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The Journal of Infectious Diseases

M A J O R A R T I C L E

Association of HIV, Hepatitis C Virus, and Liver Fibrosis
Severity With the Enhanced Liver Fibrosis Score
Sophia Swanson,1,3 Yifei Ma,2 Rebecca Scherzer,1,3 Greg Huhn,4,5 Audrey L. French,4,5 Michael W. Plankey,6 Carl Grunfeld,1,3 William M. Rosenberg,7

Marion G. Peters,1 and Phyllis C. Tien1,3

1Department of Medicine, and 2Department of Pediatrics, University of California, and 3Medical Service, Department of Veteran Affairs Medical Center, San Francisco, California; 4CORE Center, and
5Department of Medicine, Stroger Hospital and Rush University, Chicago, Illinois; 6Department of Medicine, Georgetown University Medical Center, Washington D.C.; and 7Institute for Liver and
Digestive Health, Division of Medicine, University College London, United Kingdom

Background. Liver disease is common during human immunodeficiency virus (HIV) infection, but valid serum fibrosis markers
are lacking. We hypothesize that HIV monoinfection and HIV/hepatitis C virus (HCV) coinfection is associated with an enhanced
liver fibrosis (ELF) score higher than that for uninfected controls and examine whether this association is affected by factors other
than liver injury.

Methods. The association of HIV and HIV/HCV coinfection with the ELF score was evaluated using multivariable regression
after controlling for transient elastography–measured liver stiffness and traditional and HIV-related factors in a cross-sectional anal-
ysis of 297 women.

Results. HIV/HCV-coinfected and HIV-monoinfected women had higher median ELF scores than controls (9.6, 8.5, and 8.2,
respectively). After adjustment for demographic, behavioral, and metabolic factors and for inflammatory markers, HIV/HCV co-
infection remained associated with a 9% higher ELF score (95% confidence interval [CI], 5%–13%), while the association of HIV
monoinfection was substantially attenuated (1% higher ELF score; 95% CI, −2% to 4%). After further adjustment for liver stiff-
ness, HIV/HCV coinfection remained associated with 6% higher levels (95% CI, 3%–10%). In HIV/HCV-coinfected and HIV-
monoinfected women, higher liver stiffness values were associated with higher ELF scores, as were older age and a nadir CD4+

T-cell count of <200 cells/mm3.
Conclusions. Our findings suggest that the ELF score can be used to assess liver fibrosis severity in HIV-infected women.

However, higher ELF scores may reflect extrahepatic fibrosis in HIV-infected patients with a history of severe immunosuppression
or advanced age.

Keywords. HIV; HCV; transient elastography; enhanced liver fibrosis score; women.

Liver disease is highly prevalent among human immunodefi-
ciency virus (HIV)–infected adults, and liver-related deaths
are a leading cause of non–AIDS-related mortality [1, 2].
While this is often attributed to hepatitis virus coinfection,
HIV has been associated with liver fibrosis even in the absence
of viral hepatitis [3, 4]. Specific antiretroviral and other medica-
tions, alcohol use, fatty liver disease, obesity, and immunosup-
pression are thought to be contributing factors. HIV infection
may also lead directly to liver disease by infecting hepatocytes,
activating hepatic stellate cells, and stimulating collagen and
proinflammatory cytokines [5–8].

The evaluation of liver fibrosis in the setting of HIV infection
poses a clinical dilemma. While liver biopsy is considered the
clinical gold standard, it is invasive and HIV-infected persons
may have greater contraindications to biopsy than those without

HIV infection. Previous studies have used indirect serum mark-
ers such as the aspartate aminotransferase-to-platelet ratio
index [4] and FIB-4 index [3] and noninvasive imaging tech-
niques such as ultrasonography-based transient elastography
(TE) [9] to compare the effect of HIV monoinfection to that of
no infection on liver fibrosis. However, there are limitations to
these noninvasive markers in subpopulations of HIV-infected
patients. Indirect markers of fibrosis are calculated from stan-
dard clinical laboratory findings (such as transaminase levels
and platelet counts) that may be affected by HIV infection itself
rather than by liver injury. While TE provides direct imaging of
the liver, increased abdominal subcutaneous fat can limit the
ability of TE to capture valid images [10].

