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ABSTRACT
Human immunodeficiency virus (HIV) infection is associated with increased cardiovascular diseases
(CVD:s) even in patients with viral suppression by combination antiretroviral therapy (cART). Arterial
stiffness is an independent predictor of CVDs in diseased individuals and the general population.
Cardio-ankle vascular index (CAVI) is an index of arterial stiffness that has been shown to predict o
. R . . R Arterial stiffness; CAVI; HIV;
target organ damage. CAVI is less studied in HIV patients. We compared the levels of arterial cardiometabolic risk factors:
stiffness using CAVI and associated factors among cART-treated and cART-naive HIV patients to CART '
those of non-HIV controls. In a case-control design, 158 cART-treated HIV patients, 150 cART-naive
HIV patients and 156 non-HIV controls were recruited from a periurban hospital. We collected data
on CVD risk factors, anthropometric characteristics, CAVI, and fasting blood samples to measure
plasma glucose, lipid profile, and CD4+ cell counts. Metabolic abnormalities were defined using the
JIS criteria. CAVI increased in cART-treated HIV patients compared to cART-naive HIV patients and
non-HIV controls (7.8 + 1.4 vs 6.6 + 1.1 vs 6.7 £ 1.4 respectively, p < 0.001). CAVI was associated with
metabolic syndrome in non-HIV controls [OR (95% Cl) = 2.14 (1.04-4.4), p = 0.039] and cART-naive
HIV patients [1.47 (1.21-2.38), p =0.015], but not in cART-treated HIV patients [0.81 (0.52-1.26), p =
0.353]. In cART-treated HIV patients, a tenofovir (TDF)-based regimen (3 =—0.46, p =0.023) was
associated with decreased CAVI and decreased CD4+ cell count (B =-0.23, p=0.047) was asso-
ciated with increased CAVI. In a periurban hospital in Ghana, compared to non-HIV controls or
cART-naive HIV patients, cART-treated HIV patients had increased arterial stiffness measured as
CAVI. CAVI is associated with metabolic abnormalities in non-HIV controls and cART-naive HIV
patients, but not in cART-treated HIV patients. Patients on TDF-based regimens had decreased CAVI.
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1. Introduction

The global infection rate and burden of the human
immunodeficiency virus (HIV) have reduced; however,
sub-Saharan Africa is responsible for more than two-
thirds of the new global HIV infections [1]. Fortunately,
due to the widespread availability and access to combi-
nation antiretroviral therapy (cART), even in poor
resource settings in sub-Saharan Africa, the burden of
AIDS-related morbidity and mortality has been mark-
edly reduced [2,3]. However, there is still high morbidity
and mortality in HIV patients compared to non-HIV
individuals, mainly due to chronic diseases such as car-
diovascular disease (CVD) [3]. HIV replication is asso-
ciated with immune activation, particularly activation
of CD4 and CD8 T cells, which leads to increased sys-
temic subclinical inflammation [4]. This may lead to the
formation of atherosclerotic plaques and/or stiffening of
the large arteries. Arterial stiffness of the medium and
large arteries has been associated with the future devel-
opment of CVD in diseased patients and the general
population [5].

The cardio-ankle vascular index (CAVI) is a maker
of arterial stiffness derived from the stiffness para-
meter 3, which is reported to have less influence by
fluctuation in blood pressure [6]. This makes CAVI
unique from other arterial stiffness that is based on
pulse wave velocity (PWV), such as carotid-femoral
PWV and brachial-ankle PWV [6,7]. CAVI has been
reported in several studies to be associated with
cardiovascular-related organ damage [8,9] and mor-
tality [10]. Several studies conducted in Africa and
other parts of the world have reported arterial stiff-
ness in HIV patients using PWV [2,11-14]. We found
only two studies that have recently reported CAVI
in the Thai HIV population [15,16], and none in sub-
Saharan Africa. There is racial variation of arterial
stiffness across lifespan, with blacks reported to
have high levels of arterial stiffness compared to
Caucasians and Asians at any given age range [17].
In addition, environmental factors such as diet,
levels of physical activity and psychosocial para-
meters can affect arterial stiffness across different
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sociodemographic regions [2,14,17]. There is also
conflicting report as to whether HIV infection and/
or ART medication lead to increase in arterial stiff-
ness [2]. Therefore, we compared arterial stiffness
using CAVI between cART-treated and cART-naive
HIV patients with those of non-HIV controls. We
also investigated factors associated with changes
in CAVI among study participants. We hypothesize
that, compared to non-HIV controls, individuals with
HIV infection and cART medication may increase
arterial stiffness measured as CAVI.

