
UCSF
UC San Francisco Previously Published Works

Title
A Randomized Controlled Trial Assessing the Effects of Raltegravir Intensification on 
Endothelial Function in Treated HIV Infection

Permalink
https://escholarship.org/uc/item/58v605np

Journal
JAIDS Journal of Acquired Immune Deficiency Syndromes, 61(3)

ISSN
1525-4135

Authors
Hatano, Hiroyu
Scherzer, Rebecca
Wu, Yuaner
et al.

Publication Date
2012-11-01

DOI
10.1097/qai.0b013e31826e7d0f
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/58v605np
https://escholarship.org/uc/item/58v605np#author
https://escholarship.org
http://www.cdlib.org/


A Randomized, Controlled Trial Assessing the Effects of
Raltegravir Intensification on Endothelial Function in Treated
HIV Infection

Hiroyu HATANO1, Rebecca SCHERZER1,2, Yuaner WU1, Kara HARVILL1, Kristinalisa
MAKA1, Rebecca HOH1, Elizabeth SINCLAIR1, Sarah PALMER3, Jeffrey N. MARTIN4,
Michael P. BUSCH5,6, Steven G. DEEKS1, and Priscilla Y. HSUE1

1Department of Medicine, University of California, San Francisco, CA, USA
2Department of Medicine, San Francisco Veterans Affairs Medical Center, San Francisco, CA,
USA
3Karolinska Institutet, and Swedish Institute for Infectious Disease Control, Solna, Sweden
4Department of Epidemiology and Biostatistics, University of California, San Francisco, CA,
94143, USA
5Department of Laboratory Medicine, University of California, San Francisco, CA, USA
6Blood Systems Research Institute, San Francisco, CA, USA

Abstract
Objectives—To determine whether intensification with raltegravir improves endothelial function
in antiretroviral-treated, HIV-infected individuals.

Design—Randomized, double-blinded, placebo-controlled study.

Methods—Fifty-six subjects with treatment-mediated viral suppression for at least one year were
randomized to add raltegravir 400 mg twice daily or matching placebo for 24 weeks. The primary
endpoint was the difference in rate of change in endothelial function (as assessed by flow-
mediated vasodilation of the brachial artery [FMD]) from baseline to week 24 between the
raltegravir and placebo groups. Linear mixed models were used to evaluate the association of
treatment group with changes in FMD, immune activation, and measures of viral persistence.

Results—At baseline, the median CD4+ T cell count was 498 cells/mm3, nadir CD4+ T cell
count was 191 cells/mm3, duration of HIV infection was 18 years, FMD was 3.3%, and hyperemic
velocity (a marker of microvascular function) was 68.3 cm. There were no significant differences
between treatment groups in rate of change in FMD (raltegravir group +0.032% per week, placebo
group +0.023% per week; p=0.60). There were also no differences between treatment groups in
rate of change in hyperemic velocity, immune activation, or viral persistence. In multivariable
analysis, older age, longer duration of HIV infection, and current abacavir use were associated
with lower FMD. Lower CD4+ T cell count and current abacavir use were associated with lower
hyperemic velocity.
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Conclusions—The addition of raltegravir to suppressive antiretroviral therapy did not have a
significant impact on cardiovascular risk, as assessed by endothelial function (ClinicalTrials.gov
NCT00843713).

Keywords
HIV; raltegravir intensification; endothelial function; flow-mediated vasodilation

INTRODUCTION
Highly active antiretroviral therapy (HAART) has been effective in decreasing morbidity
and mortality associated with HIV infection 1. However, multiple studies have shown that
HIV-infected patients remain at increased risk for cardiovascular events 2–7. Whether this
increased risk is due to factors related to HIV disease (such as low level viral replication or
persistent immune activation) or factors related to HAART remains to be determined.

Several raltegravir intensification studies have assessed whether low level viral replication
persists in the setting of suppressive HAART 8–11. Although the studies differed in terms of
patient population and outcome measures, they consistently found that intensification does
not decrease plasma viremia as measured by ultrasensitive plasma HIV RNA assays.
However, one study reported a significant decrease in viral replication as measured by an
increase in 2-long terminal repeat (2-LTR) circles in peripheral blood mononuclear cells
(PBMCs) 9, and another study showed a decrease in unspliced RNA in gut-associated
lymphoid tissue (GALT) 8, suggesting that intensification may decrease viral replication if
measured in cells and tissues.

