
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/305762891

Ideal Cardiovascular Health and Carotid Atherosclerosis in a Mixed Cohort of

HIV-Infected and Uninfected Ugandans

Article  in  AIDS Research and Human Retroviruses · July 2016

DOI: 10.1089/AID.2016.0104

CITATIONS

25
READS

116

13 authors, including:

Some of the authors of this publication are also working on these related projects:

Postpartum sepsis/infection View project

Antimicrobial resistance View project

Alexander C Tsai

Massachusetts General Hospital

359 PUBLICATIONS   11,266 CITATIONS   

SEE PROFILE

David Bangsberg

Oregon Health and Science University

586 PUBLICATIONS   41,229 CITATIONS   

SEE PROFILE

Yap Boum II

Epicentre MSF

181 PUBLICATIONS   3,136 CITATIONS   

SEE PROFILE

Samson Okello

Mbarara University of Science & Technology (MUST)

76 PUBLICATIONS   649 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Alexander C Tsai on 05 August 2016.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/305762891_Ideal_Cardiovascular_Health_and_Carotid_Atherosclerosis_in_a_Mixed_Cohort_of_HIV-Infected_and_Uninfected_Ugandans?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/305762891_Ideal_Cardiovascular_Health_and_Carotid_Atherosclerosis_in_a_Mixed_Cohort_of_HIV-Infected_and_Uninfected_Ugandans?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Postpartum-sepsis-infection?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Antimicrobial-resistance-20?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexander-Tsai-2?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexander-Tsai-2?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Massachusetts-General-Hospital?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexander-Tsai-2?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/David-Bangsberg?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/David-Bangsberg?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Oregon_Health_and_Science_University?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/David-Bangsberg?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Yap-Boum-Ii?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Yap-Boum-Ii?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Epicentre_MSF?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Yap-Boum-Ii?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Samson-Okello?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Samson-Okello?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Mbarara-University-of-Science-Technology-MUST?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Samson-Okello?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexander-Tsai-2?enrichId=rgreq-ce218c1963c146e89a63daff82d7d068-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2Mjg5MTtBUzozOTE3NTI5OTAxMTc4OTZAMTQ3MDQxMjU5OTc1MA%3D%3D&el=1_x_10&_esc=publicationCoverPdf


1 

1 
 

A
ID

S
 R

es
ea

rc
h
 a

n
d
 H

u
m

an
 R

et
ro

v
ir

u
se

s 

Id
ea

l 
C

ar
d
io

v
as

cu
la

r 
H

ea
lt

h
 a

n
d
 C

ar
o
ti

d
 A

th
er

o
sc

le
ro

si
s 

in
 a

 M
ix

ed
 C

o
h
o

rt
 o

f 
H

IV
-I

n
fe

ct
ed

 a
n
d

 U
n

in
fe

ct
ed

 U
g
an

d
an

s 
(d

o
i:

 1
0

.1
0
8
9

/A
ID

.2
0
1

6
.0

1
0

4
) 

T
h

is
 p

ap
er

 h
as

 b
ee

n
 p

ee
r-

re
v

ie
w

ed
 a

n
d

 a
cc

ep
te

d
 f

o
r 

p
u
b

li
ca

ti
o
n

, 
b
u

t 
h
as

 y
et

 t
o
 u

n
d

er
g

o
 c

o
p
y

ed
it

in
g

 a
n
d

 p
ro

o
f 

co
rr

ec
ti

o
n

. 
T

h
e 

fi
n
al

 p
u

b
li

sh
ed

 v
er

si
o

n
 m

ay
 d

if
fe

r 
fr

o
m

 t
h

is
 p

ro
o

f.
 

Ideal Cardiovascular Health and Carotid Atherosclerosis in a Mixed Cohort of HIV-
Infected and Uninfected Ugandans 

 
Running Title: HIV and Ideal Cardiovascular Health in Uganda 

 
Matthew J. Feinstein MD1, June-Ho Kim MD2, Prossy Bibangambah MD3, Ruth 

Sentongo MD3, Jeffrey N. Martin MD MPH4, Alexander C. Tsai MD PhD5, David R. 
Bangsberg MD MPH3,5,6,7, Linda Hemphill MD7,8, Virginia A. Triant MD MPH6,7, Yap 

Boum II PhD9, Peter W. Hunt MD4, Samson Okello MD3, Mark J. Siedner MD MPH5,6,7 

 
1. Division of Cardiology, Department of Medicine, Northwestern University 

Feinberg School of Medicine, Chicago, IL, USA 
2. Department of Medicine, Brigham and Women’s Hospital, Boston, MA, USA 
3. Faculty of Medicine, Mbarara University of Science and Technology, Mbarara, 

Uganda 
4. University of California, San Francisco, CA, USA 
5. Massachusetts General Hospital Center for Global Health, Boston, MA, USA 
6. Division of Infectious Diseases, Department of Medicine, Massachusetts General 

Hospital, Boston, MA, USA 
7. Harvard Medical School, Boston, MA, USA 
8. Division of Cardiology, Department of Medicine, Massachusetts General 

Hospital, Boston, MA, USA 
9. Epicentre Research Base, Mbarara, Uganda 

 
Abstract: 250 Words  

Manuscript: 3085 Words 
 

Corresponding Author: 
 

Matthew J. Feinstein 
Division of Cardiology, Department of Medicine 

Northwestern University Feinberg School of Medicine 
680 N. Lake Shore Drive, Suite 1400 

Chicago, IL 60611 
Telephone: 312-503-0027 

Fax: 312-908-9588 
Email: matthewjfeinstein@northwestern.edu 

 
Journal Subject Codes: Cardiovascular Disease, Diagnostic Testing, Diet and Lifestyle, 

Epidemiology, Lifestyle, Primary Prevention, Risk Factors, Ultrasound 
 
  

AIDS Research and Human Retroviruses 

                        © Mary Ann Liebert, Inc.  

                        DOI: 10.1089/AID.2016.0104 
 Page 1 of 35 

A
ID

S 
R

es
ea

rc
h 

an
d 

H
um

an
 R

et
ro

vi
ru

se
s

Id
ea

l C
ar

di
ov

as
cu

la
r 

H
ea

lth
 a

nd
 C

ar
ot

id
 A

th
er

os
cl

er
os

is
 in

 a
 M

ix
ed

 C
oh

or
t o

f 
H

IV
-I

nf
ec

te
d 

an
d 

U
ni

nf
ec

te
d 

U
ga

nd
an

s 
(d

oi
: 1

0.
10

89
/A

ID
.2

01
6.

01
04

)
T

hi
s 

ar
tic

le
 h

as
 b

ee
n 

pe
er

-r
ev

ie
w

ed
 a

nd
 a

cc
ep

te
d 

fo
r 

pu
bl

ic
at

io
n,

 b
ut

 h
as

 y
et

 to
 u

nd
er

go
 c

op
ye

di
tin

g 
an

d 
pr

oo
f 

co
rr

ec
tio

n.
 T

he
 f

in
al

 p
ub

lis
he

d 
ve

rs
io

n 
m

ay
 d

if
fe

r 
fr

om
 th

is
 p

ro
of

.



2 

2 
 

A
ID

S
 R

es
ea

rc
h
 a

n
d
 H

u
m

an
 R

et
ro

v
ir

u
se

s 

Id
ea

l 
C

ar
d
io

v
as

cu
la

r 
H

ea
lt

h
 a

n
d
 C

ar
o
ti

d
 A

th
er

o
sc

le
ro

si
s 

in
 a

 M
ix

ed
 C

o
h
o

rt
 o

f 
H

IV
-I

n
fe

ct
ed

 a
n
d

 U
n

in
fe

ct
ed

 U
g
an

d
an

s 
(d

o
i:

 1
0

.1
0
8
9

/A
ID

.2
0
1

6
.0

1
0

4
) 

T
h

is
 p

ap
er

 h
as

 b
ee

n
 p

ee
r-

re
v

ie
w

ed
 a

n
d

 a
cc

ep
te

d
 f

o
r 

p
u
b

li
ca

ti
o
n

, 
b
u

t 
h
as

 y
et

 t
o
 u

n
d

er
g

o
 c

o
p
y

ed
it

in
g

 a
n
d

 p
ro

o
f 

co
rr

ec
ti

o
n

. 
T

h
e 

fi
n
al

 p
u

b
li

sh
ed

 v
er

si
o

n
 m

ay
 d

if
fe

r 
fr

o
m

 t
h

is
 p

ro
o

f.
 

ABSTRACT 

 

Background and Aims: Preventable cardiovascular disease (CVD) risk factors are 

responsible for the majority of CVD-related deaths, and are increasingly recognized as 

a cause of morbidity and mortality for HIV-infected persons taking antiretroviral therapy 

(ART). Simplified tools such as the American Heart Association’s ideal cardiovascular 

health (iCVH) construct may identify and prognosticate CVD risk in resource-limited 

settings. No studies have evaluated iCVH metrics in sub-Saharan Africa or among HIV-

infected adults. Thus, the central aim of this study was to compare levels of iCVH 

metrics and their correlations with carotid atherosclerosis for HIV-infected adults versus 

uninfected controls in a well-phenotyped Ugandan cohort.   

