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Abstract

Objective—To describe the prevalence and factors associated with nonalcoholic fatty liver disease
(NAFLD) among HIV-infected persons not infected with hepatitis C virus (HCV).

Design—A cross-sectional study among HIV-infected patients in a large HIV clinic.

Methods—NAFLD was defined as steatosis among patients without viral hepatitis (B or C) co-
infection or excessive alcohol use. The prevalence of NAFLD was identified by ultrasound
examination evaluated by two radiologists blinded to the clinic information; liver biopsies were
performed on a subset of the study population. Factors associated with NAFLD evaluated by
proportional odds logistic regression models.

Results—Sixty-seven (31%) of 216 patients had NAFLD based on ultrasound evaluation. Among
those with NAFLD, steatosis was graded as mild in 60%, moderate in 28%, and severe/ marked in
12%. Factors associated with the degree of steatosis on ultrasound examination in the multivariate
model included increased waist circumference (odds ratio [OR] 2.1 per 10 cm, p<0.001), elevated
triglycerides (OR= 1.2 per 100 mg/dl, p=0.03), and lower HDL levels (OR 0.7, p=0.03). African
Americans were less likely to have NAFLD compared to Caucasians (14% vs. 35%), although this
did not reach statistical significance (OR= 0.4, p=0.08). Similar associations were noted for the subset
of patients diagnosed by liver biopsy. CD4 cell count, HIV viral load, duration of HIV infection, and
antiretroviral medications were not independent risk factors associated with NAFLD after adjustment
for dyslipidemia or waist circumference.
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Conclusion—NAFLD was common among this cohort of HIV-infected, HCV-seronegative
patients. NAFLD was associated with a greater waist circumference, low HDL and high triglyceride
levels. Antiretroviral medications were not associated with NAFLD; prospective studies are needed
to confirm this finding.
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BACKGROUND

As HIV-infected persons are experiencing longer life expectancies [1], other causes of
morbidity and mortality among this group are increasingly being recognized. Recently, liver
disease was identified as a leading cause of death among HIV-infected persons [2,3]. Patients
with HIV infection frequently have elevated liver function tests (LFTs) [4], which are often
attributed to viral hepatitis (B and C) co-infections or to antiretroviral medication effects. The
epidemiology of nonalcoholic fatty liver disease (NAFLD) has not been studied among HIV
patients without concurrent hepatitis C virus (HCV) infection, but may be an important cause
of liver disease in this population.

NAFLD is now recognized as the most common liver disease among the general population
since its description by Ludwig et al. in 1980 [5,6]. In the United States, 17-33% of the
population has NAFLD [6-8], and its prevalence is likely rising due to increasing prevalence
of obesity. NAFLD is defined as the accumulation of lipid droplets (mainly triglycerides) in
hepatocytes occurring in the absence of excessive alcohol use or chronic active viral hepatitis
[5,9]. The disease spectrum ranges from mild steatosis to nonalcoholic steatohepatitis (NASH),
advanced stages of fibrosis, cirrhosis, and hepatocellular carcinoma [10,11]. Obesity, insulin
resistance, diabetes mellitus, and dyslipidemia, which are components of the “metabolic
syndrome” [12], are risk factors for NAFLD in the general population, and has been referred
to as the hepatic component of the “metabolic syndrome” [13].

Data on the prevalence, predictors, and natural history of NAFLD among HIV-infected persons
are limited. Before the advent of HAART, the literature reported steatosis but the etiology was
unclear [14-17], and recent studies on steatosis among HIV patients have been conducted
solely among those with hepatitis C virus (HCV) coinfection and HCV itself can result in fat
deposition in the liver. In these studies, steatosis was noted in 40-72% of HIVV-HCV coinfected
patients, and proposed risk factors for fatty deposition included nucleoside agents (especially
stavudine and didanosine), age, white race, components of the metabolic syndrome, HCV viral
load, and HCV genotype 3 infection [18-25].

