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Background. Severity of hepatic fibrosis is greater in postmenopausal than in premenopausal women, perhaps owing to pro-
tective effects of estrogens. However, prior studies of estrogen and liver fibrosis lack serial fibrosis measures, adjustment for age, or
longitudinal observations in coinfected populations.

Methods. In a longitudinal cohort of women coinfected with human immunodeficiency virus (HIV) and hepatitis C virus
(HCV), we assessed fibrosis progression across reproductive age, using validated serum fibrosis markers, aminotransferase platelet
ratio index (APRI) and fibrosis 4 (FIB-4). Fibrosis rate was evaluated within each woman as she transitioned from pre- to postmen-
opause, defined by a biomarker of ovarian function.

Results. The median follow-up (n = 405) was 9.1 years (interquartile range, 5.0-15.2 years), with a median menopausal age of
49 years (47-52 years). When fully controlled for chronologic aging, the fibrosis progression rate was accelerated during perimen-
opause, as shown using FIB-4 (0.12 units per year faster than during premenopause; 95% confidence interval [CI], .02-.21; P = .01)
and APRI (0.05 units per year faster; —.002 to .09; P = .06). Accelerated fibrosis was also observed during postmenopause compared
with premenopause, for FIB-4 (0.14 units per year faster; 95% CI, —.01 to .29; P = .07) and APRI (0.07 units per year faster; —.003 to
.15; P =.06). Accelerated fibrosis in perimenopause persisted after adjustment for Hispanic ethnicity, antiretroviral use, and alcohol
(0.10 FIB-4 units per year faster than during premenopause; 95% CI, .008-.20; P = .03).

Conclusions. In HIV/HCV-coinfected women, hepatic fibrosis accelerates with reproductive aging. Accelerated fibrosis begins
in perimenopause, highlighting a previously unrecognized group of women at increased risk for advanced fibrosis and associated
complications. Longitudinal analyses of fibrosis rates across reproductive age should be conducted in non-HCV-related liver dis-
eases, given potential implications in a broader spectrum of women.
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In the United States, approximately 2.3 million persons are
chronically infected with hepatitis C virus (HCV) [1]. Because
both prevalent and incident HCV infection are more common
in HIV, the burden of HCV remains quite high, with 10%-15%
of HIV-infected individuals having HCV coinfection [2], com-
pared with <5% in most HIV-uninfected populations [3]. Liver-
related death remains a leading cause of death in HIV-infected
individuals [4]. HIV infection affects the natural history of
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HCV, resulting in accelerated hepatic fibrosis progression com-
pared with HCV infection alone [5, 6].

Notable sex differences in rates of HCV-related fibrosis
have been described, although prior studies derive from HCV-
monoinfected cohorts. HCV-infected men have more severe
fibrosis than women, perhaps owing to the protective effects
of estrogen. Cross-sectional data demonstrate higher stages of
fibrosis in postmenopausal than in premenopausal women [7-
9], a difference that may be due to loss of estrogen or to general
aging. Prior cross-sectional data demonstrate higher stages of
fibrosis in postmenopausal than in premenopausal women [7-
9], supporting the protective effects of estrogens against hepatic
scarring in humans. However, these data have been limited by
inadequate adjustment for chronologic aging, have included
only 1 or 2 time points of fibrosis assessment, and assume that
progression between fibrosis stages is a linear process [10]. These
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studies also relied on self-report of menopausal status and lacked
serial fibrosis measurements as women transition through men-
opause. Finally, the relation of estrogen with fibrosis progression
has not been studied in women coinfected with HIV.

To address these knowledge gaps, we conducted a longitu-
dinal investigation of fibrosis progression using serial nonin-
vasive serum markers of hepatic fibrosis across reproductive
age in HIV/HCV-coinfected women followed up in the pro-
spective Women’s Interagency HIV Study (WIHS). Using serial
measures of anti-miillerian hormone (AMH), a hormonal
measure of ovarian reserve [11], we compared rates of fibro-
sis in each woman during peri- and postmenopause, compared
with premenopause. We hypothesized that reproductive aging
in HIV/HCV-coinfected women would be associated with
accelerated fibrosis progression, independent of chronologic
aging. If identified, these findings would support the urgency
of HCV treatment in HIV-infected menopausal women and
might potentially highlight an unrecognized high-risk group of
women that includes those of perimenopausal age.

