might have on bone microarchitecture, cure of chronic
HCV may halt or reverse these detrimental effects.
Direct-acting antiviral (DAA) therapy achieves HCV cure in
>94% of patients with <12 weeks of treatment [25-33].
However, the extent to which HCV-related cytokines are re-
duced, and bone deficits are improved, following cure remains
unclear. Evaluating changes in bone microarchitecture and cy-
tokine levels following HCV cure might yield important infor-
mation on the reversibility of HCV-related inflammation and
bone abnormalities and could identify important determinants
of improvements in bone health in people with chronic HCV
infection.

To address this knowledge gap, we evaluated changes in in-
flammatory cytokines and bone measurements by HR-pQCT
and DXA following cure of chronic HCV with DAA therapy.
We examined participants who initiated DAA therapy and
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achieved cure. We measured cytokines and bone outcomes pri-
or to treatment and 18 months later (approximately 1 year fol-
lowing HCV cure). We compared results to participants
without HCV with the same measurements assessed at enroll-
ment and 18 months later. We hypothesized that HCV cure
would result in decreases in cytokine levels and increases in
bone quality and mechanical properties 18 months after
DAA treatment initiation and that these changes would be
greater than those without HCV over a similar 18-month
period.

METHODS

Study Design and Setting

We performed a prospective cohort study of DAA-naive indi-
viduals with chronic HCV and those without HCV. Patients
with chronic HCV were recruited from viral hepatitis and pri-
mary care practices within the University of Pennsylvania
Health System and from Philadelphia FIGHT. Primary care
practices were the recruitment sites for participants without
HCV. Study personnel recruited individuals who presented to
their primary care provider for routine care visits to serve as
controls. All clinics were located in Philadelphia, Pennsylvania.

Patients scheduled for clinical visits were prescreened for
HCV infection and, after approval from their practitioner, ap-
proached by study personnel for interest in participation.
Self-reported responses were used to assess the potential eligi-
bility of interested patients. Eligibility was confirmed by medi-
cal record review after obtaining informed consent. We used
stratified sampling to recruit patients without HCV according
to sex assigned at birth, race (Black vs not Black), and age cat-
egory (18-39, 40-59, >60 years) to promote balance in demo-
graphic characteristics between cohorts. Participants were
recruited from 1 January 2019 through 31 July 2022.

After enrollment, all participants underwent a baseline
(month 0) assessment of demographic and clinical characteris-
tics, height and body weight, bone measurements via HR-pQCT
and DXA, and cytokines. At follow-up (month 18), HR-pQCT,
DXA, and cytokine assessments were repeated. Cure of HCV
was defined as most recent HCV RNA undetectable.

Patient Consent Statement

The study protocol was approved by the University of
Pennsylvania Institutional Review Board (IRB). The
Philadelphia FIGHT IRB relied on the University of
Pennsylvania IRB through a reliance agreement. Written in-
formed consent was provided by all participants.

Study Participants

Patients with chronic HCV were eligible if they were >18 years
of age, had detectable HCV RNA, and underwent liver fibrosis
staging within the past 6 months. Human immunodeficiency

virus (HIV) coinfection was allowed if the participant was on
a stable antiretroviral therapy regimen for >4 weeks before en-
rollment with documented HIV RNA <200 copies/mL.
Patients without HCV (controls) were eligible if they were
>18 years of age and HCV and HIV uninfected. At both study
visits, controls were confirmed to be HCV and HIV antibody-
negative by OraSure’s OraQuick assay.

Patients were excluded if conditions that might affect bone
were present, including chronic kidney disease (estimated glo-
merular filtration rate <60 mL/minute/1.73 m?) [34]; cancer
(excluding non-melanomatous skin malignancy); malabsorp-
tion (due to celiac disease, small bowel resection surgery,
chronic diarrhea); weight loss >5% of body weight over the pre-
vious 3 months; or another chronic liver disease (ie, hepatitis B,
hemochromatosis, alpha-1-antitrypsin, autoimmune hepatitis,
sclerosing cholangitis, biliary cirrhosis, Wilson disease, meta-
bolic dysfunction-associated steatotic liver disease). We also
excluded patients who were pregnant (to avoid DXA radiation)
or had prior bilateral lower leg fractures. Patients with chronic
HCV were excluded if they had HCV genotype 3 infection
(which promotes hepatic steatosis [35] and low BMD [36]) or
prior HCV therapy (which might affect BMD) [37].

