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Abstract

We examined the relationship between plasma adipokine concentrations and ultrasound measures
of vascular health in 100 HIV-infected adults on antiretroviral therapy. Leptin was positively
correlated with flow-mediated dilation of the brachial artery and negatively with carotid intima—
media thickness. These relationships were independent of traditional risk factors and trunk fat in
women but not men. Neither adiponectin nor resistin was associated with either measure of
vascular health.

Changes in body fat composition in HIV-infected patients on antiretroviral therapy (ART)
are associated with adverse cardiometabolic risk factors [1] and altered levels of circulating
adipocytokines [2,3]. Adipokines are known to exert direct effects on endothelial cells and
vascular function in vitro [4-7], although larger epidemiologic studies have failed to
demonstrate a consistent relationship between plasma adipokine concentrations and
cardiovascular disease (CVD) in humans [8,9]. Little is known about the relationship
between adipokines and CVD risk in HIV. In this study, we sought to examine the
relationship between adipokines and measures of vascular health among HIV-infected
patients on stable ART.

Plasma concentrations of leptin, adiponectin, and resistin were measured by ELISA in 100
HIV-infected adults, on stable ART, with HIV-1 RNA less than 1000 copies/ml and low-
density lipoprotein (LDL)-cholesterol 130 mg/dl or less. The study was approved by the
Institutional Review Board of University Hospitals Case Medical Center (Cleveland, Ohio,
USA) and written informed consent was obtained from each subject. Scatter plots, t-tests,
Spearman correlations, and multivariable linear regression were used to examine the
association of adipokines with regional fat distribution (trunk and limb fat), pericardial and
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periaortic fat volumes, common carotid artery intima—media thickness (CIMT), and
endothelial function measured by brachial artery flow-mediated dilation (FMD). Fat
distribution was measured by dual-energy X-ray absorptiometry (DEXA) in the
anteroposterior view using Lunar Prodigy Advance (GE Healthcare, Waukesha, Wisconsin,
USA). Pericardial and thoracic periaortic fat volumes were quantified as described
previously [10] from a computed tomography scan of the chest (Somatom Sensation 64;
Siemens Medical Solutions, USA). Semiautomated edge detection software (Medical
Imaging Applications LLC, Coralville, lowa, USA) was used to measure mean—mean
common carotid artery far wall CIMT [11]. Flow-dependent endothelial function testing was
performed by brachial artery ultrasound using a 5-min forearm occlusion method as
previously described [12]. All vascular ultrasound and perivascular fat measurements were
performed by a single blinded reader (C.T.L.). Non-normally distributed variables
(including the adipokine concentrations, FMD, CIMT, and perivascular fat volumes) were
log-transformed for all analyses. All statistical tests were two-sided with a 0.05 significance
level.

Overall, the study population was 77% men and 70% African—American. Median
[interquartile range (IQR)] age and BMI were 47 (42-53) years and 27 (24-31) kg/m?,
respectively; although BMI was higher in women compared with men [32 (26-37) kg/m?
versus 26 (23-29) kg/m?2, P < 0.001]. Compared with men, women had 2.2-fold higher limb
fat and 1.6-fold higher trunk fat (P < 0.001) by DEXA. Overall, median (IQR) CD4 cell
count of 633 (453-854) cells/ul and 81% had HIVV-1 RNA less than 50 copies/ml. Fifty
percent were on a protease inhibitor; however, only 4% were currently taking a thymidine
analog nucleoside reverse transcriptase inhibitor. One quarter of participants had metabolic
syndrome [13]. Thirty percent of women were treated with antihypertensive medication, 4%
were taking aspirin, and 83% had HIV-1 RNA less than 50 copies/ml. Of the women with
detectable viremia (n = 4), all had less than 200 copies/ml.

Leptin concentration was much higher in women compared with men [median (IQR) 55
(21-73) versus 7.0 (2.9-13)ng/ml, P < 0.001], whereas adiponectin and resistin
concentrations were similar (P = 0.844 and P = 0.345, respectively). Leptin concentration
was strongly and linearly correlated with both trunk fat (r = 0.836, P < 0.0001) and limb fat
(r =0.862, P < 0.0001), although correlations with epicardial and periaortic fat were weaker
(r =0.399, P<0.0001 and r = 0.267, P = 0.007, respectively). Adiponectin was negatively
correlated with trunk fat (r = —0.336, P = 0.0006), epicardial fat (r = —0.300, P = 0.047), and
periaortic fat (r = —0.200, P = 0.0008); but not limb fat (P = 0.108). No correlation was
observed between resistin concentration and regional or perivascular fat volumes (P > 0.20).

Leptin concentration was positively correlated with FMD (r = 0.336, P = 0.0006) and
negatively with CIMT (r = -0.304, P = 0.002). These relationships were stronger in women
compared with men (Fig. 1a). In multivariable models that adjusted for age, smoking, trunk
fat, and baseline brachial artery diameter (for FMD only), leptin remained positively
associated with FMD and negatively associated with CIMT in women (P =0.018 and P =
0.022, respectively) but not men (P = 0.565 and P = 0.748, respectively). Neither
adiponectin nor resistin was associated with FMD or CIMT (Fig. 1b and c).
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In this contemporary cohort of HIV-infected men and women on ART without clinical
lipoatrophy and with limited use of thymidine analogs, higher plasma leptin concentration
appears to be associated with healthier arterial structure and function measured by carotid
ultrasound and brachial artery FMD. In women, these relationships were independent of
several traditional CVD risk factors and visceral adiposity. These results suggest the
possibility of an obesity paradox in this population of HIV-infected women with regards to
CVD risk.

Although obesity is generally associated with poor vascular health and CVD risk in the
general population [14,15], examples of CVD obesity paradoxes do exist [16,17]. Some
prior studies of HIV-infected patients have reported similarly paradoxical results. In the
Women’s Interagency Health Study, higher BMI was associated with lower prevalence of
CIMT more than 1.5 mm despite a positive association with overall mean CIMT [18]. The
Study of Fat Redistribution and Metabolic Change in HIV infection did not report
associations of IMT with measures of adiposity [19]; however, in separate analyses, higher
subcutaneous adipose tissue (SAT) was associated with higher leptin, paradoxically higher
adiponectin [2], and lower Framingham risk [20]. In a study of endothelial function that
included a small number of women (n = 27), both SAT and leptin concentration were
positively correlated with FMD, although the relationship was attenuated in multivariable
models [21]. Finally, we have previously described a positive correlation between BMI and
FMD independent of other risk factors in a majority male population [22].

This study is limited by a relatively small sample size and cross-sectional design, although
these limitations are shared by most studies of endothelial function in HIV. Therefore, our
study was not powered to explore all possible confounders. Our participants had little
clinical lipoatrophy and favorable LDL cholesterol levels, which reflects current trends in
the HIV-infected population; however, this makes comparisons with older studies more
difficult.

In conclusion, previous studies in HIV have linked SAT to higher leptin and lower
cardiovascular risk [2,20]. In this ultrasound study of vascular health, these relationships
appear to persist in an obese HIV-infected population with a low prevalence of clinical
lipoatrophy, particularly among women. This unexpected observation merits further
investigation in longitudinal studies.
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Fig. 1. Relationship between three adipokines and markers of vascular structure and function
(a) Leptin was positively correlated with flow-mediated dilation (FMD) of the brachial

artery and negatively with common carotid artery intima—media thickness (IMT). (b)
Adiponectin was not correlated with FMD or IMT. (c) Resistin was not correlated with
FMD or IMT.
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