2. Methods
2.1. Study participants, site and design

This study was conducted from October 2019 through
February 2020, and the design was a case-control study
with HIV patients as cases and the controls were non-
HIV individuals who visited the facility for voluntary
testing of their HIV status. HIV patients were classified
as those under cART treatment (cART-treated) and
newly diagnosed patients who had not yet received
cART treatment (cART-naive). The study was conducted
at Atua Government Hospital, a 150-bed primary health-
care facility, located at the Agormanya, a periurban
town in the Eastern region of Ghana. The Agormanya
area has a high prevalence of HIV infection compared to
the national prevalence. The hospital has approximately
3000 HIV patients on its registry. Participants with
a diagnosis of diabetes or fasting blood glucose (FPG)
> 7 mmol/L, a history of cardiovascular disease or treat-
ment and those with an ankle-brachial index <0.9 were
excluded from the study. Ethical approval was obtained
from the College of Health Sciences Ethical & Protocol
Review Committee (CHS-Et/M.6-5.17/2018-2019) and
all participants provided voluntary informed consent
before joining the study.

2.2. Data collection

A structured questionnaire was used to obtain data
on sociodemographic factors like age, gender, lifestyle
factors (smoking, alcohol intake), medical history
(hypertension, diabetes, cardiovascular disease), cur-
rent medication (antihypertensive agents, cART),
occupation, education (school cycles completion),
marital status. Smoking status was classified as
never, past (smoking cessation since more than 1
year before the survey) or current smoking.

Body weight and height were measured using
a stadiometer in light clothing with footwear
removed, with a body-mass index (BMI) calculated
as weight/height® and categorized as underweight
(<18.5kg/m?), normal weight (18.5-24.9 kg/m?),
overweight (25-29.9kg/m?), and obese (=30kg/
m?). Waist and hip circumferences were measured

with a non-elastic tape measure parallel to the
floor without compressing the skin. The percentage
of body fat was estimated through a bioelectrical
impedance analysis with the Body composition
monitor (BF- 508, Omron Healthcare, Inc., Vernon
Hills, IL, USA). Blood pressure (BP) was measured
using a semi-automated blood pressure monitor
(average of two measures for each arm at 1-min
intervals). Hypertension was defined as those hav-
ing systolic BP =140 mmHg and/or diastolic BP =90
mmHg or taking antihypertensive treatment.

We collected 5 ml of fasting venous blood sam-
ples from each participant in appropriate tubes,
centrifuged them at 4000G, and serum/plasma
was aliquoted and stored at —80°C until analysis.
Fasting plasma glucose (FPG), total cholesterol,
high-density lipoprotein cholesterol and plasma tri-
glyceride levels were analysed using a biochemistry
analyser (Contec BC 400, China) and commercial
reagents (Randox Laboratory Reagents, UK). Low-
density lipoprotein (LDL) cholesterol levels were
calculated using Friedewald’s formula. CD4 cell
count was measured using TriTEST reagents follow-
ing a dual platform protocol and MultiSET and
Attractors software using a FACScan flow cytometer
(Becton-Dickinson, NJ, USA). Metabolic syndrome
was defined by the joint interim statement criteria
[18] as having three or more of the following: (1)
abdominal obesity (waist circumference =94 cm for
men & > 80 cm for women); (2) high triglycerides
>1.7mmol/L; (3) low HDL cholesterol: men <1.0
mmol/L or women <1.3 mmol/L; and (4) High BP
(systolic BP =130 mmHg and/or diastolic BP =85
mmHg); and (5) fasting plasma glucose (FPG) =5.6
mmol/I.

CAVI was measured using Vasera 1500N (Fukuda-
Denshi, Japan) with the participant resting supine for at
least 10 minutes before measurement. Electrocardiogram
electrodes were placed on both wrists, a microphone for
detecting heart sounds was placed on the sternum, and
cuffs were wrapped around the upper arms and ankles.
CAVI values were computed automatically. Briefly, CAVI
corresponds to the stiffness parameter 3, calculated from
the values of heart-ankle PWV and BP as follows:

B = (2p/AP)- [In (Py/Py)]-PWV?

Where p indicates blood density; AP, pulse pressure;
In, natural log; Py, systolic BP; and Py, diastolic BP
[19,20].

