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Incidence and Predictors of Hepatic Steatosis and
Fibrosis by Serum Biomarkers in a Large Cohort
of Human Immunodeficiency Virus
Mono-Infected Patients

Giada Sebastiani, Kathleen C. Rollet-Kurhajec, Costa Pexos, Norbert Gilmore, and Marina B. Klein

Chronic Viral lliness Service, Department of Medicine, Royal Victoria Hospital, McGill University Health Centre, Montreal, Canada

Background. Longitudinal data on liver disease in human immunodeficiency virus (HIV) mono-infection
are scarce. We used noninvasive serum biomarkers to study incidence and predictors of hepatic steatosis and
fibrosis.

Methods. Hepatic steatosis was diagnosed by hepatic steatosis index >36. Advanced liver fibrosis was diag-
nosed by fibrosis-4 index >3.25. Kaplan-Meier analysis was used to estimate incidences. Cox regression analysis
was used to explore predictors of hepatic steatosis and fibrosis development.

Results. In this retrospective observational study, 796 consecutive HIV mono-infected patients were observed
for a median of 4.9 (interquartile range, 2.2-6.4) years. Incidence of hepatic steatosis was 6.9 of 100 per person-
years (PY) (95% confidence interval [CI], 5.9-7.9). Incidence of advanced liver fibrosis was 0.9 of 100 PY (95% CI,
0.6-1.3). Development of hepatic steatosis was predicted by black ethnicity (adjusted hazard ratio [aHR] =2.18;
95% CI, 1.58-3; P <.001) and lower albumin (aHR = 0.94; 95% CI, 0.91-0.97; P < .001). Development of advanced
liver fibrosis was predicted by higher glucose (aHR =1.22; 95% CI, 1.2-1.3; P <.001) and lower albumin
(aHR=0.89; 95% ClI, 0.84-0.93; P <.001).

Conclusions. Incident hepatic steatosis is frequent in HIV mono-infected patients, particularly in those of
black ethnicity. These patients can also develop advanced liver fibrosis. Identification of at-risk individuals can
help early initiation of hepatological monitoring and interventions, such as targeting euglycemia.
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After the introduction of effective combination antire-
troviral therapy (cART), more than 50% of deaths
among persons infected with human immunodeficien-
cy virus (HIV) are from causes other than acquired
immune deficiency syndrome (AIDS) [1]. Overall,
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liver-related death, mainly due to chronic infection
with hepatitis C virus (HCV) or hepatitis B virus, rep-
resents the most frequent cause of non-AIDS-related
death [2]. Human immunodeficiency virus mono-
infected persons are also at risk for liver disease from
multiple cofactors, including insulin resistance, long-
term use of cART, and HIV hepatotoxicity [3, 4].
Hepatic steatosis is a common liver disease in Western
countries associated with metabolic abnormalities
[5, 6]. Cross-sectional studies reported it in up to 40%
of HIV mono-infected patients [3]. Hepatic steatosis is
the first pathophysiological step for nonalcoholic stea-
tohepatitis (NASH), a progressive liver disease leading
to cirrhosis and related complications [6]. Liver fibrosis
is the hallmark of a progressive disease that can lead to
cirrhosis, hepatic failure, and hepatocellular carcinoma
(HCC) [7]. Liver fibrosis may be as frequent as 8% in
HIV mono-infected patients [8]. Liver biopsy has long
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been the gold standard to assess hepatic steatosis and fibrosis.
However, this procedure is invasive, costly, impractical as a
screening tool, and prone to sampling error [9]. The burden
of liver disease in HIV mono-infected persons may not be
fully appreciated because of the drawbacks of liver biopsy and
its underutilization. As such, data on incident hepatic steatosis
and fibrosis and associated predictors in HIV mono-infection
are lacking. Recently, noninvasive serum biomarkers have
been implemented in place of liver biopsy. Validated fibrosis
biomarkers include fibrosis-4 (FIB-4) index, based on aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
platelets, and age, as well as AST-to-Platelet Ration Index
(APRI) [10, 11]. These biomarkers are based on routine param-
eters and have been validated in the setting of HIV infection,
where their accuracy to assess liver fibrosis ranges from 65%
to 90% [7,12]. Lee et al [13] have proposed an index named he-
patic steatosis index (HSI), based on transaminases, body mass
index (BMI), gender, and absence or presence of diabetes. This
biomarker has been validated in more than 10 000 apparently
healthy individuals, with a sensitivity of 93.1% and a specificity
of 92.4% to diagnose hepatic steatosis when compared with ul-
trasound [13].