To date, however, there have been no published studies examining whether treatment
intensification affects end-organ disease, and more specifically whether it has the potential
to decrease cardiovascular risk in treated patients. We therefore conducted a randomized,
double-blinded, placebo-controlled study to assess whether raltegravir intensification in
HAART-suppressed individuals decreases cardiovascular risk. Endothelial dysfunction, as
measured by brachial flow-mediated vasodilation (FMD), has been shown to be
independently predictive of both short- and long-term cardiovascular events 12,13.
Hyperemic velocity, the stimulus for FMD, is a measure of microvascular function that has
recently been shown to independently predict incident cardiovascular risk.14,15 Traditional
cardiovascular risk factors are strongly related to hyperemic velocity, suggesting that the
impaired FMD observed among these individuals is at least partly due to microvascular
dysfunction.16 In the Framingham Study, systemic inflammation remained independently
associated with reactive hyperemia after adjustment for traditional risk factors, in contrast to
FMD.17 Among individuals with rheumatoid arthritis, macrovascular function (as measured
by FMD) and microvascular function (as assessed by hyperemic velocity) were relatively
independent of each other, suggesting there is differential regulation of endothelial function
in these two vascular beds.18 Because HIV-infected individuals are in a chronic
inflammatory state and since inflammation may impact macrovascular and microvascular
function differentially, we also examined the effect of raltegravir intensification on
hyperemic velocity as a secondary objective.

METHODS
Study participants

We performed a randomized, double-blinded, placebo-controlled study. Fifty-six HIV-
infected, HAART- treated individuals with viral suppression for at least 1 year were
randomized to add raltegravir 400 mg twice daily or matching placebo to their current
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suppressive HAART regimens for 24 weeks (Figure 1). Subjects were randomized in a 1:1
ratio using a computer-generated random allocation sequence; all authors were kept blinded
to study group assignment until data collection and analyses were completed. Because we
were interested in the impact of treatment intensification in individuals with low and high
CD4+ T cell counts, we selected subjects based upon having either a CD4+ T cell count
above or below 350 cells/mm3; this threshold has often been used by our group and others to
define incomplete CD4+ T cell recovery 11,19,20. 32/56 subjects were “immunologic
responders” (CD4+ ≥350 cells/mm3 and viral suppression for ≥1 year). The remaining
subjects (24/56) were “immunologic non-responders” (CD4+ <350 cells/mm3 for ≥1 year
despite viral suppression for ≥1 year) 11; 22/24 of the immunologic non-responders
continued study participation in an optional extension study in which all 22 subjects
(regardless of initial treatment assignment to raltegravir or placebo) received open-label
raltegravir from weeks 24 to 48. Of these 22 subjects, 6 subjects chose to continue
raltegravir indefinitely (through week 60).

All subjects provided written informed consent. This study was approved by the University
of California San Francisco (UCSF) Committee on Human Research. Adherence to study
drug was measured at every study visit by self-report and by pill-count. An independent
Data Monitoring Committee comprised of three individuals from the scientific community
met at 12, 24, 48, and 60 weeks after the enrollment of the first subject, and at 60 weeks
after the enrollment of the last subject. No significant adverse events occurred during the
study.

Endothelial function and hyperemic velocity
Flow-mediated vasodilation of the brachial artery and hyperemic velocity were performed at
baseline and weeks 4, 24, and 36 (and at weeks 28, 48, and 60 for subjects who participated
in the extension study). For FMD measurements, we used a 10MHz linear array probe in
conjunction with the GE VividSeven Imaging System. To assess endothelium-dependent
vasodilation, brachial artery diameter was measured under basal conditions and during
reactive hyperemia following an ischemic stimulus. A blood pressure cuff was placed on the
forearm and inflated to suprasystolic pressures for 5 minutes to induce forearm ischemia.
The maximal increase in brachial artery diameter was assessed at 1 minute of reactive
hyperemia. To assess endothelium-independent vasodilation, after 20 minutes of rest,
brachial artery diameter was determined under basal conditions and following the
administration of sublingual nitroglycerin (0.4 mg). Maximal dilation was assessed 3
minutes after the administration of sublingual nitroglycerin. Acquisition and analysis of the
digitized images was performed using dedicated software (Information Integrity Inc.).
Images were analyzed by a technician who was blinded to the subject’s HIV disease and
treatment status. Hyperemic velocity was assessed as the peak velocity-time integral of the
first complete velocity envelope obtained after cuff release; as this measurement reflects
vasodilation of the microvasculature, higher levels represent improved vasodilation.