Assessment of Demographic, Clinical, and Anthropometric Data

Data collected at baseline included age; sex assigned at birth;
race and ethnicity; current smoking; alcohol consumption in
the past year determined by the 10-item Alcohol Use
Disorders Identification Test [38]; drug use in the past year de-
termined by the 10-item Drug Abuse Screening Test [39]; his-
tory of injection drug use; fracture history; calcium and vitamin
D use; and, if applicable, postmenopausal status, defined by ei-
ther: (1) absence of menstrual periods for >12 months in a pre-
viously menstruating individual >45 years of age while not on
hormonal birth control, or (2) prior hysterectomy or bilateral
oophorectomy.

Data collected from all participants’ medical records within
12 months prior to enrollment included diabetes mellitus (de-
fined by diagnosis, hemoglobin Alc >6.5%, or random glucose
>200 mg/dL) and serum creatinine. Among participants with
chronic HCV, we reviewed records to obtain HCV diagnosis
date, most recent pretreatment HCV RNA/genotype, and pre-
treatment liver fibrosis stage by vibration-controlled transient
elastography or HCV FibroSure test [40]. Advanced hepatic fi-
brosis/cirrhosis was defined as METAVIR stage F3 or F4 [40].

Body weight and height were measured at months 0 and 18
in triplicate without shoes using a digital scale (Scaltronix) and
stadiometer (Holtain), respectively, and the mean of each was
used to calculate body mass index.

HR-pQCT Measurements
Radius and tibia trabecular and cortical bone measurements
were obtained by HR-pQCT (Xtreme CT II; SCANCO
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Medical AG) at months 0 and 18. The nondominant side was
used unless there was a previous fracture or interfering artifact.
A scout view was used to place the reference line at the distal
epiphysis/endplate. Bone measurements were obtained at 4%
of the radius and 7.3% of the tibia lengths (ultradistal) and
30% (midshaft) of the radius and tibia lengths proximal to
the reference line. Scans were analyzed for trabecular volumet-
ric BMD (measured in mg hydroxyapatite [HA]/ cm?) at the ul-
tradistal site and cortical measures at the midshaft site. Cortical
volumetric BMD (mg HA/cm?®) was assessed after exclusion of
pore space and surface voxels to minimize partial volume vox-
els. Cortical porosity (%) was calculated as the ratio of intra-
cortical pore volume to total volume of the cortical
compartment [41]. Cortical area (mm?), thickness (mm), and
perimeter (mm) were calculated using the direct 3D distance
transformation method [42]. Cortical pore diameter (mm)
was measured by direct 3D method [43]. Tibia/radius bone me-
chanical properties, including axial stiffness (Newtons
[N]/mm) and failure load (N), were determined by micro-finite
element analysis (SCANCO Medical AG) [44-48].

DXA Measurements

Areal BMD (g/ cm?) at the total hip, femoral neck, and lumbar
(L1-L4) spine; L1-L4 trabecular bone score; visceral fat area
(cm?®); whole-body fat (kg); and appendicular lean mass (kg)
were assessed using a Delphi (Hologic) and/or Horizon
(Hologic) bone densitometer at months 0 and 18. Two densi-
tometers were used because the Delphi was replaced by the
Horizon during the study. Quality control was monitored
weekly using a phantom. Appendicular lean mass, a measure
of skeletal muscle [49], and whole-body fat mass were convert-
ed to appendicular lean mass index (ALMI; kg/m?) and fat mass
index (FMI; kg/m?) using height.

Laboratory Data

Serum levels of IL-6, IL-18, and TNF-a (all in pg/mL) were
measured using an enzyme-linked immunosorbent assay
(Ella; ProteinSimple, Bio-Techne). The testing of the inflamma-
tory cytokines was conducted in the same laboratory and run in
3 batches over the course of the study. The laboratory ran con-
trols for each inflammatory cytokine with each batch of
samples.