Most of the previous studies on hepatic steatosis and fibrosis in
HIV mono-infected patients had a cross-sectional design, so they
captured prevalence and associated risk factors at a single time
point. Because hepatic steatosis and fibrosis are chronic pro-
cesses, longitudinal studies are more suitable to capture dynamic
changes. Moreover, no study has employed a simple serum bio-
marker to evaluate hepatic steatosis in HIV mono-infected
patients.

The aim of this study was to investigate incidence and predic-
tors of hepatic steatosis and fibrosis in a large cohort of well char-
acterized HIV mono-infected persons by using validated serum
biomarkers. We also validated for the first time HSI versus liver
ultrasound in the specific context of HIV mono-infection. To our
knowledge, this is the first large-scale longitudinal study designed
to investigate incident hepatic steatosis in HIV mono-infection.

PATIENTS AND METHODS

Study Design and Population

The study was conducted at a single site, the Chronic Viral
Illness Service of the McGill University Health Centre, which
included all eligible adult patients with documented HIV
mono-infection (positive enzyme-linked immunosorbent assay
with Western blot confirmation) in active follow-up. The
Chronic Viral Illness Service is a university-based clinic serving
more than 2000 active HIV-infected patients. Since 1989, a
computerized database on all patients has been maintained
into which demographic data, clinical diagnosis, laboratory re-
sults, and prescription information have been prospectively en-
tered. To be included, patients had to fulfill the following

criteria: (1) age >16 years; (2) availability of relevant serum pa-
rameters for the calculation of noninvasive biomarkers on the
same date; (3) and at least 2 study visits between 2007 and
2013. Exclusion criteria were (1) positivity for HCV antibody;
(2) positivity for hepatitis B surface antigen; (3) any of the
outcome measures (hepatic steatosis, advanced liver fibrosis)
present at baseline; (4) history or evidence at entry of HCC;
(5) liver transplantation; (6) last follow-up visit antecedent to
January 2011. For the purpose of the present study, information
on patients’ demographics and laboratory results was based on
data recorded at their last follow-up visit. Patients were observed
until November 2013 or were censored either when they died
or at their last clinic visit. All of the participants provided
informed consent. The Institutional Research Ethic Board
approved the study, which was conducted according to the
Declaration of Helsinki.

Outcome Measures and Noninvasive Biomarkers for Hepatic
Steatosis and Liver Fibrosis

The outcome measures were hepatic steatosis and advanced
liver fibrosis (histologically defined as stage 3-4 by METAVIR
staging system [14]). Advanced fibrosis is a clinically meaning-
ful threshold because it is the hallmark of a progressive liver dis-
ease that will rapidly lead to liver cirrhosis [15]. Hepatic
steatosis index, defined as 8 x AST/ALT + BMI (+2, if female;
+2, if diabetes), was applied to diagnose hepatic steatosis [13].
Fibrosis-4 was used to diagnose advanced liver fibrosis and was
calculated as age (years) x AST/platelet count (10°/L) x AST %
[10]. The outcome was defined as the second consecutive event
diagnosed by standard cutoff values: HSI >36 for hepatic stea-
tosis and FIB-4 >3.25 for advanced liver fibrosis.

Performance of Hepatic Steatosis Index Versus Liver
Ultrasound to Diagnose Hepatic Steatosis in Human
Immunodeficiency Virus Mono-Infected Patients

Given that HSI was never specifically validated in HIV mono-
infection, we conducted a cross-sectional validation in 355 HIV
mono-infected patients. These patients were extracted from the
cohort of the present study by including all consecutive HIV
mono-infected patients who had a liver ultrasound available
within 6 months from the HSI and without excluding those
with the outcome (HSI) at baseline. We adopted liver ultra-
sound as reference standard because prior studies have shown a
good sensitivity and specificity for ultrasonography to diagnose
hepatic steatosis in HIV-positive patients [16]. The validation
cohort was a subgroup of our study cohort with available ultra-
sound and before excluding patients with the outcome at base-
line and without a follow-up visit (see Figure 1). Abdominal
ultrasound was performed by 2 experienced radiologists at the
Department of Radiology of the McGill University Heath Cen-
ter. Hepatic steatosis was diagnosed by the radiologist on the
basis of characteristic imaging findings, namely, bright liver
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Figure 1.

