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Background. Few studies have examined the relationship of human immunodeficiency virus (HIV) monoinfec-
tion and its associated perturbations with liver fibrosis.

Methods. Using multivariable linear regression, we examined the demographic, behavioral, metabolic and viral
factors associated with transient elastography–measured liver stiffness in 314 participants (165 HIV positive/hepati-
tis C virus [HCV] negative, 78 HIV positive/HCV positive, 14 HIV negative/HCV positive, 57 HIV negative/HCV
negative) in the Women’s Interagency HIV Study.

Results. Compared with HIV negative/HCV negative women, HIV positive/HCV positive women had higher
median liver stiffness values (7.1 vs 4.4 kPa; P < .001); HIV positive/HCV negative and HIV negative/HCV
negative women had similar liver stiffness values (both 4.4 kPa; P = .94). HIV/HCV coinfection remained associated
with higher liver stiffness values (74% higher; 95% confidence interval [CI], 49–104) even after multivariable adjust-
ment. Among HCV positive women, waist circumference (per 10-cm increase) was associated with 18% (95% CI,
7.5%–30%) higher liver stiffness values after multivariable adjustment; waist circumference showed little association
among HIV positive/HCV negative or HIV negative/HCV negative women. Among HIV positive/HCV negative
women, history of AIDS (13%; 95% CI, 4% –27%) and HIV RNA (7.3%; 95% CI, 1.59%–13.3%, per 10-fold in-
crease) were associated with greater liver stiffness.

Conclusions. HCV infection but not HIV infection is associated with greater liver stiffness when infected women
are compared with those with neither infection. Our finding that waist circumference, a marker of central obesity, is
associated with greater liver stiffness in HIV/HCV-coinfected but not HIV-monoinfected or women with neither
infection suggests that in the absence of HCV-associated liver injury the adverse effects of obesity are lessened.
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Liver disease is a leading cause of morbidity and mortality
in human immunodeficiency virus (HIV)–infected per-
sons [1, 2]. Coinfection with hepatitis C virus (HCV) is
commonly implicated and has been associated with accel-
erated progression of liver fibrosis and cirrhosis compared

with HCV infection alone [3–5]. Some studies show that
HIV-monoinfected adults have greater liver fibrosis than
those with neither HIV nor HCV infection [6, 7].

Possible reasons for the reported increase in liver fi-
brosis in HIV-monoinfected adults include both immu-
nosuppression and uncontrolled HIV viral replication,
factors that have been associated with fibrosis in studies
of predominantly HIV-monoinfected patients [6–9].
Perturbations in fat and metabolic parameters, including
increased adiposity, insulin resistance, diabetes, and dys-
lipidemia, have also been postulated as possible causes of
fibrosis in the HIV setting, but few studies have exam-
ined these factors.

Furthermore, the few studies that have examined the
association of HIV infection (in the presence or absence
of HCV infection) with fibrosis have used indirect serum
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markers, such as liver enzyme elevations [10] or indirect markers
of liver fibrosis [6, 7]. Although liver biopsy remains the clinical
reference standard to assess fibrosis, it is generally not clinically
indicated in HIV-infected persons. Transient elastography (TE)
is an alternative, noninvasive imaging technique that can directly
visualize the liver to estimate the degree of fibrosis.

In the current study, we examined the association of HIV,
HCV, fat and metabolic parameters with liver fibrosis estimated
using ultrasound-based TE in a geographically and ethnically
diverse cohort of US women with HIV monoinfection, HCV
infection (with or without HIV infection), or neither infection
from the Women’s Interagency HIV Study (WIHS). We hy-
pothesized that both HCV and HIV infection would be associ-
ated with increased fibrosis compared with the absence of both
infections and that metabolic perturbations would be indepen-
dently associated with fibrosis in these groups.

METHODS

Study Population
The WIHS is a multicenter prospective cohort study that was
established in 1994 to investigate the progression of HIV in
women with and at risk for HIV. A total of 4114 women (2791
HIV infected and 975 HIV uninfected) were enrolled in either
1994–1995 (n = 2623), 2001–2002 (n = 1143), or 2011–2012
(n = 348) from 6 United States cities (Bronx, Brooklyn,
Chicago, Los Angeles, San Francisco, and Washington, DC).
Baseline sociodemographic characteristics and HIV risk factors
were similar between HIV-infected and HIV-uninfected
women [11, 12]. An institutional review board approved study
protocols and consent forms, and each study participant gave
written informed consent.