Few if any studies have examined the association of HIV
monoinfection with the enhanced liver fibrosis (ELF) score in
HIV-infected persons. The ELF score is derived from 3 direct
serum fibrosis markers: hyaluronic acid (HA), amino terminal
propeptide of type III collagen (PIIINP), and tissue inhibitor of
matrix metalloproteinase 1 (TIMP-1) [11]. These 3 markers are
reflective of the extracellular matrix modeling process, which is
important in fibrin degradation and synthesis but not necessar-
ily specific to the liver. In patients with systemic sclerosis in the
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absence of liver fibrosis, the ELF score has been correlated with
fibrosis of the skin and interstitial lung disease [12]. Examina-
tion of whether the ELF score might also reflect extrahepatic
fibrosis is needed as HIV infection has been associated with
lymphoid tissue fibrosis [13, 14].

We evaluated the associations of HIV monoinfection, HIV/
hepatitis C virus (HCV) coinfection, and TE-measured liver
stiffness with ELF scores in a geographically and ethnically di-
verse cohort of US women with or at risk for HIV infection,
from the Women’s Interagency HIV Study (WIHS). We hy-
pothesized that HIV/HCV coinfection and HIV monoinfection
would be associated with a greater ELF score. We also sought to
determine whether extrahepatic factors were independently
associated with ELF scores after adjustment for liver fibrosis
severity, based on TE-measured liver stiffness.

METHODS

Study Population
The WIHS is a multicenter prospective cohort study that was
established in 1994 to investigate the impact of HIV on women
with and at risk for HIV infection. A total of 4137 women (3067
with and 1070 without HIV infection) were enrolled between
1994 and 2012 from 5 US cities (New York [Bronx and Brooklyn],
Chicago, Los Angeles, San Francisco, and Washington, DC).
Baseline sociodemographic characteristics and HIV risk factors
were similar between HIV-infected and uninfected women [15,
16]. An institutional review board approved study protocols and
consent forms, and each study participant gave written in-
formed consent.

Every 6 months, participants complete a comprehensive
physical examination, provide biological specimens for CD4+

T-cell count and HIV RNA load determination, and complete
an interviewer-administered questionnaire, which collects in-
formation on sociodemographic characteristics, disease charac-
teristics, and specific antiretroviral therapy (ART) use.

From November 2010 through October 2012, WIHS partic-
ipants from the San Francisco, Chicago, and Washington, DC,
sites between the ages of 25 and 65 years who were hepatitis B
virus surface antigen negative, not pregnant, and not receiving
interferon-based therapy were approached at their WIHS semi-
annual visit to participate in the TE substudy. The TE substudy
was designed as a nested cohort study to investigate the deter-
minants of liver disease in HIV-monoinfected and HIV/HCV-
coinfected women. In addition, a comparison group of WIHS
women with neither HIV infection nor HCV infection were in-
cluded. Women who had a body mass index (calculated as the
weight in kilograms divided by the height in meters squared) of
> 35 or evidence of decompensated cirrhosis (ascites, hepatic
encephalopathy, and/or esophageal varices), acute hepatitis,
hepatitis flare, or cholestasis were also excluded from the
study, owing to reported interference with the TE measurement
[17]. Of the 381 women who agreed to participate in the TE

substudy, we excluded 48 who did not have a valid TE measure-
ment [9] and 26 who did not have sera available to enable ELF
marker testing. We also excluded 10 HCV-monoinfected
women because the sample size of this group was small. This
cross-sectional analysis therefore included 297 women (165
HIV-monoinfected women, 73 HIV/HCV-coinfected women,
and 59 uninfected women).