Flow chart displaying selection of study participants for analysis. Of 3838 patients with human immunodeficiency virus (HIV) infection present

in the Chronic Viral lliness Service database, 1733 patients were excluded because they were not actively observed (last follow-up visit antecedent to
January 1, 2007), 282 patients were excluded because of hepatitis C virus or hepatitis B virus co-infection, and 429 were excluded because of missing
data. After further exclusion of 559 patients who had the outcome at baseline and 39 cases without a follow-up visit, the remaining sample of 796 con-
secutive patients with HIV mono-infection and in active follow-up was included in the present study. Abbreviations: HIV, human immunodeficiency virus;
HCV, hepatitis C virus; HBV, hepatitis B virus; HSI, hepatic steatosis index; FIB-4, fibrosis-4.

pattern, liver-kidney contrast, vascular blurring, and deep he-
patic attenuation.

Clinical and Biological Parameters

Clinical parameters included age, gender, ethnicity, BMI, histo-
ry of hypertension or diabetes, risk factor for HIV infection,
time since HIV diagnosis, and cART. Biological parameters in-
cluded platelets, AST, ALT, albumin, total cholesterol, glucose,
CD4 cell count, and HIV viral load. Obesity was defined as BMI
>30 [17]. The diagnosis of diabetes was based on treatment
with antidiabetic drugs. The duration of HIV infection was ob-
tained using the date of HIV diagnosis. A HIV viral load value
less than 50 copies/mL was considered undetectable (COBAS
Amplicor, Roche; lower limit of detection, 50 copies/mL).

Statistical Analysis

Baseline (time zero) corresponded to the first visit after January 1,
2007 when relevant serum parameters were available simultane-
ously for the calculation of all noninvasive biomarkers. Continu-
ous variables were expressed as median (interquartile range
[IQR]), and categorical variables were presented as numbers
(percentage). We compared characteristics of participants
by outcome status using Kruskall-Wallis test for continuous

variables and Pearson’s y” or Fisher’s exact test for categorical
variables. All tests were 2-tailed and with a significance level of
o= 0.05. The performance of HSI to diagnose steatosis compared
with liver ultrasound was measured with the following: sensitiv-
ity, specificity, positive predictive value, negative predictive value,
accuracy, positive and negative likelihood ratios (LR +and LR—,
respectively), and area under the receiver operating characteristic
curve (AUC). We estimated incidence rates of hepatic steatosis
(HSI >36) and advanced liver fibrosis (FIB-4 >3.25) by dividing
the number of participants developing the outcome by the num-
ber of person-years (PY) of follow-up. Poisson count models
were used to calculate confidence intervals (CIs) for incidence
rates. Kaplan-Meier plots for time to development of hepatic
steatosis were calculated and stratified by ethnicity category. Mul-
tivariate time-dependent Cox regression models were construct-
ed to assess predictors of fibrosis and steatosis progression and
included covariates that were determined a priori to be clinically
important. Final models were adjusted for gender, black ethnic-
ity, time since HIV diagnosis, history of hypertension, and time-
updated cART, CD4 cell count, albumin, and glucose. Albumin
was selected because it is a protein synthetized by the liver and a
sensitive marker of liver function. Robust variance estimation was
used in all Cox regression analyses to account for the correlation
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Table 1. Baseline Characteristics of Study Population and Univariate Analysis of Those Who Developed the Outcomes During Follow-up

Developed Steatosis

Developed Advanced

Characteristics Total (n=796) (HSI >36) (n=194) Fibrosis (FIB-4 >3.25) (n=31)
Age (median years, |QR) 43.5 (36-49.7) 42.3 (34.6-49.5) 49.2 (44-55)**
Male gender (%) 667 (84) 125 (64)** 26 (84)
Ethnicity

White/Caucasian 456 (57) 1(47)* 22 (71)

Black 210 (26) 42)** 9 (29)

MSM (%) 471 (60) 40)** 20 (65)

IVDU (%) 12 (2) B)** 0

Diabetes (%) 30 (4) 6 (8)** 4 (13)*

Hypertension (%) 58 (7) 11)% 4 (13)

BMI (median Kg/m?, 1QR) 23.4 (21.6-25.2) 24.4 (22.3-26.4)** 23.3 (20.8-24.8)

Time since HIV diagnosis (median years, IQR) 6.3 (1.7-13.3) 6.3 (1.7-13.2) 16 (56.4-18.8)*

HIV viral load <50 copies/mL (%) 318 (40) 27)* 8 (26)

CD4 count (median cells/uL, IQR)
On cART (%)?