Statistical Analysis

To assess whether cure of HCV with DAA therapy affected
bone outcomes, we assessed the mean changes in HR-pQCT
and DXA measurements from month 0 to month 18 in the 2
cohorts. We used multivariable linear regression to estimate
mean differences (95% confidence intervals [CIs]) between
the groups in month 0-18 changes in bone measurements, after
adjustment for age (continuous), sex, change in ALMI by DXA
(continuous), change in visceral fat area by DXA (continuous),

and smoking at month 0. We adjusted for ALMI and visceral
fat area because bone quality is associated with muscle mass
[50, 51] and visceral fat mass [52-61]. Since the DXA scanner
was replaced during the study, we additionally adjusted analy-
ses of DXA outcomes for a variable indicating that different
machines were used by the participant. To assess the robustness
of the results, we repeated analyses replacing change in visceral
fat area with change in FMI (continuous) by DXA.

To explore the impact of HCV cure on bone outcomes
among participants with HIV/HCV coinfection, we repeated
the analysis, stratifying the HCV cohort by HIV coinfection
status. We used multivariable linear regression to estimate
mean differences (95% CI) in month 0-18 changes in bone out-
comes between the control group and participants with: (1)
HIV/HCV coinfection, and (2) HCV alone, after adjustment
for age (continuous), sex, change in ALMI (continuous), chan-
ge in visceral fat area (continuous), and smoking.

Next, to evaluate the effect of cure on cytokine levels, we es-
timated month 0-18 changes in mean log IL-6, IL-18, and
TNF-a between the cohorts. We used multivariable linear re-
gression to estimate mean differences (95% Cls) between the
groups in changes in log cytokine levels, after adjustment for
age (continuous), sex, change in visceral fat area (continuous),
and smoking. We adjusted for visceral fat because this contrib-
utes to secretion of cytokines [62-66]. Cytokine levels were log
transformed because of a more linear relationship with contin-
uous covariates after transformation. We repeated analyses re-
placing change in visceral fat area with change in FMI
(continuous) to assess the robustness of the results.

We examined scatterplots to confirm the linearity of rela-
tionships between outcomes and continuous predictors.
Analyses were conducted using SAS version 9.4 software
(SAS Institute).

RESULTS

Participant Characteristics
Among 519 patients screened for eligibility, 172 were potential-
ly eligible based on self-report; after medical record review, 56
were excluded (reasons reported in Figure 1). The month 0 visit
was completed by 116 participants (58 with chronic HCV; 58
without HCV). After month 0, 15 participants with chronic
HCV and 10 participants without HCV withdrew from the
study (reasons reported in Figure 1). All remaining participants
completed the month 18 study visit. Among the remaining 43
participants with chronic HCV, 3 (7%) did not achieve cure and
were excluded. A total of 98 participants (40 with chronic HCV;
48 without HCV) were included in the final analysis.
Participants with chronic HCV were older, more likely to
smoke, and more frequently reported injection drug use within
the past year (Table 1). No other significant differences in de-
mographic or clinical characteristics between the groups were
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Figure 1. Cohort selection flowchart. *Screening questions have been previously published [13]. PThis participant was withdrawn before the MRI component was made
optional. Abbreviations: COVID-19, coronavirus disease 2019; HCV, hepatitis C virus; HIV, human immunodeficiency virus; MRI, magnetic resonance imaging.

observed. Ten participants with chronic HCV had advanced
hepatic fibrosis/cirrhosis. Twelve (30%) of the participants
with chronic HCV also had HIV coinfection with undetectable
HIV RNA on stable antiretroviral therapy (11 on a regimen
containing tenofovir alafenamide; 1 on dolutegravir/abacavir/
lamivudine).

Month 0-18 Changes in HR-pQCT and DXA Measurements

We observed no statistically significant differences in mean
change in any HR-pQCT measures of the radius or tibia
from month 0 to month 18 between participants with cured
HCV and those without HCV prior to adjustment (Table 2,
Supplementary Table 1) or after adjustment for age, sex, change
in ALMI, change in visceral fat area, and smoking. Results were
similar when change in visceral fat area was replaced with chan-
ge in FMI (Supplementary Table 2).