Ascertainment of ELF Outcome
Components of the ELF score were quantitatively measured
from frozen sera that were stored at −70°C. An automated
IMMUNO 1 immunoanalyzer (Siemens Medical Solutions
Diagnostics, Tarrytown, New York) determined levels of
TIMP-1, PIIINP, and hyaluronic acid (HA) via magnetic parti-
cle separation immunoassays as per the European Liver Fibrosis
Study [11]. The TIMP-1 and PIIINP assays each use 2 mono-
clonal antibodies that bind to independent binding sites on
their respective antigens. The HA assay uses HA binding pro-
tein, which is isolated from bovine nasal septum, in place of
monoclonal antibodies. Tests were performed according to
the manufacturer’s instruction at iQur Limited (London, Unit-
ed Kingdom), and the levels of the individual markers and the
ELF composite score were provided.

Covariates
Our primary predictors included HIV infection status (defined
by prior documentation of an HIV-positive enzyme immunoas-
say [EIA] confirmed by Western blot) and chronic HCV infec-
tion (defined by documentation of an HCV-positive EIA
confirmed by detection of HCV RNA). Candidate covariates in-
cluded sociodemographic factors (age and ethnicity), meno-
pausal status, lifestyle factors (history of injection drug use,
alcohol use [none; light drinking, defined as consumption of
1–15 g of alcohol/day, moderate drinking, defined as consump-
tion of 15–30 g/day; or heavy drinking, defined as consumption
of >30 g/day], marijuana use [none, occasional, or daily], smok-
ing [none, current, or past]), anthropometric characteristics
(waist circumference, waist-to-hip ratio, and body mass index),
and metabolic factors, including diabetes mellitus (defined by a
confirmed elevated fasting glucose level, elevated hemoglobin
A1C level, or self-report of antidiabetes medications), insulin
resistance estimated using the homeostasis model assessment
(HOMA), use of antidiabetes medications, fasting lipid levels
(high-density lipoprotein [HDL] cholesterol, low-density lipo-
protein [LDL] cholesterol, triglyceride level, and total cholesterol
level), use of lipid-level-lowering therapy, and inflammatory
markers (interleukin 6 [IL-6] and C-reactive protein [CRP] lev-
els). In separate models, we also tested liver stiffness and liver
enzyme (alanine aminotransferase [ALT] and aspartate amino-
transferase [AST]) levels. HIV-related factors included current
CD4+ T-cell count, nadir CD4+ T-cell count, current HIV RNA
load, history of clinical AIDS, and current use of highly active
antiretroviral therapy (HAART) and ART, by class. HCV-
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related factors included HCV RNA level and HCV genotype.
Multiple imputation using the Markov chain Monte Carlo
method was used to impute missing covariates [18].

Statistical Analysis
We compared sociodemographic and clinical characteris-
tics among 3 groups: HIV-monoinfected women, HIV/HCV-
coinfected women, and those with neither infection, using the
Kruskal–Wallis test for continuous variables and the Fisher
exact test for categorical variables.

The ELF score was found to be right skewed and showed ev-
idence of heteroscedasticity, even after log transformation.
Therefore, we used generalized linear regression with a log
link function and pseudo-maximum likelihood estimator,
using a robust variance estimator to adjust for potential overdis-
persion in the models [19–21]. The relative percentage differ-
ence was then estimated to evaluate the association of HIV/
HCV coinfection, HIV monoinfection, and other factors with
the ELF score.

To determinewhether HIVmonoinfection and HCV infection
were independently associated with the ELF score, multivariable
models were sequentially adjusted for (1) sociodemographic
characteristics, (2) lifestyle factors, (3) metabolic and inflamma-
tion parameters, and (4) liver fibrosis severity. Age and race/eth-
nicity were retained in all models. We then constructed separate
models in participants with HIV/HCV coinfection and HIV in-
fection alone to identify correlates of the ELF score within each
group. Additional adjustment for liver fibrosis severity, using
transient elastography and markers of liver inflammation (ie,
AST and ALT levels), was performed to determine whether the
HIV and HCV effects on the ELF score reflected extrahepatic fi-
brosis and liver inflammation. Stepwise regression was per-
formed, with a P value of ≤.10 used for entry and retention;
the candidate variables were selected on the basis of their hypoth-
esized associations with liver fibrosis.