We previously performed repeated brachial artery reactivity studies on 25 HIV-infected
subjects in order to define the test’s performance characteristics as performed at our center.
Intra-observer reliability for measurement of brachial artery diameters was 0.972, which
reflects an interclass correlation coefficient across all conditions of the study (i.e., baseline,
reactive hyperemia, and both pre- and post-nitroglycerin administration).

T cell immunophenotyping
The percent of activated CD4+ and CD8+ T cells were measured in PBMCs at baseline and
weeks 4 and 24 (and weeks 28 and 48 for subjects who participated in the extension study).
PBMCs were isolated from whole blood, cryopreserved, and stored at the UCSF AIDS
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Specimen Bank. Markers of T cell activation (CD38 and HLA-DR) were measured using
flow cytometry at the UCSF Core Immunology Laboratory, using previously described
methods that have been optimized and validated for cryopreserved PBMCs 21. Briefly,
cryopreserved PBMCs were rapidly thawed in warm media, counted on an Accuri C6 (BD
Biosciences) with the Viacount assay (Millipore); average viability of thawed cells was 93%
(range 61–98%; 80% of samples had a viability >90%). Cells were then washed, and stained
with Aqua Amine Reactive Dye (AARD, Invitrogen) to discriminate dead cells and then
stained with the following fluorescently-conjugated monoclonal antibodies: CD3-Pacific
Blue, CD38-PE, HLA-DR-FITC (all BD Biosciences), CD4-PE Texas Red, and CD8-QDot
605 (Invitrogen). In each experiment a fluorescent-minus one control was included for
CD38 and HLA-DR to determine the cut-off for positive staining. Stained cells were
washed, fixed in 0.5% formaldehyde (Polyscience), and held at 4°C until analysis. Stained
cells were run on a customized BD LSR II (BD Bioscience). 100,000 lymphocytes were
collected for each sample. Data were compensated and analyzed using FlowJo (Tree Star) to
determine the proportion of CD4+ and CD8+ T cells co-expressing CD38 and HLA-DR).

Virologic measurements
Ultrasensitive plasma HIV RNA was measured at baseline and week 12 (and weeks 24 and
36 for subjects who participated in the extension study) with an ultrasensitive assay with a
lower limit of detection of <0.3 copies/mL 22.

Total proviral HIV DNA was measured from PBMCs at baseline and weeks 4 and 24 (and
weeks 28 and 48 for subjects who participated in the extension study). Total proviral DNA
was extracted from PBMCs using modifications of previously-described methods 23,24. This
assay has an overall sensitivity of 1 copy/3 μg of input DNA, equivalent to approximately
450,000 PBMCs 25,26. All proviral DNA levels were normalized to per million CD4+ T cells
(derived from the quantitation of human genomic DNA from a parallel real-time PCR
amplification targeting a highly conserved region of the DQ-alpha locus, multiplied by the
proportion of PBMCs that were CD4+ T cells at each timepoint).

Covariates
Candidate covariates of FMD and hyperemic velocity included demographics,
comorbidities, cardiovascular risk factors, and HIV-specific risk factors. Comorbidities and
cardiovascular risk factors included body mass index (BMI), hypertension, antihypertensive
medication use, lipid lowering medication use, aspirin use, diabetes, smoking, high density
lipoprotein cholesterol, low density lipoprotein cholesterol, total cholesterol, triglycerides,
family history of cardiovascular disease, C-reactive protein, estimated glomerular filtration
rate, testosterone use, and testosterone levels. HIV-related factors included duration of HIV
infection, ultrasensitive plasma RNA, proviral DNA, current and nadir CD4+ T cell count,
hepatitis C antibody status, history of opportunistic infection, lipodystrophy, and class of
antiretroviral medications.