2.3. Sample size calculation

Sample size was computed based on the data from
a previous pilot study [21]. A minimum of 133 partici-
pants was required in each patient group to detect an



effect size >0.4, with a power of 90% and a significance
level of 95%.

2.4. Data analysis

IBM SPSS version 28 was used to summarise results
as proportions for categorical variables and means
and standard deviations (SD) for continuous vari-
ables. Shapiro Wilk test was used to check the
normality of the quantitative variables, and non-
normally distributed variables were transformed
appropriately. Mean differences between groups of
patients were analysed by ANOVA and ANCOVA to
adjust for covariates. The distribution of categorical
data was analysed by ¥° test, and association
between variables wusing Pearson’s correlation.
Multiple regressions, with all appropriate para-
meters forced into the model, were performed to
determine independent association between
patients’ characteristics and CAVI. Logistic regres-
sion analyses were performed to determine the
association between cardiometabolic abnormalities
and CAVI. p-values <0.05 were considered statisti-
cally significant.

Table 1. General characteristics of study participants.
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3. Results
3.1. General characteristics of study participants

The mean age of the study participants was 38.4 +
13.7 years with two-thirds being females. There was
no difference in mean age among various categories
of participants. There was a high proportion of HIV
patients who were hypertensive, overweight, and cur-
rently or previously smoked. Compared to non-HV
participants and cART-naive HIV patients, HIV patients
on cART treatment had higher waist circumference,
waist-hip ratio, percentage of body fat, mean diastolic
and blood pressures, and heart rate. HIV patients on
cART had higher levels of fasting plasma glucose
(FPG), triglycerides, and total and LDL cholesterol
compared to non-HIV participants. cART-treated HIV
patients had higher levels of CAVI and MetS com-
pared to cART-naive HIV patients or non-HIV partici-
pants, but no difference between cART-naive and
non-HIV participants (Table 1). The average duration
of HIV infection in cART-treated HIV patients was 7.6
+ 4.6 years and the average duration of cART treat-
ment was 7.2 +4.5years. For the cART medication
regimen, 94 (59.5%) patients were treated with TDF/
3TC/NVP or EFV regimens, 52 (32.9%) patients were

All Participants Non-HIV controls cART-naive HIV patients cART-treated HIV patients p

N 464 156 150 158
Age, years 384+137 36.7 £ 144 382+116 39+114 0.109
Females, n (%) 312 (67.2) 106 (67.9) 84 (56) 122 (77.2) 0.02
Married, n (%) 198 (42.7) 70 (44.9) 62 (41.3) 66 (41.8) 0.79
Smoking, n (%) 0.029

Current 16 (3.4) 2 (1.3) 4 (2.7) 10 (6.3)

Former 57 (15.9) 9 (5.8) 22 (14.6) 26 (16.5)

Never 187 (80.6) 71 (92.9) 124 (82.7) 132 (83.5)
Alcohol intake, n (%) 102 (22) 38 (24.4) 36 (24) 28 (17.7) 0.55
Waist circumference, cm 87+12 85+ 11 84+ 11 90 + 12#* 0.002
Hip circumference, cm 102+ 11 103+ 11 99+ 11* 103+ 11 0.074
Body height, cm 164+7 164+8 164 +7 162+7 0.194
Waist-hip ratio 0.85+0.08 0.82 +£0.08 0.84 +0.07* 0.88+0.08* <0.001
Body weight, kg 60+13.2 68 +13.3 64.4+73 658+ 14 0.204
BMI, kg/m2 248 +5 254+47 23.7 +4.4* 253+57 0.061
BMI categories, n (%) 0.024

Underweight 34 (7.4) 6 (3.9) 16 (10.7) 12 (7.6)

Normal 238 (51.5) 70 (45.5) 94 (62.7) 74 (46.8)

Overweight 116 (25.1) 46 (29.9) 18 (12) 52 (32.9)