All analyses were performed using the SAS system, version
9.3 (SAS Institute, Cary, North Carolina).

RESULTS

Population Characteristics
The sociodemographic, behavioral, metabolic, and clinical
characteristics of the 297 women included in the analysis are
shown in Table 1, stratified by HIV and HCV status. Over half
of all women were African American. HIV/HCV-coinfected
women were older, more often postmenopausal, and more
often smokers, compared with HIV-monoinfected and unin-
fected women. HIV/HCV-coinfected women were also more
likely to have diabetes and insulin resistance but lower LDL
and total cholesterol levels. HIV/HCV-coinfected women also
had higher IL-6 levels but lower CRP levels, consistent with pre-
vious reports [22, 23]. About half of HIV/HCV-coinfected
women had significant liver fibrosis (defined by a TE-measured

liver stiffness of > 7.1 kPa [24]), compared with 10% of controls
and 11% of HIV-monoinfected women. HIV/HCV-coinfected
women were also more likely than HIV-monoinfected women
to have a history of AIDS.

Association of HIV/HCV Coinfection and HIV Monoinfection With ELF
Score
ELF scores were highest in HIV/HCV-coinfected women (me-
dian, 9.6; interquartile range [IQR], 8.9–10.4; P < .05 vs con-
trols), intermediate in HIV-monoinfected women (median,
8.5; IQR, 7.9–9.0; P < .05 vs controls), and lowest in control
women (median, 8.2; IQR, 7.6–9.0; Figure 1). In unadjusted
analysis, ELF scores were 18% higher in HIV/HCV-coinfected
women (95% CI, 14%–23%), relative to controls, while HIV-
monoinfected women had a 4% higher (95% CI, 1%–7%) ELF
score.

After adjustment for demographic, behavioral, and metabolic
factors and for markers of inflammation (Table 2), HIV/HCV
coinfection remained associated with a 9% higher ELF score
(95% CI, 5%–13%), while the effect of HIV monoinfection
was substantially attenuated and no longer statistically signifi-
cant (relative difference, 1%; 95% CI, −2% to 4%).

After additional adjustment for liver stiffness, HIV/HCV
coinfection remained associated with a 6% higher (95% CI,
3%–10%) ELF score, relative to controls (Table 2). There was
little change in the association of HIV monoinfection with
ELF score after further adjustment for liver stiffness (2%; 95%
CI, −1% to 4%).

When we further adjusted for markers of liver inflammation,
ALT level, and AST level, the association of HIV/HCV coinfec-
tion with a higher ELF score was attenuated but remained stat-
istically significant (relative difference, 4%; 95% CI, 1%–8%). By
contrast, the effect of HIV monoinfection on the ELF score re-
mained small and not statistically significant (relative differ-
ence, 1%; 95% CI, −2% to 4%).

Association of HCV Infection With ELF Score in HIV-Infected Women
We also compared ELF scores and determinants for HIV/HCV-
coinfected women to those for HIV-monoinfected women, to de-
termine whether differences were related to HIV replication and
immunosuppression (Table 3). In models that controlled for so-
ciodemographic, behavioral, metabolic, and inflammatory fac-
tors, ELF scores were 9% higher (95% CI, 5%–12%) in HIV/
HCV-coinfected women, compared with HIV-monoinfected
women. We then adjusted for HIV RNA levels and CD4+

T-cell counts. After additional adjustment for these HIV-related
factors, HIV/HCV coinfection remained associated with 8%
higher (95% CI, 5%–11%) ELF scores, relative to women with
HIV monoinfection. We saw substantial attenuation when we
controlled for liver stiffness, although HIV/HCV coinfection
remained associated with 5% higher levels. When both HIV-
related factors and liver stiffness were included in the model,
ELF scores were 4% higher (95% CI, 2%–7%) on average in
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HIV/HCV-coinfected women, relative to HIV-monoinfected
women (Table 3).