Every 6 months, participants complete a comprehensive
physical examination, provide biological specimens for CD4
cell count and HIV RNA viral load determination, and com-
plete an interviewer-administered questionnaire, which collects
information on demographics, disease characteristics, and spe-
cific antiretroviral therapy (ART) use.

From November 2010 through April 2012, a total of 368
women from the San Francisco, Chicago, and Washington, DC,
sites between the ages of 25 and 65 years agreed to participate
in a TE substudy. Women who were pregnant, receiving
interferon-based therapy, or positive for hepatitis B surface an-
tigen were excluded. Women who had a body mass index (BMI)
>35 kg/m2 or had evidence of decompensated cirrhosis (ascites,
hepatic encephalopathy, or esophageal varices), acute hepatitis,
hepatitis flare, or cholestasis were also excluded from the study
owing to reported interference with the TE measurement [13].

Ascertainment of Liver Stiffness by TE
All TE operators were trained and certified. Measurements
were obtained via an ultrasonic probe (placed in the intercostal

space at the level of the xiphoid process) perpendicular to the
skin overlying the right lobe of the liver. The TE-measured liver
stiffness was expressed in kilopascals and determined from the
median value of 10 “valid” measurements (ie, elastic waves that
are propagated through the liver according to the machine soft-
ware). A liver stiffness value >7.1 kPa was used to define signifi-
cant fibrosis (which corresponds to fibrosis stage ≥2 in validated
studies of HCV-infected patients) [14].

Of the 368 women who underwent TE, 44 (11 HIV positive/
HCV negative, 2 HIV positive/HCV positive, 18 HIV negative/
HCV positive, 13 HIV negative/HCV negative) were excluded
because their liver stiffness values did not meet established cri-
teria [15, 16]: (1) ≥10 “valid” scan data points were not ac-
quired, according to the machine software (n = 15); (2) >60% of
the total scan data points acquired were not valid (n = 5); or (3)
the interquartile range was not ≤30% of the median liver stiff-
ness value (n = 24). The 44 excluded women had a higher median
BMI than those included in the analysis (29 vs 25 kg/m2; P < .001).
Another 10 women were excluded because HIV and HCV status
were not available, leaving 314 women (165 HIV positive/HCV
negative 78 HIV positive/HCV positive, 14 HIV negative/HCV
positive, 57 HIV negative/HCV negative) included in the analysis.

For comparison, serum biomarkers of fibrosis were calculat-
ed from the most recent laboratory measurements in all partici-
pants included in the analysis. The aspartate aminotransferase
(AST) platelet ratio index (APRI) was calculated as AST/(upper
limit normal)/platelet count (109/L), and the FIB-4 score as
[AST (UI/L) × age (years)/platelet count (109/L)] × [ALT (UI/
L) × ½] , where ALT indicates alanine aminotransferase [17,
18]. Because HIV itself (and not liver injury) may alter the lab-
oratory parameters used to calculate the APRI and FIB-4 score,
our analysis of factors associated with liver fibrosis in HCV-in-
fected women and HIV-monoinfected women is focused on
TE measurement of liver stiffness.