METHODS

Study Population

We conducted a nested cohort study of women participating in
the WIHS. The WIHS is a multicenter, longitudinal observa-
tional cohort of women at risk for, or with a current diagnosis
of, HIV infection. Enrollment in WIHS took place in 3 waves,
in1994-1995, 2001-2002, and 2011-2012. The current study
uses the first 2 waves conducted at 6 clinical sites across the
United States [12, 13]. Women are seen twice yearly and undergo
detailed histories, physical examinations, structured interviews,
and laboratory testing. The current study was approved by the
WIHS Executive Committee and the institutional review boards
at the 6 participating WIHS sites. Study eligibility included
HIV/HCV coinfection at WIHS entry (within first 3 visits), as
defined by detectable HCV RNA, HCV antibody, and positive
HIV Western blot (Figure 1). Eligible participants had detecta-
ble AMH consistent with premenopausal status and subsequent
AMH levels measured throughout follow-up. Women report-
ing Asian race were excluded because there were too few Asian
women for meaningful racial comparisons.

Predictor and Outcome Measures
Our primary predictor was reproductive stage, which was char-
acterized as pre-, peri-, or postmenopausal. AMH was used to
define reproductive stage as this hormone is produced by ovarian
follicles and reflects ovarian reserve [11, 14]. Premenopause was
defined by detectable AMH, perimenopause as within 5 years of
when AMH became undetectable (hereafter referred to as ‘AMH
loss”), and postmenopause as >5 years after AMH loss [15].

The primary outcome was rate of hepatic fibrosis progression,
defined by change in aspartate aminotransferase platelet ratio
index (APRI) and fibrosis 4 (FIB-4) units per year. The fibrosis

HIV/HCV Co-infected
Women
n= 808

History of HCV treatment at
baseline (n=8)

AMH values:

Never measured (n=20)
Always undetectable
(n=287)

Sufficient AMH Data
n=493

- Lacked two fibrosis
measures (n=78)
- Asian race (n=10)

Final Sample
n= 405

Figure 1. Cohort of women in the Women'’s Interagency HIV Study coinfected
with human immunodeficiency virus (HIV) and hepatitis C virus (HCV) and meeting
inclusion or exclusion criteria. AMH, anti-miillerian hormone.

rate was evaluated for each woman as she transitioned across
reproductive age, with fibrosis estimates in peri- and postmeno-
pause compared with premenopause as the reference. FIB-4 was
calculated as follows: age [years] x AST [U/L])/((platelet count
[10°/L]) x (ALT [U/L])"?) [16]. APRI reflects the ratio of AST to
platelet count [17-19]. FIB-4 and APRI values were not calcu-
lated if AST or ALT was >10 times the upper limit of normal or if
platelet counts were <25 000 x 10° cells/L, because these extreme
values are unlikely to be due to chronic liver fibrosis. FIB-4 and
APRI have been validated to stage fibrosis in patients with HIV/
HCV coinfection including participants of the WIHS [16, 20,
21]. Bridging fibrosis/cirrhosis were defined as FIB-4 values
>3.25 and APRI values >1.5 [17, 22].

Patient Characteristics

Demographics included age and race/ethnicity. Alcohol use was
defined by self-report of weekly consumption. HIV-related fac-
tors included HIV RNA levels, CD4 cell count, and antiretro-
viral therapy (ART) use; liver-related factors included HCV
RNA levels (measured at enrollment), HCV genotype (available
in subset of participants), HCV treatment history and chronic
hepatitis B virus infection; metabolic factors included diabetes
(defined as any fasting glucose measurement of >126 mg/dL,
hemoglobin Alc measured at 26.5%, or self-report of taking
antidiabetic medication), dyslipidemia, body mass index, and
waist circumference; and medication history included self-
reported use of exogenous hormone therapy. Homeostatic
model assessment of insulin resistance was calculated using the
following equation: [fasting glucose (mmol/L) x fasting insulin
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(mU/L)]/22.5. Metabolic syndrome was defined as having >3
of the following: fasting glucose 2110 mg/dL, fasting triglyc-
erides 2150 mg/dL, fasting high-density lipoprotein choles-
terol <50 mg/dL, systolic blood pressure >130 mm Hg and/or
diastolic blood pressure =85 mm Hg, or waist circumfer-
ence >88 cm. Alcohol intake was ascertained semiannually as
the average number of drinks per week during the preceding
6-month interval. Our recent data in WIHS have found no
association of 7-14 drinks per week with fibrosis progression
as assessed by APRI or FIB-4 [23]; therefore, heavy use in this
cohort was defined as >14 drinks per week.

