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Background: Cardiac involvement is frequent in the course of human immunodeficiency virus (HIV) 
infection disease. This work aimed at studying the profile of echocardiographic and electrocardiography 
(ECG) abnormalities in adults living with HIV (PLHIV), compared to those not infected with HIV at the 
treatment unit of the Yaoundé Central Hospital. 
Methods: We carried out a case-control study over three months at the HIV treatment unit. We included adults 
of both sexes, aged ≥21 years, HIV-infected (cases), and age and sex matched controls. Those with a history of 
heart disease were excluded. We collected sociodemographic, clinical, ECG, and echocardiographic data. 
Results: We included 59 PLHIV and 59 age-sex matched controls without HIV infection. The prevalence 
of echocardiographic abnormalities was 28.8% in cases, and 8.5% in the control group (P=0.005). The 
prevalence of ECG abnormalities was 28.8% in the cases, and 18.6% in the control group (P=0.195). The 
main echocardiographic abnormalities (cases versus controls) were aortic regurgitation (10.2% versus 
3.4%, P=0.144), right atrial dilation (6.8% versus 1.7%, P=0.178), diastolic dysfunction (5.1% versus 1.7%, 
P=0.310), and Left ventricular hypertrophy (5.1% versus 0%, P=0.080). The main ECG abnormalities (cases 
versus controls) were abnormal repolarization (11.9% versus 5.1%, P=0.187), sinus tachycardia (10.2% 
versus 6.8%, P=0.510), and atrial fibrillation (5.1% versus 0%, P=0.080). HIV infection was significantly 
associated with echocardiographic abnormalities and not with ECG abnormalities. The degree of immune 
deficiency was independently associated with the occurrence of echocardiographic and ECG abnormalities.
Conclusions: HIV infected adults have more echocardiographic and ECG abnormalities compared to 
non-infected adults. The ECG and echocardiographic anomalies varied, and depends on the severity of 
immune deficiency. 
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Introduction

Human immunodeficiency virus (HIV) infection still 
remains a public health problem, especially in low-income 
settings despite a downward trend in new infections. 
According to UNAIDS, the number of new infections 
decreased from 3.4 million in 2001 to 2.3 million in 2012 
(33% decrease). The number of people living with HIV 
(PLHIV) still remains high, with about 35.3 million 
cases worldwide. In Cameroon, a low-income setting 
in sub-Saharan Africa (SSA), the number of cases was 
estimated at 620,000 (prevalence of 3.9%) in 2015 (1). 
The severity of HIV infection is strongly correlated with 
the degree of immune deficiency, which exposes patients 
to opportunistic infections, and associated cardiovascular 
diseases. The cardiovascular manifestations could be 
due to HIV or opportunistic infections, or to the effects 
of anti-retroviral (ARV) medicines, especially protease 
inhibitors (2). Protease inhibitors can induce metabolic 
disorders (dyslipidemia, insulin resistance, lipodystrophy) 
that result in cardiovascular disorders. The latter 
constitutes the fourth cause of death and hospitalization in 
HIV-infected patients in high-income settings (3). Thus, 
Grunfel et al. suggested that HIV should be considered 
as a cardiovascular risk factor per se (4). Nzuobontane 
et al. showed that paucisymptomatic cardiovascular 
abnormalities are frequent in HIV infected adults, and 
there is an association between low CD4 cell counts and 
the occurrence of dilated cardiomyopathy (5). Menanga 
et al. showed that advanced HIV infection in adults is 
associated with symptomatic cardiovascular diseases 
especially dilated cardiomyopathy and pericarditis (6). The 
excess cardiovascular burden due to HIV infection is not 
well known in this setting. This work aimed at studying 
the profile of ECG and echocardiographic abnormalities 
in HIV-infected adults compared to non-infected adults in 
a low-income setting in SSA.

Methods

Study design and study setting

We carried out a case-control study at the Yaounde Central 
Hospital (YCH) over a 3-month period (March to May 
2016). The YCH is the biggest teaching Hospital in 
Cameroon (SSA), with a catchment population of over two 
million inhabitants. The HIV treatment unit of this hospital 
is the biggest and the oldest in the country, with over 
fourteen thousand patients receiving regular care.

