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Abstract
Background—Cardiovascular disease is an increasing concern among HIV-infected persons and
their providers. We determined if fatty liver disease is a marker for underlying coronary
atherosclerosis among HIV-infected persons.

Methods—We performed a cross-sectional study among HIV-infected adults to evaluate the
prevalence of and factors, including fatty liver disease, associated with subclinical coronary
atherosclerosis. All participants underwent computed tomography for determination of coronary
artery calcium (CAC; positive defined as a score >0) and fatty liver disease (defined as a liver-to-
spleen ratio <1.0). Factors associated with CAC were determined using multivariate logistic
regression models.

Results—We studied 223 HIV-infected adults with a median age of 43 years (IQR 36–50), 96%
were male, and 49% were Caucasian. Median CD4 count was 586 cells/mm3, and 83% were
receiving antiretroviral medications. Seventy-five (34%) had a positive CAC score, and 29 (13%)
subjects had fatty liver disease. Among those with CAC scores of 0, 1–100, >100, the percentage
with concurrent fatty liver disease was 8%, 18%, and 41%, respectively (p=0.001). In the
multivariate model, CAC was associated with increasing age (OR 4.3 per 10 years, p<0.01),
hypertension (OR 2.6, p<0.01), and fatty liver disease (OR 3.8, p<0.01).

Conclusions—Coronary atherosclerosis as detected by CAC is prevalent among young HIV-
infected persons. The detection of fatty liver disease among HIV-infected adults should prompt
consideration for assessment for underlying cardiovascular disease and risk factor reduction.
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Background
As HIV-infected persons are experiencing longer life expectancies, there is an increasing
concern regarding non-AIDS defining conditions, including cardiovascular disease [1,2].
HIV-infected persons appear to have a higher risk of coronary artery atherosclerosis
compared to the general population, which may be a result of HIV-induced inflammation,
antiretroviral medications, or concurrent medical conditions, such as insulin resistance,
dyslipidemia, hypertension, visceral fat deposition, and tobacco abuse [1–10]. Elevated
prevalence rates of subclinical cardiovascular disease among HIV-infected persons have
recently been demonstrated using computed tomography (CT) coronary artery calcium
(CAC) scores [9,11–18].

Risk factors for coronary artery atherosclerosis may be similar to those for fatty liver
disease. Recent studies among HIV-uninfected persons have shown that non-alcoholic fatty
liver disease (NAFLD) was independently associated with the presence and extent of
coronary disease [19,20]; however, a single study among HIV-infected persons did not
found a significant relationship [21]. Given that liver test abnormalities and fatty liver
disease are common among HIV infected persons [22], determining their relationship with
coronary artery atherosclerosis may be helpful in the development of screening guidelines
and risk stratification for underlying cardiovascular disease in this population [14].
Therefore, we evaluated the potential relationship between subclinical coronary
atherosclerosis (as measured by CAC scores) and fatty liver disease among HIV infected
persons.

Methods
We enrolled 223 HIV-infected adults in a cross-sectional study who underwent screening
CT scans for CAC and fatty liver disease between December 9, 2008 and March 1, 2010.
The primary study objective was to examine the association between fatty liver disease and
CAC scores among HIV-infected persons, with secondary objectives of evaluating other
factors, including metabolic and morphologic measures, with subclinical coronary
atherosclerosis. Inclusion criteria for study participation included documented HIV infection
(ELISA confirmed by Western Blot), age ≥18 years, and a negative pregnancy test among
women. Patients with a history of coronary vessel stents were excluded as CAC scores are
unreliable in this setting. Participants were military beneficiaries, including active duty
members, retirees, and family members. All participants provided written informed consent;
the study was approved by the governing institutional review board; and registered at
ClinicalTrials.gov (NCT00889577). Data collected for this study including imaging,
questionnaires, body measurements, and specimen collection occurred on the same day.

All participants underwent imaging using a single, multidetector CT scan (Siemens
Definition Dual Source CT Scanner, Siemens Medical Solutions, Forsheim, Germany).
Prospectively gated axial 3 mm images were obtained at 120kV during a single breath hold.
The scanning protocol captured images with a 330-milisecond gantry rotation time, an
individual detector width of 0.6 mm with a reconstructed section width of 3 mm, and
temporal resolution of 165 milliseconds. No contrast media were administered. CAC scoring
was performed on an Aquarius workstation (TeraRecon, San Mateo, California) and
calculated as the sum of all lesions in each of the coronary arteries using Agatston units, as
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previously described [23]. A CAC score of >0 was considered positive for detectable
calcium, and a score of >100 was considered clinically significant.

