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HIV Mono-infection Is Associated With FIB-4 —
A Noninvasive Index of Liver Fibrosis — in
Women
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Background. FIB-4 represents a noninvasive, composite index that is a validated measure of hepatic fibrosis,
which is an important indicator of liver disease. To date, there are limited data regarding hepatic fibrosis in women.

Methods. FIB-4 was evaluated in a cohort of 1227 women, and associations were evaluated in univariate and
multivariate regression models among 4 groups of subjects classified by their human immunodeficiency virus (HIV)
and hepatitis C virus (HCV) infection status.

Results. The median FIB-4 scores were 0.60 in HIV-/HCV- women, 0.83 in HIV-/HCV+ women, 0.86 in
HIV+/HCV- women, and 1.30 in HIV+/HCV + women. In the HIV/HCV co-infected group, multivariate analysis
showed that CD4" cell count and albumin level were negatively associated with FIB-4 (P <.0001), whereas
antiretroviral therapy (ART) was positively associated with FIB-4 score (P =.0008). For the HIV mono-infected
group, multivariate analysis showed that CD4™" cell count (P <.0001) and albumin level (P =.0019) were negatively
correlated with FIB-4 score, ART was positively associated with FIB-4 score (P =.0008), and plasma HIV RNA level
was marginally associated with FIB-4 score (P =.080). In 72 HIV mono-infected women who were also hepatitis B
surface antigen negative, ART naive, and reported no recent alcohol intake, plasma HIV RNA level was associated
with increased FIB-4 score (P =.030).

Conclusions. HIV RNA level was associated with increased FIB-4 score in the absence of hepatitis B, hepatitis C,
ART, or alcohol use, suggesting a potential relationship between HIV infection and hepatic fibrosis in vivo. A better
understanding of the various demographic and virologic variables that contribute to hepatic fibrosis may lead to
more effective treatment of HIV infection and its co-morbid conditions.

Liver biopsy is the gold standard for assessing liver =~ immunodeficiency virus (HIV) mono-infection.

disease. However, it is invasive and associated with
complications, sampling error, and variability in in-
terpretation, and it is not routinely performed in
uninfected, healthy persons or in persons with human
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Moreover, patients may be reluctant to undergo
multiple liver biopsies to accurately monitor their
disease progression. Consequently, serum biochemical
markers have been evaluated as alternative measures
of liver damage (reviewed in [1]). For instance, the
aspartate aminotransferase (AST)-to-platelet (PLT)
ratio index (APRI) was derived and validated in pa-
tients with chronic hepatitis C virus (HCV) infection
[2]. Sterling et al have described the FIB-4 index,
which consists of alanine aminotransferase (ALT)
level, AST level, PLT counts, and age, for assessing
fibrosis in a large cohort of patients with HIV/HCV
co-infection [3]. The FIB-4 index has also been vali-
dated as an inexpensive and accurate marker of
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fibrosis in the context of HCV mono-infection [4]. Using data
from the AIDS Clinical Trials Group protocol A5178 (SLAM-
C), our group subsequently evaluated 5 such noninvasive
indices of liver injury [5]. In that validation study, the FIB-4
index performed best, with 88% specificity for cirrhosis and
>86% negative predictive value for severe fibrosis when en-
hancement algorithms were employed. Thus, these non-
invasive markers constitute an inexpensive yet accurate
prediction of hepatic fibrosis and may reduce the overall need
for liver biopsy in certain high-risk populations. Furthermore,
a more comprehensive understanding of the demographic,
virologic, and other variables that contribute to hepatic fi-
brosis may lead to more effective treatment of HIV infection
and its associated co-morbid conditions.

To date, there are limited data regarding hepatic fibrosis in
women with or without HIV infection and with or without HCV
infection; therefore, we examined the factors associated with
FIB-4 score in a large natural history study of HIV infection in
high-risk women.