Obese 74 (16) 32 (20.8) 22 (14.7) 20 (12.7)
Body fat, % 31+12.2 324+£125 27.6 +11.8% 328+11.6" 0.014
Systolic BP, mmHg 134+18 132+13 133£19 137+£22 0.184
Diastolic BP, mmHg 83+ 11 80+9 83+12 86+ 12" 0.008
Mean BP, mmHg 100 + 14 98+ 10 99 + 14 104+ 16" 0.007
Pulse BP, mmHg 51+13 52+10 50+ 10 51+13 0.672
Heart rate, bpm 74+9 72+8 73+9 80+ 8" <0.001
Hypertension, n (%) 162 (34.9) 48 (30.8) 46 (30.7) 68 (43) 0.031
FPG, mmol/I 52+0.8 5+0.9 51+0.8 5.6 +0.8% <0.001
Triglycerides, mmol/I 14+04 14+03 14+04 1.6 +0.4* <0.001
Total cholesterol, mmol/I 51+1.2 48+1.2 5+1.1 56+1.1*% <0.001
HDL cholesterol, mmol/I 1.5+04 1.6+04 14+04 1.5+0.5 0.128
LDL cholesterol mmol/I 3£09 26+09 3£0.8* 33+07" <0.001
MetS 178 (38.4) 34 (21.8) 42 (28) 102 (64.6) <0.001
Current CD4 count, cells/mm? 405 (273-562) 430 (327-534) 403 (253-583) 0.804
CAVI 71+14 6.6+1.1 6.7+t14 78+14" <0.001

Note: BMI, body mass index; BP, blood pressure; FPG, fasting blood glucose; HDL, high density lipoprotein; LDL, low density lipoprotein; CAVI, cardio-

ankle vascular index; MetS, metabolic syndrome.
*p < 0.05 compared to non-HIV controls.
#p < 0.05 compared to cART-naive HIV patients.
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on AZT/3TC/NVP or EFV regimens and 12 (7.6%)
patients were on LPV/r-based regimens.

3.2. Comparison of CAVI among study
participants

There was no difference in the levels of CAVI between
male and female participants (7.1+13vs 7+1.4, p=
0.883, respectively). In non-HIV controls (6.8 + 1.1 vs
6.3 1.1, p=0.023) and cART-naive HIV patients (7.1 =
1.5 vs 6.5+ 1.3, p=0.031), CAVI was higher in those
with MetS compared to those without MetS, but no
differences in CAVI was observed between cART-
treated HIV patients with and without MetS (7.7 £ 1.4
vs 8+ 1.4, p=0.141). When CAVI levels were com-
pared among various categories of BMI in all study
participants, the obese group had lower CAVI than the
overweight and normal groups, with the underweight
group having the highest CAVI. In non-HIV controls,
the underweight group had higher CAVI compared to
the other BMI groups. In cART- naive and cART-
treated HIV patients, obese participants had a lower

12
M normal
10

CAVI
IS o

N

All participants

M overweight

Non-HIV controls

CAVI than normal BMI participants (Figure 1). Similar
observations were made when the mean CAVI values
were adjusted for covariates in ANCOVA analysis
(Supplementary, S1). When HIV patients were classi-
fied according to their CD4+ cell count, CAVI was
highest in patients with CD4+ cell count <200 cell/
mm?, followed by those with CD4+ cell count 200-
500 cells/mm?3, and those with CD4+ cell count >500
cells/mm?> had the lowest CAVI (Figure 2). Similar
observations were made when adjusted for covariates
(Supplementary, S2).

3.3. Correlation between CAVI and participants
characteristics

In all study participants, CAVI was positively correlated
with age, waist-hip ratio, BPs, heart rate, FPG, and
total and LDL cholesterol levels; negatively correlated
with body weight, hip circumference, BMI, body fat,
and CD4+ cell count. In non-HIV controls, CAVI was
positively correlated with age, BPs, total and LDL
cholesterol, and negatively correlated with hip

Mobese Munderweight

ut

cART-treated HIV
patients

cART-naive HIV
patients

Study participants

Figure 1. Levels of CAVI among various BMI categories in study participants.
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Figure 2. Levels of CAVI levels among CD4+ cell count categories in HIV patients.
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Table 2. Correlation between CAVI and characteristics of study participants.