Limited 3 mm axial images were also obtained through the mid-liver, centered at the level of
the portal vein, and spleen for evaluation for fat content estimation [24–26]. The density at
three liver areas (right posterior, right anterior, and left lobe) were measured and the mean
utilized. The splenic density served as an internal control, since the spleen typically contains
no fat. Fatty liver disease was defined as a liver-to-spleen ratio <1.0 [27]. Images were
processed on an Impax 6.3 workstation (AGFA). The total estimated radiation dose for all
CT images was 3 mSv.

Clinical data were obtained from participant-administered questionnaires including
demographics (age, self-reported ethnicity, and gender), history of tobacco use, alcohol use,
family history of cardiovascular disease, and recent symptoms of chest pain or dyspnea.
Research coordinators collected information regarding current medical conditions,
medications, and HIV history from the medical records, including the use of antiretroviral
medications. Highly active antiretroviral therapy (HAART) was defined as three or more
drugs from at least two different classes per guidelines [28]. Cumulative exposure in months
to each drug class including nucleoside reverse-transcriptase inhibitors (NRTIs), non-
nucleoside reverse-transcriptase inhibitors (NNRTIs), and protease inhibitors (PIs) were
recorded. In addition, the use of specific NRTIs ( abacavir and tenofovir), NNRTIs
(efavirenz), and PIs (ritonavir, atazanavir) were examined based on sufficient numbers of
current users. Research coordinators also determined each participant’s 10-year risk for
coronary heart disease using the Framingham risk score (FRS) [29].

Each participant underwent height and a weight measurement on a calibrated scale, and
body mass index (BMI) was calculated. Additional anthropometrical measurements included
circumference measurements (waist, hips, and thigh) as well as skinfold thickness at four
locations (biceps, triceps, subscapular, and suprailiac) on the participant’s right side using
standardized calipers (Lange skinfold caliper; Beta Technology, Santa Cruz, CA) [30,31].
All caliper measurements were performed in triplicate and the means calculated. Percent
body fat was calculated from the caliper measures as previously described [30,32]. The
participant’s physician also performed a visual assessment of fat distribution in the cheeks,
neck, breasts, abdomen, buttocks, and legs and graded the amount of fat in these areas from
−3 to 3 (0 as normal, negative numbers as lipoatrophy, and positive numbers as
lipohypertrophy) [33].

Each participant underwent a fasting (for ≥10 hours) blood sample on the day of the CT
scan. Tests included a lipid panel for total cholesterol, low-density lipoprotein (LDL), high-
density lipoprotein (HDL), and triglycerides (standardized enzymatic colorimetric methods);
glucose level; highly sensitive C-reactive protein (lower limit of detection <0.5 mg/dl;
Particle Enhanced Immuno-Turbidimetric Assay, Roche Laboratories); erythrocyte
sedimentation rate (ESR, Modified Westergren Method); D-dimer (Immuno-Turbidimetric
Method, Diagnostica Stago); CD4 cell count (flow cytometry); and plasma HIV RNA level
(undetectable as <50 copies/ml, Roche Amplicor).

Hypertension and diabetes were defined based on requirement for medications for these
conditions. Sexual dysfunction was based on a clinical diagnosis or the use of a prescribed
5-phosphodiesterase inhibitor. The metabolic syndrome was defined by the Adult Treatment
Panel III (ATP-III) criteria as 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
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<50 mg/dl for women), 4) elevated blood pressure, and 5) elevated fasting glucose (>110
mg/dl) [29].

Statistical analyses included descriptive statistics of the prevalence of subclinical coronary
atherosclerosis and fatty liver disease. Categorical variables were described as numbers with
proportions, and continuous variables as medians with interquartile ranges (IQR).
Correlations between variables were examined using Pearson’s correlation tests. Univariate
comparisons among participants with and without coronary atherosclerosis (defined by a
CAC score of >0 versus 0) utilized Fisher’s exact testing and rank-sum testing for
categorical and continuous variables, respectively, due to the distributions of the factors of
interest. A multivariate logistic regression model was performed to evaluate factors
associated with CAC. Variables with a p-value <0.10 in the univariate analyses were placed
in the full multivariate model and a backward stepwise approach was used to derive the final
model. Additional predefined logistic regression analyses were performed, including
examining only males, and a second analysis including only participants without excessive
alcohol use (defined as >140g ethanol/week for men and >70g ethanol/week for women
[34]). Finally, we examined the data using linear regression models to examine factors
associated with the CAC score as a continuous variable. A p-value of <0.05 was considered
statistically significant. All analyses were performed using STATA 10 (College Station,
TX).