 

Methods: We analyzed the prevalence of iCVH metrics in a mixed cohort of HIV-

infected persons on stable ART and uninfected, population-based comparators in 

Mbarara, Uganda. We also assessed the validity of iCVH by correlating iCVH values 

with common carotid intima media thickness (CCIMT).  

 

Results: HIV-infected persons had a mean of 4.9 (SD 1.1) iCVH metrics at ideal levels 

versus 4.3 (SD 1.2) for uninfected controls (P=0.002). This difference was largely driven 

by differences in blood pressure, blood glucose, and diet. In multivariable-adjusted 

linear regression models, each additional iCVH metric at an ideal level was associated 

with a significant 0.024mm decrease in CCIMT (P<0.001).  
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Conclusions: HIV-infected persons on ART in rural Uganda had more iCVH metrics at 

ideal levels than uninfected persons. The difference appeared driven by factors that are 

putatively influenced by access to routine medical care. Composite scores of iCVH 

metrics were associated with subclinical atherosclerosis and more predictive of 

atherosclerosis for uninfected persons. 

 

 

Key Words: Antiretroviral therapy, Epidemiology, HIV, HIV clinical outcomes research, 

Inflammation 
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INTRODUCTION 

Cardiovascular disease (CVD) is the leading cause of death in the United States and 

worldwide, representing over 30% of global deaths.1,2 Established and often 

preventable CVD risk factors are responsible the vast majority of these deaths; adults 

without traditional CVD risk factors live longer and have far lower lifetime risks for CVD 

than those with any CVD risk factors.3-8 In order to readily communicate to the 

population this clear and somewhat predictable contribution of risk factors to CVD 

morbidity and mortality, the American Heart Association (AHA) created the construct of 

ideal cardiovascular health (iCVH) as part of its 2020 Strategic Impact Goal.9 The seven 

factors included in the iCVH construct are: smoking, body mass index (BMI), physical 

activity, healthy diet score, total cholesterol, blood pressure, and fasting blood glucose. 

Metrics were used to categorize levels of each of these risk factors as poor, 

intermediate, or ideal. Subsequent studies have found that the prevalence of iCVH in 

the United States and worldwide is quite low. The prevalence of iCVH is approximately 

0.1% in the U.S., 0.2% in China, and similarly low in the Middle East and Eastern 

Europe; iCVH is somewhat more common in Northern Europe, but its absolute 

prevalence remains well under 5%.10-13 Higher aggregate scores of iCVH metrics have 

been associated with less subclinical and overt CVD in North American and European 

cohorts.14,15 

 

As longevity for HIV-infected persons has improved substantially in recent decades due 

to effective antiretroviral therapy (ART), CVD risk factors are increasingly recognized as 

a major preventable cause of morbidity and mortality for HIV-infected persons.16-20 This 
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is particularly true in sub-Saharan Africa, where HIV-infected persons comprise a 

substantial minority of the population.21,22 Although morbidity and mortality due to CVD 

are thought to be increasing in sub-Saharan Africa and among HIV-infected persons, no 

studies have explicitly evaluated iCVH metrics or correlations of iCVH scores with 

subclinical CVD in sub-Saharan Africa or HIV-infected populations in any setting.23-28
  

Thus, understanding the patterns and prevalence of health metrics comprising iCVH 

among HIV-infected and uninfected persons in sub-Saharan Africa may be an essential 

initial step in crafting policies and ultimately interventions aimed at improving 

cardiovascular health in sub-Saharan Africa. Moreover, if simple, low-cost metrics like 

iCVH prove to be predictive of CVD morbidity, they might fill an important clinical need 

in low-resource settings. The objectives of this study were to 1) assess the distribution 

of iCVH metrics in a cohort of HIV-infected persons on stable ART in Uganda with 

uninfected, population-based comparators from the same clinic catchment area, and 2) 

to validate iCVH metrics by testing their association with common carotid intima media 

thickness (CCIMT), a validated surrogate marker of CVD.29,30  

 

MATERIALS AND METHODS 

Study Site and Participants 

Data for this study were derived from the Ugandan Non-communicable Diseases and 

Aging Cohort (UGANDAC) Study (NCT02445079), an ongoing cohort study of HIV-

infected persons in southwestern Uganda and an age and sex-matched, population-

based control group of uninfected persons from the surrounding clinic catchment 

area.31,32 HIV-infected study participants were selectively sampled from the UARTO 
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cohort study, which began in 2005, consists of HIV-infected persons initiating ART, and 

has been described in detail previously.33 Eligibility criteria for HIV-infected participants 

were age >40 years and at least 3 years of ART use. The control sample is drawn from 

a whole-population cohort study of adults currently being conducted in Nyakabare 

Parish, a network of 8 villages located approximately 25 kilometers from the Immune 

Suppression Syndrome Clinic. This parish was chosen for the study because it has a 

similar socio-demographic composition to other parishes in the region and because 

village leaders described relatively little presence by outside non-governmental 

organizations. Of 1,851 persons identified in the population census as eligible, 1,814 

consented to participate in the baseline survey, for an overall response rate of 98 

percent. Thus, the control sample is drawn from a population that is representative of 

rural, southwestern Uganda. The local economy is largely characterized by subsistence 

agriculture, and food insecurity is pervasive.34 Nearly all (95%) households in the parish 

report relying on public, rather than private, sources of water for household use; the 

median household is located 0.25 km from its primary water source.35  

 

Ideal Cardiovascular Health Measurements 

All study participants completed questionnaires to evaluate dietary, physical activity, 

and smoking history. Participants also underwent anthropomorphic measurement, blood 

pressure measurement, and blood collection for lipid profile, hemoglobin A1c testing, 

CD4+ T cell count, and HIV viral load. Serum chemistry tests were performed using the 

Abbott Architect Clinical Chemistry Analyzer (Abbott Diagnostics, Abbott Park, IL, USA) 
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hemoglobin A1c levels were measured using the Bayer A1c Now+ point of care assay 

(Bayer Pharmaceuticals, Pittsburgh, PA).  

 

Each of the 7 iCVH metrics was evaluated and categorized as being at ideal or non-

ideal levels for each participant using previously published cutoff values.8 Ideal smoking 

status consisted of never smoking or having quit >12 months ago; ideal BMI was <25 

kg/m2; ideal physical activity consisted of ≥150 minutes per week of moderate intensity 

activity, ≥75 minutes per week of vigorous intensity physical activity, or a combination 

thereof; ideal total cholesterol was <200 mg/dL; and ideal blood pressure was <120/<80 

mmHg. Ideal diet was adapted from the standard definition of dietary score because full 

data on the volume of dietary intake were not available. We used fruit and vegetable 

intake as a proxy for diet score (with ≥20 total servings of fruits and vegetables weekly 

as the cutoff for ideal intake) because previous studies have demonstrated associations 

between high fruit and vegetable intake and decreased CVD risk.36,37 We used 

hemoglobin A1c rather than fasting plasma glucose as the proxy for ideal glucose status 

because 40 participants were either not fasting when blood glucose was checked or had 

missing blood glucose data, whereas all participants had complete hemoglobin A1c 

data. We used a hemoglobin A1c threshold of <5.7% as a proxy of ideal glucose status 

in light of current conventions that consider this level of HbA1c to be normal.38 The only 

iCVH metrics for which any participants had incomplete data were diet (3 HIV-infected 

and 6 uninfected persons had missing data) and cholesterol (2 uninfected persons had 

missing data). Given the paucity of missing data and resulting limited impact on overall 

iCVH scores, we designated these 11 missing values as “not ideal” diet or cholesterol. 
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Common Carotid Intima-Media Thickness Measurement 

CCIMT was measured using a standardized protocol39 by a single trained operator 

using a Sonosite M-Turbo (Sonosite, Bothell, WA, USA). A total of 6 images for each 

participant were obtained from anterior, lateral, and posterior positions in the left and 

right carotid arteries. These images were then evaluated and scored by a trained, 

board-certified cardiologist. Far-wall CCIMT was measured in 1 cm segments proximal 

to the carotid bulb using clinically available, semi-automated border-detection software 

(SonoCalc, version 5.0, Sonosite). Mean values of all adequate images were 

summarized as mean CCIMT for each participant. Study personnel were blinded to 

participant information and HIV serostatus during image quality assurance and CCIMT 

measurement. For quality assurance, the ultrasound technologist completed paired, 

prestudy ultrasonography on 2 separate days for 10 volunteers and found mean 

CCIMTs of 0.538 mm (t=0.0012 and P=0.999) on both days; the coefficient of variation 

was 4.9%. 

 

Statistical Analyses 

We first summarized levels of each of the 7 iCVH metrics for HIV-infected versus 

uninfected participants, and compared the distributions between study groups using 

student t-tests. Next we fit linear regression models to compare mean CCIMT for HIV-

infected versus uninfected participants. Finally, multivariable-adjusted linear regression 

was used to estimate the association between iCVH metrics at ideal levels and CCIMT, 

stratifying by HIV serostatus. In order to evaluate the potential utility of a simplified iCVH 
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score without laboratory-based metrics (i.e., that could potentially be used in resource-

limited settings), we then repeated these analyses excluding cholesterol and blood 

glucose (and thus the iCVH score includes only smoking, BMI, blood pressure, physical 

activity, and dietary intake).  