363.5 (216.5-531.8)
602 (76)

276.5 (162.5-436)*
139 (72)

2 (
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2 (
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2 (
6 (
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222 (126.2-373.8)*
1(68)

Pl + NRTI 356 (59) 66) 14 (67)

NNRTI + NRTI 265 (44) 40) 9 (43)

Other + NRTI 35 (6) 4) 2 (10)

DDX 26 (4) 7) 3 (14)

Platelet count (median 10%L, IQR) 229 (190-276.2) 227.5 (184-275) 209 (162-250)
AST (median IU/L, IQR) 25 (21-31) 6 (21-33) 29 (24.5-41.5)*
ALT (median IU/L, IQR) 26 (20-36) 9.3-38) 27 (21.5-39.5)
Albumin (median g/L, IQR) 1 (39-44) 40.5 (37-43)** 41 (34.5-43.5)
Glucose (median mmol/L, IQR) 5.1 (4.7-5.6) 5.1 (4.7-5.7) 5.2 (4.9-5.9)
Cholesterol (median mmol/L, IQR) 4.5 (3.6-5.7) 4.5 (3.9-5.8) 4.7 (3.7-6)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; cART, combination antiretroviral therapy; DDX, didanosine/
stavudine/zalcitabine; HIV, human immunodeficiency virus; HSI, hepatic steatosis index; IQR, interquartile range; IU, international units; IVDU, intravenous drug use;
MSM, men who have sex with men; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; Pl, protease inhibitors.

@ Percentage based on number of patients on cART.

* P<.05; **P<.001. The P values refer to t test or xz test between patients who developed the outcomes (steatosis and fibrosis, here shown) and the
correspondent counterpart of patients who did not develop the outcomes (data not shown).

of data contributed by the same participant at multiple visits.
Statistical analyses were performed using R program for
Windows Release 2.13.1 (The R Foundation for Statistical Com-
puting, Vienna, Austria).

RESULTS

After applying exclusion criteria (Figure 1), 796 patients with
HIV mono-infection and in active follow-up were included.
The main demographic, clinical, and serological characteristics
of the study population are summarized in Table 1. Overall,
there were 667 males and median age was 43.5 years (IQR,
36-49.7). The most represented ethnicities were white/Cauca-
sian (57%) and black (26%). The majority of black patients
were Africans (57%) and from Caribbean countries (41%).
The most frequent risk factor for HIV infection was men who
have had sex with men (60%). The median BMI was 23.4 kg/m2
(IQR, 21.6-25.2), and 111 (14%) patients were obese. Most of
the patients (76%) were on cART. Median CD4 cell count

was 354 cells/pL (IQR, 217-532), and median time since HIV
diagnosis was 6.3 years (IQR, 1.7-13.3).

Performance of Hepatic Steatosis Index to Diagnose Hepatic
Steatosis in 355 Human Immunodeficiency Virus Mono-Infected
Patients

The characteristics of the validation cohort to study HSI perfor-
mance to diagnose steatosis are depicted in Table 2. Overall, HSI
showed an AUC of 0.88 and an accuracy of 84.5% when com-
pared with liver ultrasound (Table 3). These figures are in line
with those reported in the original study about HSI for diagnosis
of hepatic steatosis in apparently healthy individuals [13].

Incidence of Hepatic Steatosis and Advanced Liver Fibrosis

Patients were observed for a median of 4.9 (IQR, 2.2-6.4) years.
Overall, 194 (24%) achieved the outcome of hepatic steatosis,
accounting for an incidence of 6.9 of 100 PY (95% CI, 5.9-
7.9). For advanced liver fibrosis, 31 (4%) achieved the outcome,
accounting for an incidence of 0.9 of 100 PY (95% CI, 0.6-1.3).
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Table 2. Characteristics of Validation Cohort of 355 HIV Mono-
Infected Patients for the Performance Study of HSI vs Liver
Ultrasound

Table 4. Multivariate Cox Regressions Analyses of Predictors of
Development of Hepatic Steatosis (HSI >36) and Advanced Liver
Fibrosis (FIB-4 >3.25)°

Age (median years, IQR) 45 (40-50.3)
Male gender (%) 238 (67)
Diabetes (%) 11 (3)