Results
Baseline Study Population Characteristics

A total of 223 HIV-infected persons were evaluated with a median age of 43 (IQR 36–50)
years, 96% were male, and ethnicity was Caucasian for 49%, African American for 23%,
and other for 28% (Table 1). Thirty-percent of participants had hypertension, 23% had
sexual dysfunction, 6% had diabetes, and 17% were current tobacco users. Only six patients
(3%) had HCV coinfection reflective of the low prevalence of intravenous drug use in our
population. Regarding HIV history, the median duration of HIV from diagnosis was 12 (IQR
5–19) years, the median current CD4 count was 586 (IQR 393–733) cells/mm3, the CD4
nadir was 260 (IQR 144–368) cells/mm3, 70% had an undetectable plasma RNA level, and
83% were currently receiving HAART. The median duration of NRTI use was 77 (IQR 20–
149) months, NNRTI use was 17 (IQR 0–51) months, and PI use was 26 (IQR 0–75)
months. Nineteen percent of participants were currently receiving abacavir.

Prevalence of Coronary Atherosclerosis and Fatty Liver Disease
Seventy-five (34%) participants had a positive CAC score and 17 (8%) had a CAC score of
>100, indicating significant atherosclerotic disease (Figure 1). Fatty liver disease on CT
imaging was diagnosed among 29 (13%) HIV-infected persons. The prevalence of fatty liver
disease among those without CAC, those with a CAC score of 1–100, and those with a score
>100 was 8%, 18%, and 41%, respectively (p=0.001). Of those with fatty liver disease, 59%
(17/29) also had coronary atherosclerosis as detected by CAC >0, and these two conditions
were significantly correlated (r=0.21, p=0.002).

The prevalence of a positive CAC score among those 35–49 years of age in our cohort was
31% (36/116), with 6% having a CAC score of >100 (Figure 1). Similar relationships
between fatty liver disease and a positive CAC score were also noted in this age group.

Clinical Risk Assessments and CAC Scores
Regarding clinical symptoms, participants with a positive CAC score were not significantly
more likely to report a history of chest pain or dyspnea compared to those without CAC
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(21% vs. 17%, p=0.46). HIV-infected persons with a low (<10%), moderate (10–20%), or
high (>20%) FRS had a positive CAC scan in 27%, 63%, and 60% of patients, respectively
(p<0.01) (Table 2). The median FRS for those with a positive CAC was 8 (IQR 3–12)
compared to those without CAC who had a score of 3 (IQR 1–6), p<0.01. Of note, the
majority (64%) of those with a positive CAC score had a low FRS. We assessed the FRS in
predicting positive CAC scores; of note, CAC is a non-invasive test for detecting calcified
coronary disease, and may miss noncalcified plaque compared to the gold standard
diagnostic test, coronary catheterization. The sensitivity, specificity, positive and negative
predictive value of the FRS in predicting a positive CAC score among HIV-infected persons
was 36%, 89%, 63%, and 73%, respectively.

Factors Associated with Coronary Artery Disease among HIV-Infected Persons
HIV-infected persons with CAC compared to those without CAC in the univariate analyses
were older (49 vs. 40 years, OR 1.2, p<0.01), Caucasian (64% vs. 42%, OR 2.0, p=0.04),
had a longer duration of tobacco use (18 vs. 10 years, OR 1.1 per year, p<0.01), more likely
receiving a lipid lowering medication (51% vs. 22%, OR 3.7, p<0.01), and more likely to
have diabetes (13% vs. 3%, OR 5.5, p<0.01), hypertension (49% vs. 20%, OR 4.0, p<0.01),
the metabolic syndrome (35% vs. 16%, OR 2.8, p<0.01), and sexual dysfunction (35% vs.
18%, OR 2.5, p<0.01) (Table 1). Those with CAC were more likely to have fatty liver
disease than those without CAC (23% vs. 8%, OR 3.4, p<0.01). Regarding body
measurements, the thigh circumference, the physician visual assessments of body fat at six
locations, and the percent of body fat as calculated by caliper measurements were
univariately associated with CAC (Table 1). No other circumference or individual skinfold
measurement was associated with CAC (data not shown).