 

RESULTS 

Participant Characteristics and Prevalence of Ideal Cardiovascular Health Metrics 

Mean age of HIV-infected and uninfected study participants was 49.3 and 51.8, 

respectively, and both groups were approximately half female (Table 1 and Figure 1). 

Only 2.9% of HIV-infected persons and 2.0% of uninfected controls had iCVH, defined 

as all 7 iCVH metrics being at ideal levels. HIV-infected persons had a mean of 4.9 

(±1.1) iCVH metrics at ideal levels versus 4.3 (±1.2) for uninfected controls (P=0.002). 

This difference appeared to be driven primarily by substantial differences in ideal blood 

pressure (66.7% for HIV-infected participants versus 36.0% for uninfected controls), 

blood sugar (72.4% versus 58.0%), and diet (18.6% versus 7.4%). 

 

Ideal Cardiovascular Health Metrics and Common Carotid Intima-Media Thickness 

When we evaluated associations between iCVH metrics and CCIMT, a greater number 

of iCVH metrics at ideal levels was consistently associated with significantly lower 

CCIMT (Table 2A). In univariate linear regression models, each additional iCVH metric 

at an ideal level was associated with a -0.027mm difference in CCIMT (95% CI -0.039, -

0.015; p<0.001) and HIV serostatus was associated with a -0.038mm difference in 

CCIMT (95% CI -0.068, -0.010; p=0.009). When iCVH metrics and HIV serostatus were 
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included in a multivariable linear regression model with CCIMT as the outcome, each 

additional iCVH metric at an ideal level was associated with a -0.024mm difference in 

CCIMT (95% CI -0.036, -0.012; p<0.001). Thus, for instance, persons with 2 iCVH 

metrics at ideal levels had predicted CCIMT of 0.751mm, compared with a predicted 

CCIMT of 0.654mm for persons with 6 iCVH metrics at an ideal level. Compared with 

the sample standard deviation of 0.106, this comparison between persons on the lower 

versus higher end (but not quite the extremes) of the iCVH spectrum represented an 

effect size of [(0.751-0.654)/(0.106)= ] 0.915 standard deviation units, which represents 

a large effect size. Notably, in these multivariable models, the association between HIV 

serostatus and CCIMT was no longer significant (95% CI -0.054, 0.003; p=0.08), nor 

was the interaction term for CCIMT and HIV serostatus (p=0.38). The overall correlation 

(Pearson’s r) between iCVH metrics and CCIMT was 0.29 (Figure 2A) and the 

correlation was marginally weaker for HIV-infected (r=0.19; Figure 2B) than uninfected 

(r=0.32; Figure 2C) participants.  

 

Associations between iCVH metrics and CCIMT remained significant when we excluded 

laboratory-based iCVH metrics (cholesterol and glucose) and included only smoking, 

BMI, physical activity, diet, and blood pressure (Table 2B and Figure 2D). In univariate 

linear regression models, each additional iCVH metric at an ideal level was associated 

with a -0.023 difference in CCIMT (95% CI -0.039, -0.006; p=0.007). When we added 

HIV serostatus to a multivariable linear regression model, this association remained 

statistically significant (coefficient -0.018; 95% CI -0.035, -0.001; p=0.04) and the 

interaction term was not significant (p=0.50). In this model, persons with 1 non-
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laboratory iCVH metric at an ideal level had a predicted CCIMT of 0.728mm, compared 

with a predicted CCIMT of 0.657mm for persons with 5 non-laboratory iCVH metrics at 

ideal levels, resulting in a moderate effect size of 0.67 standard deviation units. The 

correlation between non-laboratory iCVH metrics and CCIMT was marginally weaker 

(r=0.19) than that between all 7 iCVH metrics and CCIMT (r=0.29). 

 

DISCUSSION 

In this analysis of a well-phenotyped cohort of HIV-infected participants on ART and 

uninfected controls in rural Uganda, we found that HIV-infected participants have more 

ideal cardiovascular health (iCVH) metrics at ideal levels. Additionally, participants with 

greater numbers of iCVH metrics at ideal levels had significantly lower CCIMT. Each 

additional iCVH metric at an ideal level was associated with 0.024mm lower CCIMT. 

Analyses from large observational cohorts have demonstrated that increments in 

CCIMT ranging from 0.03mm to 0.20mm are associated with 33% to 300% greater risk 

for coronary heart disease and stroke;29,40-42 thus, in our study, an additional two to four 

iCVH metrics at ideal levels (corresponding to 0.048mm-0.096mm lower CCIMT) may 

be associated with a clinically meaningful increment in risk for atherosclerotic clinical 

events. Longitudinal follow-up will be necessary to better understand the clinical 

implications of these findings in SSA. Also of note, the association between iCVH 

metrics and CCIMT was stronger for uninfected than HIV-infected participants. 

 

Although the greater numbers of iCVH metrics at ideal levels for HIV-infected study 

participants compared with uninfected controls might appear counterintuitive given the 
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association between HIV and CVD, there are several potential explanations for this 

finding. The iCVH metric with the greatest disparity for HIV-infected versus uninfected 

participants was blood pressure. 66.7% of HIV-infected participants had ideal blood 

pressure (<120/<80 mmHg), compared with only 36.0% of uninfected controls. This 

difference was not attributable to disparities in antihypertensive use; more HIV-infected 

persons (n=7; 6.7%) than uninfected persons (n=1; 1%) were taking antihypertensive 

medications, but this disparity was insufficient to explain the >30% difference between 

groups in prevalence of ideal blood pressure. Although some studies in sub-Saharan 

Africa have reported higher blood pressures among HIV-infected persons than 

uninfected controls, others in sub-Saharan Africa have suggested the inverse.43-45 

Interestingly, one of these analyses also found that for HIV-infected persons, low blood 

pressure was associated with a greater mortality risk than high blood pressure.43 

Relatively low blood pressure has been observed among patients with HIV infection – 

even among those on ART – and is thought to result from concomitant infections, 

bacterial translocation, autonomic dysfunction, and/or cardiometabolic 

derangements.1,20,43,46 Thus, it is possible that HIV-infected participants in our cohort 

who would otherwise have had higher blood pressures experienced downward influence 

on blood pressure due to chronic HIV disease. This complicates the interpretation of 

“ideal” blood pressure (<120/<80) for HIV-infected persons somewhat, as the greater 

prevalence of ideal blood pressure for HIV-infected participants in this study may simply 

reflect HIV disease activity.  
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An alternative, perhaps complementary explanation for why HIV-infected participants 

were more likely to have ideal blood pressures is they may be more likely to have 

access to primary care services than uninfected controls in our sub-Saharan Africa 

setting. At the Mbarara Regional Referral Hospital Immune Suppression Syndrome 

Clinic, where participants in this cohort receive care, blood pressure is checked at each 

visit, and patients routinely see both a nurse and clinical officer. If HIV-infected 

participants in care in the region are seeing physicians more often than uninfected 

controls, they are likely to have greater opportunity to access both preventive and 

therapeutic health services. Although rates of hypertension treatment were low in both 

groups, 7 of 105 participants in the HIV-infected group versus only 1 of 100 in the 

uninfected group had an active prescription for an anti-hypertensive at the time of the 

study. This possibility is also supported by our finding that HIV-infected participants 

were more likely to have ideal levels of blood sugar (72.4% versus 58.0% ideal) and 

smoking (96.2% versus 82.0% ideal). If this is the case and HIV-infected persons have 

more iCVH metrics at ideal levels because they are more closely linked to care, it 

underscores both the value of HIV-care programs in the region and the need to 

translate these services into access to appropriate non-communicable disease 

screening and care for uninfected populations in sub-Saharan Africa.  

 

The association we identified between iCVH metrics and CCIMT is the first in sub-

Saharan Africa to validate the iCVH scale and is consistent with previous studies in 

European and North American cohorts of uninfected persons. Prior studies have 

similarly demonstrated that persons with more iCVH metrics at ideal levels have less 
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subclinical CVD. Although our study did not include overt CVD, others have reported 

associations.14,15 The stronger correlation between iCVH metrics and CCIMT for 

uninfected persons we noted is potentially attributable to the lack of inclusion of HIV-

specific risk factors which have been associated with CVD risk, such as CD4 count and 

ART regimen.47 The consistent association of iCVH metrics at ideal levels with lower 

CCIMT in both groups lends support to use of the iCVH scales as a relatively simple 

and potentially scalable approach to evaluating CVD risks in sub-Saharan Africa. 

Moreover, the 5-item iCVH score, which excluded laboratory-based parameters 

(cholesterol and glucose), remained associated with CCIMT and is potentially 

advantageous due to easier application in resource-limited settings.  