All participants

Non-HIV controls

cART-naive HIV patients cART-treated HIV patients

r p r p r p r p
Age 0.72 <0.001 0.72 <0.001 0.67 <0.001 0.67 <0.001
Weight -0.23 <0.001 -0.1 0.242 -0.41 <0.001 -0.25 0.003
Height —-0.05 0.344 -0.02 0.852 -0.21 0.02 0.18 0.033
Waist circumference 0.05 0.315 0.14 0.118 -0.14 0.146 -0.11 0.201
Hip circumference -0.23 <0.001 -0.17 0.049 -0.32 <0.001 —0.31 <0.001
WHR 0.33 <0.001 0.35 0.25 0.007 0.2 0.021
BMI —-0.21 <0.001 —-0.08 0.339 -0.33 <0.001 -0.33 <0.001
Body fat -0.15 <0.001 —0.08 0.342 -0.29 0.002 -0.27 0.002
Systolic BP 0.3 <0.001 0.36 <0.001 0.2 0.027 0.17 0.055
Diastolic BP 0.35 <0.001 0.47 <0.001 0.33 <0.001 0.23 0.006
Mean BP 0.36 <0.001 0.46 <0.001 0.28 0.003 0.23 0.008
Pulse BP 0.05 0.142 0.06 0.474 —0.04 0.704 0.06 0.503
Heart rate 0.13 0.01 0.14 0.114 0.14 0.123 -0.17 0.052
FPG 0.15 0.003 —0.02 0.809 0.21 0.025 -0.03 0.69

Total cholesterol 0.14 0.006 0.19 0.027 -0.01 0.591 —-0.05 0.535
Triglycerides 0.09 0.094 0.08 0.373 0.05 0.56 -0.15 0.084
HDL cholesterol —0.01 0.885 0.05 0.55 0.03 0.737 -0.14 0.097
LDL cholesterol 0.19 <0.001 0.23 0.007 -0.09 0.322 0.06 0.498
CD4 cell count -0.45 <0.001 -0.69 <0.001 —-0.38 <0.001
Duration of HIV infection 0.32 <0.001
cART treatment duration 0.31 <0.001

Note: WHR, waist-hip ratio; BMI, body mass index; BP, blood pressure; FPG, fasting blood glucose; HDL, high-density lipoprotein; LDL, low-density

lipoprotein; cART, combination antiretroviral therapy.

circumference. In cART-naive HIV patients, CAVI was
positively correlated with age, waist-hip ratio, blood
pressure indices and fasting blood glucose, and nega-
tively correlated with body weight and height, hip
circumference, BMI, body fat and CD4+ cell count. In
cART-treated HIV patients, CAVI was positively corre-
lated with age, body height, waist-hip ratio, systolic
and diastolic BP, duration of HIV infection, and cART
treatment; and negatively correlated with body
weight, hip circumference, BMI, body fat, and CD4+
cell count (Table 2).

3.4. Determinant of CAVI from multiple linear
regression

In multivariate regression analyses among all study
participants with all parameters forced into the

models, CAVI was significantly associated with
increased age, systolic BP, and cART-treated HIV
patients compared to non-HIV controls and smokers
compared to non-smokers while CAVI decreased
with increasing BMI. In non-HIV controls, CAVI was
associated with increasing age and systolic BP, as
well as decreasing BMI. In cART-naive HIV patients,
CAVI was associated with an increase in age and
systolic BP while CAVI decreased with an increase
in body height, BMI, and CD4+ cell count. In cART-
treated HIV patients, CAVI was associated with
increased age and systolic BP, and decreased body
height, BMI, triglycerides, and CD4 cell count. CAVI
decreased in patients on the TDF-based regimen
compared to the AZT-based regimen (Table 3).

Association between CAVI and cardiometabolic
abnormalities

Table 3. CAVI Determinants from multivariate linear regression analyses in various Study Groups.