Factors Associated With ELF Score in HIV/HCV-Coinfected and
HIV-Monoinfected Women
In unadjusted analyses, factors associated with higher ELF scores
in HIV/HCV-coinfected women included older age; Hispanic
ethnicity; greater insulin resistance; higher IL-6 level, liver stiffness
value, and AST level; nadir CD4+ T-cell count of <200 cells/mm3;
and a lower HDL cholesterol level (Table 4). After multivariable
adjustment, older age, higher liver stiffness value, and a nadir

CD4+ T-cell count of <200 cells/mm3 remained independently as-
sociated with a higher ELF score, while a higher HDL cholesterol
level remained associated with a lower ELF score.

Among HIV-monoinfected women, older age, greater insulin
resistance, higher IL-6 level, higher liver stiffness value, higher
AST level, and a nadir CD4+ T-cell count of <200 cells/mm3

were associated with higher ELF score in unadjusted analysis
(Table 4). After multivariate adjustment, older age, higher IL-
6 and liver stiffness values, as well as a nadir CD4+ T-cell
count of <200 cells/mm3 remained independently associated
with higher ELF scores.

Table 1. Demographic and Clinical Characteristics Among 73 Women With Human Immunodeficiency Virus (HIV)/Hepatitis C Virus (HCV) Coinfection, 165
Women With HIV Monoinfection, and 59 Uninfected Control Women

Characteristic HIV/HCV Coinfection HIV Monoinfection Control P Value

Demographic parameters

Age, y 53 (50–57) 46 (40–52) 42 (35–49) <.0001

Race/ethnicity .24

White 10 21 14

African American 77 61 66

Hispanic 11 12 12

Other 3 6 9

Menopause 77 38 31 <.0001

Behavioral parameters

Current smoker 67 35 48 <.0001

Heavy alcohol use 7 5 7 .89

Marijuana user 30 22 31 .31

Body-composition parameters

BMIa 26 (23–29) 25 (22–29) 27 (23–29) .27

Waist circumference, cm 92 (81–101) 87 (79–96) 86 (81–97) .12

Lipid profile

LDL level, mg/dL 75 (59–105) 99 (81–121) 97 (81–129) .02

HDL level, mg/dL 53 (40–70) 55 (44–68) 62 (47–78) .17

Total cholesterol level, mg/dL 160 (132–184) 178 (155–204) 182 (169–209) .0002

Triglyceride level, mg/dL 97 (83–132) 96 (69–136) 74 (51–122) .008

DM 22 9 15 .03

HOMA-IR 1.8 (0.8–3.4) 0.9 (0.4–1.8) 0.6 (0.4–1.7) .002

Inflammatory markers

IL-6 level, pg/mL 1.5 (0.9–2.5) 0.9 (0.6–1.4) 0.9 (0.5–1.5) <.0001

CRP level, mg/L 0.7 (0.2–2.4) 1.2 (0.5–2.4) 1.4 (0.6–4.4) .03

Liver-related parameters

HCV RNA level, ×1000 IU/mL 2315 (834–3930) . . . . . . <.0001

Liver stiffness, kPa 7.1 (5.5–10.4) 4.3 (3.6–5.4) 4.4 (3.7–5.3) <.0001

AST level, U/L 40 (30–71) 21 (18–27) 17 (15–21) <.0001

ALT level, U/L 29 (21–44) 17 (12–24) 13 (10–19) <.0001

HIV-related parameters

HIV RNA load, copies/mL 66 (20–470) 32 (20–442) . . . .36

CD4+ T-cell count, cells/mm3

Current 517 (326–746) 582 (360–745) . . . .35

Nadir 190 (92–288) 227 (123–331) . . . .08

History of AIDS 49 33 . . . .02

HAART use 81 84 . . . .52

Data are % of women or median value (interquartile range).

