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Background:
Heart disease is a leading cause of mortality among HIV patients. Metabolic
changes, including lipodystrophy, may contribute to the excess risk of coronary
artery disease (CAD). However, the association of adipose-related hormones, such
as adiponectin, and CAD among HIV patients remains unclear.

Methods:
We performed a cross-sectional study of HIV-infected men to evaluate the
association of adiponectin levels and CAD as measured by coronary artery calcium
(CAC) scores. CAC scores were categorized as no detectable disease, minimum
disease (1-100), and significant disease (>100). Adiponectin levels were determined
by multimeric enzyme-linked immunosorbent immunoassay (ALPCO Diagnostics)
at Brigham and Women’s Laboratory. Multivariate logistic regression modeling was
performed to assess the association of adiponectin levels and CAC scores.
Results:
213 HIV-infected men were evaluated with a median age of 43 years, 51% were
Caucasian, median CD4 count of 583 cells/mm3, and 69% had a HIV RNA<50
copies/mL. Fifty-one percent had lipohypertrophy by visual assessment, 30% had
hypertension, and 6% had diabetes. Thirty-three percent (n=71) had a positive
CAC score, of which 8% had a CAC>100. The median adiponectin level was 3.1
µg/ml (95% CI 2.8-3.3). Seventy percent (n=149) had a low adiponectin level (<4
µg/ml), including 66% with a CAC=0, 76% with a CAC of 1-100, and 81% with
a CAC>100. Adiponectin levels were inversely correlated with lipohypertrophy,
hypertension, and triglyceride levels (p<0.05). In the final multivariate model,
increasing age (OR 3.82 per 10 year increase, 95% CI 2.56-5.71, p<0.001) was
significantly associated with CAC, and adiponectin had a borderline association
(OR 0.83 per 1 mg increase, 95% CI 0.69-1.00, p=0.05). Similar associations were
noted between adiponectin and increased vascular aging (p=0.10) and Framingham
Risk Score (0.07).
Conclusion:
Low adiponectin levels are common among HIV-infected persons. Adiponectin
is correlated with lipohypertrophy, and lower levels had a borderline association
with CAD in our study. Understanding the precise role of adiponectin in the
pathogenesis of cardiovascular disease may lead to development of more targeted
preventive and treatment strategies for HIV patients.

Methods
Study Population
• Our study population consisted of HIV-infected men (≥18 years of age) receiving
care at the Naval Medical Center San Diego (NMCSD)
•

Participants were military beneficiaries that enrolled between December 2008
and March 2010

•

The study was approved by the Institutional Review Boards at NMCSD and San
Diego State University, and all participants provided written informed consent

Clinical Data
• Information on demographics (age, ethnicity, and gender); history of tobacco,
alcohol, and illicit drug use; and medical history were collected by a participant
questionnaire

• Research coordinators also reviewed participants’ medical records for medical
conditions, medication use, and HIV-specific information [CD4 cell counts 		
(nadir and current), HIV RNA level, and years of HIV seropositivity]. Data 		
on the use of specific antiretroviral classes and for the most commonly used 		
medications were collected
•
•

•

Results
Median age of 43 years (IQR 36-49)

•

51% were Caucasian, 22% African American, 14% Hispanic, and 13% other
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•

Median duration of HIV infection was 11 years (IQR 5-19), the median current CD4
count was 583 cells/mm3 (IQR 386-729), and 83% were current HAART recipients
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•

By FRS, 21% had a moderate/high risk coronary heart score

•

Using the physician’s visual lipodystrophy assessment, 104 (49%) of the
participants had lipohypertrophy and 81 (38%) had lipoatrophy; fifty-one
patients (24%) had both lipodystrophy and lipoatrophy

The participant’s 10-year cardiovascular risk was determined using the
Framingham risk score (FRS)
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Research coordinators measured the participants’ weight and height for
calculation of the body mass index (BMI), and measured waist circumference.
Skin-fold thickness (subscapular, suprailiac, biceps, and triceps) was assessed
using a standardized Lange skin-fold calipers, and the percent body fat was
calculated by these caliper measurements