HIV-specific factors that were significantly associated with CAC in the univariate analyses
included a longer HIV duration (18 vs. 9 years, OR 1.1 per year, p<0.01), lower CD4 nadir
(184 vs. 285 cells/mm3, OR 0.7, <0.01), and current HAART use (93% vs. 78%, OR 4.0,
p<0.01). Duration of each of the three main drug classes were also positively associated with
CAC in the univariate models. In addition, individual use (current or ever) of abacavir and
ritonavir were each associated with CAC (Table 1). Current receipt of tenofovir, efavirenz,
or atazanavir was not associated with CAC (data not shown).

In the multivariate analyses, older age (OR 4.3 per 10 year increase, p<0.01), fatty liver
disease (OR 3.8, p<0.01), and hypertension (OR 2.6, p<0.01) were significantly associated
with the presence of coronary atherosclerosis by CAC score (Table 3). There were no
significant associations with body measurements or HIV-specific factors, including
antiretroviral medication use (evaluated as months of use, current use, and ever use), in the
multivariate model. The multivariate model was replicated excluding those with HCV
seropositivity (n=6) with no significant differences noted in the association of fatty liver
disease and CAC (OR 4.2, 95% CI 1.6–11.1, p<0.01). Finally, in order to evaluate the
relationship of fatty liver disease and CAC independently of the metabolic syndrome, we
repeated the model examining only participants without the metabolic syndrome (n=173);
fatty liver disease remained associated with a positive CAC score in this subset (OR 5.4,
95% CI 1.5–19.2, p<0.01).

We performed sensitivity analyses to evaluate the robustness of our findings. Since fatty
liver disease can be due to either NAFLD or alcohol overuse, we excluded patients with
excessive alcohol use (n= 12) and noted similar findings. Since the risk factors for coronary
atherosclerosis may vary by gender, we also performed the analyses among only males and
found the same associations. Finally, using multivariate linear regression modeling, we
evaluated the association between the CAC score as a continuous variable and found that
age (Coef 4.4, 95% CI 2.3 – 6.4, p<0.01) and fatty liver disease (Coef 88.1, 95% CI 30.2 –
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146.1, p<0.01) were associated with CAC, with a trend for hypertension (Coef 39.2, 95% CI
-5.3 – 83.7, p=0.08).

Discussion
In our study, HIV-infected persons, despite their relatively young age, had a high prevalence
of subclinical heart disease with elevated rates compared to historical age-matched HIV-
uninfected persons [35–37]. These data, and that of other studies, emphasize the importance
of cardiovascular disease among HIV-infected patients and suggest that addressing
underlying heart disease may be an important component of further normalizing the life
expectancy of this group [9,11–14,16–18,38].

The etiology of the higher prevalence rates of coronary atherosclerosis in HIV-infected
persons is likely multifactorial. In our study, increasing age was strongly associated with
subclinical coronary atherosclerosis. Both the elevated prevalence of heart disease and its
significant association with increasing age could suggest that HIV patients may be
experiencing accelerated vascular aging, although this requires further study since
mechanisms unrelated to aging may be occurring. One prior study showed that the vascular
age of HIV-patients may be increased a mean of 15 years over chronological age [16].
However, further studies on the potential premature senescence of HIV-infected persons as
well as the impact of medications, such as HAART and anti-inflammatory agents, on aging
in this population are needed.

Our study found a significant association between fatty liver disease and CAC. To our
knowledge, only one other study among HIV-infected persons has been performed to
examine this potential relationship, but failed to demonstrate a significant association [21].
The reasons for the divergent results may be due to differing population characteristics (the
prior study had more tobacco users and lower rates of obesity [21]) or differing sensitivities
of detecting fatty liver disease (e.g., the prior study noted a prevalence of fatty liver of 37%
vs. the 13% in our study). Our results are concordant with investigations in the general
population showing that fatty liver disease is independently associated with coronary artery
disease [19,39]. Furthermore, in our study, fatty liver disease was increasingly present as the
extent of coronary atherosclerosis increased. Although the precise relationship of these two
conditions remains unclear, recent studies have suggested that hepatic steatosis may not be a
direct cause cardiovascular disease, but that the systemic, inflammatory state in which fatty
liver disease develops is also a risk factor for atherosclerotic disease [40]. Although our
study did not detect a role of HIV medications in this relationship, either the direct or
indirect effects of some antiretrovirals cannot be definitively excluded.