Covariates
The following primary predictors and covariates of liver stiff-
ness were included in the analyses: HIV infection (defined as
documentation of a positive HIV enzyme immunonassay result
confirmed by Western blot); chronic HCV infection (defined as
documentation of a positive HCV enzyme immunonassay
result confirmed by detectable HCV RNA); demographic
factors (age and ethnicity); menopausal status; lifestyle factors,
including history of injection drug use, alcohol use (none, light
[1–15 g/d], moderate [15–30 g/d], or heavy [>30 g/d]); mari-
juana use (none, occasional, or daily), smoking (none, current,
or past); body composition, including waist circumference,
waist-to-hip ratio, and BMI (calculated as weight [in kilograms]
divided by height [in meters] squared); and metabolic factors,
including diabetes mellitus (defined as a confirmed elevated
fasting glucose level, elevated hemoglobin A1C level, or self-
report of antidiabetes medications), insulin resistance estimated
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using the homeostasis model assessment, fasting lipid levels
(high-density lipoprotein, low-density lipoprotein, triglycerides,
and total cholesterol), use of lipid-lowering therapy, and use
of antidiabetes medications. In analyses among HIV-infected
women, current CD4, nadir CD4, current HIV RNA, history of
clinical AIDS, and current use of highly active ART and ART by
class were assessed. In analyses among HCV-infected women,
HCV RNA level and HCV genotype were also assessed. In ex-
ploratory analyses, we controlled for liver enzyme levels (ALT
and AST). Multiple imputation with the Markov chain Monte
Carlo method was used to impute missing covariates [19].

Statistical Analysis
We compared demographic and clinical characteristics among
4 groups: women with HIV monoinfection, HIV/HCV coinfec-
tion, HCV monoinfection, or neither infection; we used the
Kruskal-Wallis test for continuous variables and Fisher’s exact
test for categorical variables. We used multivariable linear re-
gression with robust standard errors [20, 21] to evaluate the as-
sociation of HIV and HCV infection and metabolic parameters
with liver stiffness. Liver stiffness was found to be right skewed
and was therefore log-transformed for analysis; results were
back-transformed to produce estimated percentage differences.
We used relative risk regression with a robust variance estima-
tor [22] to investigate the association of HIV and HCV status
with significant fibrosis.

To determine whether HIV and HCV infection were indepen-
dently associated with liver stiffness, multivariable models were
sequentially adjusted for (1) demographics, (2) lifestyle factors,
and (3) metabolic parameters. Factors forced in the full model
included age and race or ethnicity. We then constructed separate
models in participants with (1) HIV infection alone, (2) HIV/
HCV coinfection and HCV monoinfection, and (3) neither in-
fection, to examine the associations of demographic, lifestyle,
and metabolic risk factors with liver stiffness within each group.
HIV-related factors were included in models of HIV-infected
women, and HCV-related factors in models of HCV-infected
women. Stepwise regression with a cutoff at P≤ .05 was used for
entry and retention; the candidate variables were selected based
on their hypothesized associations with fibrosis.

We used Bayesian model averaging as an alternative model
building approach; predictors with posterior probabilities >35%
were retained in the model [23]. Models constructed using the
2 approaches were very similar. Bayesian model averaging was
performed using the BMA package for the R statistical comput-
ing language (R Development Core Team). All analyses were
conducted using the SAS system, version 9.2 (SAS Institute).

RESULTS

The demographic, behavioral and clinical characteristics of the
314 women included in the analysis are shown in Table 1,

stratified by HIV and HCV status. HCV-infected women were
older than HIV-monoinfected women, and both groups were
older than women with neither infection. More than half of all
women were African American, with the largest proportion
among the HCV-infected group. Compared with HIV-infected
women and those with neither infection, HCV-infected women
were more likely to report being in menopause, having a
history of injection drug use, and smoking currently and also
more likely to have diabetes and to have a higher homeostasis
model assessment–estimated insulin resistance value but a
lower low-density lipoprotein level. HIV-infected women (with
or without HCV) had lower high-density lipoprotein levels and
higher triglyceride levels than HIV-uninfected women. Com-
pared with HIV-monoinfected women, HIV/HCV-coinfected
women had slightly lower CD4 counts and higher current HIV
viral loads.

Association of HIV and HCV With Liver Stiffness
HIV/HCV-coinfected and HCV-monoinfected women had
higher liver stiffness values than those with neither HIV nor
HCV infection (Figure 1). There was little difference in liver
stiffness values between HIV-monoinfected women and those
with neither infection. We also examined the relationship of
HIV and HCV status with serum markers of fibrosis, APRI,
and FIB-4. Similar to our TE findings, we found that HIV/
HCV-coinfected and HCV-monoinfected women had greater
APRI (median, 0.5 and 0.4, respectively, vs 0.2; P < .001) and
FIB-4 (median, 2.0 and 1.6, respectively, vs 0.7; P < .001) scores
than those with neither HIV nor HCV infection. In contrast to
our TE findings, HIV-monoinfected women had higher APRI
(median, 0.3 vs 0.2; P < .001) and FIB-4 (median, 1.0 vs 0.7;
P < .001) scores than those with neither infection.