Study participants

Participants were HIV-infected adults (cases) of both 
sexes, aged ≥21 years, and age–sex matched controls 
(HIV-negative). Participants (cases) with discordant HIV 
serology, and a previous history of heart disease—before 
the diagnosis of HIV—were excluded. Participants with any 
symptom suggestive of heart disease—heart failure and or 
arrhythmia—at the time of the study were excluded.

Procedure and measurements

HIV-infected patients were recruited from the waiting room 
of the HIV treatment unit of the hospital, while the HIV-
negative controls were recruited at the time of withdrawing 
their results of HIV test in the unit. We collected the 
following data at the initial visit  after a face-to-face 
interview: resting blood pressure (BP) in mmHg using an 
automated BP machine (Omron® M6 Confort IT), resting 
pulse rate in beats per minute, respiratory rate in cycles 
per minute, weight in kilogram (kg) with a commercial 
bathroom scale (Camry®), and height in meter (m) using a 
stadiometer. The height and weight was used to calculate 
the body mass index (kg/m2). During the second visit, we 
performed a resting ECG with a MAC 1,200 machine, and a 
transthoracic echocardiography using a Philips echography, 
with the participant in the left lateral decubitus position. 
On the ECG, we looked for arrhythmia, abnormalities 
of the QRS complex, hypertrophy of the ventricles, 
atrial dilation, heart rate, and abnormal repolarization. 
On echocardiography, we looked for abnormal chamber 
dimensions, global and regional contractility abnormalities, 
trans-mitral inflow velocity pattern, ejection fraction (EF), 
wall thickness, and calcifications. The ECG was read by 
the same cardiologist blinded to the echocardiography 
findings. The same cardiologist (BH) performed all cardiac 
ultrasounds.

Definitions

Advanced HIV disease was defined as WHO stage 3 or 4 and/
or CD4 cell count <200/mm3. Left ventricular hypertrophy 
was present when the Sokolow index (SV1 + RV5/6 ≥35 mm), 
and right ventricular hypertrophy was present when the R/S  
ratio in V1 >1. Left atrial dilation was present if the P wave 
duration was >120 ms, and right atrial dilation was present 
if the P-wave amplitude was >2.5 mm in lead II. Abnormal 
repolarization was present if there was T wave inversion in at 
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least two concordant electrodes. The left ventricle was dilated 
if the end-diastolic diameter was >31 mm/m2 in men and  
>32 mm/m2 in women. The left ventricular end-diastolic wall 
thickness was high if it was >11 mm in men, and >10 mm  
in women. There was left ventricular hypertrophy if the 
indexed LV mass was >115 g/m2 in men, and >95 g/m2 
in women. The EF was low if it was <55%. The diastolic 
function was assessed from the trans-mitral flow using 
pulse wave Doppler, and presented using the Appleton 
classification. Wall motion abnormality was visually assessed. 
All the data were recorded as absent or present.

Sample size

The minimum number of participants for each group 
was calculated using the Schlesselman formula. Using the 
prevalence of HIV infection in the city of Yaoundé to be 
6.3% (Cameroon Health Demographic: EDS-MICS 2011), 
with a standardized power of 84% to detect a significant 
difference, and an accepted error of 5% or less, the 
estimated sample size was at least 42 participants for each 
group. 

Data analysis

The data were analyzed with Epi-Info version 3.5.4. 
Discrete variables were presented as proportions with 
their corresponding standard deviation. Proportions were 
compared using Chi-squared test or Fisher exact test where 
appropriate. Continuous variables are presented as means 

with their standard deviation. Means were compared using 
the Student t-test. Multivariate logistic regression was 
used to determine factors associated with the occurrence of 
cardiovascular diseases in HIV infected and HIV negative 
adults. The level of statistical significance was set for a  
P value <0.05. 

Ethical considerations

Ethical clearance was obtained from the Cameroon 
National Ethical Committee. Administrative authorization 
was obtained from the YCH administration. This work was 
carried out according to the declarations of Helsinki and 
reported according to the STROBE guidelines.