Since fatty liver disease has been shown to predict future cardiovascular events [20,41], our
data have potentially important clinical implications for HIV-infected persons. Foremost,
fatty liver disease may be a novel surrogate marker for underlying heart disease beyond that
of the ‘metabolic syndrome’. As such, HIV-infected persons with fatty liver disease may
warrant early cardiovascular assessments and institution of risk factor reduction methods;
further studies are needed.

Regarding scores to predict heart disease, we found that although a higher Framingham risk
score was associated with an increased prevalence of CAC, the majority of the HIV-infected
persons in our study with a positive CAC had a ‘low’ FRS. Furthermore, despite a “low-
risk” FRS, nearly 30% had a positive CAC score, and 6% had significant plaque burden
(i.e., CAC >100). We acknowledge the comparison of the FRS using CAC as the
comparator is limited since the gold standard in diagnosing coronary artery disease is
coronary catheterization, which was not performed in our study. The low sensitivity of FRS
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in detecting coronary calcification in our study, as well as another study in HIV patients
[42], suggests that better clinical screening tools beyond the FRS are needed for this
population. Of note, our study did not investigate clinical outcomes; however, a recent study
demonstrated that FRS may underestimate myocardial infarctions among those receiving
HAART [43].

These data suggest that novel equations that encompass additional factors may be useful for
HIV-infected persons. Higher risk scores for increasing age (given concerns for accelerated
vascular aging), elevated inflammatory markers, and inclusion of novel factors such as fatty
liver disease and antiretroviral use should be considered. Since cardiovascular disease is a
leading cause of death among HIV-infected persons [38,44], clinical trials investigating the
predictiveness of novel equations are advocated.

Our study had potential limitations. First, due to the cross-sectional study design, we could
not ascertain the temporal association between development of fatty liver disease and CAC.
We advocate for longitudinal studies to confirm the associations between fatty liver disease
and coronary atherosclerosis in HIV-infected persons; in addition, diagnostic tests including
MRI for evaluating fatty liver disease, transient elastography for assessing associated
hepatic fibrosis, and carotid intima-media thickness for estimating arterial atherosclerosis by
ultrasonography should be considered in future studies. Second, the diagnoses of fatty liver
and coronary disease relied on CT imaging; although studies have supported the use of CT
scans in diagnosing these conditions, it may underestimate the prevalence of liver steatosis
and overlook non-calcified coronary plaques [23,45,46]. Third, although we evaluated the
relationship of body measurements and visual lipodystrophy scores with CAC, objective and
reproducible measurements of body fat composition by DEXA were not performed. Finally,
we were unable to specifically examine cardiovascular disease among women owing to our
predominantly male population.

Our study had several strengths. It is one of the first studies among HIV-infected persons to
examine the potential association between fatty liver disease and CAC scores. In addition, a
comprehensive evaluation of anthropometric, clinical, and laboratory data were
simultaneously collected from all participants. Finally, our study cohort consisted of a well-
characterized population and adds to the existing literature on cardiovascular disease among
HIV-infected persons.

In summary, despite their young age, HIV-infected persons have a high prevalence of
subclinical coronary atherosclerosis. Fatty liver disease is associated with underlying
cardiovascular disease and should be considered as a novel marker for risk stratification
among HIV-infected persons.
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Figure 1.
Prevalence of Coronary Artery Calcium (CAC) among HIV-Infected Persons by Age Group
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Table 2

Framingham Risk Score (FRS) and Detection of Coronary Artery Calcium (CAC) on Computed Tomography

Framingham Risk Scorea CAC Score

Positive Negative

Mild (<10%) 48 (27%) 132 (73%)

Moderate (10–20%) 24 (63%) 14 (37%)

High (>20%) 3 (60%) 2 (40%)

a
Risk of coronary heart disease in 10 years [29].

CAC, coronary artery calcium
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Table 3

Final Multivariate Model for Factors Associated with Coronary Artery Calcium on Computed Tomography

Factor OR (95% CI) p-value

Age, per 10 years 4.3 (2.6, 6.9) <0.001

Fatty Liver Disease by CT imaging 3.8 (1.5, 9.6) 0.004

Hypertension 2.6 (1.3, 5.4) 0.009

CI, confidence interval; OR, odds ratio.
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