However, HIV patients without concurrent hepatitis C may be at particular risk for fatty liver
disease due to increased prevalence for both risk factors proposed for the ‘two-hit’ pathogenesis
of NAFLD: insulin resistance with release of free fatty acids from adipose tissue with
subsequent hepatic triglyceride deposition as well as oxidative stress-cytokine mediated injury
[26]. Regarding the first “hit’, HIV patients often have high rates of lipid and glucose
abnormalities, an effect of the HIV infection itself or the antiretroviral medications. In addition
to the potential metabolic side effects of antiretrovirals, nucleoside agents may cause direct
hepatotoxicity and steatosis due to inhibition of mitochondrial DNA polymerase-y. Protease
inhibitors also may cause steatosis via the overexpression of the sterol regulatory protein,
SREBP-1 [27,28]. The rising rates of diabetes and obesity among HIV-infected persons [29,
301, similar to the general U.S. population, may also contribute to NAFLD in this population.
Regarding the second *hit’, HIV patients may be at risk due to a chronic inflammatory state
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(e.g., increased TNF-a levels) induced by the virus. In addition, studies have suggested that
gut-derived lipopolysaccharide may promote hepatic damage [31].

Given the lack of published reports regarding NAFLD among HIV patients uninfected with
HCV, we performed a cross-sectional study among a well-characterized, ethnically diverse
cohort of HIV-infected patients. Our aims were (1) to determine the prevalence of NAFLD,
and (2) to identify factors associated with NAFLD among HIV-infected patients without HCV.

METHODS

Demographics of study population

We conducted a cross-sectional study to determine the prevalence and factors associated with
NAFLD among HIV patients uninfected with HCV. Study subjects were HIV-infected patients
receiving care at the Naval Medical Center San Diego (NMCSD), San Diego, California. HIV
patients (n=450) attending the clinic are military active duty members, retirees, and dependents.
Those on active duty service undergo periodic HIV screening (approximately every two years)
and routine, mandatory drug testing; service members found positive for illicit drugs are
discharged from active duty service and are not seen in our clinic. All study participants had
confirmed HIV infection by enzyme-linked immunosorbent assay (ELISA) and Western Blot
testing. Patients were excluded from participating in this study if they were under 18 years of
age or were pregnant as determined by a positive urine beta-human chorionic gonadotropin
(BhCG) test. All participants provided written informed consent, and the study was approved
by the Institutional Review Board at NMCSD.

All HIV patients meeting the inclusion/exclusion criteria were asked to join the study during
their regular clinic visits; enrollment continued until 300 patients signed the informed consent.
Study enrollment occurred during the period of January 2006 through June 2007. Of the study
group, 257/300 (86%) had an ultrasound examination performed. Forty-three patients did not
have the ultrasound done due to work issues, loss of military benefits, or relocation out of the
area. Compared to the characteristics of patients attending this clinic, those who participated
in this study were similar in age, race, and military status. Those who joined the study were
slightly more likely to be male (93% vs. 88%, p=0.04) and had a slightly longer duration of
HIV (10 vs. 9 years, p=0.01) than those who did not participate. We also compared those who
joined the study who did and did not have an ultrasound examination performed, and found no
significant differences except a lower percentage of females had an ultrasound than did not
have the test (5% vs. 14% p=0.04).

Patients had a routine hepatitis panel (hepatitis B surface antigen, hepatitis B core antibody,
and hepatitis C antibody tests) at HIV diagnosis; these tests were reviewed as part of this study.
In addition, patients with elevated liver function tests and a positive hepatitis B core antibody
with a negative surface antigen had a hepatitis B DNA drawn. In addition, those with abnormal
LFTsand a CD4 cell count of <200 cells/mm?3 underwent both a hepatitis B DNA and hepatitis
C RNA viral load testing. Chronic active hepatitis B infection was defined as having a positive
surface antigen or having core antibody positive with a detectable hepatitis B DNA viral load.
Likewise, a chronic hepatitis C infection was defined as having a positive antibody serology
or RNA viral load. Patients found to have chronic hepatitis B (n=14), chronic hepatitis C (n=3),
or chronic hepatitis B and C (n=4) were excluded from the analysis. Twenty one patients who
self-reported excessive alcohol use, defined as >140g ethanol/week for men and >70g ethanol/
week for women [7], were excluded; one of the 21 was also excluded for having chronic
hepatitis B. This resulted in a total study population of 216 HIV patients in our study cohort.