METHODS

Study Population and Calculation of FIB-4 Values

From 1993 through 2000, a prospective study of HIV
infection—the HIV Epidemiologic Research (HER) Study—
was conducted in a cohort of US women [6]. By study design,
one-half of the subjects reported injection drug use (IDU),
whereas the other half reported only sexual risk behavior.
Plasma HIV RNA levels were quantified using either second- or
third-generation Quantiplex branched DNA assays (Chiron).
Hepatitis B virus (HBV) surface antigen (HBsAg) was evalu-
ated with the Austria II-125 RIA (Abbott Laboratories).
Among the 871 HIV-positive women, antiretroviral therapy
(ART) status was categorized as none, ART consisting of 1 or 2
drugs, or highly active antiretroviral therapy (HAART). As
previously reported for the cohort, 30% of women were re-
ceiving ART at baseline, none were receiving HAART, and 70%
were ART naive [7]. As described elsewhere, HCV serostatus
was determined by Abbott HCV enzyme immunoassay 2.0 or
Ortho HCV enzyme-linked immunosorbent assay, version 3.0
[8], performed on the earliest available stored serum sample.
Opverall, the seroprevalence of HCV infection was 56.5%, and
the seroprevalence was 48.0% among HIV-uninfected women
and 60.8% among HIV-infected women [9]. For the current
cross-sectional analysis, 1227 women—representing 93.6% of
the entire HER Study cohort—were selected on the basis of the
availability of values for AST level, ALT level, and platelet
count at the baseline study visit. As originally described by
Sterling et al [3], the FIB-4 value was calculated for each
woman at baseline using the following formula: age [years] X
AST [IU/L]/(PLT [10°/L] X (ALT"? [IU/L]). All participants

provided informed consent prior to sample and clinical data
collection.

Statistical Analyses

Variables selected a priori for associations with increased
FIB-4, depending on HIV/HCV infection status, were evalu-
ated in uninfected, HIV—mono-infected, HCV-mono-
infected, and HIV/HCV—co-infected women. These variables
included race/ethnicity (black/white/other), ART (ever/never
at baseline), creatinine level, albumin level, plasma HIV RNA
level, ever injected drugs (yes/no), current injection drug use
(yes/no), frequency of intercourse with men, and number of
male sexual partners in the last 6 months. HBV infection
status (HBsAg positive/negative) and alcohol use (yes/no in
the past 6 months) were also evaluated when available. CD4*
cell count, plasma HIV RNA level, and ART (yes/no) at
baseline were included for HIV-mono-infected and HIV/
HCV—co-infected women. However, HCV RNA levels were
not routinely determined at baseline and were therefore not
further evaluated.

Following graphical inspection, baseline variables were ana-
lyzed within each of the 4 groups using univariate regression
analyses. All groups and variables were then included simulta-
neously in a multiple regression analysis to determine (1) which
factors were independently associated with FIB-4 and (2)
whether these relationships varied across the 4 groups by in-
clusion of interaction terms between each covariate and HIV
and HCV infection status variables. All P values are 2-tailed, and
o =.05. All analyses were performed using SAS software (SAS
Institute).

RESULTS

Patient Characteristics

The original HER Study population included a total of 1310
women, of which 27 were missing baseline HCV serostatus and
were not included in subsequent analyses. Of the remaining
1283 women, age, ALT level, AST level, and platelet counts were
available for 1227 women (93.7% of the original cohort) at the
baseline study visit. This subset included 213 women with no
evidence of HIV or HCV infection, 320 HIV-mono-infected
women, 196 HCV-mono-infected women, and 498 HIV/HCV-
co-infected women. Among the women evaluated, the 1*' and
99" percentiles of the FIB-4 distribution were 0.3 and 5.2
(minimum and maximum values were 0.03 and 22.4). As shown
in Table 1, among uninfected control subjects, the median FIB-4
score was 0.60. Using the categorical cutoff values previously
established by Sterling et al [3], 206 women (96.7%) in this
group had scores associated with no advanced fibrosis (FIB-
4<1.45), and only 1 woman (0.5%) had scores associated with
advanced fibrosis (FIB-4>3.25). Among HCV-mono-infected
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Table 1.