After adjustment for demographic, behavioral, and metabol-
ic factors, HIV/HCV coinfection remained strongly associated
with higher liver stiffness values (74.2% higher relative to unin-
fected women; 95% confidence interval [CI], 49%–104%;
P < .001). By contrast, HIV monoinfection did not seem to be
associated with greater liver stiffness (−0.25%; 95% CI, -11% to
12%; P = .97). HIV/HCV-coinfected and HCV-monoinfected
women had a greater prevalence of significant fibrosis (liver stiff-
ness value >7.1 kPa) than women with neither infection (47%
and 36%, respectively, vs 8.8%; both P < .001). HIVmonoinfected
women and those with neither infection had similar prevalences
of significant fibrosis (10.3% vs 8.8%; P = .74). After adjustment
for demographic, behavioral, and metabolic factors, HIV/HCV
coinfection remained strongly associated with a greater preva-
lence of significant fibrosis (relative risk, 4.8; 95% CI, 2.5–9.1;
P < .001). Among the HIV-monoinfected women, the median
ALT level was higher in those with significant fibrosis (n = 17)
than in those without significant fibrosis (n = 148), but the diffe-
rence was not statistically significant (23 vs 20 U/L; P = .07).
Among women with neither HIV nor HCV infection, the
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median ALT was the same in those with significant (n = 5) and
those without (n = 52) significant (17 U/L in both groups;
P = .34).

Factors Associated With Liver Stiffness by HIV and HCV Status
Greater waist circumference was positively associated with liver
stiffness in both HIV/HCV-coinfected and HCV-monoinfected
women (Figure 2) but showed little association with liver stiff-
ness in the HIV-monoinfected group and the group with

neither infection. Waist circumference remained associated
with greater liver stiffness after adjustment for age and race/
ethnicity in HCV-infected women (+18.2% per 10-cm increase;
95% CI, 7.5%–30.1%; P < .001). Although BMI was associated
with greater liver stiffness in unadjusted analysis (+3.2%; 95%
CI, .96%–5.5%; P = .005), after adjustment for waist circumfer-
ence the association was attenuated and in a negative direction
(−0.74%; 95% CI, −5.9 to 4.7; P = .78). Waist circumference
did not seem to be associated with greater liver stiffness in

Table 1. Demographic and Clinical Characteristics of Study Participants by HIV and HCV Statusa

Characteristic
HCV Positive/HIV
Positive (n = 78)

HCV Positive/HIV
Negative (n = 14)

HCV Negative/HIV
Positive (n = 165)

HIV Negative/HCV
Negative (n = 57) P Value

Age, median (IQR), y 53 (50–57) 55 (41–57) 46 (40–52) 42 (35–49) <.001
Race .19

White 8 (10) 2 (14) 35 (21) 8 (14)

African American 60 (77) 12 (86) 99 (60) 37 (65)
Hispanic 8 (10) 0 21 (13) 7 (12)

Other 2 (3) 0 10 (6) 5 (9)

Menopausal 75 (96) 10 (71) 97 (59) 21 (37) <.001
Alcohol use, g/d .06

None 41 (53) 3 (21) 83 (50) 30 (53)
Light (<1 to 15) 19 (24) 6 (43) 48 (29) 16 (28)

Moderate (16–30) 14 (18) 1 (7) 24 (15) 5 (9)

Heavy (>30) 4 (5) 4 (29) 10 (6) 6 (11)
Current smoking 54 (69) 10 (71) 57 (35) 27 (47) <.001

Any marijuana use 31 (40) 10 (71) 49 (30) 20 (35) .42

BMI, median, (IQR), kg/m2 25 (22–28) 25 (22–29) 25 (22–28) 27 (24–29) .24
Waist circumference, cm 92 (80–100) 86 (81–96) 87 (80–96) 86 (81–97) .51