All participants

Non-HIV controls

cART-naive HIV patients cART-treated HIV patients

B+SE B p B+SE B p B+SE B p B+SE B p

HIV status (Reference: Non-HIV participants)
cART-naive -0.09+0.11 -0.06 0.409
cART-treated 0.23+0.12 0.167 0.039
Age 0.06 £ 0.01 0.64  <0.001 0.05£0.01 0.7 <0.001 0.05 £0.01 0.41 <0.001 0.07 £0.01 0.55 <0.001
Female gender 0.04+0.12 0.03 0.767 0.01£0.22 0.01 0975 0.09+£0.18 0.07 0617 0.31+£0.33 022 0364
Alcohol usage 0.18+0.11 0.13 0.08 0.18+0.14 0.17 0.194 0.17+£0.18 0.13 0345 03+03 021 033
Current smoking 0.48 +0.23 0.35 0.039 -045+049 -041 0.367 0.77 £0.41 0.57 0.061 0.57 £0.53 041 0.288
Systolic BP 0.02 £0.01 0.22 <0.001 0.02 £0.01 0.23  0.004 0.01 £0.01 0.15 0.01 0.01 £0.01 0.23  0.042
Body height —-0.01+0.01 -0.07 0.071 -0.01+£0.01 -0.06 0526 -0.05+0.01 -0.25 <0.001 0.01 £0.02 0.07 0.502
BMI -0.1+£0.01 -039 <0.001 -0.09+0.02 -041 <0.001 -0.08+0.02 -0.27 <0.001 -0.1+0.02 -044 <0.01
Total cholesterol 0.05 +0.05 0.04 0.361 0.13 £0.07 0.14 0.098 -0.11+£0.08 -0.09 0.193 0.26 £0.16 021  0.113
Triglycerides -0.16 £0.16 —0.04 0324 -043+0.27 -0.12 0.111 0.22 £0.24 0.06 0367 -096+044 -0.26 0.034
FPG —0.03+0.05 -0.01 0.819 0.03 £0.07 0.02 0714 -0.13£0.1 —-0.07 0.196 -0.09+0.18 -0.05 0.631
v/CD4count -0.58+0.09 -0.41 <0.001 -0.23+0.12 -0.23 0.047
cART regimen (Reference: AZT/3TC/NVP or EFV)

TDF/3TC/NVP or EFV -0.64+0.28 -046 0.023

LPV/r-based 0.32+£0.42 0.23 0.45

Note: BMI, body mass index; BP, blood pressure; FPG, fasting blood glucose; cART, combination antiretroviral therapy; AZT, zidovudine; 3TC, Lamivudine;
TDF, tenofovir; NVP, nevirapine; EVF, efavirenz; LVP/r, Lopinavir/ritonavir. All parameters were forced into the linear regression model.
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The association between CAVI and cardiometabolic
abnormalities were examined using logistic regression
analyses. In all participants, a unit change in CAVI was
associated with increased odds of impaired fasting
glucose, high systolic BP, high triglycerides, and
MetS in the unadjusted model. After adjustments,
high systolic BP and MetS remained associated with
CAVI. In non-HIV controls, a unit change in CAVI was
associated with increased odds of MetS in unadjusted
and adjusted models. In cART-naive HIV patients, CAVI
was associated with high systolic BP, high triglycer-
ides and MetS in unadjusted and adjusted models. In
cART-treated HIV patients, only high systolic BP was
associated with CAVI in unadjusted and adjusted
models (Table 4).

4. Discussion

The main findings from this study are: CAVI increased
in cART-treated HIV patients compared to cART-naive
HIV patients and non-HIV controls. In study partici-
pants, regardless of HIV or cART status, CAVI was
associated with increased age and systolic BP, as
well as decreased BMI. CAVI was associated with
metabolic syndrome in non-HIV controls and cART-
naive HIV patients, but not in cART-treated HIV
patients. In cART-treated HIV patients, the TDF-based

regimen was associated with decreased CAVI and
decreased CD4+ cell count was associated with
increased CAVI.

In this study, we found that CAVI increases in HIV
patients treated with cART, but is similar among cART-
naive HIV patients and non-HIV controls. CAVI is
a sensitive marker of arterial stiffness and several studies
have shown that it predicts CVD in patients and the
general population [9,10]. From our literature search,
we found just two studies that reported CAVI in HIV
patients. These studies were carried out in the Thai
population and reported no differences in CAVI
between HIV patients and non-HIV controls [15,16],
which contrasts with what we observed in our study
population. Previous studies conducted in the sub-
Saharan African population have reported arterial stiff-
ness in HIV patients using PWV. Similar to the findings of
our study, Msoka et al. reported higher levels of arterial
stiffness, measured as aortic PWV, in Tanzanian HIV
patients compared to controls [22]. A similar finding of
elevated arterial stiffness was reported in Cameroonian
HIV patients using carotid-femoral PWV [14]. In contrast
to our findings, studies conducted in South Africa [4,11],
Cameroon [23] and Ethiopia [12] reported similar levels
of arterial stiffness between HIV patients and non-HIV
controls. Recent metanalysis reported that arterial stiff-
ness measured as carotid-femoral PWV is increased in

Table 4. Association between CAVI and metabolic abnormalities from logistics regression models.