Adiponectin, per 1.0 µg/ml increase

The participants’ physician conducted a visual assessment to estimate fat gain
or loss in six locations (cheeks, neck, breasts, abdomen, buttocks, and legs) to
assess for lipoatrophy and lipohypertrophy

Cardiovascular disease is a leading cause of morbidity and mortality among
HIV-infected persons [1]

•

The etiology of the higher risk of coronary artery disease (CAD) among
HIV patients are unclear, but may be related to the virus itself, antiretroviral
medications, increased immune activation, and metabolic changes [2-7]

•

Since HIV-infected persons have altered patterns of fat distribution and
lipodystrophy has been associated with CAD, whether markers associated with
fat deposition (such as adiponectin) are related to cardiovascular disease among
this population is currently unclear [8-10]

•

We performed a cross-sectional study of HIV-infected men to evaluate the
association of adiponectin levels and CAD as measured by coronary artery
calcium (CAC) scores
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CAC scores were calculated as the sum of all lesions in each of the coronary
arteries using Agatston units
CAC scores were categorized as no detectable disease (0), minimum detectable
disease (1-100), and clinically significant detectable disease (>100)

Physician Visual Assessment

Statistical analyses included descriptive statistics for all variables of interest.
Frequency distributions of categorical variables are presented as numbers with
percentages, and continuous variables as medians with interquartile ranges (IQR)

•

Spearman correlation coefficients and Chi-Square tests were used to describe the
correlations between adiponectin and variables of interest
Univariate and multivariate logistic regression models were used to determine the
associations of each variable with the three-level CAC score (no detectable disease,
minimum detectable disease, and clinically significant detectable disease)

•

Odds ratios (OR) and adjusted odds ratios (AOR) with 95% confidence intervals
(CI) are presented

•

Statistical analyses were performed using SAS version 9.2 (SAS Institute Inc., Cary, NC)

•

Higher HDL levels were correlated with higher adiponectin levels (r=0.2,
p<0.001)

Table 2: Factors Inversely Correlated with Low Adiponectin
Levels with a P-value <0.05
Factor

Laboratory Results

CRP level (mg/dL)

BMI (kg/m2)

26.7 (24.2-29.4)

27.2 (25.4-29.4)

25.1 (24-28)

27 (24.3-30)

1.0 (0.9, 1.1)

0.1530

Waist circumference (cm)

94 (86-99)

96 (87-107)

91 (84-98)

94 (86-99)

1.0 (1.0, 1.0)

0.3078

Percent body fatb

26 (23-30)

29 (25.3-33.5)

27.1 (23-31)

26 (23-29)

1.0 (1.0, 1.1)

0.0236

Lipohypertrophy

104 (48.8%)

11 (10.6%)

37 (35.6%)

56 (53.8%)

3.1 (1.7, 5.6)

0.0002

Lipoatrophy

81 (38.0%)

11 (13.6%)

28 (34.6%)

42 (51.8%)

3.0 (1.6, 5.3)

0.0002

a

Categorical variables expressed as number (percentage) and continuous variables as median (interquartile range)

b

All values are n=213, except LDL (n=200), glucose (n=212) and percent body fat (n=212) due to some missing values

•

70% (n=149) had low adiponectin level (<4.0 µg/ml)

•

The prevalence of hypoadiponectemia increased with CAC scores (p=0.09)
(Figure 1)

•

Regarding adiponectin levels and CAC, the median level was 3.2 µg/ml (IQR
2.4-4.4) for those with a CAC score of 0, 2.8 µg/ml (IQR 2.1-3.9) for those with
a CAC score of 1-100, and 2.5 µg/ml (IQR 2.0-3.7) for those with a CAC score
>100 (p=0.06)
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•

Other factors associated with CAD are shown in Table 1

•

In the final multivariate analysis (Table 3), older age was significantly associated
with the presence of CAD as detected by CAC score, and low adiponectin levels
had a marginal association
- No other significant associations, including HIV-specific information,
were noted in the final multivariate model

•

In separate multivariate models, similar associations were noted between low
adiponectin levels and increased vascular aging (p=0.10) as well as Framingham
Risk Score (p=0.07)