Participants completed a questionnaire regarding current symptoms suggestive of liver disease,
alcohol and drug use, and medical history. Study coordinators collected data from the patients’

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2009 November 25.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Crum-Cianflone et al.

Page 4

medical records on medical diagnoses; past or present receipt of antiretroviral medications
(type and duration in months of each medication); and the use of antidiabetic, antihypertensive,
lipid-lowering medications, and medications which may cause fatty liver disease (e.g.
corticosteroids, estrogens, amiodarone, valproate, methotrexate, and diltiazem). These data
were entered onto study-specific case report forms. Duration of HIV was defined at the date
of enrollment minus the midpoint between the date of last HIV seronegative and first
seropositive (mean time of seroconversion of 16 months); for those without a documented HIV
seronegative test (=54, 25%), the first seropositive date was utilized in this calculation.

At study enrollment, body measurements of weight, height, waist, and hip were measured in
a standardized fashion by clinical research coordinators. Body mass index (BMI) was
categorized using NIH criteria for obesity (> 30 kg/m?), overweight (25.0-29.9 kg/m?), normal
weight (18.5-24.9 kg/m?), and underweight (<18.5 kg/m?)[32].

We also determined the presence of the metabolic syndrome among the participants as defined
by the ATP 11 guidelines by the presence of >3 of the following abnormalities: 1) abdominal
obesity (abdominal circumference >102 cm for men and >88 cm for women), 2) elevated
triglyceride level (>150 mg/dl), 3) decreased HDL level (<40 mg/dl for men and <50 mg/dI
for women), 4) elevated blood pressure, and 5) elevated fasting glucose (>110 mg/dl) [12].
Because we did not collect data on the actual blood pressure, we defined elevated blood
pressure as the use of an antihypertensive medication.

Laboratory data

Laboratory tests including alanine aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase, total bilirubin, fasting glucose, total cholesterol, high-density lipoprotein
(HDL), low-density lipoprotein (LDL), triglycerides, and hepatitis panel were recorded from
the closest date to the ultrasound examination. In addition, the most recent CD4 cell count and
HIV viral load was recorded at enrollment; an undetectable viral load was defined as <50
copies/ml. LFTs were repeated, among those with initially normal results, 6 months (range 3—
10 months) later during a routine clinic visit. All blood tests were performed at NMCSD, with
the exception of CD4 cell counts which were done at the Veterans Administration Hospital,
La Jolla, California; both laboratories are certified by Clinical Laboratory Improvement
Amendments (CLIA). Lactate levels are not routinely performed in our study population and
were not done as part of this study. Data were analyzed using abnormal values of ALT >63
IU/L, AST >41 IU/L, alkaline phosphotase>126 mg/dl, and bilirubin >2.0 mg/dl which are the
upper limits of normal at NMCSD. Bilirubin level was not considered to be elevated if that
patient was currently prescribed either indinavir or atazanavir. LFT abnormalities were graded
as follows: 1.25-2.5x the upper limit of normal (ULN) (grade 1), 2.6-5x ULN (grade 2), 5.1~
10x ULN (grade 3), and > 10x ULN (grade 4).