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein; DM, diabetes mellitus; HAART, highly active antiretroviral therapy; HDL, high-density
lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; IL-6, interleukin 6; LDL, low-density lipoprotein cholesterol.
a Body mass index (BMI) is calculated as the weight in kilograms divided by the height in meters squared.
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When we examined the individual components of the ELF
score, we found that hyaluronic acid had a very strong correla-
tion with the total ELF score (Spearman r = 0.96, P < .0001),
while TIMP1 (r = 0.65, P < .0001) and PIIINP (r = 0.52,
P < .0001) were moderately correlated.

DISCUSSION

With the increasing burden of liver disease during HIV infec-
tion, there is an urgent need for reliable, noninvasive methods
to measure liver fibrosis severity and monitor its progression. In
this contemporary cohort of women with HIV/HCV coinfec-
tion, HIV monoinfection, and neither infection, we found
that HIV/HCV-coinfected women had higher ELF scores
than women with neither infection, as expected, while eleva-
tions in HIV-monoinfected women were much more modest.
The association of HIV/HCV coinfection with higher ELF
scores remained independent of sociodemographic, metabolic,

and behavioral factors and markers of inflammation, whereas
HIV monoinfection was no longer associated after adjustment
for these factors. A notable result of our study was that HIV/
HCV coinfection remained associated with a higher ELF
score, even after adjustment for TE-measured liver stiffness,
suggesting that the ELF score may reflect liver fibrosis that is
not detected by TE or that factors beyond the liver may lead
to elevations in the ELF score.

Our finding that HIV/HCV coinfection is independently as-
sociated with higher ELF scores and, in HIV/HCV-coinfected
and HIV-monoinfected women, that TE-measured liver stiff-
ness is strongly associated with higher ELF scores expands the
clinical population in which the ELF score can be used to assess
liver fibrosis. To date, no study has assessed the ELF score in
HIV/HCV-coinfected and HIV-monoinfected persons. The di-
agnostic accuracy of the ELF score to assess liver disease has
been validated in populations with significant liver fibrosis
[11, 25, 26] by comparing scores to liver histology findings, in-
cluding those for persons with viral hepatitis [27], nonalcoholic
fatty liver disease [28, 29], and primary biliary cirrhosis [30].
Those studies report diagnostic cutoffs (relative to stages of his-
tologic fibrosis) ranging from 8.5 to 10.2 for significant liver fi-
brosis (ie, moderate fibrosis or histologic stage 2 fibrosis) [26, 28,
29, 31–33], 9.3–10.5 for severe liver fibrosis (histologic stage 3)
[29, 32, 34], and 9.5–11.3 for cirrhosis (histologic stage 4) [26,
27, 29, 31, 32, 34]. The median ELF scores of 9.6, 8.5, and 8.2 in
our HIV/HCV-coinfected women, HIV-monoinfected women,
and control women, respectively, are within the expected range
of liver fibrosis severity and lend further support to the use of
ELF in HIV-infected women with little or no disease and signif-
icant HCV-associated liver disease.

Contrary to prior studies that showed an association of HIV
monoinfection with serum markers of liver fibrosis [3, 4], we
found little association of HIV monoinfection with ELF scores
after adjustment for sociodemographic, metabolic, and behavioral

Figure 1. Comparison of enhanced liver fibrosis (ELF) scores among 73 women with
human immunodeficiency virus (HIV)/hepatitis C virus (HCV) coinfection, 165 women
with HIV monoinfection, and 59 uninfected control women. The unadjusted percentage
differences in ELF scores were 18% (95% confidence interval [CI], 14%–23%) for HIV/
HICV-coinfected women and 4% (95% CI, 1%–7%) for HIV-monoinfected women,
compared with score for control women. Abbreviation: IQR, interquartile range.

Table 2. Estimated Percentage Differences in Enhanced Liver Fibrosis
Scores for 73 Women With Human Immunodeficiency Virus (HIV)/Hepatitis
C Virus (HCV) Coinfection and 165 Women With HIV Monoinfection,
Compared With Scores for 59 Control Women

Model

Percentage Difference (95% CI)

HIV/HCV
Coinfection

HIV
Monoinfection

Demographic adjusted 12 (8–16) 2 (−1 to 4)

Fully adjusteda 9 (5–13) 1 (−2 to 4)

Fully adjusteda plus TE-measured liver
stiffness

6 (3–10) 2 (−1 to 4)

Data are from generalized linear regression analyses.