Results 

During the 3-month study period, a total of 855 people 
were screened for HIV, of which 268 patients (cases) tested 
positive. Of the cases, 150 did not come for the second 
visit (interview phase). Fifty-nine of them had a complete 
clinical, ECG, and echocardiographic assessment. These 
cases were age and sex matched with 59 HIV-uninfected 
adults (controls), giving a total of 118 participants (Figure 1). 
Of those living with HIV, 47 (79.7%) were on ARV, and 49 
(83.1%) had CD4 cell count >200/mm3. Most patients with 
HIV (81.2%) were in WHO stage I or II of the disease. 
All patients on ARV were on a fixed drug combination 
associating Tenofovir-Lamivudine-Efavirenz.

The sociodemographic characteristics and vascular risk 

Total cases HIV (+) invited
 (N=268)

HIV (+) interviewed
(N=118)

HIV (+) with complete ECG 
and Echocardiogram

N=59

Age and sex matched HIV 
negative controls

N=59

Failed initial rendez-vous
(N=150)

Excluded after interview

No ECG/Echo data: n=47

Missing whole data: n=12

Figure 1 Flow chart of participants’ selection. HIV, human immunodeficiency virus; ECG, electrocardiography.
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factors of the study population are shown in Table 1. There 
were more females (32.2% versus 67.8%). In both cases and 
controls, the 40–59 years old group was the most frequent 
with 32 (54.2%) participants. Overall, their mean age was 
47±12.7 years, and ranged from 21 to 84 years. The vascular 
risk factors were similarly distributed between groups.

The prevalence of echocardiographic abnormalities 
(cases versus controls) is shown in Table 2. This was 28.8% 
(n=17) versus 8.5% (n=5) (P=0.005). The prevalence of ECG 
abnormalities (cases versus controls) is shown in Table 3.  
This was 28.8% (n=17) versus 18.6% (n=11) (P=0.195). 
Factors associated with echocardiographic abnormalities are 
shown in Table 4. HIV infection was significantly associated 
with the occurrence of an abnormal echocardiogram [OR 
5, (95% CI: 1.45–17.27), P=0.004]. WHO stage 3 or 4 
disease had very high risk of having an echocardiographic 
abnormality [OR 22.5, (95% CI: 4.06–124.39)]. A very low 
CD4 cell count <200/mm3 was also associated with a very 
high risk of having echocardiographic abnormalities [OR 
46.13 (95% CI: 5.11–416.5), P<0.001]. Factors associated 
with electrocardiographic (ECG) abnormalities are shown in  
Table 5. Overall, HIV infection was not significantly 
associated with the occurrence of ECG abnormalities. 
However, WHO stage 3 or 4 disease [OR 11.56, (95% 
CI: 2.54–52.41), P<0.001] and CD4 cell count <200/mm3 

Table 1 Socioeconomic characteristics of the study population

Variable
HIV positive 
(N=59) n (%)

HIV negative 
(N=59) n (%)

P value

Age range (years)

21–39 17 (28.8) 17 (28.8) NA

40–59 32 (54.2) 32 (54.2) NA

60–79 9 (15.3) 9 (15.3) NA

≥80 1 (1.7) 1 (1.7) NA

Marital status

Married 21 (35.6) 26 (44.1) 0.348

Single 23 (39) 26 (44.1) 0.576

Divorced 3 (5.1) 0 (0) 0.080

Widowed 6 (10.2) 5 (8.5) 0.752

Concubinage 6 (10.2) 2 (3.4) 0.144

Level of education

Never 20 (33.9) 2 (3.4) <0.001

Primary 14 (23.7) 10 (16.9) 0.361

Secondary 19 (32.2) 25 (42.4) 0.254

University 6 (10.2) 22 (37.3) 0.001

Profession

No fix job 11 (18.6) 4 (6.8) 0.055

Retired 5 (8.5) 6 (10.2) 0.752

Student 2 (3.4) 3 (5.1) 0.649

Farmer 7 (11.9) 0 (0) 0.007

Petty trader 5 (8.5) 12 (20.3) 0.075

Private business 13 (22) 4 (6.8) 0.019

Private employee 4 (6.8) 6 (10.2) 0.510

Civil servant 12 (20.3) 24 (40.7) 0.017

Vascular risk factors

Tobacco consumption 7 (11.9) 10 (16.9) 0.441

Sedentarity 29 (49.2) 24 (40.7) 0.355

Alcohol consumption 32 (54.2) 27 (45.8) 0.364

High blood pressure 16 (27.1) 8 (13.8) 0.075

History of diabetes 11 (18.6) 18 (30.5) 0.135

Obesity 19 (32.2) 16 (27.1) 0.546

HIV, human immunodeficiency virus.

