
Telmisartan to Reduce Cardiovascular Risk in Older HIV-Infected 
Adults: A Pilot Study

Abstract

Background—HIV-infected persons are at increased cardiovascular disease (CVD) risk, but 

traditional CVD therapies are understudied in this population. Telmisartan is an angiotensin 

receptor blocker and PPAR-γ agonist that improves endothelial function and cardiovascular 

mortality in HIV-uninfected populations. We assessed the effects of telmisartan on endothelial 

function in older HIV-infected persons at risk for CVD in a small pilot study.

Methods—HIV-infected individuals ≥50 years old on suppressive antiretroviral therapy (ART) 

with ≥1 traditional CVD risk factor received open label telmisartan 80 mg daily for six weeks. 

Brachial artery flow-mediated dilation (FMD) measured endothelial function. The primary 

endpoint was six-week change in maximum relative FMD.

Results—Seventeen participants enrolled; 16 completed all evaluations (88% men, 65% non-

White, median age 60 years, CD4+ T lymphocyte count 625 cells/mm3). ART included 71% PI, 

29% NNRTI, 29% integrase inhibitor, 65% tenofovir and 29% abacavir. CVD risk factor 

prevalence included 76% hyperlipidemia, 65% hypertension, 18% smoking and 12% diabetes 

mellitus. After six weeks, statistically significant blood pressure changes were observed (systolic 

−16.0 mmHg, diastolic −6.0 mmHg) without significant changes in FMD. In subset analyses, 

FMD increased more among abacavir-treated, PI-treated and non-smoking participants.

Conclusions—No significant FMD changes were observed after six weeks of telmisartan 

therapy; however, abacavir- and PI-treated participants and non-smokers showed greater FMD 

increases. Additional studies are needed to explore the effects of telmisartan on endothelial 

function among HIV-infected individuals with traditional CVD and/or ART-specific risk factors.
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INTRODUCTION

HIV-infected persons are at increased risk of cardiovascular disease (CVD),1–5 and both 

HIV and antiretroviral therapy (ART) may contribute to this risk.1,6–8 Additionally, as the 

HIV-infected population continues to age, traditional CVD risk factors may play an 

increasing role in CVD development.

Endothelial dysfunction is an early and reversible step in the development of 

atherosclerosis9,10 that promotes chronic inflammatory remodeling of the vascular 

endothelium.11–13 Arterial flow-mediated dilation (FMD) can be determined using 

ultrasound as a measure of endothelial function and vascular reactivity.14,15 Brachial artery 

FMD is reduced in individuals with CVD risk factors,16,17 peripheral artery disease18 and 
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coronary artery disease.19 Brachial artery FMD and coronary artery FMD are closely 

correlated.20,21

In HIV-infected persons, ART initiation can improve arterial FMD.22,23 However, 

compared to HIV-uninfected individuals, HIV-infected persons on suppressive ART have 

persistent endothelial dysfunction24 that may be mediated through HIV-associated chronic 

inflammation and immune activation and could contribute to the higher CVD risk observed 

in this population. To date, interventions to improve endothelial dysfunction in HIV-infected 

adults have had mixed effectiveness, with statins but not ART optimization demonstrating 

some benefit.25,26 Thus, targeted interventions to improve endothelial dysfunction are 

needed in aging, HIV-infected individuals.

Telmisartan is a selective antagonist for the angiotensin II type 1 receptor (AT1R) and a 

partial agonist for the peroxisome proliferator-activated receptor-γ (PPAR-γ) that is 

approved for the treatment of essential hypertension. AT1R blockade inhibits 

vasoconstriction and angiotensin II-induced aldosterone and pro-inflammatory cytokine 

secretion. PPAR-γ agonism leads to nitric oxide release (which mediates vasodilation, 

inhibits leukocyte-endothelial cell adhesion and prevents platelet aggregation27,28) and may 

enhance the anti-inflammatory effects of AT1R blockade.29 In HIV-uninfected individuals, 

telmisartan decreases vascular inflammation and improves FMD.30–33

In HIV-infected persons, reduced circulating inflammatory biomarker levels with 

telmisartan therapy suggest a potential beneficial effect on endothelial function34,35 that may 

be independent of its blood pressure-lowering effects; however, the effect of telmisartan on 

brachial artery FMD in HIV-infected individuals has not yet been assessed. We conducted a 

pilot study to assess the impact of telmisartan on brachial artery FMD, biomarkers 

associated with chronic inflammation, CVD and mortality in HIV infection, and levels of 

immune activation in older HIV-infected adults with traditional CVD risk factors.