 

This study’s findings should be interpreted in the context of its limitations. Given the 

relatively small size and cross-sectional nature of our study, we were unable to evaluate 

CVD outcomes and thus relied on CCIMT as a surrogate endpoint. However, CCIMT 

has been strongly associated with CVD in several populations, and the effect sizes we 

reported have been clinically predictive of CVD events.48-52 Moreover, the richness of 

phenotypic data in this cohort enabled us to capture all 7 iCVH metrics and composite 

iCVH scores – something that, to our knowledge, has not been done in an HIV-infected 

nor sub-Saharan Africa cohort. The cohort we analyzed is largely representative of HIV-

infected persons in rural Uganda with well-controlled disease on ART and uninfected 

persons (matched controls) from the same region. Our findings are therefore 

generalizable to this population, and data from other sub-populations on the continent 

will be necessary to describe these relationships more broadly.   
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Another limitation of this study is its cross-sectional nature, which prevented us from 

evaluating prospective associations of iCVH metrics with incident CVD. Our cross-

sectional approach assumes that levels of iCVH metrics tend to be consistent over time 

and pre-date carotid atherosclerosis, which we believe to be a reasonable assumption 

given consistency of CVD risk factors seen in population-based cohorts.53 Finally, an 

important consideration about the iCVH metric approach in general is the equal 

weighting given to each factor and the resulting effect on risk prediction. For instance, 

although being a current smoker likely has a greater detrimental impact on CVD health 

than having a BMI ≥25 kg/m2, each of these would equally result in having 1 less point 

in an iCVH score that simply counts number of iCVH metrics at ideal levels. Although 

this conflation of risk factors with different effect sizes may limit the predictive utility of 

these iCVH metrics, our data demonstrate that it has important value as a simplified tool 

for health status assessment and risk prevention.  

 

Future studies in well-phenotyped cohorts in sub-Saharan Africa are needed to confirm 

our findings and investigate the extent to which iCVH metrics correlate with overt CVD. 

If correlations between iCVH scores and CVD are consistently weaker in HIV-infected 

versus uninfected cohorts in sub-Saharan Africa, it would be reasonable to evaluate 

whether adding clinical (e.g., duration of HIV infection and ART) and/or laboratory-

based (e.g., CD4+ T cell count) HIV-specific parameters improves the validity of iCVH 

scores for this population. Ultimately, the use of a relatively simple, scalable approach 

to capturing CVD risk factors for both HIV-infected and uninfected persons in sub-
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Saharan Africa and similar settings would serve the important goal of improving 

cardiovascular health surveillance and prevention globally.  
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TABLE AND FIGURE TITLES  
 

Table 1. Cohort Characteristics 

Table 2A. Regression of Ideal CVH Score and Carotid IMT 

Table 2B. Regression of Ideal CVH score without Laboratory Results (Cholesterol, 

Glucose) and Carotid IMT 

 

Figure 1. Proportion of HIV-Infected and Uninfected Participants with Ideal Levels of 

Cardiovascular Health Metrics 

Figure 2.A. Mean Common Carotid Intima-Media Thickness (IMT) by Number of Ideal 

Cardiovascular Health Metrics 

Figure 2.B. Mean Common Carotid Intima-Media Thickness (IMT) by Number of Ideal 

Cardiovascular Health Metrics: HIV-Infected Participants 

Figure 2.C. Mean Common Carotid Intima-Media Thickness (IMT) by Number of Ideal 

Cardiovascular Health Metrics: Uninfected Participants 

Figure 2.D. Mean Common Carotid Intima-Media Thickness (IMT) by Number of Non-

Laboratory Ideal Cardiovascular Health Metrics 

 

 

  

 Page 18 of 35 

A
ID

S 
R

es
ea

rc
h 

an
d 

H
um

an
 R

et
ro

vi
ru

se
s

Id
ea

l C
ar

di
ov

as
cu

la
r 

H
ea

lth
 a

nd
 C

ar
ot

id
 A

th
er

os
cl

er
os

is
 in

 a
 M

ix
ed

 C
oh

or
t o

f 
H

IV
-I

nf
ec

te
d 

an
d 

U
ni

nf
ec

te
d 

U
ga

nd
an

s 
(d

oi
: 1

0.
10

89
/A

ID
.2

01
6.

01
04

)
T

hi
s 

ar
tic

le
 h

as
 b

ee
n 

pe
er

-r
ev

ie
w

ed
 a

nd
 a

cc
ep

te
d 

fo
r 

pu
bl

ic
at

io
n,

 b
ut

 h
as

 y
et

 to
 u

nd
er

go
 c

op
ye

di
tin

g 
an

d 
pr

oo
f 

co
rr

ec
tio

n.
 T

he
 f

in
al

 p
ub

lis
he

d 
ve

rs
io

n 
m

ay
 d

if
fe

r 
fr

om
 th

is
 p

ro
of

.



19 

19 
 

A
ID

S
 R

es
ea

rc
h
 a

n
d
 H

u
m

an
 R

et
ro

v
ir

u
se

s 

Id
ea

l 
C

ar
d
io

v
as

cu
la

r 
H

ea
lt

h
 a

n
d
 C

ar
o
ti

d
 A

th
er

o
sc

le
ro

si
s 

in
 a

 M
ix

ed
 C

o
h
o

rt
 o

f 
H

IV
-I

n
fe

ct
ed

 a
n
d

 U
n

in
fe

ct
ed

 U
g
an

d
an

s 
(d

o
i:

 1
0

.1
0
8
9

/A
ID

.2
0
1

6
.0

1
0

4
) 

T
h

is
 p

ap
er

 h
as

 b
ee

n
 p

ee
r-

re
v

ie
w

ed
 a

n
d

 a
cc

ep
te

d
 f

o
r 

p
u
b

li
ca

ti
o
n

, 
b
u

t 
h
as

 y
et

 t
o
 u

n
d

er
g

o
 c

o
p
y

ed
it

in
g

 a
n
d

 p
ro

o
f 

co
rr

ec
ti

o
n

. 
T

h
e 

fi
n
al

 p
u

b
li

sh
ed

 v
er

si
o

n
 m

ay
 d

if
fe

r 
fr

o
m

 t
h

is
 p

ro
o

f.
 

REFERENCES 
 

1. Compostella C, Compostella L, D'Elia R. The symptoms of autonomic 

dysfunction in HIV-positive Africans. Clinical autonomic research : official journal 

of the Clinical Autonomic Research Society. Feb 2008;18(1):6-12. 

2. Lim GB. Global burden of cardiovascular disease. Nature reviews. Cardiology. 

Feb 2013;10(2):59. 

3. Berry JD, Dyer A, Cai X, et al. Lifetime risks of cardiovascular disease. The New 

England journal of medicine. Jan 26 2012;366(4):321-329. 

4. Daviglus ML, Stamler J, Pirzada A, et al. Favorable cardiovascular risk profile in 

young women and long-term risk of cardiovascular and all-cause mortality. JAMA 

: the journal of the American Medical Association. Oct 6 2004;292(13):1588-

1592. 

5. Dong C, Rundek T, Wright CB, Anwar Z, Elkind MS, Sacco RL. Ideal 

cardiovascular health predicts lower risks of myocardial infarction, stroke, and 

vascular death across whites, blacks, and hispanics: the northern Manhattan 

study. Circulation. Jun 19 2012;125(24):2975-2984. 

6. Ford ES, Greenlund KJ, Hong Y. Ideal cardiovascular health and mortality from 

all causes and diseases of the circulatory system among adults in the United 

States. Circulation. Feb 28 2012;125(8):987-995. 

7. Lloyd-Jones DM, Leip EP, Larson MG, et al. Prediction of lifetime risk for 

cardiovascular disease by risk factor burden at 50 years of age. Circulation. Feb 

14 2006;113(6):791-798. 

 Page 19 of 35 

A
ID

S 
R

es
ea

rc
h 

an
d 

H
um

an
 R

et
ro

vi
ru

se
s

Id
ea

l C
ar

di
ov

as
cu

la
r 

H
ea

lth
 a

nd
 C

ar
ot

id
 A

th
er

os
cl

er
os

is
 in

 a
 M

ix
ed

 C
oh

or
t o

f 
H

IV
-I

nf
ec

te
d 

an
d 

U
ni

nf
ec

te
d 

U
ga

nd
an

s 
(d

oi
: 1

0.
10

89
/A

ID
.2

01
6.

01
04

)
T

hi
s 

ar
tic

le
 h

as
 b

ee
n 

pe
er

-r
ev

ie
w

ed
 a

nd
 a

cc
ep

te
d 

fo
r 

pu
bl

ic
at

io
n,

 b
ut

 h
as

 y
et

 to
 u

nd
er

go
 c

op
ye

di
tin

g 
an

d 
pr

oo
f 

co
rr

ec
tio

n.
 T

he
 f

in
al

 p
ub

lis
he

d 
ve

rs
io

n 
m

ay
 d

if
fe

r 
fr

om
 th

is
 p

ro
of

.