FIB-4 Scores and Categorical Data at Baseline for 1227 Women Enrolled in the HIV Epidemiologic Research Study

Median FIB-4 FIB-4 score <1.45, FIB-4 score >1.45 FIB-4 score >3.25,
Study group (no. of subjects) score no. (%) of subjects but <3.25, no. (%) of subjects no. (%) of subjects
HIV negative/HCV negative (213) 0.60 206 (96.7) 6 (2.8) 1(.5)
HIV negative/HCV positive (196) 0.82 161 (82.1) 26 (13.3) 9 (4.6)
HIV positive/HCV negative (320) 0.86 277 (86.6) 39 (12.2) 4(1.3)
HIV positive/HCV positive (498) 1.30 290 (568.2) 165 (33.1) 43 (8.6)

NOTE. As reported by Sterling et al [3], FIB-4 scores <1.45 generally denote no advanced fibrosis, whereas FIB-4 values >3.25 may suggest advanced fibrosis.

HCV, hepatitis C virus; HIV, human immunodeficiency virus.

women, the median FIB-4 score was 0.82. In this group, 161
women (82.1%) had scores that suggested no advanced fi-
brosis, whereas 9 women (4.6%) had scores that suggested
advanced fibrosis. Among HIV-mono-infected women, the
median FIB-4 score was 0.86. A total of 277 women (86.6%)
had scores associated with no advanced fibrosis, whereas 4
(1.3%) had scores associated with advanced fibrosis. The
median FIB-4 score was 1.30 among HIV/HCV—co-infected
women. In this group, 290 (58.2%) had scores that suggested
no advanced fibrosis, whereas 43 (8.6%) had scores that

suggested advanced fibrosis.

FIB-4 in Women With No Evidence of HIV or HCV Infection

In the uninfected group, creatinine (r =.253; P =.0002) and
frequency of sex with men (r =.163; P =.027) were positively
associated with increased FIB-4 in univariate analysis (Table 2).
Other factors, such as ever having used injection drugs, current
IDU, number of male sex partners within the last 6 months,
albumin level, CD4™ cell count, HBsAg positivity, and alcohol
use were not associated with FIB-4.

FIB-4 in HCV Mono-infected Women

In the HCV mono-infection group, frequency of sex with men
(r =.204; P =.010) and current IDU (r =.169; P =.018) were
positively associated with increased FIB-4 in univariate analysis
(Table 2). Number of male partners within the last 6 months,
ever having used injection drugs, creatinine level, albumin level,
CD4™" cell count, HBsAg positivity, and alcohol use were not
associated with FIB-4.

FIB-4 in HIV-Mono-infected Women

In the HIV mono-infection group, plasma HIV RNA level
(r =.207; P =.0002), receipt of ART (r =.202; P =.0008),
alcohol use in the past six months (r =.115; P =.039), and ever
having used injection drugs (r =.215; P =.0001) were positively
associated with FIB-4 in univariate analysis (Table 2). CD4™" cell
count (r = —.401; P <.0001), albumin level (r = —.188;
P =.0007), and number of male partners within the last 6
months (r = —.132; P =.035) were negatively associated with
FIB-4. Frequency of sex with men, current IDU, HBsAg posi-
tivity, and creatinine level were not associated with FIB-4. The

Table 2. Univariate Analysis of Clinical Variables Associated with FIB-4 Score by HIV and HCV Serostatus

Uninfected HCV mono-infected HIV mono-infected HIV/HCV co-infected
Variable (n=213) (n = 196) (n = 320) (n = 498)

r P r P r P value r P value
Creatinine 0.253 .0002 0.076 291 0.044 435 0.002 .970
Frequency of sex with men 0.163 .0267 0.204 .010 0.113 .074 0.142 .009
Current IDU —0.101 142 0.169 .018 0.045 425 —0.700 .025
Number of male sex partners —0.046 531 -0.014 .863 -0.132 .035 —.034 .534
in last 6 months
Ever injected drugs —0.030 .668 —0.039 .587 0.215 .0001 0.119 .008
(1 =yes, 0 = no)
Albumin 0.029 .678 -0.139 .053 -0.188 .0007** —-0.235 <.00071**
CD4+ cell count 0.023 .740 -0.115 11 —0.401 <.00071** —0.332 <.00071**
HBV surface antigen positive —-0.016 .925 -0.122 .155 -0.183 107 -.018 707
Alcohol use in past 6 months 0.073 .291 —-0.123 .086 0.115 .039 —.005 .905
Plasma HIV RNA level 0.207 .0002 0.177 <.0001
ART 0.202 .0008** 0.166 .0008* *