Statistical methods
We compared baseline demographic and clinical characteristics of subjects in the raltegravir
and placebo groups using the Mann-Whitney U test for continuous variables and Fisher’s
exact test for categorical variables. Linear mixed models with random intercepts and slopes
were used to evaluate the association of treatment group with FMD and rates of change in
FMD. Interaction terms between treatment group and time were used to determine whether
the rate of change in FMD differed between raltegravir and placebo groups. As secondary
analyses, linear mixed models were used to evaluate the association of treatment group with
changes in immune activation, ultrasensitive plasma RNA, and proviral DNA.
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Separate multivariable linear regression models were constructed for each outcome,
adjusting for duration of raltegravir use as well as for demographics, comorbidities,
cardiovascular risk factors, and HIV-specific risk factors. The relationship of time on study
showed non-linear associations with some outcome measures; we therefore modeled time
using linear splines, with potentially different slopes for weeks 0–28 and weeks 28–60.
Factors forced in the full model included age, gender, and race. We used stepwise backward
selection with a significance level of α=0.05 to remove candidate covariates that were not
associated with the outcome. All statistical analyses were conducted with the SAS system,
version 9.2 (SAS Institute, Inc.).

The primary endpoint was the difference in rate of change in FMD between the raltegravir
and placebo groups at week 24. All 56 subjects contributed data to the primary FMD
analyses; 6 additional subjects who did not have FMD performed contributed data to the
secondary immunologic and virologic analyses. The sample size was determined based upon
data from prior studies. In a randomized, controlled study of 60 HIV negative individuals
with severe cardiovascular disease, subjects were treated with pravastatin vs. placebo for 6
weeks; the percent FMD was found to increase from 4.9±0.8% to 7.0±0.8% in the
pravastatin group (p=0.02) 27. From a reproducibility study of FMD among healthy
volunteers followed for 6 weeks, the mean standard deviation of the change in FMD was
approximately 3% 28. Assuming the standard deviation in the change in FMD is as high as
3.5%, with 25 subjects in each arm, we would have 80% power (assuming a type I error of
5%) to detect a difference in FMD between groups of 2.8%. This effect size compares
favorably to that observed in trials of 6 weeks of pravastatin in HIV-uninfected individuals
(2.1%) 27.

RESULTS
Baseline characteristics

Fifty-six individuals (26 raltegravir, 30 placebo) were enrolled in the study. Baseline
characteristics between raltegravir and placebo groups were similar (Table 1). The median
age was 53 years and 95% were male. The median CD4+ T cell count was 498 cells/mm3.
There was a trend towards the raltegravir group having a lower nadir CD4+ T cell count
compared to the placebo group (135 vs. 270 cells/mm3, p=0.075).

Flow-mediated dilation and hyperemic velocity
At baseline, the median FMD was 3.3% (interquartile range [IQR] 2.5–5.1), the median
endothelial independent vasodilation (nitroglycerin-mediated vasodilation) was 12.3% (IQR
9.4–15.8), and hyperemic velocity was 68.3 cm (IQR 48.7–100.1). The average rate of
change in FMD over the first 24 weeks of the study was similar between the raltegravir
(+0.032% per week, 95% confidence interval [CI]: 0.007, 0.058; p=0.014) and placebo
(+0.023% per week, 95%CI: −0.001, 0.047; p=0.059) groups (p=0.60).

When including data from the extension study, the average rate of change in FMD across the
entire 60-week study period was also similar between the raltegravir (+0.018% per week,
95%CI: 0.004, 0.032; p=0.011) and placebo (+0.023% per week, 95%CI: 0.009, 0.036;
p=0.001) groups (p=0.66) (Figure 2A). With regards to endothelial independent
vasodilation, the rate of change appeared to be greater in the raltegravir group (0.064% per
week, 95%CI: 0.035, 0.093; p<0.0001) compared with the placebo group (0.033% per week,
95%CI: 0.0045, 0.061; p=0.023); however, it did not reach statistical significance (p=0.13).
Similarly, the average rate of change in hyperemic velocity was similar between the
raltegravir (+0.28 cm per week, 95%CI: 0.056, 0.50; p=0.014) and placebo (+0.47 cm per
week, 95%CI: 0.26, 0.69; p<0.0001) groups (p=0.22) (Figure 2B). In an exploratory
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analysis, we examined whether raltegravir intensification had a unique effect on FMD in
immunologic non-responders, but did not observe any differences in FMD between
treatment groups at any visit.