20 

20 
 

A
ID

S
 R

es
ea

rc
h
 a

n
d
 H

u
m

an
 R

et
ro

v
ir

u
se

s 

Id
ea

l 
C

ar
d
io

v
as

cu
la

r 
H

ea
lt

h
 a

n
d
 C

ar
o
ti

d
 A

th
er

o
sc

le
ro

si
s 

in
 a

 M
ix

ed
 C

o
h
o

rt
 o

f 
H

IV
-I

n
fe

ct
ed

 a
n
d

 U
n

in
fe

ct
ed

 U
g
an

d
an

s 
(d

o
i:

 1
0

.1
0
8
9

/A
ID

.2
0
1

6
.0

1
0

4
) 

T
h

is
 p

ap
er

 h
as

 b
ee

n
 p

ee
r-

re
v

ie
w

ed
 a

n
d

 a
cc

ep
te

d
 f

o
r 

p
u
b

li
ca

ti
o
n

, 
b
u

t 
h
as

 y
et

 t
o
 u

n
d

er
g

o
 c

o
p
y

ed
it

in
g

 a
n
d

 p
ro

o
f 

co
rr

ec
ti

o
n

. 
T

h
e 

fi
n
al

 p
u

b
li

sh
ed

 v
er

si
o

n
 m

ay
 d

if
fe

r 
fr

o
m

 t
h

is
 p

ro
o

f.
 

8. Yang Q, Cogswell ME, Flanders WD, et al. Trends in cardiovascular health 

metrics and associations with all-cause and CVD mortality among US adults. 

JAMA : the journal of the American Medical Association. Mar 28 

2012;307(12):1273-1283. 

9. Lloyd-Jones DM, Hong Y, Labarthe D, et al. Defining and setting national goals 

for cardiovascular health promotion and disease reduction: the American Heart 

Association's strategic Impact Goal through 2020 and beyond. Circulation. Feb 2 

2010;121(4):586-613. 

10. Bi Y, Jiang Y, He J, et al. Status of cardiovascular health in Chinese adults. 

Journal of the American College of Cardiology. Mar 17 2015;65(10):1013-1025. 

11. Jankovic S, Stojisavljevic D, Jankovic J, Eric M, Marinkovic J. Status of 

cardiovascular health in a transition European country: findings from a 

population-based cross-sectional study. International journal of public health. Oct 

2014;59(5):769-778. 

12. Moghaddam MM, Mohebi R, Hosseini F, et al. Distribution of ideal cardiovascular 

health in a community-based cohort of Middle East population. Annals of Saudi 

medicine. Mar-Apr 2014;34(2):134-142. 

13. Olsen GS, Holm AS, Jorgensen T, Borglykke A. Distribution of ideal 

cardiovascular health by educational levels from 1978 to 2006: a time trend study 

from the capital region of Denmark. European journal of preventive cardiology. 

Sep 2014;21(9):1145-1152. 

 Page 20 of 35 

A
ID

S 
R

es
ea

rc
h 

an
d 

H
um

an
 R

et
ro

vi
ru

se
s

Id
ea

l C
ar

di
ov

as
cu

la
r 

H
ea

lth
 a

nd
 C

ar
ot

id
 A

th
er

os
cl

er
os

is
 in

 a
 M

ix
ed

 C
oh

or
t o

f 
H

IV
-I

nf
ec

te
d 

an
d 

U
ni

nf
ec

te
d 

U
ga

nd
an

s 
(d

oi
: 1

0.
10

89
/A

ID
.2

01
6.

01
04

)
T

hi
s 

ar
tic

le
 h

as
 b

ee
n 

pe
er

-r
ev

ie
w

ed
 a

nd
 a

cc
ep

te
d 

fo
r 

pu
bl

ic
at

io
n,

 b
ut

 h
as

 y
et

 to
 u

nd
er

go
 c

op
ye

di
tin

g 
an

d 
pr

oo
f 

co
rr

ec
tio

n.
 T

he
 f

in
al

 p
ub

lis
he

d 
ve

rs
io

n 
m

ay
 d

if
fe

r 
fr

om
 th

is
 p

ro
of

.

http://online.liebertpub.com/action/showLinks?pmid=25766949&crossref=10.1016%2Fj.jacc.2014.12.044


21 

21 
 

A
ID

S
 R

es
ea

rc
h
 a

n
d
 H

u
m

an
 R

et
ro

v
ir

u
se

s 

Id
ea

l 
C

ar
d
io

v
as

cu
la

r 
H

ea
lt

h
 a

n
d
 C

ar
o
ti

d
 A

th
er

o
sc

le
ro

si
s 

in
 a

 M
ix

ed
 C

o
h
o

rt
 o

f 
H

IV
-I

n
fe

ct
ed

 a
n
d

 U
n

in
fe

ct
ed

 U
g
an

d
an

s 
(d

o
i:

 1
0

.1
0
8
9

/A
ID

.2
0
1

6
.0

1
0

4
) 

T
h

is
 p

ap
er

 h
as

 b
ee

n
 p

ee
r-

re
v

ie
w

ed
 a

n
d

 a
cc

ep
te

d
 f

o
r 

p
u
b

li
ca

ti
o
n

, 
b
u

t 
h
as

 y
et

 t
o
 u

n
d

er
g

o
 c

o
p
y

ed
it

in
g

 a
n
d

 p
ro

o
f 

co
rr

ec
ti

o
n

. 
T

h
e 

fi
n
al

 p
u

b
li

sh
ed

 v
er

si
o

n
 m

ay
 d

if
fe

r 
fr

o
m

 t
h

is
 p

ro
o

f.
 

14. Laitinen TT, Pahkala K, Magnussen CG, et al. Ideal cardiovascular health in 

childhood and cardiometabolic outcomes in adulthood: the Cardiovascular Risk 

in Young Finns Study. Circulation. Apr 24 2012;125(16):1971-1978. 

15. Xanthakis V, Enserro DM, Murabito JM, et al. Ideal cardiovascular health: 

associations with biomarkers and subclinical disease and impact on incidence of 

cardiovascular disease in the Framingham Offspring Study. Circulation. Nov 4 

2014;130(19):1676-1683. 

16. Freiberg MS, Chang CC, Kuller LH, et al. HIV infection and the risk of acute 

myocardial infarction. JAMA internal medicine. Apr 22 2013;173(8):614-622. 

17. French AL, Gawel SH, Hershow R, et al. Trends in mortality and causes of death 

among women with HIV in the United States: a 10-year study. Journal of 

acquired immune deficiency syndromes. Aug 1 2009;51(4):399-406. 

18. Palella FJ, Jr., Baker RK, Moorman AC, et al. Mortality in the highly active 

antiretroviral therapy era: changing causes of death and disease in the HIV 

outpatient study. Journal of acquired immune deficiency syndromes. Sep 

2006;43(1):27-34. 

19. Triant VA, Lee H, Hadigan C, Grinspoon SK. Increased acute myocardial 

infarction rates and cardiovascular risk factors among patients with human 

immunodeficiency virus disease. The Journal of clinical endocrinology and 

metabolism. Jul 2007;92(7):2506-2512. 

20. Marchetti G, Bellistri GM, Borghi E, et al. Microbial translocation is associated 

with sustained failure in CD4+ T-cell reconstitution in HIV-infected patients on 

long-term highly active antiretroviral therapy. Aids. Oct 1 2008;22(15):2035-2038. 

 Page 21 of 35 

A
ID

S 
R

es
ea

rc
h 

an
d 

H
um

an
 R

et
ro

vi
ru

se
s

Id
ea

l C
ar

di
ov

as
cu

la
r 

H
ea

lth
 a

nd
 C

ar
ot

id
 A

th
er

os
cl

er
os

is
 in

 a
 M

ix
ed

 C
oh

or
t o

f 
H

IV
-I

nf
ec

te
d 

an
d 

U
ni

nf
ec

te
d 

U
ga

nd
an

s 
(d

oi
: 1

0.
10

89
/A

ID
.2

01
6.

01
04

)
T

hi
s 

ar
tic

le
 h

as
 b

ee
n 

pe
er

-r
ev

ie
w

ed
 a

nd
 a

cc
ep

te
d 

fo
r 

pu
bl

ic
at

io
n,

 b
ut

 h
as

 y
et

 to
 u

nd
er

go
 c

op
ye

di
tin

g 
an

d 
pr

oo
f 

co
rr

ec
tio

n.
 T

he
 f

in
al

 p
ub

lis
he

d 
ve

rs
io

n 
m

ay
 d

if
fe

r 
fr

om
 th

is
 p

ro
of

.



22 

22 
 

A
ID

S
 R

es
ea

rc
h
 a

n
d
 H

u
m

an
 R

et
ro

v
ir

u
se

s 

Id
ea

l 
C

ar
d
io

v
as

cu
la

r 
H

ea
lt

h
 a

n
d
 C

ar
o
ti

d
 A

th
er

o
sc

le
ro

si
s 

in
 a

 M
ix

ed
 C

o
h
o

rt
 o

f 
H

IV
-I

n
fe

ct
ed

 a
n
d

 U
n

in
fe

ct
ed

 U
g
an

d
an

s 
(d

o
i:

 1
0

.1
0
8
9

/A
ID

.2
0
1

6
.0

1
0

4
) 

T
h

is
 p

ap
er

 h
as

 b
ee

n
 p

ee
r-

re
v

ie
w

ed
 a

n
d

 a
cc

ep
te

d
 f

o
r 

p
u
b

li
ca

ti
o
n

, 
b
u

t 
h
as

 y
et

 t
o
 u

n
d

er
g

o
 c

o
p
y

ed
it

in
g

 a
n
d

 p
ro

o
f 

co
rr

ec
ti

o
n

. 
T

h
e 

fi
n
al

 p
u

b
li

sh
ed

 v
er

si
o

n
 m

ay
 d

if
fe

r 
fr

o
m

 t
h

is
 p

ro
o

f.
 