Table 2 Prevalence of echocardiographic abnormalities

Echocardiographic 
findings

HIV positive 
(N=59) n (%)

HIV negative 
(N=59) n (%)

P 
value

Pericardial effusion 1 (1.7) 0 (0) 0.317

LV systolic dysfunction 1 (1.7) 1 (1.7) 1

Global hypokinesia 1 (1.7) 1 (1.7) 1

Segmental hypokinesia 1 (1.7) 0 (0) 0.317

Aortic valve regurgitation 6 (10.2) 2 (3.4) 0.144

Tricuspid valve 
regurgitation

2 (3.4) 0 (0) 0.155

Mitral valve regurgitation 2 (3.4) 0 (0) 0.155

LV hypertrophy 3 (5.1) 0 (0) 0.080

LV diastolic dysfunction 3 (5.1) 1 (1.7) 0.310

Right atrial dilation 4 (6.8) 1 (1.7) 0.178

Left atrial dilation 3 (5.1) 1 (1.7) 0.310

Valvular calcifications 2 (3.4) 2 (3.4) 1

HIV, human immunodeficiency virus; LV, left ventricular.



611Cardiovascular Diagnosis and Therapy, Vol 7, No 6 December 2017

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2017;7(6):607-615cdt.amegroups.com

[OR 46.13, (95% CI: 5.1–416.5), P<0.001) were associated 
with the occurrence of ECG abnormalities. In multivariate 
analysis (adjusting for adiposity and physical exercise), the 
factors independently associated with echocardiographic 
abnormalities in PLHIV were WHO stage 3 of 4 
diseases [OR 8.8, (95% CI: 1.2–63), P=0.03], and a CD4 
cell count <200/mm3 [OR 20.6, (95% CI: 1.98–214.3), 
P=0.011). A CD4 cell count <200/mm3 [OR 25.9, (95%  
CI: 2.5–267.3), P=0.006)] was independently associated with 
an abnormal ECG in PLHIV (Table 6).

In the group of HIV infected patients with no ECG and 
Echocardiogram (n=47), there were 15 (31.9%) males and 
32 (68.1%) females. Their mean age was 46.6±11.1 years 
(range, 33–66 years). High BP was seen in 12 (25.5%), 
history of diabetes in 9 (19.1%), obesity in 17 (36.2%), 
tobacco use in 7 (14.9%), excessive alcohol intake in 21 
(44.7%), and sedentarity in 23 (48.9%). Their age, sex, and 
distribution of the vascular risk factors were similar to those 
who had a complete ECG/Echocardiogram pair. 

Discussion

We carried out a case control study with the aim of assessing 
the profile of echocardiographic and ECG abnormalities 
in the course of HIV disease in a group of patients (cases), 
compared to non–HIV infected participants (controls) in 

SSA. The vascular risk factors were similarly distributed 
between groups. HIV infected adults have significantly 
more echocardiographic and ECG abnormalities compared 
to non-infected adults. The ECG and echocardiographic 
anomalies varied, and depends on the severity of immune 
deficiency.

There were twice as more females than males living 
with HIV. This female predominance in HIV infection 
corroborates with that reported by UNAIDS (1). This 
female predominance was also reported by Kingue et al. 
(56.6%), and Traore et al. (65%). Their mean age was 
47 years and ranged from 21 to 84 years. Those in the 
40–59 age group were the most represented (54.2%), 
corresponding to the age group potentially exposed 
to cardiovascular risk factors. There was a statistically 
significant association between HIV infection and the 
presence of structural cardiac abnormalities on ultrasound. 
This was similarly reported in the literature, with rates 
that ranged from 22% to 80% (7–9). The most frequent 
echocardiographic abnormalities in both groups were 
aortic valvular regurgitation, right atrial dilation, diastolic 
dysfunction, and LVH. This is contrary to that frequently 
described in the literature, where pericardial disease was 
the most frequent, and followed by myocardial disorders 
(6,10,11). This difference can be explained by the fact that 
our study population consisted solely of asymptomatic 
participants seen at the out-patient unit, and who also had 
concomitant cardiovascular risk factors. This LVH could be 
as a result of the interplay between HIV infection and the 
classical cardiovascular risk factors on the heart muscle. The 
fact that most patients with HIV were on treatment, and 
had good clinical and immunological status could modify 
the occurrence of abnormalities. This suggests that the 
non-protease ARV regimen could reduce the occurrence of 
echocardiographic abnormalities in patients with HIV. This 
could be through indirect mechanisms such as improved 
clinical and immune status, as the prolonged exposure 
to ARV did not show any significant interaction with the 
occurrence of abnormalities.