In multivariable analysis, older age, longer duration of HIV infection, and current abacavir
use were independently associated with lower FMD (Table 2A) while higher BMI was
associated with higher FMD levels. In multivariable analysis, lower CD4+ T-cell count and
current abacavir use were associated with lower hyperemic velocity (Table 2B). In an
exploratory analysis, we examined whether raltegravir intensification had a unique effect on
FMD in non-smokers and non-abacavir users; amongst 32 non-smokers and non-abacavir
users, there were no differences in FMD between treatment groups at any visit.

T cell activation and CD4+ T cell counts
At baseline, the median percent CD38+HLA-DR+ CD4+ T cells was 7.2%, and the median
percent CD38+HLA-DR+ CD8+ T cells was 22.0%. The rate of change in immune
activation was similar between the raltegravir and placebo groups. The average rate of
change in percent CD38+HLA-DR+ CD4+ T cells over the first 24 weeks of the study was
−0.041% per week (p=0.031) in the raltegravir group and −0.008% per week (p=0.64) in the
placebo group (p=0.37). Between weeks 24 and 48, the rate of change in percent
CD38+HLA-DR+ CD4+ T cells was +0.11% per week (p<0.0001) in the raltegravir group
and +0.074% per week (p=0.0003) in the placebo group (p=0.63).

The proportion of CD8+ T cells co-expressing CD38 and HLA-DR has been shown to
correlate with treatment-mediated immune recovery 29, mortality in the setting of treated
HIV infection 30, and to differentiate different clinical phenotypes of HIV infection 31. The
average rate of change in percent CD38+HLA-DR+ CD8+ T cells over the first 24 weeks of
the study was +0.028% per week (p=0.57) in the raltegravir group and +0.023% per week
(p=0.58) in the placebo group (p=0.72). Between weeks 24 and 48, the rate of change in
percent CD38+HLA-DR+ CD8+ T cells was +0.087% per week (p=0.10) in the raltegravir
group and +0.055% per week (p=0.29) in the placebo group (p=0.58).

The rate of change in peripheral CD4+ T cell count was similar between the raltegravir and
placebo groups (p=0.67).

Ultrasensitive plasma RNA and proviral DNA
At baseline, 24/60 subjects had detectable plasma RNA levels using an ultrasensitive <0.3
copies/mL assay; the median baseline plasma RNA level was 0.2 (IQR 0.2, 0.4) copies/mL.
There was no statistically significant difference in the proportion of subjects with
undetectable plasma RNA at week 12 between the raltegravir and placebo groups (62% vs.
61%, respectively, p=0.99). Moreover, the average rate of change in ultrasensitive plasma
RNA was similar between the raltegravir and placebo groups (p=0.40).

The median baseline proviral DNA level in PBMCs was 203 (IQR 21, 1188) copies/million
CD4+ T cells. Moreover, the average rate of change in proviral DNA was similar between
the raltegravir and placebo groups (p=0.51).

Finally, we found no statistically significant associations between FMD and percent
CD38+HLA-DR+ CD4+ T cells, percent CD38+HLA-DR+ CD8+ T cells, proviral DNA, or
ultrasensitive plasma RNA in unadjusted or fully adjusted analyses.
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DISCUSSION
In this randomized, double-blinded, placebo-controlled study, we found that the addition of
raltegravir to a suppressive antiretroviral regimen did not have a significant impact on
cardiovascular risk, as assessed by endothelial function (FMD) or microvascular function
(hyperemic velocity). In addition, in this expanded cohort which included immunologic
responders we confirmed our earlier results that raltegravir intensification did not have a
significant effect on immune activation, ultrasensitive plasma HIV RNA, or proviral HIV
DNA 11.

While the precise mechanisms linking HIV disease and cardiovascular disease have not been
clearly defined, several studies have suggested that viral replication and persistent immune
activation may play a key role. HIV-infected individuals (even those receiving HAART)
have dampened endothelial function as assessed by FMD compared to HIV uninfected
individuals 32, and the initiation of HAART has been associated with a significant
improvement in FMD 33. The importance of the relationship between plasma viremia and
cardiovascular disease was further highlighted by the SMART study, in which continuous
HAART was associated with reduced cardiovascular events as compared to intermittent or
delayed HAART 34,35. Moreover, the link between CD4+ T cell count and cardiovascular
events has been reported in two large cohorts 36,37. Finally, our own group has found a
consistent relationship between nadir CD4+ T cell count and surrogate markers of
cardiovascular risk, including carotid intima-media thickness 2, arterial stiffness 38, and
endothelial function 39.