Liver ultrasound examination

Each participant underwent a liver ultrasound which was completed by trained technicians and
read by two radiologists (D.A., R.C., R.P.) who concurred on the reading and were blinded to
the clinical data of the study. US examinations were performed a mean of 4.2 months (SD 3.5)
from the time of enrollment/initial blood test; the US was followed by a second blood test as
described above. Liver size was graded as normal (< 15.5 cm), borderline (15.6— 16.0 cm),
mild hepatomegaly (16.1-17.5 cm), moderate hepatomegaly (17.6— 20.0 cm), or marked
hepatomegaly (> 20.0 cm). NAFLD was defined by an ultrasound showing steatosis described
as diffusion in hepatic echogenicity according to Rumack et al [33]. The levels of diffusion for
hepatic steatosis were classified accordingly in this study as mild, moderate, severe, and
marked.
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Liver histopathologic examination

Liver biopsies based on medical standards of care were offered to subjects with elevated liver
enzymes and/or abnormal ultrasound results; 55/165 (33%) agreed to undergo a biopsy. The
timing of the biopsy was a mean of 5.2 (SD 3.6) months from the time of the ultrasound
examination. Participants who underwent a biopsy were similar to those who did not get a
biopsy except the former group was more likely to have a higher BMI (28 vs. 26 kg/mZ,
p<0.001), greater waist circumference (96 vs. 90 cm, p=0.005), and be on lipid lowering
medications (47% vs. 28%, p=0.04). Each biopsy, stained with hematoxylin and eosin and with
Masson’s trichrome stain, was evaluated for features of fatty liver disease with an expanded
version of the NAFLD activity score [34]. Specimens that did not contain 5 or more portal
tracts were excluded. Biopsies were examined at 10x and 40x magnifications with microscopy.
Grading of steatosis was categorized as absent (0%), minimal (<5%), mild (5-33%), moderate
(34-66%), or severe (>66%). NASH was defined as steatosis and parenchymal inflammation
with centrilobular pericellular fibrosis and/or hepatocellular ballooning, with or without
Mallory-Denk bodies. Biopsies were assessed by a single pathologist (Z.G.) who was blinded
to the clinical information of the participants.

Statistical analysis

The primary outcome of our study was the presence of steatosis (defined as mild, moderate,
severe, and marked) on ultrasound examination. We also examined the prevalence of steatosis
among the subset of patients with a liver biopsy.

We evaluated the following variables as potential predictors of NAFLD: demographics (age,
gender, race); fasting glucose; fasting lipid levels (total cholesterol, LDL, HDL, triglycerides);
liver function tests (ALT, AST, alkaline phosphotase, total bilirubin); BMI; waist
circumference; use of antilipid, antihypertensive, and antidiabetic medications; estimated years
of HIV infection; diagnosis of an opportunistic infection; CD4 cell count; HIV viral load; and
antiretroviral medication use including duration. Univariate proportional odds logistic
regression was used to determine the association of each variable with steatosis level (none,
mild, moderate, or marked/severe). Each variable for which the regression coefficient was
significant at a p-value<0.10 was included in a final multivariate proportional odds model.
Correlations between variables were computed using Pearson’s correlation coefficient. P-
values of <0.05 and 95% confidence intervals that excluded 1.0 were considered to be
statistically significant. Statistical analyses were performed using SAS version 9.1 (SAS
Institute Inc., Cary, NC, USA).

RESULTS

Baseline Demographic, Clinical, and Laboratory Characteristics

The mean age of the study population (n=216) was 40 years (SD 11); 204 (94%) were male;
103 (48%) reported being Caucasian, 59 (27%) African American, 30 (14%) Hispanic, and 24
(11%) other (Table 1). Fifty percent of the study population were on active duty military
service, whereas 44% were retired and 6% were dependents. Four (2%) patients in the study
reported the use of illicit substances. The mean duration of HIV infection was 10.0 years (SD
6.9); the mean CD4 cell count was 535 cells/mm3; and 108 (50%) had an HIV viral load <50
copies/ml. At the time of the study, 141 (65%) of the patients were currently prescribed
antiretroviral therapy; 156 (72%) had a history of receiving antiretroviral medications, with
121 (56%), 88 (41%), and 67 (31%) reporting current or prior protease inhibitor, stavudine, or
didanosine use, respectively. Only six (3%) participants were on medications which may be
associated with fatty liver deposition (2 on estrogens, 2 on prednisone, and two on diltiazem).
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One hundred fifty-four patients (73%) had dyslipidemia, defined as abnormalities in any of the
lipid levels; 33% had an elevated total cholesterol >200 mg/dl, 38% a LDL >130 mg/dl, 41%
an elevated triglycerides >150 mg/dl, and 44% a low HDL <35 mg/dl. Twenty-nine percent of
patients were receiving lipid-lowering medications, 23% were receiving antihypertensive
medications, and 5% had diabetes mellitus. The mean BMI of the group was 26.0 kg/m?2 with
43% being overweight and 15% being obese. Abnormal ALT and AST levels were noted in
27 (13%) and 41 (19%) of the population, respectively. Of the elevated ALT and AST levels
most were grade 1, with only two patients having grade 2 elevation and no patient with grade
3 or 4 elevation.