Plasma HIV RNA levels were measured using the NASBA/
NuciSens HIV RNA assay (BioMerieux), in laboratories cer-
tified by the National Institute of Allergy and Infectious
Diseases Virology Quality Assurance Certification Program,
National Institutes of Health (NIH). HCV and hepatitis
B virus serologic markers were measured using standard com-
mercial assays; these markers included hepatitis C antibody
(EIA 3.0; Ortho-Clinical Diagnostics) and hepatitis B surface
antigen (Abbott Laboratories). HCV RNA levels were meas-
ured using the COBAS Amplicor Monitor 2.0 assay (Roche
Diagnostics) with a linear range of 600-700 000 IU/mL, or
COBAS TagMan (Roche Diagnostics), with a linear range of
10-2.0 x 108 ITU/mL. AMH levels were determined using a
commercially available enzyme-linked immunosorbent assay
(Gen IL; Beckman Coulter). Plasma samples were frozen at
—-80°C and not thawed before testing. Interassay coefficients of
variations have been reported elsewhere as 8.2% at 2.8 ng/mL
and 9.4% at 8.5 ng/mL [24]. The lower limit of AMH detection
was 0.08 ng/mL.

Statistical Analysis

The fibrosis progression rate was evaluated using mixed-effect
linear regression models with random intercepts and slopes.
Random intercepts accounted for between-woman differences
in baseline fibrosis levels while random slopes allowed for het-
erogeneous rates of fibrosis progression over time. Menopausal
status was modeled as the cumulative years at each visit that
each woman had been exposed to perimenopause (possible
maximum of 5 years for each women) and postmenopause
since WIHS enrollment, such that the regression coefficients
for peri- and postmenopause reflect the increase in the rate of
change in APRI and FIB-4 levels when exposed to that meno-
pausal status, as compared with premenopause.

Similarly, other covariates were modeled as cumulative years
of exposure at each WIHS visit since enrollment; heavy alco-
hol use reflects years of exposure to >14 drinks per week; black
race and Hispanic ethnicity reflect years of study follow-up for
black and Hispanic women, respectively; obesity reflects years
of exposure to body mass index >30; and no ART, diabetes, and
metabolic syndrome each reflect years of exposure to that given
condition. These covariates were defined to model effects on the

rates of change in the outcomes, that is, their estimated coef-
ficients reflect acceleration or deceleration of FIB-4 and APRI
progression rates. Chronologic aging was modeled by flexible
linear splines to allow average rates of fibrosis progression per
year to differ within different age ranges: <40, 40-45, 45-50,
50-55, and >55 years. We used very flexible modeling of age,
employing 5 parameters, to ensure that we fully controlled for
chronologic age, given its inherent association with reproduc-
tive aging. HIV load was modeled as the cumulative area under
the curve for log, (viral load) by time and above log, (80). CD4
cell count was modeled as the cumulative area over the curve
for CD4 cell count by time and <250.

Forward stepwise selection (P < .05 for model inclusion)
was used to build the multivariable models, with covariates of
interest (menopausal status) and biologic plausibility (heavy
alcohol use) included in the final model regardless of statistical
significance. The base model included time spent in peri- and
postmenopausal phases, adjusted for age. We added each can-
didate variable to the model as a single addition. The explana-
tory variable with the lowest P value was retained in the model.
Remaining candidate variables were tested again, retaining the
covariate with the lowest P value until no additional variables
achieved P < .05 when added to the model. In the case of miss-
ing data, the last observation was carried forward until a new
observation was available or for 1 year, whichever occurred
first. If a new measurement was not available within 1 year,
subsequent measurements were considered missing. Data were
excluded at and after the time of HCV treatment initiation or
first undetectable HCV RNA. Analyses were performed using
SAS software, version 9.4 (SAS Institute).