Unadjusted model

Multivariable adjusted model

OR (95% Cl) p OR (95% Cl) p
All study participants
Impaired fasting glucose 1.24 (1.08-1.42) 0.002 1.09 (0.89-1.34) 0.393
High systolic BP 1.46 (1.26-1.69) <0.001 1.69 (1.33-2.15) <0.001
Abdominal obesity 1.1 (0.96-1.25) 0.117 1.06 (0.75-1.51) 0.749
Low HDL 1.01 (0.88-1.17) 0.846 1.14 (0.92-1.41) 0.221
High triglycerides 1.25 (1.08-1.44) 0.002 1.18 (0.92-1.51) 0.19
Metabolic syndrome 1.27 (1.11-1.46) <0.001 1.19 (1.09-1.53) 0.013
Non-HIV controls
Impaired fasting glucose 1.02 (0.74-1.39) 0.923 1.34 (0.75-2.38) 0.326
High systolic BP 1.85 (1.3-2.61) <0.001 1.62 (0.76-3.47) 0.214
Abdominal obesity 1.01 (0.75-1.36) 0.95 0.68 (0.22-2.13) 0.51
Low HDL 0.81 (0.56-1.16) 0.254 1.62 (0.85-3.07) 0.142
High triglycerides 0.9 (0.61-1.33) 0.604 0.7 (0.34-1.45) 0.334
Metabolic syndrome 1.19 (1.07-1.56) 0.022 2.14 (1.04-4.4) 0.039
cART-naive HIV patients
Impaired fasting glucose 1.44 (1.11-1.85) 0.005 1.33 (0.88-2) 0.176
High systolic BP 1.61 (1.23-2.12) <0.001 1.84 (1.24-2.72) 0.002
Abdominal obesity 1.04 (0.83-1.31) 0.721 1.75 (0.97-3.15) 0.063
Low HDL 0.88 (0.68-1.15) 0.354 0.91 (0.59-1.39) 0.656
High triglycerides 1.22 (1.09-1.62) 0.016 1.45 (1.12-2.54) 0.029
Metabolic syndrome 1.26 (1.07-1.63) 0.031 1.47 (1.21-2.38) 0.015
cART-treated HIV patients
Impaired fasting glucose 0.87 (0.69-1.1) 0.248 1.15 (0.76-1.76) 0.503
High systolic BP 1.36 (1.06-1.73) 0.014 1.51 (1.01-2.24) 0.044
Abdominal obesity 0.91 (0.71-1.16) 0.451 0.52 (0.26-1.07) 0.075
Low HDL 0.99 (0.79-1.25) 0.924 1.05 (0.69-1.59) 0.826
High triglycerides 0.96 (0.77-1.21) 0.751 1.06 (0.7-1.6) 0.791
Metabolic syndrome 0.84 (0.66-1.06) 0.143 0.81 (0.52-1.26) 0.353

Note: IFG, impaired fasting glucose; BP, blood pressure; HDL, high-density lipoprotein cholesterol; cART, combination

antiretroviral therapy.

The multivariable models were adjusted for sex, age, BMI, alcohol intake, smoking status, educational level, marital status,
employment status, CD4 cell count (only in cART-naive and cART-exposed HIV patients) and cART regimen (only in cART-
exposed patients). The duration of HIV infection and cART management were excluded from the model due to their low
tolerance and high valence inflation factor in model diagnostics.



cART-treated HIV patients compared to cART-naive HIV
patients and non-HIV controls [2], confirming the find-
ings of our study.

In this study, we found that age and systolic BP
increase CAVI regardless of HIV or cART status. The
influence of age on CAVI is similar to what had been
reported in previous studies of patients and healthy
populations [7,24]. Ageing is associated with several
mechanisms that might have resulted in increased
arterial stiffness, such as fatigue and fracture after
long-standing arterial pulsation in the central arteries
[25], increased arterial calcification and endothelial
dysfunction [25,26], and accumulation of advanced
glycated end-products in vascular matrix proteins
[26]. We also found that total plasma cholesterol and
LDL cholesterol correlated with CAVI in non-HIV con-
trols but not in HIV patients. This is in agreement with
the findings of a study by Soska et al. that reported
a weak relationship between CAVI and total choles-
terol and LDL in non-HIV participants [27]. HIV infec-
tion and the use of cART likely affect lipid metabolism,
resulting in inflammation, and this may blunt the
relationship between arterial stiffness and plasma
cholesterol. However, previous studies in the
Ghanaian diabetic population failed to find any asso-
ciation between parameters of lipid profile and CAVI
because most diabetic patients were on lipid-lowering
treatment [24,28].