Initial treatment studies with raltegravir demonstrated significantly higher rates of decline in
plasma HIV RNA compared to antiretroviral drugs in other drug classes 40, which led to
widespread interest in the possibility of using raltegravir as an intensification agent.
However, subsequent studies have for the most part shown no effect of raltegravir
intensification on markers of viral replication or immune activation. For example, in the
ACTG 5244 study, 12 weeks of raltegravir intensification did not reduce ultrasensitive
plasma RNA levels 41. A prior analysis from the immunologic non-responder subset of our
current study showed that in individuals with a CD4+ T cell count < 350 cells/mm3,
raltegravir intensification did not result in a significant decrease in ultrasensitive plasma
RNA, cell-associated RNA, proviral DNA, immune activation in PBMCs or GALT, or HIV-
specific responses in PBMCs or GALT 11. Our current study adds to these findings by the
inclusion of individuals with all CD4+ T cell counts and by also studying a subset of
individuals for 48–60 weeks; however, intensification did not affect measures of viral
persistence or immune activation.

Our baseline values for FMD and hyperemic velocity were much lower than values reported
in the literature for HIV-uninfected men of a similar age (age 49 years, FMD 8.6%,
hyperemia 121.6 cm) 14. Since treatment intensification in antiretroviral-treated individuals
does not appear to provide much benefit in terms of vascular function, other novel
adjunctive therapies will likely be needed. Of note, we observed that regardless of treatment
group, individuals with a low baseline CD4+ T cell count (<350 cells/mm3) displayed a
slow improvement in hyperemic velocity over time (data not shown). These data suggest
that endothelial function may improve with longer term HAART, although it is unlikely that
these measurements will ever improve to the level of the general population 2,4,5. In
multivariable analysis, older age and longer duration of HIV infection were associated with
more impaired FMD, and lower CD4+ T cell count was associated with more impaired
hyperemic velocity. Collectively, our data add to the growing body of literature in support of
earlier initiation of HAART 42–45. Finally, although the association of abacavir with
cardiovascular disease remains an area of debate 46–49, we observed that current abacavir
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use was associated with lower FMD and hyperemic velocity, which is consistent with our
previous report (involving a different cohort of subjects) on abacavir use being a risk factor
for cardiovascular disease 46.

Limitations of this study include a modest sample size, limited number of female subjects,
and multiplicity of analyses. However, this study expands upon prior studies of
cardiovascular disease in treated HIV infection because it includes the assessment of
endothelial function as well as microvascular function (hyperemic velocity); the latter has
not been previously reported in the setting of HIV disease. Given that lower CD4+ T cell
count was associated with lower hyperemic velocity but not FMD, and having a lower CD4+
T cell count on treatment has been associated with an increased risk of cardiovascular
disease 39,42, one could speculate that the measurement of microvascular function is a more
sensitive measure of future cardiovascular disease than FMD in the setting of treated HIV
infection, or that it may identify a distinct type of vascular dysfunction that occurs in
immunologic non-responders vs. responders; future studies will be needed to explore these
hypotheses.

In this randomized, double-blinded, placebo-controlled study of 56 HAART-suppressed
individuals, raltegravir intensification was not associated with any significant change in
endothelial function, hyperemic velocity, immune activation, ultrasensitive plasma RNA, or
proviral DNA. Older age, longer HIV duration, and current abacavir use were independently
associated with lower FMD, while lower current CD4+ T cell count and current abacavir use
were associated with lower microvascular function. Additional studies will be needed to
identify mechanisms to decrease cardiovascular risk in the setting of treated HIV infection.
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FIGURE 1. Study schema
56 HAART- suppressed subjects added raltegravir 400 mg twice daily or matching placebo
to their current suppressive HAART regimens for 24 weeks. 32/56 subjects were
“immunologic responders” (CD4+ ≥350 cells/mm3 and viral suppression for ≥1 year). The
remaining subjects (24/56) were “immunologic non-responders” (CD4+ <350 cells/mm3 for
≥1 year despite viral suppression for ≥1 year) 11; 22/24 of the immunologic non-responders
continued study participation in an extension study in which all 22 subjects received open-
label raltegravir from weeks 24 to 48. Of these 22 subjects, 6 subjects chose to continue
raltegravir indefinitely (through week 60).
HAART=highly active antiretroviral therapy. FMD=flow-mediated vasodilation.