METHODS

Study population

Participants were enrolled into this six-week, prospective, open-label, interventional pilot 

study between October 2012 and July 2013 at the University of California, Los Angeles 

(UCLA) Center for Clinical AIDS Research and Education. Inclusion criteria included: HIV 

infection, age ≥50 years, HIV-1 RNA <50 copies/mL at screening and for the twelve weeks 

prior to entry, stable ART for twelve weeks prior to entry, systolic blood pressure (SBP) 

>110 mmHg and one or more traditional CVD risk factor (smoking, hypertension, 

hyperlipidemia, diabetes mellitus). Individuals who reported smoking every day or some 

days within the past week at study entry were considered to be current smokers.36 Family 

history of CVD alone was not sufficient for entry. Exclusion criteria included: uncontrolled 

hypertension (defined as SBP >140 mmHg or diastolic blood pressure [DBP] >90 mmHg); 

current use of any other angiotensin receptor blocker (ARB), nelfinavir or etravirine; 

untreated renal artery stenosis; unstable heart disease; active, untreated opportunistic and/or 

AIDS-defining illness; absolute neutrophil count <750 cells/mm3; hemoglobin <10 g/dL; 

creatinine clearance <30 mL/min; aspartate transaminase (AST) or alanine transaminase 
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(ALT) greater than three times the upper limit of normal; need for ongoing potassium 

supplementation; and history of intolerance to any member of the ARB class of agents. 

Participants on angiotensin converting enzyme inhibitors, lipid-lowering agents, 

thiazolidinediones and/or insulin-sensitizing agents for at least twelve weeks prior to entry 

were permitted to enroll, but asked not to titrate these medications during the study period.

Intervention

Enrolled participants received open-label telmisartan 80 mg by mouth daily for six weeks. 

The primary endpoint was six-week change in brachial artery FMD. Secondary objectives 

included assessment of six-week changes in blood pressure, lipid and glucose parameters, 

circulating inflammatory biomarker levels and lymphocyte and monocyte immuno-

phenotyping. All assessments occurred in the fasting (nothing to eat or drink except water or 

medications for at least eight hours) state at weeks 0 and 6. All study documents and 

procedures were approved by the UCLA institutional review board and in accordance with 

the Declaration of Helsinki. All participants provided written informed consent prior to 

initiation of study procedures.

FMD measurement

Endothelial function was assessed by ultrasound brachial artery FMD measurement using a 

standardized imaging protocol to optimize accuracy and reproducibility.37 FMD ultrasound 

studies were performed at the University of Southern California Atherosclerosis Research 

Unit using a standardized protocol 23 by certified sonographers. All scans were performed in 

the morning, and participants were required to be fasting, abstain from exercise and not 

smoke tobacco for at least eight hours prior to FMD measurement, as previously 

described.38 After resting for ten minutes in a temperature-controlled (70–76°F) room, the 

diameter of the right brachial artery and baseline blood flow were measured. Increased 

forearm blood flow was induced by placing a pneumatic blood pressure tourniquet around 

the widest part of the forearm and inflating it to 250 mmHg for five minutes followed by 

deflation. Repeat brachial artery diameter and blood flow scans were obtained immediately 

after deflation. Digital images were transmitted via a secure server (Access Point Web 

software, Freeland Systems, Westminster, Colorado, USA) for interpretation by a single, 

experienced, centralized reader at the University of Wisconsin Atherosclerosis Imaging 