RESULTS

We identified 405 HIV/HCV-coinfected women who were pre-
menopausal at baseline as confirmed by detectable AMH levels
(Figure 1). Women were followed up for a median of 9.1 years
(interquartile range [IQR], 5.0-15.2 years). Their median age at
study entry was 37 years (IQR, 34-41 years), with a median age
at menopause of 49 years (47-52 years). The majority of women
were non-Hispanic black (57.8%), followed by Hispanic (21.7%)
and non-Hispanic white (20.5%). At study entry, just under 6%
of women had fibrosis of stage 3 or higher, which increased to
32.4% and 19.8% based on FIB-4 and APRI, respectively at last
available follow-up. Heavy alcohol use during WIHS follow-up
was uncommon (6.2%). Most women received ART (88.2%),
whereas less than a quarter (22.9%) received any form of HCV
treatment, including 2% who received direct-acting antivirals.
Regarding metabolic risk factors approximately 11% ever had
metabolic syndrome diagnosed, and just over a quarter had
history of diabetes. Just under 20% of women reported using
some form of hormonal replacement therapy during follow-up
(Table 1).
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Table 1. Cohort Characteristics (n = 405)

Table 1. Continued

Characteristic Value Characteristic Value
Age at entry, median (IQR), y 37 (34-41) Last available measure 24.7 (21.0-29.3)
Age at menopause, median (IQR), y 49 (47-52) Hormone replacement therapy, % 179
Duration of follow-up, median (IQR), y 12.3 (71-156.2) Abbreviations: APRI, aspartate aminotransferase platelet ratio index; ART, antiretroviral
Race/ethnicity, % therapy; FIB-4, fibrosis 4; HCV, hepatitis C virus; HDL, high-density lipoprotein; HIV, human
. . . immunodeficiency virus; HOMA-IR, homeostasis model assessment-estimated insulin
Non-Hispanic white 20.5 ] :
resistance; IQR, interquartile range.
Non-Hispanic black 578 *Defined as FIB-4 >3.25.
Hispanic 21.7 ®Defined as APRI >15.
FIB-4, median (IQR) °HCV genotype was missing in 30% of the cohort
Entry 1.3 (0.9-1.9)
Last available measure 2.2 (1.4-4.2)
Lo . e
Fibrosis of stage 3 or higher by FIB-4, % After adjustment for the effect of chronologic aging, the
Entry 5.9 .. . . .
P — 4 rate of fibrosis in units per year was greater during peri- and
APRI, median (IQR) postmenopause than during premenopause, as estimated
Entry 0.55 (0.38-0.92) based on either FIB-4 or APRI (Figure 2). Figure 2 reflects
Last available measure 0.68 (0.37-1.56) person-years of observation as follows: 405 women in pre-
. . . b . . .
Fibrosis of stage 3 or higher by APRI, % menopause, contributing a median of 5.0 years (IQR, 2.5-
E 7
- ° 18.5 years) for a total of 2138 person-years of follow-up; 239
Last available measure 19.8 . . ibuti di 50
Heavy alcohol use, % women in perimenopause, contributing a median of 5.0 years
Entry 125 (3.5-5.0 years) for a total of 986 person-years of follow-up;
Last available measure 6.2 and 141 women in postmenopause, contributing a median
Marijuana use, % of 5.0 years (2.5-8.0 years) for total of 784 person-years of
Entry 276 follow-up.
Last available measure 16.5 . .
. Table 2 shows the age-adjusted regression analyses for fac-
CD4 cell count, median (IQR), cells/pL iated with fibrosi R Usi 1
Entry 381 (226-567) tors associated wit rosis progression. Using premenopausa
Last available measure 311 (108-574) status as the reference, the change in FIB-4 was 0.12 units per

HIV RNA, IU/mL, median (IQR)
Entry
Last available measure

Undetectable HIV RNA at last available mea-

sure, %
ART use during study, %
HCV RNA, IU/mL, median (IQR)

Entry

Last available measure
HCV treatment history (any type), %
Direct-acting antiviral HCV treatment, %
HCV genotype, %°