BMI (median kg/m2?, IQR) 24.5 (22.6-28.1)
Time since HIV diagnosis (median years, IQR)  11.2 (6.6-16.1)
HIV viral load <50 copies/mL (%) 231 (65)

CD4 count (median cells/uL, IQR) 516 (355-675.5)
On cART (%) 337 (95)
Platelet count (median 10%L, IQR) 225 (193.5-266.3)
AST (median IU/L, IQR) 24 (21-28)
ALT (median IU/L, IQR) 24 (19-36)
Albumin (median g/L, IQR) 41 (39-44)
Glucose (median mmol/L, IQR) 5.2 (4.4-5.8)
Cholesterol (median mmol/L, IQR) 4.6 (4.1-5.4)
HSI > 36 (%) 117 (33)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate amino-
transferase; BMI, body mass index; cART, combination antiretroviral therapy;
HIV, human immunodeficiency virus; HSI, hepatic steatosis index; IQR,
interquartile range; IU, international units; mono, mononucleosis.

Predictors of Development of Hepatic Steatosis and Advanced
Liver Fibrosis

The results of the multivariate Cox regression analysis are
shown in Table 4. Overall, development of hepatic steatosis
was predicted by black ethnicity (adjusted hazard ratio [aHR],
2.18; 95% CI 1.58-3; P <.001) and lower albumin (aHR, 0.94;
95% CI, 0.91-0.97; P <.001). Development of advanced liver fi-
brosis was predicted by higher glucose levels (aHR, 1.22; 95%
CI, 1.2-1.3; P<.001) and lower albumin (aHR, 0.89; 95% CI,
0.84-0.93; P <.001). Figure 2 shows development of hepatic
steatosis (as measured by HSI >36) during the study period
by ethnicity category (black vs non-black). Patients of black eth-
nicity had a higher incident rate of hepatic steatosis compared
with non-black ones (log rank: P <.001).

DISCUSSION

This longitudinal study, based on a large cohort of well charac-
terized HIV mono-infected patients, shows that development of
incident hepatic steatosis is a frequent clinical event in this

Advanced Liver
Fibrosis (FIB-4 >3.25)

Hepatic Steatosis

Predictor (HSI > 36)

Time-independent baseline covariates

Male gender - 1.18 (0.4-3.48)
Black ethnicity 2.18 (1.68-3)** 1.25 (0.44-3.57)
Hypertension 0.99 (0.59-1.68) -
Time since HIV 1.01 (0.89-1.15) 1.42 (0.98-2.04)
diagnosis (per 5
years)
Time updated covariates
CD4 count (per 100 1.01 (0.95-1.06) 0.91 (0.75-1.11)
cells/mL)
Albumin (g/L) 0.94 (0.91-0.97)** 0.89 (0.84-0.93)**
Glucose (mmol/L) - 1.22 (1.2-1.3)**
On cART 0.91 (0.56-1.45) 0.39 (0.10-1.44)

Abbreviations: cART, combination antiretroviral therapy; FIB-4, fibrosis-4; HIV,
human immunodeficiency virus; HSI, hepatic steatosis index.

@ Adjusted hazard ratio and 95% confidence intervals are shown for predictors
analyzed in Cox regression analysis. The hepatic steatosis model is based on
176 outcomes instead of 194 due to missingness.

* P<.05; **P<.001.

population. Human immunodeficiency virus mono-infected
patients also develop advanced liver fibrosis, which is the hall-
mark of a progressive disease eventually leading to cirrhosis and
its end-stage complications. To our knowledge, this is the first
study to dissect incidence and predictors of hepatic steatosis
and to evaluate advanced liver fibrosis in the same study popu-
lation during a long follow-up period. We used simple steatosis
and fibrosis biomarkers, which can be easily integrated as
screening tools in the busy setting of HIV clinics.
Development of hepatic steatosis was frequent in our cohort,
with a cumulative incidence of 24% over a median of 4.9 (IQR,
2.2-6.4) years. In the general population, the incidence rate of
nonalcoholic fatty liver disease (NAFLD) ranges from 0.029 to
3.1 of 100 PY [18-20]. In our experience, the incidence rate of
hepatic steatosis in HIV mono-infected patients was 6.9 of 100
PY. Because HSI left 40% of cases unclassified (those falling in
between the lower, 30, and higher, 36, cutoff value; data not
shown), the incidence could have been even higher. Our results
suggest that HIV mono-infected patients are at risk for incident