HATANO et al. Page 12

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2013 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIGURE 2.
FIGURE 2A. Flow-mediated vasodilation (FMD) by study week and treatment group.
P-values denote differences in FMD between treatment groups.
FIGURE 2B. Hyperemic velocity by study week and treatment group.
P-values denote differences in hyperemic velocity between treatment groups.

HATANO et al. Page 13

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2013 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

HATANO et al. Page 14

TABLE 1

Baseline Characteristics

Raltegravir (N = 26) Placebo (N = 30) P-value Overall (N = 56)

Age (years) 54 (47–59) 53 (47–59) 0.90 53 (47–59)

Female 2 (8%) 1 (3%) 0.59 3 (5%)

Current CD4+ T cell count (cells/mm3) 490 (242–719) 498 (256–707) 0.95 498 (246–713)

Nadir CD4 + T cell count (cells/mm3) 135 (72–241) 270 (95–389) 0.075 191 (75–328)

Plasma HIV RNA < 75 copies/mL 26 (100%) 30 (100%) N/A 56 (100%)

FMD (%) 2.9 (2.6–5.1) 3.4 (2.4–5.1) 0.68 3.3 (2.5–5.1)

Race

 Caucasian 20 (77%) 19 (63%) 0.80 39 (70%)

 African-American 3 (12%) 5 (17%) 8 (14%)

 Latino 1 (4%) 2 (7%) 3 (5%)

 Other 2 (8%) 4 (13%) 6 (11%)

Duration of HIV infection (years) 19 (13–23) 16 (13–20) 0.21 18 (13–21)

HAART duration (years) 7.4 (3.5–10.3) 6.5 (2.3–11.4) 0.57 6.5 (2.8–10.8)

NRTI use 26 (100%) 30 (100%) N/A 56 (100%)

 NRTI duration (years) ** 8.8 (5.6–11.9) 6.2 (2.5–12.0) 0.20 7.9 (3.4–12.0)

Abacavir use 10 (38%) 6 (20%) 0.15 16 (29%)

NNRTI use 14 (54%) 21 (70%) 0.27 35 (63%)

 NNRTI duration (years) ** 4.6 (3.1–9.9) 3.8 (2.1–5.2) 0.13 3.8 (2.2–5.9)

PI use 20 (77%) 22 (73%) 0.99 42 (75%)

 PI duration (years) ** 7.8 (3.0–11.3) 6.5 (2.5–10.6) 0.56 6.5 (2.8–10.8)

History of CAD 1 (4%) 1 (3%) 0.99 2 (4%)

Cigarette smoking

 Current 4 (15%) 9 (30%) 0.28 13 (23%)

 Past 8 (31%) 11 (37%) 19 (34%)

 Never 14 (54%) 10 (33%) 24 (43%)

Diabetes mellitus 0 1 (3%) 0.99 1 (2%)

Hypertension 11 (42%) 8 (27%) 0.27 19 (34%)

Statin use 9 (35%) 7 (23%) 0.39% 16 (29%)

Hyperlipidemia 10 (38%) 9 (30%) 0.58 19 (34%)

LDL (mg/dL) 95 (87–118) 112 (90–131) 0.15 104 (89–123)

HDL (mg/dL) 50 (38–65) 44 (38–55) 0.43 46 (38–59)

Triglycerides (mg/dL) 122 (90–161) 132 (75–193) 0.52 128 (80–169)

Total Cholesterol (mg/dL) 180 (159–192) 189 (162–214) 0.27 181 (159–206)

hsCRP (mg/L) 1.6 (0.6–3.2) 1.9 (1.0–3.1) 0.80 1.9 (0.6–3.1)

BMI (kg/m2) 26 (23–29) 26 (22–29) 0.72 26 (23–29)

Hepatitis C Ab+ 5 (19%) 8 (27%) 0.55 13 (23%)

Data are presented as medians (interquartile range [IQR]) or numbers (percent).