We also found that the presence of MetS was
associated with higher CAVI in non-HIV controls and
cART-naive HIV patients, but not in cART-treated HIV
patients. This contrast to the findings of Msoka et al
who reported that arterial stiffness was similar in non-
HIV controls and cART-naive HIV patients with and
without MetS, but higher in cART-treated HIV patients
with MetS [22]. The contradiction between our find-
ings and that of Msoka et al may be attributed to the
different methods used to assess arterial stiffness and
the heterogeneity of the populations studied; we did
not use the strict hepatic, renal and haematological
screening protocol employed in the Msoka et al study
and we also included HIV patients irrespective of their
CD4+ cell count. The findings of our study imply that
in non-HIV controls and cART-naive HIV patients, the
presence of metabolic abnormalities may partially
explain the increased arterial stiffness as reported in
the Caucasian population [29,30].

In this study, obese individuals had lower CAVI
compared to those with normal BMI, and BMI was
negatively associated with CAVI in regression analysis.
Similar findings were reported in HIV patients in South
Africa, where low BMI was associated with increased
arterial stiffness measured as carotid-femoral PWV
[13]. This observation may be explained by the phe-
nomenon of ‘return to health’ which describes desir-
able weight gain after the resolution of a debilitating
catabolic illness such as HIV infection that restores
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body fat and protein stores [31]. Previous studies
reported that early initiation of cART medication pre-
vented the cachectic and wasted state that charac-
terised HIV infection, resulting in suppression of viral
replication, a significant reduction in inflammation,
and normalisation of CD4+ cell count [32]. This is
likewise supported by what we observed in this
study that HIV patients with low CD4+ cell count
had higher CAVI compared to those with normal
levels. Therefore, there is the possibility that weight
gain and high BMI may represent improved cardio-
vascular health in HIV patients. However, we also
observed a lower CAVI in non-HIV obese controls,
which implies that further studies are needed to
investigate the relationship between BMI and arterial
stiffness in Africans.

Multivariate analysis in cART-treated HIV patients
showed that the TDF-based regimen was associated
with a decrease in CAVI compared to those on the AZT-
based regimen. The AZT-based regimen has been
shown to cause oxidative damage, a major mechanistic
pathway of arterial stiffness, through the induction of
mitochondrial dysfunction by inhibition of DNA poly-
merase-y activity [33]. Furthermore, a metabolic study
showed that the pathway through which the AZT-based
regimen leads to oxidative stress is by altering the
metabolism of glutamine and glutamate, glutathione,
arginine biosynthesis, as well as the metabolism of ala-
nine, aspartate and glutamate [34]. Interestingly, it has
been demonstrated in a meta-analysis that the TDF-
based regimen has better viral suppression tolerability
compared to the AZT-based regimen [35,36], making it
suitable for treatment in HIV patients.

4.1. Limitations of the study

The uniqueness of this study is that it is the first to
report on CAVI in sub-Saharan HIV population. The
limitation of this study is that it was carried out in
a single healthcare facility and therefore the levels of
arterial stiffness measured as CAVI cannot be general-
ised to the entire Ghanaian HIV population. CAVI was
measured at one time, and therefore we cannot infer
causality between HIV infection and CAVI; some HIV
patients may have increased arterial stiffness from
other causes before HIV infection. The sample size
was not large enough for us to make a definite con-
clusion about the effect of various cART regimens in
CAVL. It is recommended that future studies use
a multicentre longitudinal design to investigate the
development of arterial stiffness and the effect of
cART medication in a large number of patients to
confirm or refute the findings of the study.
Furthermore, other arterial stiffness indices can be
used to compare their agreement with CAVI as
a marker of arterial stiffness in the Ghanaian HIV
population.
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5. Conclusion

In a periurban hospital in Ghana, compared to non-
HIV controls or cART-nave HIV patients, cART-treated
HIV patients had increased arterial stiffness measured
as CAVI. CAVI is associated with metabolic abnormal-
ities in non-HIV controls and cART-naive HIV patients,
but not in cART-treated HIV patients. CAVI increased
with increasing age and systolic BP, as well as
decreasing BMI. Patients on a TDF-based regimen
had decreased CAVI compared to those on an AZT-
based regimen. Multicentre longitudinal studies
should be conducted to investigate the impact of
HIV infection and various cART regimen on arterial
stiffness and cardiovascular end-organ damage in
HIV patients in sub-Saharan Africa.
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