Metabolic related

Diabetes 15 (19) 4 (29) 13 (8) 8 (14) .02
HOMA-IR, median (IQR) 1.7 (0.8–3.7) 2.4 (0.8–4.1) 0.9 (0.4–2.0) 0.6 (0.4–2.0) <.001

Current lipid-lowering treatment 6 (8) 0 27 (16) 4 (7) .07

Lipid level, median (IQR), mg/dL
Total cholesterol 153.5 (126.0–182.5) 176.0 (127.0–183.0) 176.0 (150.0–207.0) 186.0 (170.0–211.0) <.001

HDL 52.0 (37.5–62.0) 62.0 (48.0–73.0) 54.0 (46.0–69.0) 64.5 (48.0–78.0) .01

LDL 76.5 (61.0–98.5) 77.0 (57.0–97.0) 97.0 (80.0–121.0) 99.0 (81.0–128.0) <.001
Triglycerides 113.0 (87.0–149.0) 75.0 (72.0–95.0) 89.0 (70.0–132.0) 75.0 (54.0–114.0) <.001

HIV related

Current CD4 count, median (IQR), cells/mm3 505 (318–700) 911 (685–1101) 587 (373–772) 962 (715–1137) <.001
HIV RNA <50 copies/mL 31 (40) . . . 90 (55) . . . .06

History of AIDS 41 (53) . . . 55 (33) . . . <.001

No ART 14 (18) . . . 25 (15) . . . .81
ART duration, median (IQR), y 14 (9–15) . . . 12 (8–15) . . . .30

Liver related

AST level, median (IQR), U/L 39.5 (30.0–60.0) 28.0 (19.0–49.0) 20.0 (18.0–26.0) 17.0 (15.0–20.0) <.001
ALT level, median (IQR), U/L 30.0 (21.0–46.0) 25.0 (14.0–36.0) 17.0 (12.0–23.0) 13.0 (10.0–19.0) <.001

HCV genotype 1 52 (67) 10 (71) . . . . . . .56

Abbreviations: ALT, alanine aminotransferase; ART, antiretroviral therapy; AST, aspartate aminotransferase; BMI, body mass index; HCV, hepatitis C virus; HDL,
high-density lipoprotein; HIV, human immunodeficiency virus; HOMA-IR, homeostasis model assessment–estimated insulin resistance; IQR, interquartile range;
LDL, low-density lipoprotein.
a Unless otherwise indicated, data represent No. (%) of women.
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HIV-monoinfected women after multivariable adjustment
(−3.6% per 10-cm increase; 95% CI, −8.3 to 1.35; P = .15).

Among the HIV/HCV-coinfected women, waist circumfer-
ence and a history of AIDS were associated with greater liver
stiffness (Table 2). There was little association of any other
metabolic and lifestyle factor with liver stiffness. Among the
HIV-monoinfected women, history of AIDS and greater HIV
RNA remained associated with greater liver stiffness after
adjustment, as did Hispanic race, whereas marijuana use was

associated with less liver stiffness (Table 3). In women with
neither infection, there was little association of any factor with
liver stiffness (data not shown).

DISCUSSION

To our knowledge, our study is the first to examine liver fibrosis
using ultrasound-based TE measurement of liver stiffness in a
geographically and ethnically diverse cohort of US women
(with HIV monoinfection, HIV/HCV coinfection, HCV mono-
infection, or neither infection) with well-characterized meta-
bolic parameters. We found that HIV/HCV-coinfected women
but not HIV-monoinfected women had higher liver stiffness
values than those with neither infection. Greater waist circum-
ference, a marker of central obesity, was associated with liver
stiffness in HCV-infected women, but not HIV-monoinfected
women. Among HIV-infected women (with or without HCV
Infection), a history of AIDS was associated with greater liver
stiffness.