NOTE. Values in bold denote positive associations that were statistically significant in univariate analysis, whereas values in italics denote negative associations
that were statistically significant in univariate analysis. Asterisks denote associations that were significant in multivariate analysis with P <.10 (*) and P <.05 (**).
ART, antiretroviral therapy; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IDU, injection drug use.
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associations between FIB-4 and albumin level, CD4" cell count,
and plasma HIV RNA level were further confirmed among the
152 HIV-mono-infected women who were also ART naive (data
not shown). In multivariate analysis, CD4" cell count
(P <.0001) and albumin level (P =.002) remained negatively
correlated with FIB-4, whereas plasma HIV RNA level was
marginally associated with increased FIB-4 (P =.080).

It has been noted previously that 2 of the strongest predictors
of liver enzyme elevations—which are key components of the
FIB-4 index—are HBV and HCV infections [10]—which sug-
gests that they could mask other underlying factors that lead to
increased FIB-4 scores. Therefore, we further examined addi-
tional predictors of FIB-4 in a subset of 72 HIV-mono-infected
women who were HBsAg negative, ART naive, and reported no
recent alcohol intake. The median FIB-4 score was 0.93. Similar
to results in the larger HIV-mono-infected and HIV/HCV—co-
infected groups, plasma HIV RNA level (r* =.202; P =.030) was
associated with increased FIB-4, as shown in Figure 1. In this
subset of HIV-mono-infected women, ever having used in-
jection drugs (r =.345, P =.006) was positively associated
with increased FIB-4, whereas CD4" cell count (r = —.557,
P <.0001) was negatively associated with FIB-4.

FIB-4 in HIV/HCV-Co-infected Women

In the HIV/HCV co-infection group, plasma HIV RNA level was
once again positively associated (r =.177; P <.001) with FIB-4
in univariate analysis (Table 2). Also positively associated with
FIB-4 in this group were the frequency of sex with men (r =.142;
P =.0086), receipt of ART (r =.166; P =.0008), and ever having
used injection drugs (r =.119; P =.008). Several factors were
negatively associated with FIB-4 in this group, including CD4™*
cell count (r = —.332; P <.0001), albumin level (r = —.235;
P <.0001), and current IDU (r = —.100; P =.025). Number of
male sex partners in the last 6 months, HBsAg positivity, alcohol
use in the past 6 months, and creatinine level were not associated
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with FIB-4. The associations between FIB-4 and albumin level,
CD4™" cell count, and plasma HIV RNA level were further
confirmed among the 264 HIV/HCV—co-infected women who
were also ART naive (data not shown). Upon multivariate
analysis, CD4 " cell count and albumin level remained negatively
associated with FIB-4 (P <.0001) among HIV/HCV—co-infected
women, whereas plasma HIV RNA level was no longer signifi-
cant (P =.245).

There were 43 HIV/HCV—co-infected women with FIB-
4 >3.25, indicative of advanced fibrosis. In this group, FIB-4 was
negatively associated with albumin level and CD4+ cell count
but was positively associated with plasma HIV RNA level (data
not shown), in general agreement with the data presented in
Table 2.