Between month 0 and month 18, we observed increased
mean total hip BMD by DXA (mean change, +0.016 vs
—0.008 g/cmz; P =.003) and mean lumbar spine BMD (mean
change, +0.035 vs +0.012 g/cm? P =.049) among participants
with cured HCV compared to controls. There were no statisti-
cally significant differences in mean changes in other DXA
measurements between the groups (Table 2, Supplementary
Table 1). After adjustment for age, sex, change in ALMI, change
in visceral fat area, and smoking, mean month 0-18 differences
in DXA measurements between the groups were not statisti-
cally significant (Table 3).

When we stratified the cured HCV group by HIV status and
repeated the primary adjusted analysis (Supplementary Table 3),

we observed several statistically significant differences in
mean changes in HR-pQCT measures of the radius, but not tib-
ia. Participants with cured HCV and no HIV (n =48) had a de-
crease in radius cortical porosity (adjusted mean difference,
—0.127%; P=.028), increase in radius stiffness (adjusted
mean difference, +8833 N/mm; P = .006), increase in radius fail-
ure load (adjusted mean difference, +316.0 N; P =.016), and in-
crease in tibia cortical porosity (adjusted mean difference,
+0.165%; P=.022) compared to controls. Participants with
cured HCV plus HIV infection (n = 12) had increases in radius
cortical porosity (adjusted mean difference, +0.179%; P =.027)
and radius cortical pore diameter (adjusted mean difference,
+0.048 mm; P =.043) compared to controls. We observed no
differences in DXA measures between the groups stratified by
HIV status. Results were similar when change in visceral fat
area was replaced with change in FMI (Supplementary Table 2).

Month 0-18 Changes in Inflammatory Cytokines

Between month 0 and month 18, participants with cured HCV
infection had decreases in mean log levels of IL-18 (mean chan-
ge, —0.085 vs +0.086; mean difference, —0.171; P <.001) and
TNF-a (mean change, —0.050 vs +0.084; mean difference,
—0.133; P<.001), but not IL-6 (mean change, +0.108 vs
+0.009; mean difference, +0.099; P=.2), compared to those
without HCV (Table 2, Supplementary Table 1). After adjust-
ment for age, sex, change in visceral fat area, and smoking,
the observed decreases in mean log levels of IL-18 (adjusted
mean difference, —0.158; P=.002) and TNF-o (adjusted
mean difference, —0.108; P =.009) remained significant for
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Table 1. Baseline Characteristics of Participants in the Final Analysis, by Hepatitis C Status