1

2

3
Positive hepatitis B surface antigen, %
History of diabetes mellitus, %
Metabolic syndrome, %

Entry

Last available measure
HOMA-IR, median (IQR)

Entry

Last available measure
Fasting glucose ever =110 mg/dL, %
Fasting triglycerides ever >150 mg/dL, %
Waist circumference ever >88 cm, %
HDL ever <50 mg/dL, %
Body mass index, kg/m? median (IQR)

Entry

15000 (1606-67 000)

280 (20-45000)
25.9

88.2

2.2 million (580 000-4.0 million)
2.4 million (745 000-5.4 million)

22.9
2.0

88.1
2.7
71
2.5
272

0.7
10.6

2.93 (1.60-5.11)
3.31 (1.82-5.71)
23.0
43.4
58.3
53.3
25.2 (22.3-28.7)

year faster during perimenopause and 0.14 units faster during
postmenopause, though the latter estimate did not reach statis-
tical significance. Likewise, change in APRI was 0.05 units per
year faster during perimenopause and 0.07 units faster during
postmenopause, though P values for these estimates were both
.06. Other factors associated with accelerated fibrosis progres-
sion at age-adjusted analyses included Hispanic ethnicity and
HIV load, with a suggestive P value for heavy alcohol use. Low
CD4 cell count and lack of ART were associated with fibro-
sis progression but were not statistically significant for APRI
(Table 2).

With further adjustment for ART use, Hispanic ethnicity,
and heavy alcohol use, the peri- and postmenopausal estimates
for fibrosis progression remained relatively consistent for APRI,
though no longer statistically significant (Table 3). In the fully
adjusted models, estimates of the peri- and postmenopause
effects were 14%-24% smaller than the age-adjusted estimates,
all remaining in the direction of accelerated progression.
The estimated effect of perimenopause on FIB-4 progression
remained statistically significant (0.10; 95% confidence interval,
.007-.20; P = .04). We evaluated each remaining unselected pre-
dictor as a single addition to the primary multivariate models
shown in Table 3. These additions changed the peri- and post-
menopausal estimates by a maximum of 14% for APRI and 27%
for FIB-4.
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Figure 2. Age-adjusted rate of liver fibrosis progression across reproductive age as determined using fibrosis 4 (FIB-4) levels (A) and aminotransferase platelet ratio index
(APRI; B). Progression rates shown reflect estimates within the 45-50-year age range. Although rates differ by age, estimated differences between the 3 statuses remain
constant. Analyses were performed using mixed-effect linear regression models with random intercepts and slopes.

DISCUSSION

In this longitudinal prospective cohort of HIV/HCV-coinfected
women, we found that liver fibrosis rates, as assessed using
serial noninvasive serum measures, increased as women tran-
sitioned through menopause. Importantly, we employed a
robust statistical approach to account for potential confound-
ing effects of chronologic aging, and we evaluated reproduc-
tive stages through hormonal confirmation of ovarian reserve.
Acceleration of hepatic fibrosis also began during perimeno-
pause, suggesting that women may be at increased risk of liver
scarring earlier than suggested by prior data relying on self-re-
ported menopausal age.

The protective effects of estrogens against hepatic fibrosis
were initially demonstrated in cross-sectional studies report-
ing higher stages of hepatic fibrosis in postmenopausal than in
premenopausal women, and less scarring in postmenopausal
women receiving hormone replacement therapy [7, 8]. These
clinical observations are consistent with in vitro animal data
that demonstrate dose-dependent reductions in collagen pro-
duction by hepatic stellate cells incubated with estradiol [25].
Cross-sectional data in nonalcoholic fatty liver disease have also
noted lower stages of hepatic fibrosis in premenopausal than in
postmenopausal women [26], with similar severity of scarring in
postmenopausal women compared with men [26, 27]. Earlier age

Table 2. Age-Adjusted Hepatic Fibrosis Estimates Using FIB-4 and APRI?