Table 3.
Infected Patients

Diagnostic Performance of HSI for Hepatic Steatosis Compared With Liver Ultrasound in the Validation Cohort of 355 HIV Mono-

AUC (95% Cl) Accuracy (%) Sensitivity (%)

Specificity (%) PPV NPV LR+ LR-

0.88 (0.80-0.95) 84.5 85.7

84.1 63.2 94.9 5.4 0.2

Abbreviations: AUC, area under the receiving operating characteristic curve; Cl, confidence interval; HIV, human immunodeficiency virus; HSI, hepatic steatosis
index; LR+, positive likelihood ratio; LR—, negative likelihood ratio; mono, mononucleosis.; NPV, negative predictive value; PPV, positive predictive value.
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Figure 2. Development of hepatic steatosis (as measured by hepatic

steatosis index [HSI] >36) during the study period by ethnicity category
(black vs non-black).

hepatic steatosis compared with the general population. No pre-
vious study has investigated the incidence of hepatic steatosis in
HIV mono-infected patients. A number of longitudinal studies
exist in the setting of HIV/HCV co-infection, but their results
are not applicable to HIV mono-infection due to the critical con-
founding effect of HCV, which carries increased risk of steatosis
[21]. Cross-sectional studies reported a prevalence of hepatic
steatosis of 13%-40% in HIV mono-infected patients [3]. More
importantly, these studies used either liver biopsy or time-
consuming and expensive radiologic techniques, which are un-
likely to be implemented in HIV clinics. In this study, we provide
evidence that HSI can accurately predict hepatic steatosis in HIV
mono-infected patients, with 84.5% accuracy and 0.88 AUC
compared with liver ultrasound. Prior studies have shown a
good sensitivity and specificity for ultrasonography to diagnose
hepatic steatosis in HIV-positive patients [16]. Hepatic steatosis
index is a cheap biomarker providing an immediate result and
can be used for screening and serial monitoring [13]. Moreover,
HSI is easy to integrate in the daily busy setting of HIV clinics
because it is not time-consuming and does not require access
to radiologic facilities. The fact that a significant proportion of
HIV mono-infected patients develop hepatic steatosis translates
into relevant clinical implications. Hepatic steatosis and NASH
may progress to cirrhosis and end-stage liver complications [5].
Nonalcoholic steatohepatitis could have accounted for a signifi-
cant proportion of idiopathic cirrhosis in HIV mono-infected
patients, which has been underrecognized in the past due to un-
derutilization of liver biopsy. Hepatic steatosis not only causes
liver disease, but it has also been associated with cardiac disease
and decreased survival in the general population [22]. Consider-
ing that liver disease is often asymptomatic until end-stage com-
plications occur, identification of at-risk individuals and early
diagnosis of hepatic steatosis is critical in order to initiate inter-
ventions [5, 6].

We used a referenced serum biomarker to diagnose liver fi-
brosis [5,7,12,23]. We also conducted the analysis with another

validated biomarker for liver fibrosis, APRI, and we found sim-
ilar results as for FIB-4 (data not shown) [11]. Only 1 longitu-
dinal study has investigated the incidence of advanced liver
fibrosis in HIV mono-infected patients by biomarkers [24].
This is a clinically meaningful endpoint because patients with
advanced fibrosis have a fast progression to liver cirrhosis and
an overall 10-year mortality rate of 18.5% [15]. We found an in-
cidence rate of 0.9 of 100 PY, which is in line with the figure of
1.3 of 100 PY reported in the study by Mendeni et al [24].

Development of hepatic steatosis was predicted by black ethnic-
ity in our cohort. This finding is peculiar to HIV infection given
that black ethnicity is considered protective in the general popu-
lation [25]. Susceptibility to hepatic steatosis in the general popu-
lation is associated to a single-nucleotide polymorphism in the
patatin-like phospholipase domain-containing 3 gene, which is
less frequent in black people, thus suggesting a protective effect
of this ethnicity [26]. Only 2 studies investigated ethnicity as pre-
dictor of hepatic steatosis in HIV mono-infected persons, and no
effect protective effect was found [26, 27]. Hepatic steatosis in
HIV-infected persons has already been associated with factors
other than those classically known for HIV-seronegative patients,
including lower BMI [28]. We speculate that the multifactorial
contribution of viral factors, hepatotoxicity, and dysmetabolisms
could overcome the susceptibility conferred by genetics in HIV
mono-infected persons. Because Canada’s black HIV+ population
are frequently foreign-born, mostly from sub-Saharan African
and Caribbean countries, they may have had poorer control of
HIV disease in the past, and this can lead to faster progression
to hepatic steatosis [29].