Characteristic Participants With HCV (n =40) Participants Without HCV (n = 48) P Value
Recruitment site
University of Pennsylvania Health System 33 (82.5) 37 (77.1)
Philadelphia FIGHT 7 (17.5) 0(0.0)
Referral 0(0.0) 11 (22.9)
Age, y, median (IQR) 60 (45-64) 54 (37-63) 011
Missing 0(0.0) 0(0.0)
Male sex 31 (77.5) 31 (64.6) 186
Missing 0(0.0) 0(0.0)
Race 174
Asian 0(0) 2(4.2)
Black or African American 30 (75.0) 28 (68.3)
White 9 (22.5) 16 (33.3)
Other 1(2.5) 2(4.2)
Missing 0(0.0) 0(0.0)
Hispanic ethnicity 2 (5.0) 3(6.3) .801
Missing 0(0.0) 0(0.0)
Body mass index, kg/m?
Median (IQR) 28 (25-30) 28 (24-33) .202
Underweight (<18.5) 0(0) 1(2.1) 419
Normal (18.5-24.9) 13 (32.5) 12 (25.0)
Overweight (25.0-29.9) 15 (37.5) 14 (29.2)
Obesity (>30.0) 12 (30.0) 21 (43.8)
Missing 0(0.0) 0(0.0)
Diabetes mellitus® 12 (30.0) 10 (20.8) .323
Missing 0(0.0) 0(0.0)
HIV coinfection 12 (30) 0(0) <.001
Serum creatinine, mg/dL, median (IQR)° 0.95 (0.83-1.07) 0.90 (0.78-1.06) .488
Missing 1(2.5) 13(27.1) .002
Total cholesterol, mg/dL, median (IQR) 154 (135-182) 169 (147-193) .269
Missing 3(7.5) 1(2.1) 225
HDL cholesterol, mg/dL, median (IQR) 49 (41-60) 51 (45-65) .275
Missing 3(7.5) 1(2.1) .225
LDL cholesterol, mg/dL, median (IQR) 91 (76-111) 93 (72-120) .827
Missing 3(7.5) 1(2.1) 225
Triglycerides, mg/dL, median (IQR) 105 (79-129) 90 (64-135) .658
Missing 3(7.5) 1(2.1) 225
Dyslipidemia® 15 (37.5) 18 (37.5) >.999
Missing 0(0.0) 0(0.0)
History of bone fracture 23 (57.5) 21 (43.8) 1199
Missing 0(0.0) 0(0.0)
Calcium supplement use 5(12.5) 5(10.4) 759
Missing 0(0.0) 0(0.0)
Vitamin D supplement use 8(20.0) 13(27.1) 438
Missing 0(0.0) 0(0.0)
Postmenopausal (females only)® 4/9 (44.4) 7/17 (41.2) .873
Missing 0(0.0) 0(0.0)
Smoking status
Never 4(10.0) 26 (564.2) <.001
Former 9 (22.5) 9(18.8)
Current 27 (67.5) 13 (27.1)
Missing 0(0.0) 0(0.0)
Smoking pack-years, median (IQR)® 8.75 (4.80-12.00) 5.00 (2.15-13.50) 739
Missing 0(0.0) 0(0.0)
Self-reported history of injection drug use 18 (45.0) 0(0) <.001
Time since initial HCV diagnosis’
<by 22 (55.0)
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Table 1. Continued

Characteristic Participants With HCV (n =40) Participants Without HCV (n = 48) P Value
5-10y 8(20.0)
11-20y 6 (15.0)
21-40y 3(7.5)
>40y 1(2.5)
Alcohol use in past year, AUDIT score
Median (IQR) 2 (0-5) 2 (1-5) .805
<8 (low risk) 34 (85.0) 43 (89.6) .803
8-15 (risky/hazardous) 5(12.5) 4 (8.3)
16-19 (high-risk) 0(0.0) 0(0.0)
>20 (highest risk) 1(2.5) 1(2.1)
Missing 0(0.0) 0(0.0)
Drug use in past year, DAST-10 score
Median (IQR) 1 (0-5) 0 (0-1) .028
0 (none) 20 (50.0) 35 (72.9) .004
1-2 (low) 7(17.5) 12 (25.0)
3-5 (moderate) 4(10.0) 1(2.1)
6-8 (substantial) 6 (15.0) 0(0)
9-10 (severe) 3(7.5) 0(0)
Missing 0(0.0) 0(0.0)

Data are reported as No. (%) unless otherwise noted. Bold indicates P<.05.

Abbreviations: AUDIT, Alcohol Use Disorders Identification Test; DAST-10, 10-item Drug Abuse Screening Test; HCV, hepatitis C virus; HDL, high-density lipoprotein; HIV, human

immunodeficiency virus; IQR, interquartile range; LDL, low-density lipoprotein.

“Diabetes mellitus was defined as the presence of any of the following: diagnosis of diabetes in the medical record, hemoglobin A1c >6.5%, or random glucose >200 mg/dL.

®Serum creatinine levels from the prior 12 months, if available, were collected from the medical record.

Dyslipidemia was defined as triglycerides >150 mg/dL or HDL cholesterol <40 mg/dL (if male) or <50 mg/dL (if female).

dpostmenopausal status (if applicable) defined as either the absence of menstrual periods for >12 months in a previously menstruating individual >45 years of age or status post hysterectomy

or bilateral oophorectomy.

®For current smokers, smoking pack-years was calculated as the average number of cigarettes smoked per day divided by 20, then multiplied by the number of years the person has smoked.

Time since initial HCV diagnosis based on the self-reported year of initial HCV diagnosis.

participants with cured HCV versus controls (Table 4). Results
were similar when change in visceral fat area was replaced with
change in FMI (Supplementary Table 4).