Research Program core lab. FMD was defined as the maximum ratio of the brachial artery 

diameter at 60 and 90 seconds after cuff release to the baseline (pre-occlusion) brachial 

artery diameter. In a multicenter study conducted using the same techniques in the same lab, 

blinded, paired readings of 25 FMD studies showed a median (interquartile range, IQR) 

difference of 0.20% (−0.47–0.49%).39

Immunologic and inflammatory biomarker testing

Concentrations of serum interleukin-6 (IL-6, sensitivity 0.5 pg/mL), adiponectin (sensitivity 

4.8 ng/mL), soluble CD14 (sCD14, sensitivity 50.0 ng/mL) and soluble CD163 (sCD163, 

sensitivity 15.0 ng/mL) were measured by R&D Systems ELISAs; insulin via Roche Elecsys 

ELISA (sensitivity 0.2 μU/mL); and hyaluronic acid via Corgenix ELISA (sensitivity 50.0 

ng/mL) at the University of Vermont Laboratory for Clinical Biochemistry Research under 

the direction of Dr. Russell Tracy. The homeostasis model assessment of insulin resistance 
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(HOMA-IR) value was calculated as (glucose × insulin)/22.5. Plasma total receptor activator 

of nuclear factor kappa-B ligand (RANKL, sensitivity 0.5 pmol/L) was measured by 

Biovendor, LLC ELISA and osteoprotegerin (OPG, sensitivity 25.0 pg/mL) was measured 

by ALPCO Diagnostics ELISA. Blood for isolation and processing of peripheral blood 

mononuclear cells was collected, processed and stored according to AIDS Clinical Trials 

Group standards (https://www.hanc.info/labs/labresources/procedures/Pages/

pbmcSop.aspx). Cellular immuno-phenotyping was performed for HLA-DR and CD38 

expression on CD4+ and CD8+ T lymphocytes, and CD14 and CD16 expression on 

monocytes. RANKL, OPG and cellular immune-phenotyping were performed at UCLA.

Outcomes and adverse events

The primary endpoint was the median, within-person, six-week change in maximum relative 

FMD (%). Brachial artery diameter (absolute value in mm) was measured, as above. 

Secondary endpoints were median, within-person, six-week changes in: SBP, DBP, total 

cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) 

cholesterol, triglycerides, glucose, circulating inflammatory markers and T lymphocyte and 

monocyte immuno-phenotypes, as enumerated above. Safety endpoints included reporting of 

all Grade ≥3 clinical events and Grade ≥2 lab abnormalities as adverse events. Grades were 

determined using the Division of AIDS Table for Grading the Severity of Adult and 

Pediatric Adverse Events (Version 1.0, December 2004). FMD values and inflammatory 

markers were compared between participants treated with protease inhibitor- (PI) vs. non-

PI-based ART, abacavir vs. tenofovir use and by smoking status.

Statistical analyses

Sample size and power—Based on calculations by Benndorf et al,30 a 35% change in 

FMD with telmisartan therapy was expected to be clinically significant. Published 

improvements in FMD with telmisartan therapy in HIV-uninfected persons range from 

18%–99% over 6–48 weeks.30–33 In the majority of studies, telmisartan was administered 

for 6–12 weeks and effect sizes were skewed towards the higher end of the range. To 

balance feasibility with the likelihood of seeing a clinically significant effect, we targeted an 

effect size of 50%. This degree of improvement is greater than the within-person variability 

of FMD (20–40%) and correlates with the 2% absolute change in vessel diameter felt to be 

clinically significant by experts in the field.30,38,40 Thirteen subjects provided 80% power to 

detect a 50% improvement in FMD over six weeks. Seventeen participants were targeted for 

enrollment to allow for a 20% loss to follow-up rate.

Analytic techniques—A pre-specified, as-treated analysis was performed, excluding 

subjects who did not remain on the study regimen (including any lapse of study treatment 

for ≥14 consecutive days) and/or did not have an observed primary endpoint. A 

supplemental intent-to-treat analysis was planned but not applicable (see Results, below).

Continuous variables are reported as median and IQR, and nominal data as absolute values 

and percentages. Pairwise comparisons were performed using the Wilcoxon signed rank test. 

Correlations were assessed using Spearman's rho. All statistical tests are two-sided with a 

nominal alpha level of 0.05. Since this is a pilot study, analyses were exploratory, without 
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adjustment for multiple testing. Due to the small sample size (n=17), multivariate analysis 

was not feasible. However, bivariate logistic regression was performed to determine 

associations between clinical and demographic characteristics and outcome variables.