Higher glucose was associated with development of advanced
liver fibrosis. Poorer glycemic control predicts fibrosis progres-
sion in patients with NAFLD and HIV/HCV co-infection [30,
31]. This observation suggests that glycemic control may help at-
tenuate liver fibrosis progression. We could not account for effect
of hyperglycemia on hepatic steatosis given that diabetes is en-
compassed in the formula of HSIL. Lower albumin was a predictor
of development of both hepatic steatosis and fibrosis. Albumin is
primarily synthesized by hepatocytes and is a sensitive marker of
liver function. Dropping values may indicate progressive liver im-
pairment [32]. Lower albumin has also been associated with fast-
er HIV disease progression and higher rates of all-cause mortality
[33]. It can be argued that lower albumin may be a marker for
poor nutritional status. However, in the study by Mehta et al
[33], adjustment for BMI did not affect the relationship between
albumin and mortality. On the same line, in our cohort, there was
no correlation between BMI and albumin (data not shown). We
hypothesize that lower albumin reflects faster progression of HIV
disease and chronic inflammation induced by HIV, which could
in turn synergize in promoting liver disease.

This study has limitations that should be acknowledged. First,
we estimated the incidence of hepatic steatosis and fibrosis
based on surrogate serological markers. However, large-scale
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studies using liver biopsy in HIV mono-infected persons are
unlikely to be performed and ethically questionable given aug-
mented risk of bleeding, costs, and lack of a clinical indication
[9]. Moreover, FIB-4 showed suboptimal accuracy in HIV/HCV
coinfected patients with normal ALT, and this might imply also
a lower accuracy in HIV mono-infected patients [34]. Second,
other noninvasive methods, such as transient elastography,
may outperform serum biomarkers for diagnosis of hepatic
steatosis and fibrosis [35, 36]. However, transient elastography
is unlikely to be readily available in HIV clinical settings. In a
nationwide Canadian survey, we have recently shown that diffi-
cult access to transient elastography can be a limiting factor for
liver fibrosis screening, particularly in the setting of HIV infec-
tion [37]. Simple serum biomarkers are easy to implement by
HIV clinicians in daily clinics and could be used as first-line
tests in regions with limited healthcare resources. Third, be-
cause data about alcohol intake was not available, we could
not account for its effect. Hepatic steatosis index incorporates
in its formula a number of metabolic characteristics (BMI, dia-
betes) and ALT/AST ratio, which has been used for noninvasive
separation of alcoholic and nonalcoholic liver disease [38].
Thus, we suggest that HSI likely reflects more a metabolic
than an alcoholic fatty liver. Fourth, because BMI is encom-
passed in the formula of HSI, we could not assess this variable
as predictor of hepatic steatosis. However, cross-sectional stud-
ies showed that prevalence of obesity is low in HIV+ patients
with hepatic steatosis, thus suggesting that hepatic steatosis is
related to other factors in this population [28, 39]. On the
same line, prevalence of obesity was low in our population
(14%). Fifth, some of the predictors we found, including higher
glucose, could also have been affected by exposure to cART or
uncontrolled HIV, for which we did not account.

CONCLUSIONS

In conclusion, in this first longitudinal study we showed that de-
velopment of incident hepatic steatosis by a serum biomarker is
frequent in HIV mono-infected patients. This population also
develops advanced liver fibrosis. As such, noninvasive screening
and serial monitoring by simple biomarkers should be imple-
mented. At-risk HIV mono-infected patients, including black
people and those with higher glucose and lower albumin,
could particularly benefit from early initiation of hepatological
monitoring and interventions, such as targeting euglycemia.
This may in turn translate into reduced progression to cirrhosis
and liver-related outcomes. This finding is relevant given that
liver transplantation, the only definitive treatment for end-
stage liver disease, has been limited in patients infected with
HIV due to concerns about potential higher rates of complica-
tions, fear of HIV transmission, and restricted criteria for
inclusion in the waiting list [40]. Prospective studies aimed at
investigating the effect of screening strategies by means of

simple biomarkers and the impact of interventions on the bur-
den of liver disease in HIV mono-infected patients are needed.
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