Prevalence of NAFLD

NAFLD was diagnosed in 67 (31%) of 216 HIV patients based on ultrasound results. Among
those with NAFLD, the degree of hepatic steatosis ranged from mild (n=40, 60%) to moderate
(n=19, 28%) to severe/ marked (n=8, 12%). In addition to steatosis, hepatomegaly was noted
in 135 (63%) of all study patients on ultrasound examination: 73 (34%) had mild, 52 (24%)
had moderate, and 10 (5%) had marked hepatomegaly. Of patients with NAFLD, 58 (87%)
had hepatomegaly. Liver size was strongly associated with NAFLD, with a mean liver size of
16.3cm (SD 1.8), 17.4 cm (SD 1.6), 18.7 cm (SD 2.2), and 19.3 cm (SD 4.3) among those
with no, mild, moderate and severe steatosis, respectively (odds ratio (OR) 1.8 per 2 cm
difference, p=0.002). Fifty-five HIV patients underwent a liver biopsy, of which 20 (36%)
patients had biopsy-proven NAFLD. Steatosis on liver biopsy (graded as mild or above) was
noted among 11%, 47%, 75%, and 100% of patients with the liver ultrasound showing no,
mild, moderate, or severe steatosis, respectively (Table 2). NASH was present in 20% of the
biopsy cases of NAFLD; possible early NASH (steatosis with minimal ballooning and no
fibrosis) was documented in an additional 10% of patients with NAFLD.

Symptoms and Liver Function Tests among HIV Patients with NAFLD

The majority of participants in our study were asymptomatic; the most common complaint was
fatigue (24%). Regarding abdominal symptoms, 12% reported diarrhea, 7% loss of appetite,
6% nausea, and 5% right upper quadrant pain. In comparing participants with and without
NAFLD, the only symptom that was significantly different was a higher rate of fatigue among
those with NAFLD (33% vs. 20%, p=0.04).

Liver function tests among patients with NAFLD were usually normal. ALT was elevated, at
least once during the study period, among 10/67 (15%) patients with NAFLD. Elevated AST
occurred in 15/67 (22%), total bilirubin in 1/67 (1.5%), and alkaline phosphotase in no patients
with NAFLD. Any abnormality in one or more of the LFTs was present in 17/67 (25%) of
NAFLD patients. Among patients without NAFLD, 38 (26%) had elevated LFTs. In this cohort,
the sensitivity and specificity of abnormal LFTs for predicting NALFD was 25% and 74%,
respectively. For each level of steatosis (none, mild, moderate, or severe/marked), the percent
with elevated ALT was 11%, 8%, 21%, and 38%, respectively (OR 1.7, p=0.2).