RESULTS

Participant characteristics

Twenty-three participants were screened, 17 of whom were eligible and enrolled. Baseline 

demographic and clinical characteristics are detailed in Table 1. Participants were 

predominantly male (88%), with median age 60 years, SBP 130 mmHg, DBP 72 mmHg, 

CD4+ T lymphocyte count 625 cells/mm3 and time since HIV diagnosis 19 years. Twenty-

nine percent of participants had a pre-existing AIDS diagnosis. Regarding ART use, 71% 

were on a PI (75% ritonavir-boosted), 29% a non-nucleoside reverse transcriptase inhibitor 

(NNRTI), 29% integrase inhibitor, 29% abacavir and 65% tenofovir.

CVD risk factors included 18% current smoking, 12% diabetes mellitus, 65% hypertension 

and 82% hyperlipidemia. Eleven of the seventeen participants (65%) were taking lipid-

lowering therapy: nine participants (53%) were taking statins (six atorvastatin, two 

pravastatin, one rosuvastatin), three (18%) gemfibrozil and two (12%) niacin. Two 

participants were taking both statin and niacin therapy, and one participant was taking both a 

statin and gemfibrozil. Aspirin therapy was taken by eight (47%) participants, five of whom 

were also statin-treated. No significant differences between PI-treated and non-PI-treated 

participants were observed in CVD risk factor prevalence, age, baseline BP, lipid profile or 

HIV-related parameters. Participants treated with abacavir and tenofovir generally had 

similar characteristics, except abacavir-treated persons more frequently had diabetes 

mellitus (abacavir 40% (n=2) vs. tenofovir 0% (n=0), p=0.02) and had higher baseline SBP 

(138 mmHg vs. 125 mmHg, p=0.01) and DBP (87 mmHg vs. 67 mmHg, p=0.004).

Effects of telmisartan

All 17 participants received telmisartan 80 mg daily for six weeks. No treatment 

discontinuations or telmisartan-related adverse events occurred. One subject was diagnosed 

with a brachial vein thrombus after his week 0 FMD procedure that remained present at 

week 6. The thrombus was not believed to be related to study drug, but the week 6 cuff 

inflation was not performed for patient safety.

Blood pressure—At week 6, SBP and DBP both significantly decreased (p≤0.005), with 

median declines of 16 mmHg (IQR −6.3, −23.8) and −6.0 mmHg (IQR −2.0, −14.5), 

respectively (Figure 1).

FMD—FMD testing was performed for all participants at weeks 0 and 6, with the exception 

of the participant with the brachial vein thrombus. Median baseline brachial artery diameter 

and FMD were 4.8 mm (IQR 4.4, 4.9) and 2.7% (IQR 1.4, 3.9), respectively. Baseline 

brachial artery diameter did not vary by CVD risk factor profile or ART type. Baseline FMD 

tended to be lower in PI-treated vs. non-PI-treated participants (PI 2.7% vs. non-PI 8.4%, 

p=0.14), but did not vary by CVD risk factor profile (including current smoking status) or 

et al. Page 5

HIV Clin Trials. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



between abacavir vs. tenofovir co-treatment. A sub-analysis of the nine statin treated 

participants did not show a significant change in maximum relative FMD after six weeks of 

telmisartan therapy (p=0.26), and change in maximum relative FMD was not significantly 

different between statin-treated and non-statin-treated participants (p=0.19).

Six-week changes in maximum relative FMD are detailed in Table 2. Overall, no significant 

changes in brachial artery diameter (0% change from baseline, p=0.72) or FMD (0.7% 

absolute increase, 26% increase from baseline, p=0.60) were observed. No significant 

correlations were observed between change in FMD and any clinical or biological 

parameter. Specifically, no significant correlation was observed between the six-week 

change in maximum relative FMD and the 6-week change in SBP (p=0.65) or DBP 

(p=0.63).