Our finding that HIV-monoinfected women did not seem to
have higher liver stiffness values than uninfected women was
unexpected. HIV infection per se has been shown to infect
hepatic stellate cells (HSCs), which in turn can lead to hepatic
injury [24]. The authors of that study [24] suggested that HSC
activation (through HCV replication or possibly through HIV
replication) would be required in order to infect HSCs and
stimulate expression of collagen and proinflammatory cyto-
kines that promote fibrosis. In our study, >50% of our women
had undetectable HIV RNA levels. Furthermore, in analyzing
HIV-moninfected women only, we observed an association of

Figure 1. Median transient elastography–measured liver stiffness
values by human immunodeficiency virus (HIV) and hepatitis C virus (HCV)
status. Abbreviations: HCV+, HCV positive; HCV−, HCV negative; HIV+, HIV
positive; HIV−, HIV negative.

Figure 2. Association of waist circumference with liver stiffness values by human immunodeficiency virus (HIV) and hepatitis C virus (HCV) status.
Abbreviations: HCV+, HCV positive; HCV−, HCV negative; HIV+, HIV positive; HIV−, HIV negative.
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liver stiffness with higher HIV RNA levels and a history of clin-
ical AIDS (which could serve as a marker of prolonged viremia
and immunosuppression).

There are 2 possible reasons for the difference between our
finding of a lack of association between HIV monoinfection
and liver fibrosis and findings of other studies [6, 7] directly
comparing HIV-monoinfected adults with adults with neither
HIV nor HCV infection. First, Price et al [7] studied HIV-
monoinfected men not receiving highly active ART, and Black-
ard et al [6] studied HIV-monoinfected women seen in the
HERS cohort from 1993 to 2000. These studies therefore in-
cluded patients that were more likely to have uncontrolled viral
replication and lower CD4 counts and to be receiving antiretro-
viral agents associated with hepatic steatosis or liver injury,
such as stavudine, didanosine, and zidovudine. In both studies,
when the analysis was limited to those with HIV monoinfection
only, greater immunosuppression was associated with greater
fibrosis.

Second, those studies used indirect serum markers of fibrosis
APRI and FIB-4, which are derived from clinical laboratory
values that might be altered by HIV infection itself. Vermehren

et al [25] found that whereas 37% of HIV-monoinfected pa-
tients had significant liver fibrosis or cirrhosis, as indicated by
the serum fibrosis marker Fibrotest (derived from 6 markers,
including bilirubin), only 21% had significant fibrosis as pre-
dicted by TE. That study concluded that Fibrotest estimated
much higher levels of fibrosis than TE in HIV-monoinfected
patients [25]. Examination of the association of HIV and HCV
status with indirect serum markers of fibrosis and direct serum
markers (eg, enhanced liver fibrosis marker) relative to TE-
measured liver stiffness are currently underway.

It is noteworthy that waist circumference was associated with
liver stiffness in our HCV-infected patients but not in HIV-
monoinfected patients. Studies in HCV-monoinfected persons
have shown that central obesity (as determined by waist cir-
cumference) is a strong predictor of fibrosis, a stronger pre-
dictor than BMI, consistent with our findings [26–28]. In
HIV-monoinfected patients, DallaPiazza et al [8] did not find
an association of obesity with liver fibrosis estimated by the
APRI. That study did not examine the association of waist cir-
cumference with liver fibrosis. Taken together, our findings and
others suggest that central obesity further worsens underlying

Table 2. Factors Associated With Liver Stiffness in HIV/HCV-Coinfected and HCV-Monoinfected Women

Factor

Estimated Difference (95% CI), %a

Unadjusted P Value Adjusted P Value

Age (per decade) −4.4 (−22.2 to 17.6) .67 −14.8 (−29.3 to 2.7) .09
Black vs white (not Hispanic) 28.8 (−2.2 to 69.7) .07 22.3 (−10.4 to 66.9) .20

Hispanic vs white 54.9 (−21.9 to 207.5) .21 26.6 (−37.0 to 154.5) .51

Waist circumference (per 10 cm)b 17.6 (6.5 to 29.9) .001 18.7 (6.8 to 32.0) .001
History of clinical AIDS 31.7 (−.53 to 74.5) .054 35.5 (3.7 to 76.9) .03

Abbreviations: CI, confidence interval; HCV, hepatitis C virus; HIV, human immunodeficiency virus.
a Liver stiffness, measured with transient elastography, was log-transformed, and results were back-transformed to produce estimated percentage differences in
stiffness attributable to each factor. Results are shown for all 78 HCV-infected women, including both those with HIV/HCV coinfection and those with HCV
monoinfection
b A 10-cm increase is equivalent to a 3.94-inch increase.