Effects of Thrombocytopenia

Thrombocytopenia is a common finding among HIV-infected
patients, and a relationship among platelet count, HIV RNA
levels, and disease progression has been reported [11]. There-
fore, we also assessed whether increased FIB-4 scores in persons
with HIV infection were due solely to the impact of HIV in-
fection on platelet counts. The median platelet count for the
entire HERS cohort was 2.35 X 10° platelets/pL. Median platelet
values in each subgroup were as follows: 2.79 X 10° platelets/uL
in healthy control subjects, 2.33 X 10> platelets/uL in HIV—
mono-infected women, 2.57 X 10° platelets/uL in HCV
mono-infected women, and 2.10 X 10> platelets/uL in HIV/
HCV—co-infected women. There were 90 (18.1%) HIV/HCV—-
co-infected women, 35 (10.9%) HIV-mono-infected women, 12
(6.1%) HCV-mono-infected women, and 6 (2.8%) uninfected
women with platelet counts <150,000 platelets/uL. To de-
termine the relative contribution of platelet count to the overall
FIB-4 score, the actual platelet count for each woman was re-
placed with the median platelet value of 2.35 X 10° platelets/uL,
and the modified FIB-4 (FIB-4-PL) score was re-evaluated.

8.0 10.0 120

70
Ln plasma HIV RNA

9.0 1.0 13.0

Plasma HIV RNA is positively associated with increased FIB-4 among 72 HIV—mono-infected (HBsAg negative, HCV seronegative) ART-naive

women who reported no alcohol use during the past 6 months. ART, antiretroviral therapy; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; HIV,

human immunodeficiency virus.
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FIB-4-PL values were as follows: 0.73 in healthy control subjects,
0.83 in HIV-mono-infected women, 0.93 in HCV-mono-
infected women, and 1.14 in HIV/HCV—co-infected women.
The main effects of HIV and HCV infection remained signifi-
cant (P <.001), with no significant interaction.

DISCUSSION

Liver disease has now surpassed AIDS-defining illnesses as
a major cause of morbidity and mortality in several HIV-positive
cohorts [12, 13]. Thus, there is a growing need to assess liver
disease in this population. Nonetheless, liver biopsies are gen-
erally not indicated in patients with HIV/AIDS, because biopsies
rarely provide information that influences HIV therapy, and they
are not recommended for routine evaluation of abnormal he-
patic function test results in the absence of viral hepatitis. Thus,
it has been somewhat difficult to directly assess the effects of HIV
infection on the liver. HIV infection is associated with a number
of hepatic and biliary tract disorders, hepatomegaly, hepatic
steatosis, and elevated serum liver enzyme levels [14—17]. Even
HIV-positive patients with no evidence of viral hepatitis co-
infection exhibit mild-to-moderate increases in liver enzyme
levels [18, 19]. These findings are not unexpected, given that
several lines of evidence suggest that HIV may directly interact
with multiple liver cell types in vivo (reviewed in [20]). For
instance, HIV RNA and proviral DNA have been detected in
liver biopsy specimens from persons with HIV infection [21-23],
and subsequent studies have demonstrated HIV p24 protein and
HIV RNA in Kupffer cells, inflammatory mononuclear cells,
sinusoidal cells, and hepatocytes [21, 24, 25]. Moreover, ex-
pression of HIV entry receptors has been demonstrated in
hepatocytes [26-30]. We [31, 32] and others [27, 33, 34] have
demonstrated HIV infection of hepatocyte-derived cell lines, as
well as primary hepatocytes in vitro. However, the precise
mechanisms by which HIV infects and replicates within hep-
atocytes have not been elucidated. Thus, the effects of soluble
HIV proteins and HIV infection on hepatocyte cell function and
HCV replication are clearly areas of research that merit addi-
tional investigation.

In the current study, plasma HIV RNA level was associated
with increased FIB-4 in HIV-mono-infected women in the ab-
sence of ART or alcohol use. This finding is supported by ad-
ditional studies in which HIV load was positively associated with
severe fibrosis or increased ALT and/or AST levels [19, 35, 36].
This suggests a possible effect of HIV load on liver enzyme
elevations and/or hepatic fibrosis, although additional longitu-
dinal and in vitro studies are necessary to establish causality.
Additionally, Kovari et al [37] recently reported that chronic
ALT elevations in HIV-infected persons without HBV or HCV
co-infection were associated with HIV RNA levels >100,000
copies/mL. There are limited data to suggest that HIV

suppression may be associated with decreased rates of hepatic
fibrosis, supporting our hypothesis that HIV infection is an
independent predictor of liver scarring. For example, Brau et al
[38] reported that HIV suppression was associated with less
fibrosis in HIV/HCV—co-infected individuals, compared with
those individuals without viral suppression. Moreover, use of
another noninvasive marker technique, transient elastography,
also suggests a strong relationship between the rate of fibrotic
progression and ART-associated HIV control [39]. At a cellular
level, such findings may be explained, in part, by the interaction
of HIV envelope proteins with hepatic stellate cells and stimu-
lation of collagen production [40].