In subset analysis, a 41% six-week increase in FMD was observed among PI-treated 

participants (p=0.08) that was significantly different than the 14% decline observed among 

non-PI-treated participants (p=0.19; between-group p=0.02, Figure 2). Additionally, an 85% 

six-week increase in FMD was observed among abacavir-treated participants (p=0.31). As 

most abacavir-treated participants (n=4/5) were also PI-treated, we divided the twelve PI-

treated participants into abacavir-treated (n=4) and non-abacavir-treated (n=8) groups, and 

the increase in FMD remained greater among PI-treated participants who were also 

abacavir-treated (103% vs. 43%, p=0.34). Non-smokers had an increase in FMD compared 

to current smokers (34% vs. −14%, p= 0.15).

Metabolic and inflammatory parameters—Six-week changes in metabolic, 

immunologic and inflammatory parameters are detailed in Table 3. Overall, no significant 

changes in fasting total cholesterol, LDL cholesterol, HDL cholesterol, triglycerides, 

glucose, insulin, HOMA-IR score or adiponectin were observed after six weeks of 

telmisartan therapy, although a trend towards an increase in adiponectin (p=0.06) was seen 

among PI-treated participants. No significant overall changes in hyaluronic acid, sCD14, 

sCD163, IL-6, RANKL, OPG, RANKL/OPG ratio or activated T lymphocyte and monocyte 

populations were observed. However, in the subgroup of PI-treated individuals, a significant 

six-week decline in RANKL (p=0.008) was observed without a significant change in OPG 

level or RANK/OPG ratio. In the subgroup of abacavir-treated patients, IL-6 decreased 

significantly (p=0.04) and hyaluronic acid tended to increase (p=0.08).

DISCUSSION

To our knowledge, this is the first interventional study to assess the impact of standard-dose 

telmisartan on brachial artery FMD in older HIV-infected individuals with traditional CVD 

risk factors. Our participants were primarily at risk for CVD from dyslipidemia (82%) and 

obesity (41%). The median baseline FMD in our cohort was low (2.7%) and suggestive of 

endothelial dysfunction. Sawada et al.19 reported a similar FMD value (2.3%) in HIV-

uninfected patients with acute coronary syndrome or stable angina and mean age 68.9 years. 

Participants in our study were almost 10 years younger (mean 59.2 years), highlighting the 

increased risk of CVD for age previously reported in HIV infection.5
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We also observed a trend towards lower baseline FMD in PI-treated (2.7 %) vs. non-PI-

treated (8.4%) persons. Stein et al.7 demonstrated a similar FMD impairment among PI-

treated persons (2.6% vs. 8.1% non-PI-treated), although PI-treated persons in that study had 

higher total cholesterol and triglyceride levels. In our small study, the number and type of 

CVD risk factors, age, blood pressure, lipid profile, body mass index and prevalence of 

lipodystrophy did not vary by PI treatment status, suggesting PI-treated persons have 

impaired endothelial function that cannot be explained by traditional CVD or other HIV-

specific risk factors. This finding may have a unique physiological basis in treated HIV 

infection, as PIs may increase CVD risk via activation of the reninangiotensin system 

(RAS).41

Interestingly, we also observed greater improvements in endothelial function in PI-treated 

and abacavir-treated participants and non-smokers, suggesting that these groups may receive 

greater benefit from telmisartan. Activation of the RAS by PIs and the persistent impairment 

of endothelial function by cigarette smoking are potential explanations for the effects seen in 

these sub-groups. Additionally, PI therapy may increase oxidative stress,42 increasing 

oxidized LDL levels and foam cell formation and facilitating atherogenesis. AT1R blockade 

with telmisartan may interrupt oxidized LDL-induced foam cell formation,43 and PI-

associated lipid perturbations (and their downstream pro-inflammatory effects) may be 

mediated through PPAR-ɣ,44 the sum of which may help explain why PI-treated participants 

in our study experienced greater FMD improvements with telmisartan therapy.