21. Hayes R, Weiss H. Epidemiology. Understanding HIV epidemic trends in Africa. 

Science. Feb 3 2006;311(5761):620-621. 

22. Van de Perre P. The epidemiology of HIV infection and AIDS in Africa. Trends in 

microbiology. Jun 1995;3(6):217-222. 

23. Group ISS, Lundgren JD, Babiker AG, et al. Initiation of Antiretroviral Therapy in 

Early Asymptomatic HIV Infection. The New England journal of medicine. Aug 27 

2015;373(9):795-807. 

24. Friis-Moller N, Ryom L, Smith C, et al. An updated prediction model of the global 

risk of cardiovascular disease in HIV-positive persons: The Data-collection on 

Adverse Effects of Anti-HIV Drugs (D:A:D) study. European journal of preventive 

cardiology. Jan 2016;23(2):214-223. 

25. Zoghbi WA, Duncan T, Antman E, et al. Sustainable development goals and the 

future of cardiovascular health: a statement from the Global Cardiovascular 

Disease Taskforce. Global heart. Sep 2014;9(3):273-274. 

26. Bendavid E, Holmes CB, Bhattacharya J, Miller G. HIV development assistance 

and adult mortality in Africa. JAMA : the journal of the American Medical 

Association. May 16 2012;307(19):2060-2067. 

27. Bor J, Herbst AJ, Newell ML, Barnighausen T. Increases in adult life expectancy 

in rural South Africa: valuing the scale-up of HIV treatment. Science. Feb 22 

2013;339(6122):961-965. 

28. Mills EJ, Bakanda C, Birungi J, et al. Life expectancy of persons receiving 

combination antiretroviral therapy in low-income countries: a cohort analysis from 

Uganda. Annals of internal medicine. Aug 16 2011;155(4):209-216. 

 Page 22 of 35 

A
ID

S 
R

es
ea

rc
h 

an
d 

H
um

an
 R

et
ro

vi
ru

se
s

Id
ea

l C
ar

di
ov

as
cu

la
r 

H
ea

lth
 a

nd
 C

ar
ot

id
 A

th
er

os
cl

er
os

is
 in

 a
 M

ix
ed

 C
oh

or
t o

f 
H

IV
-I

nf
ec

te
d 

an
d 

U
ni

nf
ec

te
d 

U
ga

nd
an

s 
(d

oi
: 1

0.
10

89
/A

ID
.2

01
6.

01
04

)
T

hi
s 

ar
tic

le
 h

as
 b

ee
n 

pe
er

-r
ev

ie
w

ed
 a

nd
 a

cc
ep

te
d 

fo
r 

pu
bl

ic
at

io
n,

 b
ut

 h
as

 y
et

 to
 u

nd
er

go
 c

op
ye

di
tin

g 
an

d 
pr

oo
f 

co
rr

ec
tio

n.
 T

he
 f

in
al

 p
ub

lis
he

d 
ve

rs
io

n 
m

ay
 d

if
fe

r 
fr

om
 th

is
 p

ro
of

.

http://online.liebertpub.com/action/showLinks?pmid=22665105


23 

23 
 

A
ID

S
 R

es
ea

rc
h
 a

n
d
 H

u
m

an
 R

et
ro

v
ir

u
se

s 

Id
ea

l 
C

ar
d
io

v
as

cu
la

r 
H

ea
lt

h
 a

n
d
 C

ar
o
ti

d
 A

th
er

o
sc

le
ro

si
s 

in
 a

 M
ix

ed
 C

o
h
o

rt
 o

f 
H

IV
-I

n
fe

ct
ed

 a
n
d

 U
n

in
fe

ct
ed

 U
g
an

d
an

s 
(d

o
i:

 1
0

.1
0
8
9

/A
ID

.2
0
1

6
.0

1
0

4
) 

T
h

is
 p

ap
er

 h
as

 b
ee

n
 p

ee
r-

re
v

ie
w

ed
 a

n
d

 a
cc

ep
te

d
 f

o
r 

p
u
b

li
ca

ti
o
n

, 
b
u

t 
h
as

 y
et

 t
o
 u

n
d

er
g

o
 c

o
p
y

ed
it

in
g

 a
n
d

 p
ro

o
f 

co
rr

ec
ti

o
n

. 
T

h
e 

fi
n
al

 p
u

b
li

sh
ed

 v
er

si
o

n
 m

ay
 d

if
fe

r 
fr

o
m

 t
h

is
 p

ro
o

f.
 

29. Chambless LE, Heiss G, Folsom AR, et al. Association of coronary heart disease 

incidence with carotid arterial wall thickness and major risk factors: the 

Atherosclerosis Risk in Communities (ARIC) Study, 1987-1993. American journal 

of epidemiology. Sep 15 1997;146(6):483-494. 

30. Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M. Prediction of clinical 

cardiovascular events with carotid intima-media thickness: a systematic review 

and meta-analysis. Circulation. Jan 30 2007;115(4):459-467. 

31. Siedner MJ, Kim JH, Nakku RS, et al. Persistent Immune Activation and Carotid 

Atherosclerosis in HIV-Infected Ugandans Receiving Antiretroviral Therapy. The 

Journal of infectious diseases. Feb 1 2016;213(3):370-378. 

32. Siedner MJ, Kim JH, Nakku RS, et al. HIV infection and arterial stiffness among 

older-adults taking antiretroviral therapy in rural Uganda. Aids. Feb 20 

2016;30(4):667-670. 

33. Hunt PW, Cao HL, Muzoora C, et al. Impact of CD8+ T-cell activation on CD4+ 

T-cell recovery and mortality in HIV-infected Ugandans initiating antiretroviral 

therapy. Aids. Nov 13 2011;25(17):2123-2131. 

34. Tsai AC, Bangsberg DR, Frongillo EA, et al. Food insecurity, depression and the 

modifying role of social support among people living with HIV/AIDS in rural 

Uganda. Social science & medicine. Jun 2012;74(12):2012-2019. 

35. Tsai AC, Kakuhikire B, Mushavi R, et al. Population-based study of intra-

household gender differences in water insecurity: reliability and validity of a 

survey instrument for use in rural Uganda. Journal of water and health. Apr 

2016;14(2):280-292. 

 Page 23 of 35 

A
ID

S 
R

es
ea

rc
h 

an
d 

H
um

an
 R

et
ro

vi
ru

se
s

Id
ea

l C
ar

di
ov

as
cu

la
r 

H
ea

lth
 a

nd
 C

ar
ot

id
 A

th
er

os
cl

er
os

is
 in

 a
 M

ix
ed

 C
oh

or
t o

f 
H

IV
-I

nf
ec

te
d 

an
d 

U
ni

nf
ec

te
d 

U
ga

nd
an

s 
(d

oi
: 1

0.
10

89
/A

ID
.2

01
6.

01
04

)
T

hi
s 

ar
tic

le
 h

as
 b

ee
n 

pe
er

-r
ev

ie
w

ed
 a

nd
 a

cc
ep

te
d 

fo
r 

pu
bl

ic
at

io
n,

 b
ut

 h
as

 y
et

 to
 u

nd
er

go
 c

op
ye

di
tin

g 
an

d 
pr

oo
f 

co
rr

ec
tio

n.
 T

he
 f

in
al

 p
ub

lis
he

d 
ve

rs
io

n 
m

ay
 d

if
fe

r 
fr

om
 th

is
 p

ro
of

.



24 

24 
 

A
ID

S
 R

es
ea

rc
h
 a

n
d
 H

u
m

an
 R

et
ro

v
ir

u
se

s 

Id
ea

l 
C

ar
d
io

v
as

cu
la

r 
H

ea
lt

h
 a

n
d
 C

ar
o
ti

d
 A

th
er

o
sc

le
ro

si
s 

in
 a

 M
ix

ed
 C

o
h
o

rt
 o

f 
H

IV
-I

n
fe

ct
ed

 a
n
d

 U
n

in
fe

ct
ed

 U
g
an

d
an

s 
(d

o
i:

 1
0

.1
0
8
9

/A
ID

.2
0
1

6
.0

1
0

4
) 

T
h

is
 p

ap
er

 h
as

 b
ee

n
 p

ee
r-

re
v

ie
w

ed
 a

n
d

 a
cc

ep
te

d
 f

o
r 

p
u
b

li
ca

ti
o
n

, 
b
u

t 
h
as

 y
et

 t
o
 u

n
d

er
g

o
 c

o
p
y

ed
it

in
g

 a
n
d

 p
ro

o
f 

co
rr

ec
ti

o
n

. 
T

h
e 

fi
n
al

 p
u

b
li

sh
ed

 v
er

si
o

n
 m

ay
 d

if
fe

r 
fr

o
m

 t
h

is
 p

ro
o

f.
 

36. He FJ, Nowson CA, Lucas M, MacGregor GA. Increased consumption of fruit 

and vegetables is related to a reduced risk of coronary heart disease: meta-

analysis of cohort studies. Journal of human hypertension. Sep 2007;21(9):717-

728. 