Electrical abnormalities were slightly more frequent 
in those living with HIV, and these were mostly atrial 
fibrillation and premature contractions. Menanga et al. 
found more cases of repolarization disorders and sinus 
tachycardia (6). These abnormalities were more frequent 
in those with severe immune deficiency (CD4 <200/mm3) 
and advanced stages of the infection (WHO stage 3 or 4).  
It is not certain if there is a direct link between HIV disease 
and myocardial excitability. The sub-clinical chronic 

Table 3 Prevalence of electrocardiographic abnormalities

Electrocardiographic 
findings

HIV positive 
(N=59) n (%)

HIV negative 
(N=59) n (%)

P 
value

Atrial fibrillation 3 (5.1) 0 (0) 0.080

Abnormal repolarization 7 (11.9) 3 (5.1) 0.187

Sinus tachycardia 6 (10.2) 4 (6.8) 0.510

Sinus bradycardia 1 (1.7) 3 (5.1) 0.310

Ventricular tachycardia 2 (3.4)  1 (1.7) 0.560

Left atrial enlargement 1 (1.7) 0 (0) 0.317

Right atrial enlargement 0 (0) 1 (1.7) 0.317

Premature contractions 2 (3.4) 0 (0) 0.155

Left ventricular hypertrophy 2 (3.40 0 (0) 0.155

Q waves 1 (1.7) 0 (0) 0.317

ST segment elevation 1 (1.7) 0 (0) 0.317

Isolated T wave inversion  1 (1.7) 0 (0) 0.317

HIV, human immunodeficiency virus.
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Table 4 Factors associated with echocardiographic abnormalities

Variable
Abnormal echocardiogram

P value
Yes, n (%) No, n (%) Odds ratio (95% CI)

HIV serology

Positive 17 (77.3) 42 (43.8) 5 (1.45–17.3) 0.0041

Negative 5 (22.7) 54 (56.3) 1

ARV

Yes 13 (76.5) 34 (72.3) 0.76 (0.19–2.97) 0.476

No 4 (23.5) 8 (19) 1

Duration on ARV <10 years

Yes 13 (76.5) 34 (81) 0.76 (0.19–2.97) 0.476

No 4 (23.5) 8 (19) 1

Duration on ARV 10–20 years

Yes 5 (29.4) 9 (21.4) 1.52 (0.42–5.48) 0.368

No 12 (70.6) 33 (78.6) 1

WHO stage 1

Yes 2 (11.8) 21 (50) 0.13 (0.02–0.65) 0.0057

No 15 (88.2) 21 (50) 1

WHO stage 2

Yes 6 (35.3) 19 (451.2) 0.66 (0.2–2.11) 0.344

No 11 (64.7) 23 (54.8) 1

WHO stage 3 or 4

Yes 9 (52.9) 2 (4.8) 22.5 (4.06–124.4) 0.0001

No 8 (47.1) 40 (95.2) 1

CD4 cell count <200/mm
3

Yes 9 (52.9) 1 (2.4) 46.1 (5.11–416.5) <0.001

No 8 (47.1) 41 (97.6) 1

CD4 cell count 200–500/mm
3

Yes 7 (41.2) 8 (19) 2.98 (0.86–10.23) 0.078

No 10 (58.8) 34 (81) 1

CD4 cell count >500/mm
3

Yes 1 (5.9) 33 (78.6) 0.02 (0.01–0.14) <0.001

No 16 (94.1) 9 (21.4) 1

HIV, human immunodeficiency virus; ARV, anti-retroviral treatment.

myocarditis associated with HIV could play a role in the 
genesis of cardiac arrhythmia in HIV. This hypothesis needs 
to be studied in a cohort study.