The mechanism underlying the greater improvement in FMD in abacavir-treated participants 

is less clear and beyond the scope of this study. Additionally, there are no published data on 

potential interactions between abacavir and either the RAS or PPAR–ɣ. However, 

endothelial damage promotes the mobilization and recruitment of inflammatory cells to the 

vascular wall, and angiotensin II stimulates AT1R-mediated leukocyte-endothelial cell 

interactions. Although data are conflicting,45,46 increasing evidence suggests that abacavir 

may contribute to endothelial dysfunction via increased leukocyte-endothelial cell 

interactions,47,48 and we cannot rule out the possibility that this is mediated through 

interactions with the RAS. Additionally, abacavir may increase platelet activation by 

blunting the effect of nitric oxide on platelets,49 and telmisartan-induced nitric oxide release 

could possibly overcome this effect of abacavir.

A secondary endpoint of our study was to explore changes in circulating inflammatory 

biomarkers and T lymphocyte and monocyte profiles with telmisartan treatment, with the 

goal of gaining mechanistic insights into observed changes in FMD. While studies have 

reported anti-inflammatory effects of ARBs beyond their blood pressure-lowering 

effects,50–52 we did not observe any overall, six-week impact of telmisartan on circulating 

inflammatory biomarkers or peripheral T lymphocyte or monocyte activation. One 

explanation for this finding may be the short treatment period of this study, as most clinical 

studies have demonstrated anti-inflammatory benefits after 3–6 months of treatment.53–55

Despite a lack of statistically significant changes in measures of inflammation and immune 

activation in the overall group, a significant six-week decrease in IL-6 was observed in 

abacavir-treated participants. IL-6 is a pro-inflammatory cytokine that has been associated 
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with CVD and mortality in HIV infection.56 HIV-infected individuals initiating abacavir-

containing ART may experience smaller decreases in systemic inflammation compared to 

non-abacavir-containing regimens;57 therefore, this group could derive additional benefit 

from telmisartan therapy. However, these findings and hypotheses warrant further 

exploration.

PI-treated individuals experienced significant reductions in RANKL levels without changes 

in OPG or RANKL/OPG ratios. RANKL/OPG axis dysregulation has been postulated to 

mediate vascular calcification58–60 and plaque destabilization and rupture.61 Additionally, in 

vitro experiments have demonstrated that angiotensin II induces vascular calcification 

through RANKL activation, and that RANKL enhances AT1R expression.62 Thus, RAS 

inhibition with telmisartan could affect vascular remodeling through RANKL/OPG axis 

modulation. We observed a decrease in RANKL with telmisartan therapy in PI-treated 

participants only, and published data linking the RANKL/OPG axis with CVD in the setting 

of HIV infection are conflicting.63,64 As such, further studies are needed.

Finally, we observed a trend towards increased adiponectin levels in PI-treated participants. 

Adiponectin is regulated by PPAR-γ and its anti-inflammatory effects result from increased 

nitric oxide production.65 Lower adiponectin levels have been associated with increased 

coronary artery calcification in HIV-infected men.66 Our data suggest that telmisartan could 

affect FMD through nitric oxide release and inhibition of vasoconstriction. However, in our 

population with known CVD risk factors, simultaneous exposure to other drugs with anti-

inflammatory properties (aspirin, statins, anti-hypertensive agents) could confound results, 

and our sample size was too small to fully adjust for concomitant anti-inflammatory 

medication use. While the anti-inflammatory benefits of ARBs may overlap or be 

intertwined with those of PPAR-γ agonism,67–70 larger, longitudinal studies are needed to 

better assess the impact of telmisartan on inflammatory and immune markers.

This pilot study has obvious limitations. FMD was low at baseline, making an effect size of 

50% difficult to achieve with a small sample size. The initial sample size calculation was 

based upon the observed effects of telmisartan on FMD in HIV-uninfected persons with 

essential hypertension over a similar time frame; however, since participants in our study 

were normotensive or had controlled hypertension at baseline and we primarily aimed to 

assess effects of telmisartan on endothelial function beyond blood pressure-lowering effects, 

a smaller observed effect size not unexpected. The small sample size also prevented 

effective multivariable modeling and more elaborate sub-group characterization. The short 

follow-up time prevented assessment of longer-term effect(s) of telmisartan therapy on 

vascular function, a relevant issue given the increasing life expectancy of HIV-infected 

adults on suppressive ART. Although brachial artery ultrasound represents a useful method 

to identify persons with asymptomatic atherosclerosis and increased risk of athero-

thrombotic complications, its use in research and routine clinical practice remains limited 

due to intrinsic variability and the need for skilled operators. Lastly, while sub-group 

analysis suggested that PI-treated, abacavir-treated and non-smoking persons may receive 

greater benefit from telmisartan therapy, these analyses were exploratory and must be 

interpreted with caution. Thus, further studies are needed to confirm the benefit of 
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telmisartan on endothelial function in treated HIV infection, particularly in older persons at 

risk for CVD.