Factors Associated with NAFLD

The presence of NAFLD was categorized into levels of severity: none, mild, moderate, and
severe/marked (Table 1). In the univariate models, variables associated with the degree of
NAFLD included higher body mass index (OR 2.0, p<0.001), greater waist circumference (OR
2.2 per 10 cm difference, p<0.001), lower HDL levels (OR 0.5 per 10 mg/dl difference,
p<0.001), higher triglyceride levels (OR 1.4 per 100 mg/dl difference, p<0.001), the use of
lipid-lowering medication (OR 2.2, p=0.008), and having the metabolic syndrome (OR 2.2,
p=0.04). In addition, African American were less likely to have NAFLD as compared to
Caucasians (OR 0.3, p=0.004). In addition, both overweight (OR=1.8, p=0.07) and obese
patients (OR=3.8, p=0.001) were more likely to have NALFD as compared to patients who
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were underweight or normal weight. The only HIV-related characteristics that showed a
potential association with NAFLD were past or current stavudine use (OR 1.8, p=0.05) and
duration of HIV infection (OR 1.2 for every 5 years, p=0.07). We also evaluated the total
duration of stavudine among all patients ever receiving this medication (mean 44 +/— 29
months) and found no association (OR 1.1, p=0.35). Likewise the total duration of didanosine
use among patients (24 +/— 27 months) showed no relationship with NAFLD (OR 1.0, p=0.90).
Nadir or current CD4 cell count, HIV viral load, or protease inhibitor use also was not
associated with NAFLD. Among those currently receiving HAART, we examined the current
CDA4 cell count, CD4 change from nadir to current value, and having a suppressed (<50 copies/
ml) viral load, and found none to be associated with NAFLD (Table 1). Only six participants
were receiving a non-HIV medication which may be associated with steatosis; 1/6 had steatosis
among this group.

Variables included in the multivariate analyses included race, waist circumference, triglyceride
level, HDL level, use of lipid-lowering medications, metabolic syndrome, duration of HIV
infection, and prior stavudine use (Table 1). Because BMI was highly correlated with waist
circumference (BMI: r=0.78, p<0.001), and waist size was more highly associated with
NAFLD, BMI was excluded from the multivariate model. In the final multivariate model,
higher waist circumference (OR= 2.1 for each 10 cm difference, p<0.001), lower HDL levels
(OR 0.7 for each 10 mg/dl difference, p=0.03), and higher triglyceride levels (OR= 1.2 for each
100 mg/dl difference, p= 0.03) were associated with NAFLD (Table 1). African Americans
compared to Caucasians were less likely to have NAFLD (14% vs. 35%), although this did not
reach statistical significance in the multivariate model (OR= 0.4, p=0.08). The potential
relationship between stavudine and NAFLD was not seen in the multivariate model when
examined by receipt (yes/no) or by duration of use.

The univariate analyses were repeated using the liver biopsy to diagnose NAFLD (Table 3).
African Americans compared to Caucasians had a lower prevalence of NAFLD (OR 0.1,
p=0.03). Other predictors included greater waist circumference (OR 3.1 per 10 cm difference,
p=0.001), lower HDL levels (OR 0.3 per 10 mg/dl difference, p=0.008) and higher triglyceride
levels (OR 1.9 per 100 mg/dl difference, p=0.04). There were no associations between NAFLD
and antiretroviral medication use.

DISCUSSION

NAFLD defined by ultrasound examination is common among HIV patients occurring at a
prevalence rate of 31%. Increased waist circumference, low HDL levels, and elevated
triglyceride level were significantly associated with NAFLD, with trends towards a reduced
rate of NAFLD among African Americans. HIV specific factors including antiretroviral
medications were not associated with NAFLD in this study of HIV patients who were
uninfected with HCV.

To our knowledge this is the first study in the HAART era to determine the prevalence of
NAFLD among HIV patients without HCV coinfection. We found that 31% of our study
population had NAFLD based on ultrasound imaging. The prevalence of NAFLD in the general
population of the United States is similar, with an estimated rate of 17-33% [7,8]. The only
other published reports of the prevalence of steatosis among HIV patients are among patients
coinfected with HCV showing rates of 40-72% [25]; however, HCV itself can cause fatty
deposition.