**
Duration of ARV use among ever users.
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FMD=flow-mediated vasodilation. HAART=highly active antiretroviral therapy. NRTI=nucleoside reverse transcriptase inhibitor.
NNRTI=nonnucleoside reverse transcriptase inhibitor. PI=protease inhibitor. CAD=coronary artery disease. LDL=low density lipoprotein.
HDL=high density lipoprotein. CRP=C-reactive protein. BMI=body mass index. N/A=not applicable.
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TABLE 2A

Factors Associated with flow-mediated vasodilation (FMD)

Selected model:
Unadjusted*

Estimate (95%CI), p-value
Adjusted

Estimate (95%CI), p-value

Time on study linear spline:

 0–28 weeks (effect per week) 0.034 (0.018, 0.051), p<.0001 0.036 (0.018, 0.054), p<.0001

 28–60 weeks (effect per week) −0.0043 (−0.025, 0.017), p=0.69 −0.007 (−0.030, 0.017), p=0.59

Raltegravir duration (per week) −0.0016 (−0.019, 0.016), p=0.86 −0.001 (−0.015, 0.013), p=0.91

Baseline age (per decade) −0.83 (−1.30, −0.36), p=0.0005 −0.75 (−1.18, −0.33), p=0.0005

Female vs. Male 0.29 (−1.46, 2.0), p=0.75 −1.27 (−3.0, 0.46), p=0.15

Duration of HIV infection (years) −0.090 (−0.15, −0.030), p=0.0033 −0.083 (−0.14, −0.024), p=0.0056

Abacavir (current use) −0.80 (−1.66, 0.056), p=0.067 −0.99 (−1.73, −0.26), p=0.0078

African-American vs. Caucasian 0.087 (−1.05, 1.22), p=0.88 −0.86 (−1.97, 0.25), p=0.13

Other/Latino vs. Caucasian −0.22 (−1.31, 0.86), p=0.69 −0.26 (−1.15, 0.63), p=0.57

BMI (kg/m2) 0.090 (0.0046, 0.17), p=0.039 0.13 (0.039, 0.21), p=0.0043

Estimates from multivariable linear mixed models with random intercepts and slopes.

*
Unadjusted estimates control for time on study. In the unadjusted analysis, there was a trend toward FMD being associated with current CD4+ T

cell count (0.41 per doubling of CD4+ T cell count, 95% CI [−0.055, 0.87], p=0.081). In the unadjusted analysis, there was no association between
FMD and nadir CD4+ T cell count (0.097 per doubling of nadir CD4+ T cell count, 95% CI [−0.13, 0.32], p=0.40), FMD and current smoking
status (−0.093, 95% CI [−1.04, 0.86], p=0.85), FMD and past smoking status (0.43, 95% CI [−0.39, 0.26], p=0.30), FMD and hypertension (−0.30,
95% CI [−1.14, 0.53], p=0.48), FMD and hypolipidemic use (0.087, 95% CI [−0.75, 0.92], p=0.84), or FMD and statin use (0.15, 95% CI [−0.73,
1.03], p=0.73).

BMI=body mass index.
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TABLE 2B

Factors Associated with Hyperemic Velocity

Selected model:
Unadjusted*

Estimate (95%CI), p-value
Adjusted

Estimate (95%CI), p-value

Time on study (per week) 0.32 (0.13, 0.50), p=0.0007 0.30 (0.032, 0.57), p=0.028

Raltegravir duration (per week) 0.0045 (−0.26, 0.27), p=0.97 0.057 (−0.21, 0.32), p=0.67

Baseline age (per decade) −0.074 (−8.8, 8.6), p=0.99 −3.0 (−10.7, 4.7), p=0.44

Female vs. Male 12.7 (−16.7, 42.2), p=0.40 2.6 (−24.6, 29.8), p=0.85

Current CD4+ T cell count (cells/mm3) (per doubling) 14.8 (8.1, 21.5), p<.0001 13.7 (6.9, 20.6), p<.0001

Abacavir (current use) −20.5 (−34.8, −6.3), p=0.0047 −19.5 (−32.4, −6.7), p=0.0028

African-American vs. Caucasian 6.6 (−12.5, 25.8), p=0.50 2.2 (−15.8, 20.2), p=0.81

Other/Latino vs. Caucasian −9.8 (−28.0, 8.5), p=0.29 −4.6 (−20.9, 11.6), p=0.58

Estimates from multivariable linear mixed models with random intercepts and slopes.

*
Unadjusted estimates control for time on study.

BMI=body mass index.
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