FIB-4 APRI

Variable Increase in Progression Rate (95% Cl) PValue Increase in Progression Rate (95% Cl) PValue
Age group, y

<40 0.152 (.099-.205) <.001 0.060 (.018-.101) .005

40-45 0.250 (.187-.312) <.001 0.078 (.040-.116) <.001

45-50 0.232 (.162-.302) <.001 0.062 (.025-.098) <.001

50-55 0.255 (.168-.342) <.001 0.081 (.034-.128) <.001

>55 0.205 (.071-.340) .003 0.030 (-.048 to .108) .45
Black vs white race —0.041 (-.133 to .052) .39 —-0.020 (-.071 to .031) A4
Hispanic ethnicity 0.189 (.058-.320) .005 0.100 (.029-.171) .006
Heavy alcohol use 0.294 (-.013 to .602) .06 0.120 (-.009 to .250) .07
CD4 cell count <250 cells/uL 0.062 (.001-.124) .047 0.023 (-.009 to .055) 159
Log HIV load, IU/mL 0.072 (.037-.108) <.001 0.027 (.009-.045) .004
No ART 0.109 (.022-.196) .01 0.031 (-.015 to .078) 19
Diabetes —-0.035 (-.148 to .078) .54 —-0.016 (-.070 to .039) .58
Metabolic syndrome -0.014 (-.218 t0 .190) .89 0.003 (-.104 to .110) .96
Obesity —-0.027 (-.123 to .069) .68 —0.020 (-.102 to .061) .62
Perimenopause vs premenopause 0.119 (.024-.214) .01 0.045 (-.002 to .093) .06
Postmenopause vs premenopause 0.140 (-.013 to .294) .07 0.071 (-.003 to .146) .06

Abbreviations: APRI, aspartate aminotransferase platelet ratio index; ART, antiretroviral therapy; Cl, confidence interval; FIB-4, fibrosis 4; HIV, human immunodeficiency virus.

“Estimates were obtained using mixed-effect linear regression models with random intercepts and slopes and reflect fitted rate of progression per year within each age range. This was
modeled in 5-year ranges, without regard to statistical significance, to reduce the possibility that age could still confound the estimates of reproductive aging effects.
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Table 3. Association of Reproductive Age With Fibrosis Progression: Adjusted Analyses®

FIB-4 APRI

Adjustment Estimate (95% Cl) PValue Estimate (95% Cl) PValue
Age-adjusted (n = 405)

Perimenopause 0.119 (.024-.214) .01 0.045 (-.002 to .093) .06

Postmenopause 0.140 (-.013 to .294) .07 0.071 (-.003 to .146) .06
Adjusted for age and ART (n = 399)

Perimenopause 0.117 (.023 to .211) .02 0.041 (-.005 to .086) .08

Postmenopause 0.147 (-.003 to .297) .065 0.069 (-.004 to .140) .06
Adjusted for age, ART, and Hispanic ethnicity (n = 399)

Perimenopause 0.115 (.021-.209) .02 0.040 (-.006 to .086) .09

Postmenopause 0.141 (-.009 to .291) .07 0.066 (-.007 to .140) .08
Adjusted for age, ART, Hispanic ethnicity, and heavy alcohol use (n = 388)

Perimenopause 0.103 (.008-.197) .03 0.038 (-.009 to .085) M

Postmenopause 0.109 (-.043 to .262) .16 0.058 (-.020 to .137) 15

Abbreviations: APRI, aspartate aminotransferase platelet ratio index; ART, antiretroviral therapy. Cl, confidence interval ; FIB-4, fibrosis 4.

“Estimates were obtained using mixed-effect linear regression models with random intercepts and slopes and reflect fitted rate of progression per year within each age range. This was
modeled in 5-year ranges, without regard to statistical significance, to reduce the possibility that age could still confound the estimates of reproductive aging effects. The reference group

for all analyses is premenopause.

at self-reported menopause has also been associated with more
severe hepatic fibrosis, suggesting that longer duration of relative
estrogen deficiency may increase fibrosis progression [28].

The current findings represent an important advance in our
understanding of the effects of reproductive aging on liver fibro-
sis by highlighting the accelerated fibrosis that begins as early
as during perimenopause. Using AMH as a reference standard
measurement of ovarian reserve [14], we were able to evaluate
each woman’s fibrosis rate as she transitioned across reproduc-
tive stages. This approach avoids the misclassification of men-
opausal status that may result from relying on menstrual cycle
pattern and self-reported menopause, particularly given poten-
tial effects of HIV infection on menstrual irregularity [29].