37. Joshipura KJ, Hu FB, Manson JE, et al. The effect of fruit and vegetable intake 

on risk for coronary heart disease. Annals of internal medicine. Jun 19 

2001;134(12):1106-1114. 

38. D'Agostino RB, Sr. Cardiovascular risk estimation in 2012: lessons learned and 

applicability to the HIV population. The Journal of infectious diseases. Jun 

2012;205 Suppl 3:S362-367. 

39. Stein JH, Korcarz CE, Hurst RT, et al. Use of carotid ultrasound to identify 

subclinical vascular disease and evaluate cardiovascular disease risk: a 

consensus statement from the American Society of Echocardiography Carotid 

Intima-Media Thickness Task Force. Endorsed by the Society for Vascular 

Medicine. Journal of the American Society of Echocardiography : official 

publication of the American Society of Echocardiography. Feb 2008;21(2):93-

111; quiz 189-190. 

40. Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee DE. Common carotid 

intima-media thickness and risk of stroke and myocardial infarction: the 

Rotterdam Study. Circulation. Sep 2 1997;96(5):1432-1437. 

41. Hodis HN, Mack WJ, LaBree L, et al. The role of carotid arterial intima-media 

thickness in predicting clinical coronary events. Annals of internal medicine. Feb 

15 1998;128(4):262-269. 

 Page 24 of 35 

A
ID

S 
R

es
ea

rc
h 

an
d 

H
um

an
 R

et
ro

vi
ru

se
s

Id
ea

l C
ar

di
ov

as
cu

la
r 

H
ea

lth
 a

nd
 C

ar
ot

id
 A

th
er

os
cl

er
os

is
 in

 a
 M

ix
ed

 C
oh

or
t o

f 
H

IV
-I

nf
ec

te
d 

an
d 

U
ni

nf
ec

te
d 

U
ga

nd
an

s 
(d

oi
: 1

0.
10

89
/A

ID
.2

01
6.

01
04

)
T

hi
s 

ar
tic

le
 h

as
 b

ee
n 

pe
er

-r
ev

ie
w

ed
 a

nd
 a

cc
ep

te
d 

fo
r 

pu
bl

ic
at

io
n,

 b
ut

 h
as

 y
et

 to
 u

nd
er

go
 c

op
ye

di
tin

g 
an

d 
pr

oo
f 

co
rr

ec
tio

n.
 T

he
 f

in
al

 p
ub

lis
he

d 
ve

rs
io

n 
m

ay
 d

if
fe

r 
fr

om
 th

is
 p

ro
of

.



25 

25 
 

A
ID

S
 R

es
ea

rc
h
 a

n
d
 H

u
m

an
 R

et
ro

v
ir

u
se

s 

Id
ea

l 
C

ar
d
io

v
as

cu
la

r 
H

ea
lt

h
 a

n
d
 C

ar
o
ti

d
 A

th
er

o
sc

le
ro

si
s 

in
 a

 M
ix

ed
 C

o
h
o

rt
 o

f 
H

IV
-I

n
fe

ct
ed

 a
n
d

 U
n

in
fe

ct
ed

 U
g
an

d
an

s 
(d

o
i:

 1
0

.1
0
8
9

/A
ID

.2
0
1

6
.0

1
0

4
) 

T
h

is
 p

ap
er

 h
as

 b
ee

n
 p

ee
r-

re
v

ie
w

ed
 a

n
d

 a
cc

ep
te

d
 f

o
r 

p
u
b

li
ca

ti
o
n

, 
b
u

t 
h
as

 y
et

 t
o
 u

n
d

er
g

o
 c

o
p
y

ed
it

in
g

 a
n
d

 p
ro

o
f 

co
rr

ec
ti

o
n

. 
T

h
e 

fi
n
al

 p
u

b
li

sh
ed

 v
er

si
o

n
 m

ay
 d

if
fe

r 
fr

o
m

 t
h

is
 p

ro
o

f.
 

42. Salonen JT, Salonen R. Ultrasound B-mode imaging in observational studies of 

atherosclerotic progression. Circulation. Mar 1993;87(3 Suppl):II56-65. 

43. Bloomfield GS, Hogan JW, Keter A, et al. Blood pressure level impacts risk of 

death among HIV seropositive adults in Kenya: a retrospective analysis of 

electronic health records. BMC infectious diseases. 2014;14:284. 

44. Chillo P, Bakari M, Lwakatare J. Echocardiographic diagnoses in HIV-infected 

patients presenting with cardiac symptoms at Muhimbili National Hospital in Dar 

es Salaam, Tanzania. Cardiovascular journal of Africa. Mar 2012;23(2):90-97. 

45. Dillon DG, Gurdasani D, Riha J, et al. Association of HIV and ART with 

cardiometabolic traits in sub-Saharan Africa: a systematic review and meta-

analysis. International journal of epidemiology. Dec 2013;42(6):1754-1771. 

46. Meya DB, Katabira E, Otim M, et al. Functional adrenal insufficiency among 

critically ill patients with human immunodeficiency virus in a resource-limited 

setting. African health sciences. Jun 2007;7(2):101-107. 

47. Friis-Moller N, Thiebaut R, Reiss P, et al. Predicting the risk of cardiovascular 

disease in HIV-infected patients: the data collection on adverse effects of anti-

HIV drugs study. European journal of cardiovascular prevention and rehabilitation 

: official journal of the European Society of Cardiology, Working Groups on 

Epidemiology & Prevention and Cardiac Rehabilitation and Exercise Physiology. 

Oct 2010;17(5):491-501. 

48. Ssinabulya I, Kayima J, Longenecker C, et al. Subclinical atherosclerosis among 

HIV-infected adults attending HIV/AIDS care at two large ambulatory HIV clinics 

in Uganda. PLoS One. 2014;9(2):e89537. 

 Page 25 of 35 

A
ID

S 
R

es
ea

rc
h 

an
d 

H
um

an
 R

et
ro

vi
ru

se
s

Id
ea

l C
ar

di
ov

as
cu

la
r 

H
ea

lth
 a

nd
 C

ar
ot

id
 A

th
er

os
cl

er
os

is
 in

 a
 M

ix
ed

 C
oh

or
t o

f 
H

IV
-I

nf
ec

te
d 

an
d 

U
ni

nf
ec

te
d 

U
ga

nd
an

s 
(d

oi
: 1

0.
10

89
/A

ID
.2

01
6.

01
04

)
T

hi
s 

ar
tic

le
 h

as
 b

ee
n 

pe
er

-r
ev

ie
w

ed
 a

nd
 a

cc
ep

te
d 

fo
r 

pu
bl

ic
at

io
n,

 b
ut

 h
as

 y
et

 to
 u

nd
er

go
 c

op
ye

di
tin

g 
an

d 
pr

oo
f 

co
rr

ec
tio

n.
 T

he
 f

in
al

 p
ub

lis
he

d 
ve

rs
io

n 
m

ay
 d

if
fe

r 
fr

om
 th

is
 p

ro
of

.



26 

26 
 

A
ID

S
 R

es
ea

rc
h
 a

n
d
 H

u
m

an
 R

et
ro

v
ir

u
se

s 

Id
ea

l 
C

ar
d
io

v
as

cu
la

r 
H

ea
lt

h
 a

n
d
 C

ar
o
ti

d
 A

th
er

o
sc

le
ro

si
s 

in
 a

 M
ix

ed
 C

o
h
o

rt
 o

f 
H

IV
-I

n
fe

ct
ed

 a
n
d

 U
n

in
fe

ct
ed

 U
g
an

d
an

s 
(d

o
i:

 1
0

.1
0
8
9

/A
ID

.2
0
1

6
.0

1
0

4
) 

T
h

is
 p

ap
er

 h
as

 b
ee

n
 p

ee
r-

re
v

ie
w

ed
 a

n
d

 a
cc

ep
te

d
 f

o
r 

p
u
b

li
ca

ti
o
n

, 
b
u

t 
h
as

 y
et

 t
o
 u

n
d

er
g

o
 c

o
p
y

ed
it

in
g

 a
n
d

 p
ro

o
f 

co
rr

ec
ti

o
n

. 
T

h
e 

fi
n
al

 p
u

b
li

sh
ed

 v
er

si
o

n
 m

ay
 d

if
fe

r 
fr

o
m

 t
h

is
 p

ro
o

f.
 

49. Ortblad KF, Lozano R, Murray CJ. The burden of HIV: insights from the Global 

Burden of Disease Study 2010. Aids. Aug 24 2013;27(13):2003-2017. 

50. Bloomfield GS, Hogan JW, Keter A, et al. Hypertension and obesity as 

cardiovascular risk factors among HIV seropositive patients in Western Kenya. 

PLoS One. 2011;6(7):e22288. 

51. Edward AO, Oladayo AA, Omolola AS, Adetiloye AA, Adedayo PA. Prevalence of 

traditional cardiovascular risk factors and evaluation of cardiovascular risk using 

three risk equations in nigerians living with human immunodeficiency virus. North 

American journal of medical sciences. Dec 2013;5(12):680-688. 

52. Nery MW, Martelli CM, Silveira EA, et al. Cardiovascular risk assessment: a 

comparison of the Framingham, PROCAM, and DAD equations in HIV-infected 

persons. TheScientificWorldJournal. 2013;2013:969281. 