Table 3: Final Multivariate Model of Factors Associated
with CAD among HIV-infected Men
Factor
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Factors Associated with CAD among HIV-infected Men
• In the univariate models, adiponectin had a marginally significant association
with CAD by CAC score (OR 0.84 per 1 µg/ml, p=0.06)

BMI, body mass index; CAC, coronary artery calcium score; CHD Risk level, coronary heart risk level; CI, 95% confidence interval; CRP,Creactive protein; ESR, erythrocyte sedimentation rate; FRS, Framingham Risk Score; HAART, highly active antiretroviral therapy; HDL, highdensity lipoprotein; LDL, low-density lipoprotein; NRTI, nucleoside/nucleotide reverse transcriptase inhibitors; OR, odds ratio

Prevalence of CAD and Low Adiponectin Levels
• 31% (n=71) of HIV-infected participants had a positive CAC score, of which 8%
(n=16) had a CAC>100 indicating clinically significant disease

CAC > 100

Borderline significance was noted with fasting glucose (r=-0.1, p=0.05), waist
circumference (r=-0.1, p=0.06), waist/hip ratio (r=-0.1, p=0.06), FRS (X2=3.1,
p=0.08), and abacavir use (X2=2.9, p=0.09), which were also inversely correlated
with adiponectin
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Correlations with Low Adiponectin Levels
• Adiponectin levels were inversely correlated (p<0.05) several factors shown in
Table 2
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• Understanding the precise role of adiponectin in the pathogenesis
of cardiovascular disease may lead to development of more targeted
preventive and treatment strategies for HIV patients
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Weight and Fat Measurements

•

0.0119
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Total cholesterol, per 10 mg/dL

40
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HIV-specific Information

Imaging utilized a single, multidetector CT scan (Siemens Definition Dual
Source CT Scanner, Siemens Medical Solutions, Forsheim, Germany) without
the administration contrast media

Statistical Analysis
• The primary outcome of this study was to evaluate the association of adiponectin
with the presence of CAD as defined by the CAC score

•

3.2 (2.3-4.4)

CHD Risk Level
Low
Moderate/High

• Lower adiponectin levels had a borderline association with CAD and
increased vascular aging in our study, suggesting that this plasma
protein may play a role in the pathogenesis of cardiovascular disease in
this population
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Clinical Information

Computed Tomography (CT) Imaging
• A CT scan for CAC determination was performed on the same day as the blood draw

•

2.79 (2.0-3.9)

Ethnicity
Black
Hispanic
Other
White

• High-sensitivity C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR)

•

2.5 (2.0-3.6)

Demographics

• Glucose, total cholesterol, high-density lipoprotein (HDL), low-density 		
lipoprotein (LDL), and triglyceride levels

Background

3.1 (2.2-4.3)

Age, per 10 years

• Adiponectin levels are inversely correlated with lipohypertrophy

50

30

Other baseline characteristics are presented in Table 1

• To our knowledge, this is the first study to examine the relationship
between adiponectin levels and CAD as determined by CAC scores
among HIV-infected persons
• Our study shows that low adiponectin levels are common among
HIV-infected men with 70% of our study population demonstrating
hypoadiponectemia

60

Table 1: Study Population Characteristics and Univariate
Associations with Coronary Artery Disease by CAC Score among
213 HIV-Infected Men

• Plasma adiponectin was ascertained using a multimeric enzyme-linked
immunosorbent immunoassay (ALPCO Diagnostics, Salem, NH) performed
at the Analytical Translational Core Laboratory at Brigham and Women’s
Hospital Laboratory
- Adiponectin levels were determined at the same time to assure calibration
- A low adiponectin level was defined as <4.0 µg/ml

•

90

•

•

Conclusions

Figure 1: Prevalance of Low Adiponectin Levels by CAC Score

Study Population Characteristics
• A total of 213 HIV-infected men were evaluated

Laboratory Data
• A fasting blood specimen was drawn and testing included:

•

Results

Percent

Abstract

OR (95% CI)

p-value

Age

3.8 per 10 years (2.6 - 5.7)

<0.0001

Adiponectin

0.8 per 1.0 µg/ml (0.7 - 1.0)

0.05
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