Although direct-acting antiviral agents have improved tol-
erability and response to HCV treatment, HCV infection in
HIV-infected populations remains an important public health
consideration. Both prevalent and incident HCV infection are
more common in HIV, so the burden of HCV remains quite
high, with 10%-15% of HIV-infected individuals having HCV
coinfection [2], compared with <5% in most HIV-uninfected
populations [3]. HIV also enhances HCV replication and results
in accelerated fibrosis compared with HCV monoinfection [5,
6]. Access to HCV treatment remains limited in underserved
populations [30-32], and drug-drug interactions and potential
cross-resistance between antiretroviral and direct-acting anti-
viral agents are important considerations in coinfected patients
[33]. Therefore, identifying individuals with more urgent need
for therapy to reduce incident cirrhosis and its complications
remains a public health priority. Women during peri- and post-
menopause indeed represent such at-risk groups, given their
accelerated hepatic fibrosis.

The current study has notable limitations. Only 141 women
reached postmenopause, contributing a median of 8 (IQR, 4-15)

fibrosis measures per patient during postmenopause, which caused
confidence intervals to be wide for the estimated postmenopau-
sal effects. These were larger than the estimated perimenopausal
effects but had larger P values because of their wide uncertainty.
However, the consistency of postmenopausal estimates in age-ad-
justed and fully adjusted models lends confidence to our findings.
We acknowledge that age is a component of the FIB-4 equation,
and even if other components of FIB-4 remained constant the aver-
age FIB-4 value would increase owing to the chronologic age com-
ponent. However, our model included a linear component of age
(and departures from linearity), which modeled such an increase.
With years in the study included as a random effect, the model also
accounted for variation in this “by-definition” age effect between
women. Because we were careful to minimize possible confounding
with chronologic aging, we also minimized the effects of including
chronologic age in the FIB-4 definition. We also lacked serial liver
biopsy specimens for confirmation of stage of fibrosis, though liver
biopsies are invasive, subject to inter- and intraobserver variability
in fibrosis staging, and may underestimate fibrosis stage, particu-
larly given the variable adequacy of tissue length [34, 35].

An important strength of this study was the use of AMH as
a measure of reproductive stage. AMH production in women is
specific to preantral ovarian follicles, and it strongly correlates
with ovarian reserve, or total follicular pool [36, 37]. An added
strength of AMH includes the stability of levels throughout the
menstrual cycle, unlike other biomarkers of ovarian reserve
[38]. AMH does have limitations, including potentially lower
levels in women with tobacco [24] or oral contraceptive [39]
use, although data on the association of these exposures with
AMH are conflicting [40-42]. Because neither tobacco nor
oral contraceptives have been shown to affect hepatic fibrosis
progression, these factors were not considered as potential con-
founders in the current study.
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Using a robust statistical approach and serial noninvasive
serum markers, we were able to capture granular changes in
fibrosis estimates over time, while avoiding many difficulties
that afflict analyses of biopsy-determined fibrosis stages [43]
Notably, we focus on progression only while women were
under observation, with unexplained variation in starting lev-
els of fibrosis accounted for by random intercepts, and unex-
plained variation in rates of fibrosis progression during the
study accounted for by random slopes. Although age at HCV
infection was not available, any effect of this is reflected by the
random effects and unlikely to be strongly associated with age at
AMH loss. In addition, the widely accepted association of older
age at infection with more rapid progression may be spurious,
because this can arise from bias caused by imperfect knowl-
edge of age at infection [44]. A previous study that rigorously
avoided such bias found that current age was more likely than
age at infection to influence the rate of progression [43].

In summary, in this analysis of HIV/HCV-coinfected women,
hepatic fibrosis progression was found to accelerate across
reproductive age, independent of chronologic aging. Accelerated
fibrosis began during perimenopause, highlighting a previously
unrecognized group of women at increased risk for progressive
fibrosis and associated complications. Similar analyses using
serial measures of fibrosis should be conducted in non-HCV-
related liver diseases, including in women without HIV infec-
tion, given the potential implications of ovarian reserve on
fibrosis progression in women with a broad spectrum of liver
diseases.
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