Conclusions

Our pilot study did not show an overall effect of telmisartan therapy on FMD; however, in 

older HIV-infected adults with traditional CVD risk factors, persons treated with PIs and 

abacavir as well as non-smokers received greater benefit. Since CVD is a leading cause of 

morbidity and mortality in HIV-infected persons, effective CVD prevention and long-term 

management strategies are needed. Telmisartan's dual AT1R blockade and PPAR-γ agonism 

makes it an appealing potential therapy for CVD and other metabolic disorders in treated 

HIV infection, but additional, prospective, randomized, longitudinal studies are needed to 

better define the potential clinical benefits of telmisartan in this population.
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Figure 1. 
Median six-week changes in blood pressure with telmisartan therapy.
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Figure 2. 
Median six-week changes in brachial artery flow-mediated dilation with telmisartan therapy.
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Table 1

Baseline demographic and clinical characteristics.*

Participants enrolled N=17

Male sex 88% (15)

Race

   African American 24% (4)

   Hispanic 41% (7)

   White 35% (6)

Age (years) 60 (54, 63)

Body mass index (kg/m2) 27 (27, 30)

Current tobacco use 18% (3)

Blood Pressure (mmHg)

   Systolic 130 (122, 138)

   Diastolic 72 (66, 83)

Framingham risk score (%) 10 (7, 12)

CD4+ T lymphocyte count (cells/mm3) 625 (413, 729)

PI 71% (12)

   Atazanavir/ritonavir 18% (3)

   Atazanavir 18% (3)

   Darunavir/ritonavir 18% (3)

   Fosamprenavir/ritonavir 6% (1)

   Lopinavir/ritonavir 12% (2)

NNRTI 29% (5)

   Efavirenz 24% (4)

   Nevirapine 6% (1)

NRTI 94% (16)

   Abacavir 29% (5)

   Emtricitabine 59% (10)

   Lamivudine 29% (5)

   Tenofovir 65% (11)

   Zidovudine 6% (1)

Integrase inhibitor (raltegravir) 29% (5)

Entry inhibitor (maraviroc) 6% (1)

Glucose (mg/dL) 96 (92, 105)

Total cholesterol (mg/dL) 166 (145,194)

Triglycerides (mg/dL) 107 (79, 145)

LDL cholesterol (mg/dL) 97 (70, 111)
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Participants enrolled N=17

HDL cholesterol (mg/dL) 44 (39, 52)

Diabetes
a 12% (2)

Hypertension
a 65% (11)

Hyperlipidemia
a 82% (14)

PI: protease inhibitor, NNRTI: non nucleoside reverse transcriptase inhibitor, NRTI: nucleoside reverse transcriptase inhibitor, LDL: low-density 
lipoprotein, HDL: high-density lipoprotein

*
Values are expressed as median (interquartile range) or percent (n).

a
Defined as self-reported diagnosis or on-therapy at baseline.
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Table 2

Median baseline and six-week changes in brachial artery flow-mediated dilation on telmisartan therapy.*

Overall FMD (%) Relative change p-value
£

Week 0 2.7 (1.4, 3.9)

Week 6 3.5 (1.6, 6.0)

6-week change 0.7 (−1.3, 1.9) 26% 0.60

On abacavir †

Week 0 2.7 (1.4, 3.4)

Week 6 5.7 (5.3, 6.3)

6-week change 2.3 (−1.2, 4.0) 85% 0.31

On tenofovir

Week 0 2.9 (2.1, 8.4)

Week 6 3.5 (2.3, 3.8)