Abbreviations: CI, confidence interval; TE, ultrasonography-based transient elastography.
a Includes age, race/ethnicity, homeostasis model assessment of insulin resistance score,
interleukin 6 level, and total cholesterol level.

Table 3. Estimated Percentage Differences in Enhanced Liver Fibrosis
Scores for 73 Women With Human Immunodeficiency Virus (HIV)/
Hepatitis C Virus (HCV) Coinfection, Compared With Scores for 165
Women With HIV Monoinfection

Model
Percentage Difference

(95% CI)

Demographic adjusted 11 (7–14)

Fully adjusteda 9 (5–12)

Fully adjusted plus HIV-related factorsb 8 (5–11)

Fully adjusted plus TE-measured liver stiffness 5 (2–8)

Fully adjusted plus HIV-related factors and
TE-measured liver stiffness

4 (2–7)

Data are from generalized linear regression analyses.

Abbreviations: CI, confidence interval; TE, ultrasonography-based transient elastography.
a Includes age, race/ethnicity, homeostasis model assessment of insulin resistance score,
interleukin 6 level, and total cholesterol level.
b HIV-related factors include HIV RNA load and CD4+ T-cell count.
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factors and markers of inflammation. A possible reason for
these disparate findings is that previous studies assessed fibrosis
by using indirect serum markers that may be determined in part
by factors other than fibrosis, such as hepatotoxicity and HIV-
associated thrombocytopenia. In our study, women with neither
infection also had similar risk behaviors as the HIV-infected
women, enabling us to determine the independent effect of
HIV infection on liver fibrosis. Our findings are consistent with
previous analysis in this same cohort, which investigated factors
associated with TE-measured liver stiffness (which directly vis-
ualizes the liver) [9]. The consistent associations between HIV
and liver fibrosis measured by TE [9] and ELF, as well as our
finding that TE-measured liver stiffness was strongly associat-
ed with ELF scores in both HIV/HCV-coinfected and HIV-
monoinfected women, validates its use in HIV-infected women.

We also showed that older age and a low nadir CD4+ T-cell
count were associated with higher ELF scores, independent
of liver fibrosis, in both HIV/HCV-coinfected and HIV-
monoinfected women. Older age and HIV infection have pre-
viously been associated with extrahepatic fibrosis [13, 14].One
small study of primarily treated HIV-infected patients showed
that older age was associated with tonsillar lymphoid tissue
fibrosis [13]. HIV infection has also been associated with both
tonsillar [13] and rectal lymphoid tissue fibrosis [14]. The asso-
ciation of a low nadir CD4+ T-cell count observed in our study
could represent a marker of the degree of lymphoid destruction
and, hence, fibrosis. In non–HIV-infected patients with systemic

sclerosis, ELF scores correlated with fibrosis of the skin and in-
terstitial lung disease [12]. The constellation of these findings
suggests that the ELF score is likely also a marker of extrahepatic
fibrosis during HIV infection.

We also showed that, in HIV-monoinfected women, a higher
level of the proinflammatory cytokine IL-6 was associated with
a higher ELF score and that, in the HIV/HCV-coinfected
women, a lower HDL cholesterol level was associated with a
higher ELF score. Studies suggest that the lower HDL cholester-
ol level in HIV-infected persons, relative to HIV-uninfected
persons, may be a marker of systemic inflammation [35]. An-
other recent study of HIV/HCV-coinfected persons found
that higher IL-6 levels were associated with higher hyaluronic
acid levels (a component of the ELF score) [36]. That study
was not able to distinguish whether the higher IL-6 levels
were a result of HIV infection or HCV-associated liver fibrosis.
We found that the association of an enhanced inflammatory
state with the ELF score was independent of liver fibrosis and
markers of liver inflammation (eg, AST). Another study also
showed that liver inflammation did not influence the ELF
score [11], although a smaller study comparing TE findings
and ELF scores to stages of histologic fibrosis in patients
with chronic liver diseases concluded that ELF scores ap-
peared more strongly influenced by inflammatory liver injury
than TE findings [37]. Controlling for liver fibrosis using TE
provides support to our findings that, in addition to being a
marker of extrahepatic fibrosis, the ELF score is likely also a