When we stratified the cured HCV group by HIV status, we
observed no statistically significant differences in mean changes
in log IL-18, TNF-q, or IL-6 levels between participants with
cured HCV plus HIV infection and those without HCV
(Table 4). However, we observed significant decreases in
mean log levels of IL-18 (adjusted mean difference, —0.170;
P=.002) and TNF-o (adjusted mean difference, —0.106;
P =.019) for participants with cured HCV and no HIV com-
pared to those without HCV (Table 4). Results were similar
when change in visceral fat area was replaced with change in
FMI (Supplementary Table 4).

DISCUSSION

We found no significant differences in mean changes in any
HR-pQCT measures of the radius or tibia or any BMD mea-
sures by DXA from month 0 to month 18 between participants
with cured HCV and those without HCV infection after adjust-
ment for age, sex, change in ALMI, change in visceral fat area,
and smoking. Participants with cured HCV did have significant

decreases in levels of IL-18 and TNF-a, but not IL-6, compared
to controls.

There are few data examining the effects of cure of HCV in-
fection on bone, and to our knowledge, none have evaluated the
impact of cure on bone microarchitecture or mechanical prop-
erties. In a cohort study of 36 noncirrhotic patients with chron-
ic HCV who achieved cure following treatment with pegylated
interferon (PEG-IFN) + ribavirin (RBV), lumbar spine and
femoral neck BMD measurements 48 weeks after treatment
completion were significantly higher compared to baseline
[67]. A cohort study of 46 noncirrhotic children with chronic
HCV treated with PEG-IFN + RBV, 23 of whom achieved
cure, showed significant improvement in BMD by DXA 24
weeks after treatment completion compared to baseline [68].
A cohort study of 30 noncirrhotic patients with chronic
HCV treated with PEG-IFN + RBV found that antiviral ther-
apy led to on-treatment increases of lumbar spine and hip
BMD by DXA [37]. Among patients with cure (n=19),
most parameters remained highly above baseline values by
the end of the 24-week follow-up period, while patients
with virological relapse (n=11) had decreases of BMD.
Finally, in a prospective study of 238 people with HIV/
HCYV coinfection (50% with cirrhosis) treated with antiviral
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Table 3. Adjusted Mean Differences in the Change in Bone Measurements From Month 0 to Month 18 Between Participants With and Those Without

Hepatitis C Virus Infection

Bone Measurement

Mean Difference Compared to Contl

rols (95% CI) P Value

HR-pQCT of radius®
Total vBMD (mg HA/cm?)
Trabecular vBMD (mg HA/cm®)
Cortical vBMD (mg HA/cm?)
Cortical area (mm?)
Cortical porosity (%)
Cortical perimeter (mm)
Cortical thickness (mm)
Cortical pore diameter (mm)

Stiffness (N/mm)

Failure load (N)

HR-pQCT of tibia®
Total vBMD (mg HA/cm?®)
Trabecular vBMD (mg HA/cm®)
Cortical VBMD (mg HA/cm?)
Cortical area (mm?)
Cortical porosity (%)
Cortical perimeter (mm)
Cortical thickness (mm)
Cortical pore diameter (mm)
Stiffness (N/mm)
Failure load (N)

DXAP
Total hip BMD (g/cm?)
Femoral neck BMD (g/cm?)
Lumbar spine BMD (g/cm?)
Trabecular bone score

—1.769 (—8.663, 5.125) 611
1.682 (—4.580, 7.743) .610
0.585 (-5.163, 6.333) .840
0.037 (-1.380, 1.453) $959

—0.040 (-.151, .071) 473

—0.212 (-.519, .095) 173
0.012 (-.060, .083) 742
0.018 (-.013, .048) .249
5485 (—295, 11265) .063
149.1 (-93.5, 391.8) 225
2.523 (-1.628, 6.674) 229
1.966 (—1.268, 5.200) 229

—6.637 (-16.20, 2.924) 170
2.405 (-1.061, 5.871) 170
0.078 (-.061, .216) .266
0.240 (-.188, .668) .266
0.083 (-.008, .173) .073
0.009 (-.014, .032) 442
1294 (4954, 7542) .680

48.4 (-265.5, 362.2) .759

—0.002 (-.020, .016) 794

—0.013 (-.039, .013) 312
0.005 (-.025, .035) .761

—0.023 (-.066, .019) .280

All models are adjusted for age, sex, change in appendicular lean mass index, change in visceral fat area, and smoking at month 0.