Additional variables associated with FIB-4 in HIV-mono-
infected and HIV/HCV—co-infected women included albumin
level, CD4+ cell count, and receipt of ART. It is not surprising
that albumin levels were negatively associated with FIB-4, given
that albumin level is an important indicator of liver dysfunction,
and albumin synthesis correlates with the severity of liver disease
[41]. Additionally, others have reported that higher CD4+ cell
counts and/or HIV suppression were associated with lower ALT/
AST levels or noninvasive markers of liver damage [10, 35, 37,
42], although these associations have not been observed in all
studies [43]. In HIV treatment—naive patients, a positive cor-
relation between AST (or ALT) levels and HIV load has been
reported [19]. Similarly, in HIV positive patients without HBV
or HCV infection, chronic elevated ALT levels were associated
with high HIV RNA levels [37].

Interestingly, factors such as chronic HBV infection and al-
cohol use, which are known to promote liver disease, were not
associated with increased FIB-4 scores in any subgroup analyzed.
For HBV, this finding likely reflects the low prevalence of HBsAg
positivity in this cohort, as well as different cut-off values for
predicting severe fibrosis and cirrhosis in patients with chronic
HBV infection [44], compared with those with HCV infection.
For alcohol, it is possible that lifetime alcohol use is a more
accurate predictor of liver disease than recent use. Moreover,
whereas alcohol and HCV may have a synergistic effect on liver
disease, the effect of alcohol may less pronounced in persons
with HIV/HCV co-infection, as reported recently [45]. How-
ever, a more detailed assessment of alcohol consumption over
time in the HER Study may provide additional data on the
complex interactions between alcohol, viral hepatitis, HIV in-
fection, and liver disease in women.

Our study design has several distinct advantages over previous
analyses. First, the observational nature of the HER Study cohort
permits the direct comparison of noninvasive indices of liver
fibrosis in HIV-mono-infected, HCV-mono-infected, HIV/
HCV—co-infected, and uninfected women from the same cohort
with similar risk factors. Moreover, women represent an un-
derstudied population with respect to HIV infection, as well as
liver disease. Second, at the onset of the HER Study, only 30% of
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the HIV-positive women were receiving ART, and none were
receiving HAART; thus, the contribution of ART to FIB-4 values
could be assessed. Third, because of the historical nature of the
cohort, prior treatment with interferon-based regimens for HCV
infection was quite rare and was therefore highly unlikely to
impact liver fibrosis in any appreciable manner. Nonetheless,
limitations to our study design should also be noted, including
its cross-sectional nature and the use of HCV antibody detection
to denote HCV infection, because HCV RNA levels were not
assessed at all time points and were therefore not evaluated. It
should also be emphasized that the HER Study was conducted at
the beginning of the HAART era; thus, the majority of study
visits occurred among women who were either ART naive or
receiving less than optimally suppressive ART regimens [7].
Newer ART regimens have become simpler, more potent, and
better tolerated, and data have emerged suggesting increased
survival with the earlier initiation of treatment [46]. Impor-
tantly, the findings in the current study may suggest an addi-
tional benefit of earlier suppression of HIV replication (e,
prevention of HIV-mediated hepatic fibrosis).

Collectively, these data suggest that advanced HIV disease is
associated with more-advanced liver disease. Thus, the FIB-4
index may be widely applicable for the screening of liver fibrosis
in HIV-infected populations. Longitudinal studies to determine
whether highly effective HIV regimens result in decreased FIB-4
values and reduced hepatic fibrosis in vivo are clearly warranted.
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