Our finding that nearly one-third of HIV patients have NAFLD may have important clinical
implications. In the general population, NAFLD may progress to fibrosis, cirrhosis, and liver
failure [6,7]. Although the natural history of NAFLD among HIV patients remains unknown,
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NAFLD is likely an important cause of liver disease in this population. For example, NAFLD
as the cause of idiopathic cirrhosis among HIV patients is increasingly being recognized [35].
Furthermore, NAFLD not only causes liver disease, but has been shown in the general
population to predict cardiac disease and a decreased survival [6,36,37]. Given the high
prevalence of NAFLD among HIV patients seen in this study, the impact of NAFLD asamarker
for excess morbidity and mortality among HIV patients should be prospectively evaluated.

The strongest factor associated with NAFLD in our study was an increased waist
circumference, an indicator of central adiposity. Studies of HIV-HCV coinfected patients also
found that high BMI was significantly associated with steatosis, but they did not specifically
evaluate waist circumference [25]. Waist circumference may be a better predictor of obesity-
related health risks than BMI [38]; a study in the general population showed that visceral fat
accumulation was predictive of NAFLD regardless of the BMI, including among non-
overweight subjects [39]. These findings are likely related to the fact that visceral adipocytes
are less mature and more likely to mobilize fat during insulin resistance, which is the first step
in the pathogenesis of NAFLD. Furthermore, centrally located fat cells may act an endocrine
organ secreting cytokines and adipokines (e.g., adiponectin and leptin) that are important in
insulin resistance and fatty liver deposition [40,41]. Among HIV patients, an increased waist
circumference may be an effect of both excessive caloric intake as well as lipohypertrophy.

Our study also suggests that relatively small changes in the BMI may lead to steatosis. The
mean BMI measures among those with no, mild, moderate, and severe steatosis in our study
were 25 kg/m?, 26 kg/m?2, 28 kg/m?, and 32 kg/m?, respectively. In concurrence with our study,
a recent investigation among HIV-negative persons showed that the development of steatosis
was associated with an increase in BMI of as little as 1 kg/m? suggesting that small weight
changes may produce significant metabolic changes [42]. This is particularly of concern in the
HIV population in which the rates of elevated BMI appears to be rising. A recent study showed
the rates of obesity and overweight were 14% and 31%, respectively [29], and in our population
consisting of military beneficiaries, these rates were 15% and 43% respectively. Given the
rising rates of obesity, NAFLD may become increasingly prevalent among HIV-infected
persons.

High triglyceride levels and low HDL levels were also associated with NAFLD among our
HIV-positive cohort. These findings have biologic plausibility since the pathogenesis of
NAFLD involves deposition of triglycerides within the hepatocytes [26,40]. Studies among
HIV-HCV coinfected patients and the general population have also found that elevated
triglyceride and low HDL levels are independent factors for steatosis [21]. Of note, these lipid
alterations are common among HIV-positive individuals, likely due to viral influences as well
as antiretroviral medication effects [21,43]. Given these data, maintaining triglyceride and
HDL levels within a normal range may be an important factor in the prevention of NAFLD
among both HIV positive and negative persons.

We also noted that African Americans had a trend towards a lower prevalence of NAFLD than
Caucasians. Our findings are concurrent with other investigations performed among HIV-HCV
coinfected patients and the general population [19,24,44]. These findings are surprising given
that obesity rates are higher among African Americans than Caucasians in the U.S. [45]. In our
study cohort, 41% of African Americans were overweight, while 15% were obese. With these
high rates of obesity, it would be expected that the prevalence of NAFLD in this population
would be elevated; however, the contrary has been found in studies to date. Investigations of
genetic factors and ethnic differences in lipid homeostasis are advocated to further explore the
relationship between African American race and the lower prevalence of NAFLD.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2009 November 25.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Crum-Cianflone et al.