Abbreviations: BMD, bone mineral density; Cl, confidence interval; DXA, dual-energy X-ray absorptiometry; HA, hydroxyapatite; HR-pQCT, high-resolution peripheral quantitative computed

tomography; vBMD, volumetric bone mineral density.

#Total vBMD, trabecular vBMD, stiffness, and failure load were measured at the ultradistal location; all other HR-pQCT variables were measured at the midshaft location.

®Analyses of DXA outcomes were additionally adjusted for a variable indicating that 2 different machines were used by the participant.

Table 4. Adjusted Mean Differences in the Change in Log Cytokine Levels From Month 0 to Month 18 Between Participants With and Without Hepatitis C
Virus Infection (Primary Analysis) and Additionally Stratified by HIV Status (Secondary Analysis)

Secondary Analysis

Primary Analysis

HIV/HCV and HCV Combined HIV/HCV Only HCV Only
Mean Difference Compared to P Mean Difference Compared to P Mean Difference Compared to P
Cytokine Controls (95% Cl) Value Controls (95% Cl) Value Controls (95% Cl) Value
IL-6 0.085 (-.094, .264) .346 0.185 (—.128, .498) 241 0.055 (-.141, .250) 579
IL-18 —0.158 (-.255, —.061) .002 —-0.117 (-.286, .053) 174 —-0.170 (-.276, —.064) .002
TNF-o —0.108 (-.188, —.028) .009 —0.114 (-.254, .026) 109 —0.106 (-.194, —.018) .019

Data are presented as log cytokine (pg/mL). Bold indicates P<.05. All models are adjusted for age, sex, change in visceral fat area, and smoking at month 0.

Abbreviations: Cl, confidence interval; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IL-6, interleukin 6; IL-18, interleukin 18; TNF-a, tumor necrosis factor alpha.

therapy (53.4% with PEG-IFN +RBV +DAA; 34.4%
PEG-IFN + RBV; 12.2% sofosbuvir + RBV 12.2%), there was
no significant effect of HCV cure (n=145) on BMD at the
lumbar spine and femoral neck or biomarkers of bone re-
modeling, including soluble receptor activator of nuclear
factor-xP ligand or osteoprotegerin [69].

It remains unclear why bone microarchitecture did not sig-
nificantly change among participants with HCV infection fol-
lowing cure relative to controls, despite the observed
reductions in inflammatory markers. We offer 3 possible rea-
sons for this observation. First, illicit drug use, poor nutrition,
and fragility among participants with HCV infection might
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have contributed to the lack of change in bone quality, irrespec-
tive of the effects of HCV cure. Second, the 18-month observa-
tion period might not have been long enough to observe
changes in bone measurements. The optimal time to examine
changes in bone microarchitecture after HCV cure is unknown.
We examined bone measurements at month 18 (at least 12
months after cure) because one study evaluating pQCT mea-
sures after initiation of Crohn disease therapy found that
changes in trabecular volumetric BMD and endocortical bone
were evident 12 months after treatment initiation [70, 71].
However, longer follow-up after HCV cure may be necessary
to observe changes in bone microarchitecture and strength
and should be pursued in future studies. Third, our inclusion
of participants with controlled HIV infection on antiretroviral
therapy might have prevented us from observing a significant
change in bone quality in the cohort of participants with
HCV infection. When evaluating results stratified by HIV sta-
tus, we did observe that participants with cured HCV and no
HIV had some improvements in bone microarchitecture, in-
cluding a decrease in radius cortical porosity and increases in
radius stiffness and failure load, compared to controls. The ra-
dius bone is less subject to mechanical forces of weight bearing
and might be more sensitive to changes in microarchitecture
following HCV cure [72, 73], which may explain why we ob-
served improvements in measurements at the radius but not
tibia. These patients also had improvements in cytokine levels,
including significant decreases in mean levels of IL-18 and
TNF-a over the 18-month observation period. No consistent
patterns of improvement in HR-pQCT measurements across
the radius and tibia were observed for participants with cured
HCV plus HIV infection, and no significant decreases in
IL-6, IL-18, or TNF-a were found in this group. It is possible
that HIV coinfection might interfere with improvements in
bone microarchitecture and mechanical properties following
HCV cure. However, these results should be interpreted with
caution given the small sample of participants with HIV (n =12).
Future studies evaluating changes in bone quality following HCV
cure should account for these considerations.