Table 3. Factors Associated With Liver Stiffness in HIV-Monoinfected Women

Factor

Estimated Difference (95% CI), %a

Unadjusted P Value Adjusted P Value

Age (per decade) 2.6 (−4.1 to 9.8) .45 3.3 (−3.1 to 10.2) .32

Black vs white (not Hispanic) 7.1 (−5.1 to 20.8) .27 9.7 (−2.3 to 23.2) .12

Hispanic vs white 29.3 (2.1 to 63.7) .03 31.4 (6.4 to 62.4) .01
Marijuana (daily vs none) −16.5 (−26.8 to −4.8) .007 −14.8 (−25.9 to −1.96) .02

HIV RNA level (per 10-fold increase) 6.8 (.91 to 13.0) .02 7.3 (1.59 to 13.3) .01

History of clinical AIDS 14.2 (.82 to 29.4), .04 12.9 (.40 to 27.0) .04

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus.
a Liver stiffness, measured with transient elastography, was log-transformed, and results were back-transformed to produce estimated percentage differences in
stiffness attributable to each factor. Results are shown for 165 HIV-monoinfected women.
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HCV-associated liver injury. By contrast, in the setting of little
injury to the liver, the adverse effects of obesity may be less ap-
parent. One question that needs study is whether hepatic stea-
tosis, thought to be a consequence of excess visceral adipose
tissue, is a mechanism by which rapid fibrosis progression
occurs in the setting of HCV infection.

In our study we found that daily marijuana use was associat-
ed with less liver fibrosis, with associations reaching statistical
significance in HIV-monoinfected and control participants.
By contrast, previous studies in HCV-monoinfected patients
found daily marijuana use to be a strong risk factor for fibrosis
progression [29, 30]. This discrepancy may be partly explained
by the fact that our study included few women with significant
fibrosis, and marijuana use was more common in women
without HCV infection. Findings of prior studies have suggest-
ed that cannabis may have little or no influence on the initia-
tion of fibrosis but may only be an important cofactor in
fibrosis progression when fibrosis is already present [29, 30].

Although we also found that Hispanic race was associated
with greater liver stiffness in HIV-monoinfected women, the
number of women of Hispanic race in our cohort was low, and
therefore our findings should be interpreted with caution. Nev-
ertheless, studies in the general population have shown that,
compared with African Americans and whites, Hispanics have
a greater prevalence of hepatic steatosis and are at greater risk
of nonalcoholic fatty liver disease–associated cirrhosis [31–33].

Our study has some important limitations. First, the cross-
sectional design limits our study to evaluation of exposures and
disease status at one point in time. It is theoretically possible
that liver fibrosis preceded our studied exposures; this is espe-
cially true of metabolic markers. Second, the proportion of
patients with significant fibrosis in our HIV-monoinfected pa-
tients was small (10%) and limits our statistical power for iden-
tifying potential risk factors. However, the advantage of TE in
providing a continuous measure of liver stiffness allows for
broader study of fibrosis progression, producing a more robust
evaluation of the factors associated with liver disease progres-
sion. Finally, the use of TE in our cohort has some limitations,
including the exclusion of women that were more often obese.
The exclusion of women with a BMI >35 kg/m2 may also have
limited our ability to detect an effect of central obesity with fi-
brosis in the HIV-monoinfected and control women. A de-
tailed analysis comparing serum biomarkers of fibrosis with TE
in the same study population is underway.

Using TE to estimate fibrosis in a large cohort of women
with HIV monoinfection, HIV/HCV coinfection, HCV mono-
infection, and neither infection, we conclude that HCV but not
HIV infection is associated with increased liver fibrosis. Central
obesity further worsens liver fibrosis in HCV-infected women,
but its effect in the absence of HCV-associated liver injury
seems to be lessened. The mechanisms by which central obesity
may worsen liver fibrosis in the setting of underlying HCV-

associated liver injury need further investigation, including study
of the contribution of hepatic steatosis and inflammation (both
potential consequences of central obesity) to liver fibrosis.
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