53. Ulmer H, Kelleher C, Diem G, Concin H. Long-term tracking of cardiovascular 

risk factors among men and women in a large population-based health system: 

the Vorarlberg Health Monitoring & Promotion Programme. European heart 

journal. Jun 2003;24(11):1004-1013. 

 

Reprint requests should be directed to:  
 

Matthew J. Feinstein 
Division of Cardiology, Department of Medicine 

Northwestern University Feinberg School of Medicine 
680 N. Lake Shore Drive, Suite 1400 

Chicago, IL 60611 
Telephone: 312-503-0027 

Fax: 312-695-0063 
Email: matthewjfeinstein@northwestern.edu 

  

 Page 26 of 35 

A
ID

S 
R

es
ea

rc
h 

an
d 

H
um

an
 R

et
ro

vi
ru

se
s

Id
ea

l C
ar

di
ov

as
cu

la
r 

H
ea

lth
 a

nd
 C

ar
ot

id
 A

th
er

os
cl

er
os

is
 in

 a
 M

ix
ed

 C
oh

or
t o

f 
H

IV
-I

nf
ec

te
d 

an
d 

U
ni

nf
ec

te
d 

U
ga

nd
an

s 
(d

oi
: 1

0.
10

89
/A

ID
.2

01
6.

01
04

)
T

hi
s 

ar
tic

le
 h

as
 b

ee
n 

pe
er

-r
ev

ie
w

ed
 a

nd
 a

cc
ep

te
d 

fo
r 

pu
bl

ic
at

io
n,

 b
ut

 h
as

 y
et

 to
 u

nd
er

go
 c

op
ye

di
tin

g 
an

d 
pr

oo
f 

co
rr

ec
tio

n.
 T

he
 f

in
al

 p
ub

lis
he

d 
ve

rs
io

n 
m

ay
 d

if
fe

r 
fr

om
 th

is
 p

ro
of

.



27 

27 
 

A
ID

S
 R

es
ea

rc
h
 a

n
d
 H

u
m

an
 R

et
ro

v
ir

u
se

s 

Id
ea

l 
C

ar
d
io

v
as

cu
la

r 
H

ea
lt

h
 a

n
d
 C

ar
o
ti

d
 A

th
er

o
sc

le
ro

si
s 

in
 a

 M
ix

ed
 C

o
h
o

rt
 o

f 
H

IV
-I

n
fe

ct
ed

 a
n
d

 U
n

in
fe

ct
ed

 U
g
an

d
an

s 
(d

o
i:

 1
0

.1
0
8
9

/A
ID

.2
0
1

6
.0

1
0

4
) 

T
h

is
 p

ap
er

 h
as

 b
ee

n
 p

ee
r-

re
v

ie
w

ed
 a

n
d

 a
cc

ep
te

d
 f

o
r 

p
u
b

li
ca

ti
o
n

, 
b
u

t 
h
as

 y
et

 t
o
 u

n
d

er
g

o
 c

o
p
y

ed
it

in
g

 a
n
d

 p
ro

o
f 

co
rr

ec
ti

o
n

. 
T

h
e 

fi
n
al

 p
u

b
li

sh
ed

 v
er

si
o

n
 m

ay
 d

if
fe

r 
fr

o
m

 t
h

is
 p

ro
o

f.
 

Table 1. Cohort Characteristics 

Variable HIV-Infected 

(N=105) 

Uninfected 

(N=100) 

P value 

Age (mean, SD, IQR) 49.3 ± 6.2 

(45-51) 

51.8 ± 8.9 

(46-54) 

0.02 

% Female 51.4% 50.0% 0.84 

Smoking Status    

 Current Smoker 4 (3.8%) 18 (18.0%)  

 Prior Smoker 35 (33.3%) 32 (32.0%)  

 Never Smoker 66 (62.9%) 50 (50.0%)  

 Ideal Smoking Status (Never Smoker or Quit >12 

Months Ago) 

101 (96.2%) 82 (82.0%) 0.001 

Body-Mass Index (BMI)    

 Mean BMI (kg/m
2
) (SD) 22.8 ± 3.8 22.9 ± 5.0  

 Ideal BMI (<25 kg/m
2
) 71 (67.6%) 64 (64.0%) 0.59 

Physical Activity    

 Minutes of vigorous activity per week (mean, SD) 1591 ± 847 1561 ± 803  

 Minutes of moderate activity per week (mean, SD) 849 ± 986 938 ± 977  

 Ideal Physical Activity (≥150 min/wk moderate intensity; 

or ≥75 min/wk vigorous intensity) 

93 (88.6%) 99 (99.0%) 0.002 

Diet    

 Servings of vegetables per week (mean, SD) 7.1 ± 4.9 5.1 ± 3.7  

 Servings of fruit per week 8.0 ± 7.2 5.0 ± 4.8  

 Ideal Diet (proxy score based on available data)** 19 (18.6%) 7 (7.4%) 0.02 

Cholesterol    

 Total Cholesterol (mg/dL; mean, SD, IQR) 159.0 ± 40.3 161.3 ± 34.1  

 Ideal Cholesterol (total cholesterol <200 mg/dL) 84 (80%) 87 (88.8%)*** 0.09 

Blood pressure    
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 Systolic blood pressure (mmHg; mean, SD)  113.4 ± 18.1 122.2 ± 17.8  

 Diastolic blood pressure (mmHg; mean, SD) 72.0 ± 11.1 78.6 ± 10.5  

 Ideal blood pressure (<120/<80 mmHg) 70 (66.7%) 36 (36.0%) <0.001 

Blood glucose/diabetes    

 Hemoglobin A1c (%; mean, SD) 5.6 ± 1.3 5.6 ± 0.5  

 Ideal glucose status (Hemoglobin A1c<5.7%) 76 (72.4%) 58 (58.0%) 0.03 

Number of Ideal Cardiovascular Health Metrics (N, %)    

 1 1 (1.0%) 0  

 2 4 (3.8%) 4 (4.0%)  

 3 6 (5.7%) 21 (21.0%)  

 4 21 (20.0%) 29 (29.0%)  

 5 38 (36.2%) 32 (32.0%)  

 6 32 (30.5%) 12 (12.0%)  

 7 3 (2.9%) 2 (2.0%) 0.002 

Prevalent Clinical Diagnoses (By Self-Report)    

 Cardiovascular Disease 14 (13.3%) 13 (13.0%)  

 Hypertension 13 (9.5%) 7 (7.0%)  

 Hyperlipidemia 2 (1.9%) 1 (1.0%)  

 Heart Failure 0 3 (3.0%)  

 Diabetes 3 (2.9%) 2 (2.0%)  

 Renal Failure 1 (1.0%) 1 (1.0%)  

 Stroke 1 (1.0%) 1 (1.0%)  

 Cancer 3 (2.9%) 1 (1.0%)  

Medication Use    

 Antihypertensive Medication 7 (6.7%) 1 (1.0%)  

 Lipid-Lowering Medication 0 0  
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Table 2B. Regression of Ideal CVH score without Laboratory Results (Cholesterol, Glucose) 

and Carotid IMT 

 Univariate models Multivariable models 

 Coefficient 

(95% CI) 

P-value Coefficient  

(95% CI) 

P-value 

Ideal CVH 

score 

-0.023 

(-0.039, -0.006) 

0.007 -0.018 

(-0.035, 0.001) 

0.04 

HIV serostatus -0.038 

(-0.068, -0.010) 

0.009 -0.030 

(-0.060, 0.000) 

0.05 

Interaction term   0.011 0.50 

 

 
Table 2A. Regression of Ideal CVH Score and Carotid IMT 

 Univariate models Multivariable models 

 Coefficient 

(95% CI) 

P-value Coefficient  

(95% CI) 

P-value 

Ideal CVH score -0.027 

(-0.039, -0.015) 

<0.001 -0.024 

(-0.036, -0.012) 

<0.001 

HIV serostatus -0.038 

(-0.068, -0.010) 

0.009 -0.026 

(-0.054, 0.003) 

0.08 

Interaction term   0.011 0.38 
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Figure 1. Proportion of HIV-Infected and Uninfected Participants with Ideal Levels of Cardiovascular 
Health Metrics 
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http://online.liebertpub.com/action/showImage?doi=10.1089/AID.2016.0104&iName=master.img-6000.jpg&w=467&h=272
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Figure 2.A. Mean Common Carotid Intima-Media Thickness (IMT) by Number of Ideal Cardiovascular 
Health Metrics 
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http://online.liebertpub.com/action/showImage?doi=10.1089/AID.2016.0104&iName=master.img-6001.jpg&w=467&h=281
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Figure 2.B. Mean Common Carotid Intima-Media Thickness (IMT) by Number of Ideal Cardiovascular 
Health Metrics: HIV-Infected Participants 
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Figure 2.C. Mean Common Carotid Intima-Media Thickness (IMT) by Number of Ideal Cardiovascular 
Health Metrics: Uninfected Participants 
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Figure 2.D. Mean Common Carotid Intima-Media Thickness (IMT) by Number of Non-Laboratory Ideal 
Cardiovascular Health Metrics 
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