Page 9

Our study did not find a significant relationship between NAFLD and antiretroviral
medications, specifically the nucleoside agents (e.g. stavudine and didanosine) and protease
inhibitors. A study of NAFLD in HIV-infected children also found no association between
ART use and NAFLD [46]. Studies to date have been conflicting regarding the impact of
HAART on hepatosteatosis among HIV-HCV co-infected patients with most studies showing
no relationship [18-20,23,47,48], while two studies have showed a relationship between
didanosine, stavudine, and protease inhibitor use and steatosis [22,24]. Differences in study
findings may be due to study population characteristics as well as the type and duration of
antiretroviral use.

Although nearly 75% of our study patients had received antiretroviral medications, the number
of patients and the mean duration of stavudine (41%, 44 months) or didanosine (31%, 24
months) use was somewhat limited. This level of usage may not have had a significant effect
on the development of liver steatosis as detected by ultrasound evaluation. This is exemplified
by a study of HIV-HCV patients where longer duration of antiretroviral therapy use (> 4 years)
was found to be an independent predictor of steatosis [21]. In addition to the duration of
antiretroviral exposure, host genetics (e.g., a novel host polymerase mutation) may play an
important role in predicting which patients will develop steatosis after receipt of nucleoside
agents [49]. In summary whether antiretroviral medications play a direct effect in the
pathogenesis of hepatic steatosis and/or an indirect role through their effects on metabolic
factors, such as fat accumulation and lipid levels, requires further study. Our study suggests
that abdominal obesity and dyslipidemia are the most significant factors in the development
of NAFLD among HIV patients. These metabolic abnormalities may be the result of lifestyle
(e.g., diet, exercise) factors rather than antiretroviral medications; further studies are needed.

Similarly, we did not find that factors associated with HIV infection, such as duration of HIV
infection, HIV viral load, or CD4 cell counts were associated with NAFLD. Similar results
were found in other studies involving HIV-HCV coinfected patients [25]. Speculation exists
on the relationship between HIV infection and NAFLD; however, HIV infection is still not a
well-established risk factor for NAFLD.

The diagnosis of NAFLD among HIV patients remains challenging as it is typically a silent
disease, with only fatigue being slightly more common among patients with NAFLD.
Furthermore, liver enzyme abnormalities are commonly seen in HIV patients [4], and their
sensitivity and specificity for detecting NAFLD were low. The lack of a strong association
between ALT level and NAFLD was also noted in other studies [46], with one report showing
79% of patients with NAFLD had normal LFTs [44]. We repeated the analysis using lower
cut-points for ALT (30 mg/dl for men and 19 mg/dl for women) [50] and found that the
sensitivity for abnormal LFTs increased to 69%, but the specificity declined to 46%. Ultrasound
examination is a more sensitive test for NAFLD. In addition to steatosis, ultrasound
examination frequently detected hepatomegaly and there was an association between the
degree hepatomegaly and the severity of steatosis in our study. Studies among HIV patients
previously have noted that hepatomegaly may signify underlying steatosis [51]. Since NAFLD
is usually asymptomatic and has variable LFT results, the diagnosis should be entertained
among patients with the associated factors of visceral obesity and hyperlipidemia.

Limitations of our study included that causal relationships could not be assessed due to its
cross-sectional design. Since the majority of our cohort was men (94%), our study findings
may not be generalizable to women. Self-reporting of alcohol consumption may have been
inaccurate, which may have led to incorrectly including or excluding patients within this study.
Finally, ultrasonography was used to diagnose NAFLD in our study; the sensitivity and
specificity of this test is estimated as 82-94% and 66—95%, respectively, compared to liver
biopsy results [42,52]. Since ultrasound is more sensitive in detecting severe steatosis (>33%
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fat on the liver) [53], we may have underestimated the prevalence of NAFLD in the study
population. However, we did perform liver biopsies on a subset of our population and found
similar prevalence and predictors of NAFLD.

In summary, NAFLD was common in HIV-infected persons occurring in one-third of the
population. This study demonstrated that increased waist circumference, low HDL and high
triglyceride levels were predictors of NAFLD. These findings are relevant to both clinicians
and patients as early recognition and management of these risk factors among HIV patients
may prevent further progression of NAFLD and morbidity from liver disease among the HIV
population.
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