Table 4. Factors Associated With Enhanced Liver Fibrosis (ELF) Scores for 73 Women With Human Immunodeficiency Virus (HIV)/Hepatitis C Virus (HCV)
Coinfection and 165 Women With HIV Monoinfection

Factor

HIV/HCV Coinfection, Percentage
Difference (95% CI)

HIV Monoinfection, Percentage
Difference (95% CI)

Unadjusted Adjusted Unadjusted Adjusted

Demographic factors

Age (per decade) 5 (1–8) 4 (1–7) 4 (2–7) 4 (2–6)

Race/ethnicity (reference, white)

Black 2 (−4 to 8) −2 (−7 to 2) −1 (−5 to 3) −2 (−6 to 2)

Hispanic 10 (0–21) 3 (−3 to 9) 1 (−4 to 7) 0 (−5 to 5)

Other −8 (−13 to −3) −3 (−11 to 5) 3 (−4 to 9) 5 (−1 to 12)

HOMA-IR score (per doubling) 2 (1–4) . . . 1 (0–3) . . .

IL-6 level (per doubling) 3 (0–5) . . . 2 (1–10) 1 (0–3)

HDL level (per doubling) −8 (−12 to −4) −4 (−7 to 0) 0 (−3 to 4) 0 (−3 to 3)

HIV-related factors

HIV RNA level (> 50 vs ≤50 copies/mL) 0 (−5 to 5) . . . 2 (−1 to 6) . . .

Nadir CD4+ T-cell count (<200 vs >200 cells/mm3) 5 (0–11) 4 (0–7) 5 (2–9) 3 (0,–6)

Liver-related factors

HCV RNA load (per doubling) 0 (−1 to 1) . . . . . . . . .

ALT level (per doubling) 2 (−1 to 5) . . . 1 (−2 to 4) . . .

AST level (per doubling) 3 (0–6) . . . 4 (0–8) . . .

Liver stiffness (per doubling) 8 (6–10) 7 (5–9) 6 (2–10) 5 (1–8)

Data are from generalized linear regression analyses.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval; HDL, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment
of insulin resistance; IL-6, interleukin 6.
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marker of inflammation beyond the liver in people with HIV
infection.

Our study has some important limitations. First, we were un-
able to examine causal relationships owing to the cross-sectional
design of our study. Second, we were unable to identify determi-
nants of the ELF score in HCV-monoinfected women because of
the small sample size of this group in the WIHS. Third, we were
unable to compare histologic fibrosis (which is considered the
clinical gold standard) with ELF scores. Although we found
that TE-measured liver stiffness was strongly associated with a
higher ELF score, further study is needed to determine the accu-
racy of ELF scores in predicting liver biopsy results in the HIV-
infected individuals.

We conclude that ELF scores are elevated in HIV/HCV-
coinfected women and that the ELF score can be used to assess
liver fibrosis severity in people infected with HIV and HCV. How-
ever, use of the ELF score as a marker of liver fibrosis should be
done with caution, especially among older patients and in those
with a history of severe immunosuppression, for whom greater
ELF scores may reflect extrahepatic fibrosis and systemic inflam-
mation during HIV infection. In these settings, further imaging of
the liver, using TE, may be warranted to distinguish hepatic fibro-
sis from extrahepatic fibrosis. Future studies need to investigate
whether ELF scores can be used to monitor systemic fibrosis
and predict the risk of non–AIDS-related clinical outcomes that
are hepatic and extrahepatic in individuals with HIV infection.
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