These findings should be interpreted in the light of some 

limitations. This was a single center study in the center 
region of Cameroon. More participants originated from the 
center region. Thus, we cannot extrapolate our findings to 
the general population of Cameroon, which is genetically 
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Table 5 Factors associated with electrocardiographic abnormalities

Variable
Abnormal electrocardiogram

P value
Yes, n (%) No, n (%) Odds ratio (95% CI)

HIV serology

Positive 17 (60.7) 42 (46.7) 2.2 (0.76–6.33) 0.140

Negative 11 (39.3) 48 (53.3) 1

ARV 

Yes 12 (70.6) 35 (83.3) 0.48 (0.12–1.8) 0.225

No 5 (29.4) 7 (16.7) 1

Duration on ARV <10 years

Yes 12 (70.6) 35 (83.3) 0.48 (0.12–1.8) 0.225

No 5 (29.4) 7 (16.7) 1

Duration on ARV 10–20 years

Yes 3 (17.6) 11 (26.2) 0.6 (0.14–2.5) 0.369

No 14 (82.4) 31 (73.8) 1

WHO stage 1

Yes 4 (23.5) 19 (45.2) 0.37 (0.10–1.33) 0.104

No 13 (76.5) 23 (54.8) 1

WHO stage 2

Yes 5 (29.4) 20 (47.6) 0.45 (0.13–1.53) 0.161

No 12 (70.6) 22 (52.4) 1

WHO stage 3 or 4

Yes 8 (47.1) 3 (7.1) 11.56 (2.54–52.4) 0.011

No 9 (52.9) 39 (92.9) 1

CD4 cell count <200/mm
3

Yes 9 (52.9) 1 (2.4) 46.13 (5.1–416.5) <0.001

No 8 (47.1) 41 (97.6) 1

CD4 cell count  200–500/mm
3

Yes 7 (41.2) 8 (19) 2.98 (0.86–10.23) 0.077

No 10 (58.3) 34 (81) 1

CD4 cell count >500/mm
3

Yes 1 (5.90 33 (78.6) 0.017 (0.002–0.014) <0.001

No 16 (94.1) 9 (21.4) 1

HIV, human immunodeficiency virus; ARV, anti-retroviral treatment.

diverse. Also, the cross-sectional design does not permit us 
to establish a causal relationship between HIV infection and 
the cardiac abnormalities observed. There was a high rate 
of the classical cardiovascular risk factors in both groups, 

which could interact with HIV disease. The study was not 
sufficiently powered to study these interactions. Our study 
population was highly selected. Those with a past history 
or symptoms suggestive of heart disease at the time of the 



614 Hamadou et al. Cardiac abnormalities in adults living with HIV

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2017;7(6):607-615cdt.amegroups.com

study—heart failure or arrhythmia—were excluded from 
the main analysis. Thus our findings are essentially sub-
clinical abnormalities in the study population. The control 
group was probably not very healthy despite a negative 
HIV serology as they presented for HIV screening. A high 
rate of a history of diabetes and other vascular risk factors 
were noted in this population, which could be associated 
with poor health. Their unfavorable health condition could 
contribute to the cardiovascular burden. This was however 
comparable to those infected with HIV. Most of the patients 
with HIV were on treatment, and had good clinical and 
immunological status. This could influence the occurrence 
of echocardiographic and ECG abnormalities. There 
was a high rate of drop-outs, especially for the interview 
phase. This could be explained by the fact that the pioneer 
treatment center of HIV cares for patients who come from 
near and far away. The cost of transportation for subsequent 
visits could explain the high dropouts—as this was incurred 
by the participants. Despite these limitations, this study has 
some merits due to its case control design. We have shown 
the excess burden of HIV on the heart in patients living in 
SSA. It is the first of its kind in the HIV treatment center, 
and the findings form the basis for further research in our 
setting.

Conclusions

HIV infected participants had significantly more 
echocardiographic and ECG disorders than those not 
infected. The ECG and echocardiographic expressions of 
cardiac involvement are varied, and depends on the severity 
of the immune deficiency. They were mainly repolarization 
disorders and aortic valvular regurgitation. The influence 
of traditional cardiovascular risk factors should be taken 

into account in immunocompromised patients in the 
development of these different abnormalities.
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