6-week change 0.8 (−0.3, 1.1) 28% 0.57

On PI ⌘

Week 0 2.7 (1.2, 3.5)

Week 6 3.8 (1.4, 6.3)

6-week change 1.1 (0.4, 4.0) 41% 0.08

Not on PI

Week 0 8.4 (2.1, 10.4)

Week 6 3.3 (1.7, 3.5)

6-week change −1.2 (−4.9, −0.3) −14% 0.19

Current smoker #

Week 0 2.1 (1.0, 10.4)

Week 6 1.7 (1.4, 3.3)

6-week change −0.3 (−7.1, 0.4) −14% 0.75

Non-smoker

Week 0 2.9 (1.4, 3.9)

Week 6 3.8 (2.3, 6.3)

6-week change 1.0 (−1.2, 2.3) 34% 0.38

FMD: flow-mediated dilation; PI: protease inhibitor

*
Values expressed as median (interquartile range).

£
Wilcoxon signed rank value for six-week change.

†
p=0.52 vs. tenofovir

⌘
p=0.02 vs. not on a protease inhibitor

#
p=0.15 vs. non-smoker
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Table 3

Median baseline and six-week changes in metabolic and immuno-inflammatory markers with telmisartan 

therapy.*

Week 0 Week 6 p-value
†

Total cholesterol (mg/dL) 166.0 (148.0, 193.0) 154.0 (138.0, 181.0) 0.65

LDL cholesterol (mg/dL) 97.0 (70.0, 111.0) 90.0 (78.0, 121.0) 0.34

HDL cholesterol (mg/dL) 44.4 (38.7, 52.1) 44.1 (39.7, 49.0) 0.83

Triglycerides (mg/dL) 107.0 (80.0, 132.0) 116.0 (73.0, 141.0) 0.81

Glucose (mg/dL) 96.0 (92.0, 104.0) 97.0 (88.0, 105.0) 1.0

HOMA-IR score 2.7 (2.1, 7.0) 2.6 (1.7, 6.0) 0.19

Insulin (uU/mL) 12.1 (9.2, 27.1) 12.3 (8.2, 19.8) 0.22

Adiponectin (ng/mL) 9645.8 (6565.2, 13618.9) 9560.1 (6195.7, 15841.0) 0.19

Hyaluronic acid (ng/mL) 47.0 (33.9, 61.8) 52.9 (43.1, 80.0) 0.15

IL-6 (pg/L) 2.4 (1.5, 3.8) 2.5 (1.8, 3.7) 0.96

RANKL (pmol/L) 155.6 (90.6, 189.8) 148.4 (62.9, 174.9) 0.15

OPG (pmol/L) 6.1 (4.7, 7.3) 5.4 (4.4, 7.1) 0.93

RANKL/OPG ratio 25.4 (16.5, 35.5) 21.6 (10.6, 37.5) 0.35

sCD14 (ng/mL) 1844.5 (1662.4, 2196.4) 1842.6 (1682.4, 2201.2) 0.93

sCD163 (ng/mL) 739.2 (630.9, 1033.4) 699.3 (613.2, 1005.7) 0.22

CD8+CD38+HLA-DR+ T lymphocytes (%) 12.0 (9.7, 15.8) 10.4 (7.5, 14.7) 0.17

CD4+CD38+HLA-DR+ T lymphocytes (%) 11.0 (6.6, 12.5) 8.8 (6.6, 20.5) 0.75

CD14+CD16+ monocytes (%) 4.4 (3.1, 6.8) 3.7 (2.6, 4.7) 0.10

CD14+lowCD16+high monocytes (%) 31.0 (25.6, 54.1) 37.8 (25.4, 56.2) 0.89

LDL: low-density lipoprotein, HDL: high-density lipoprotein, HOMA-IR: homeostatic model assessment of insulin resistance, IL-6: interleukin-6, 
RANKL: receptor activator of nuclear factor-kappa-B ligand, OPG: osteoprotegerin, sCD14: soluble CD14, sCD163: soluble CD163

*
Values are expressed as median (interquartile range).

†
Wilcoxon signed rank test value for six-week change.
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