The control group selected for this study might have affected
the study conclusions. To promote balance in demographic
characteristics between the study cohorts, we implemented a
stratified sampling approach to enroll patients without HCV
infection according to sex assigned at birth, race (Black vs
not Black), and age category (18-39, 40-59, >60 years).
However, because of unexpected study participant withdrawals
within each group over the study period, the cohort of control
participants who completed the study were younger, less
commonly reported smoking, and less frequently used illicit
drugs. In addition, our study design did not permit enroll-
ment of control participants with HIV infection. These fac-
have contributed to in bone

tors might changes

measurements and inflammatory cytokines over time among

control participants that could have affected group differ-
ences in measurements under study.

We observed declines in IL-18 and TNF-a following HCV
cure. Prior analyses also observed declines in select cytokines
after cure. One cohort study of 56 patients with chronic HCV
evaluated serum cytokine levels before antiviral therapy and af-
ter cure. Significantly lower concentrations of IL-4, IL-9, IL-10,
IL-13, and TNF-a were observed after cure compared with pre-
treatment [74]. A separate analysis of 127 people with HIV/
HCV coinfection who received a 12-week course of ledipas-
vir/sofosbuvir (99 who achieved cure) evaluated the impact of
HCV cure on serum IL-6 and soluble tumor necrosis factor re-
ceptor I [75]. Significant reductions in soluble tumor necrosis
factor receptor I (P <.001) were observed among patients
who achieved cure. Decreases in systemic inflammation follow-
ing HCV cure might also have beneficial effects on other organ
systems [76].

Our study had several limitations. First, we did not collect
duration of HCV infection (since infection date is challenging
to ascertain), nutritional status, or some comorbidities (heart
failure, thyroid disease) that might affect bone. Further, use
of opioids has been associated with low BMD [77, 78], but we
did not collect data on use of prescribed or illicit opioids.
These factors might be important contributors to bone deficits
in this population. Second, we aimed to include 100 partici-
pants (50 per group) to have sufficient power to detect group
differences in month 0-18 changes in bone measurements
and cytokines, but we experienced larger than anticipated with-
drawals from each group due to the reasons specified in
Figure 1. Third, we did not adjust for multiple testing to pre-
serve power to detect associations given the hypothesis-
generating nature of the study. Finally, although advanced he-
patic fibrosis/cirrhosis might contribute to bone deficits and cy-
tokine levels, we had too few participants with advanced liver
disease to evaluate associations with bone deficits and cytokine
levels.

Our study had several strengths. We assessed bone micro-
architecture by HR-pQCT, which provides more accurate
quantification of trabecular and cortical structure than DXA
or conventional pQCT. We measured tibia/radius bone me-
chanical properties, including axial stiffness and failure load us-
ing micro-finite element analysis. We assessed levels of
HCV-induced cytokines that can affect osteoblasts and osteo-
clasts to evaluate changes following HCV cure. Finally, we mea-
sured and controlled for important confounding variables,
including change in visceral fat area, change in FMI, change
in ALMI, and smoking.

In conclusion, we observed no significant changes in bone
microarchitecture by HR-pQCT or BMD by DXA in partici-
pants with HCV infection from DAA pretreatment through
18 months after DAA initiation compared to those without
HCV. Participants with cured HCV had significant decreases
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in IL-18 and TNF-a, but not IL-6, compared to controls. Future
studies should evaluate changes in bone microarchitecture and
mechanical properties following HCV cure over longer follow-
up to ascertain whether eradication of HCV infection with
DAA therapy does indeed reverse the development of bone
deficits.
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Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
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authors, so questions or comments should be addressed to the correspond-
ing author.
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