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Abstract

Background: The risk of developing chronic cardiovascular diseases (CVDs) is a significant public health concern for people living with
HIV (PLWH). This recognition has been in place for over a decade. The lack of resources in some settings means that most older PLWH will
receive limited care, requiring further research to identify CVD risk and accurate estimation methods. Such research enables the identification
of optimal models of care, improving outcomes for this population.

Objective: This study aimed to perform a CVD risk assessment (using three different assessment tools) on PLWH attending the HIV clinic
at the Korle-Bu Teaching Hospital (KBTH).

Methods: A hospital-based cross-sectional study involving 311 PLWH was conducted at the HIV Clinic of the KBTH using a questionnaire
adopted from the WHO STEPwise approach to chronic disease risk factor surveillance. Blood pressure, anthropometric measurements and
fasting blood samples were taken for metabolic/biochemical parameters. A retrospective chart review of clinical folders for HIV and ART-
related data was done. To determine the level of risk for CVD, three estimation methods were used: the 10-year Framingham risk score (FRS),
the 10-year WHO/International Society of Hypertension (ISH) risk prediction chart, and the 5-year Data Collection on Adverse Effects of
Anti-HIV Drugs (D:A:D) cardiovascular risk score.

Results: The estimated 10-year moderate to high risk of CVD was 20.6% using the FRS, 13.2% using the WHO/ISH risk score, and 52.4%
using the D:A:D score. The majority of study participants were classified as having a low risk of CVD according to the FRS and WHO/ISH
scoring systems. However, the D:A:D cardiovascular scoring system identified that over 50% of the participants were at a moderate to high
risk of developing CVD.

Conclusion: This study indicates that when using the D:A:D risk assessment system, over 50% of the individuals who participated were found
to have moderate-to-high risks of CVD. This underscores the importance of conducting a cardiovascular risk assessment before initiation of
antiretroviral therapy as well as regular assessments to promptly identify and manage these risk factors, thereby aiding in preventing the
occurrence of cardiovascular events. Additionally, the findings highlight the need for CVD management to be included in the HIV clinic.
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INTRODUCTION However, ART is restricted by treatment barriers such as
complex dosing, drug-drug interactions and associated

he chronic nature of the Human Immunodeficiency toxicities. In addition, some HIV-positive patients still

Virus  (HIV) infection requires lifelong require concomitant treatment with drugs for opportunistic
antiretroviral therapy (ART) [1] to continuously suppress infections and medication to treat unrelated medical
viral replication, thus reducing morbidity and mortality. conditions and/or the metabolic complications of ART [2].
The management of co-morbidities is one of the major

* Corresponding author challenges associated with the multidrug regimens used for
Email: etnartey@ug.edu.gh HIV therapy. Among the many co-morbid conditions,
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cardiovascular diseases (CVDs) are of particular concern
due to antiretroviral (ARV) induced metabolic changes.
Cardiovascular disease is a term used commonly to refer to
a group of disorders of the heart and blood vessels which
include coronary heart disease, cerebrovascular disease,
peripheral arterial disease, rheumatic heart disease,
congenital heart disease, deep vein thrombosis, and
pulmonary embolism [3]. Cardiovascular diseases are the
number one cause of death globally, with projections
indicating mortality due to CVDs will reach 23.9 million by
the year 2030 [4]. Cardiovascular diseases in low and
middle-income countries (LMIC) are reported to represent
more than 80% of the global burden of CVDs [5].

Studies from high-income countries with large sample sizes
have implicated HIV and ART as likely mediators of an
observed increase in the risk of CVDs in PLWH, and
reports have cited CVDs as a significant cause of morbidity
and mortality in people living with HIV (PLWH) [6-8]. In
2014, a multi-centred, comparative, cross-sectional survey
was conducted among HIV-infected individuals in 12
countries across five continents. The findings indicated that
the prevalence of self-reported CVD risk factors was 28%
among PLWH globally, while the prevalence was estimated
to be 12% among PLWH in sub-Saharan Africa (SSA) [9].
The risk of developing chronic cardiovascular and
pulmonary diseases is recognised as a major public health
problem in PLWH [7,10,11]. Consequently, medical care
for this population is focusing more intently on the control
and prevention of age- and metabolic-related co-
morbidities [12-15]. While the risk of CVD generally tends
to increase with advancing age, predicting an individual's
CVD risk can allow for timely interventions aimed at
reducing the likelihood of future CVD events.

Cardiovascular risk scoring systems give an estimate of the
probability that an individual will develop CVD within a
specified length of time. Cardiovascular risk scoring
systems are useful tools both to individual patients and to
attending clinicians in helping decide on when to initiate
appropriate lifestyle modifications and preventive medical
treatment. Several cardiovascular risk-scoring systems on
individuals have been developed in different study
populations targeted at different ethnic groups. The most
popular and widely used of these cardiovascular risk
assessment scores is the Framingham risk score (FRS),
which was modelled from the Framingham Heart Study

[16]. Another commonly wused cardiovascular risk
assessment tool is The World Health
Organisation/International ~ Society of Hypertension

(WHO/ISH) risk prediction chart developed for the
assessment and prediction of cardiovascular risk in
different populations [17], which is regionally based and
thus can be used for LMIC. Except for the Data Collection
on Adverse Events of anti-HIV Drugs (D:A:D) 5-year
cardiovascular risk scoring system meant for the HIV-
positive population, the rest of the cardiovascular scoring
systems are designed for the general population. However,
with the HIV-positive subpopulation, issues on the effect of

HIV itself and the administration of ART on the risk of
CVD have raised the appropriateness of the use of general
cardiovascular risk scores in PLWH. A commentary by
D'Agostino [18] reviewed the use of FRS and D:A:D
cardiovascular risk equation in HIV-positive population
and suggested that whilst FRS can be used for general CVD
risk assessment in PLWH, more specific assessment tools
like the D:A:D must be developed for the HIV-positive
population.

Although there are increasing worldwide concerns of co-
morbidity in PLWH, and there is considerable research into
the commonly occurring non-communicable diseases and
CVDs among PLWH in resource-rich settings, less is
known about the burden in resource-limited settings.
Auvailable data suggests that in SSA, chronic cardiovascular
and pulmonary diseases are increasing in HIV-positive
patients [19,20]. As the dual burden of HIV and CVDs
continues to rise in Sub-Saharan Africa (SSA), the
relationships  between these conditions and our
understanding of them will gain heightened public health
significance. In resource-limited settings, additional
research is needed to better understand the risk and impact
of CVD and identify optimal models of care to address this
challenge in the areas where the majority of older PLWHs
will be receiving care. This study aimed to perform a CVD
risk assessment (using FRS, WHO/ISH and D:A:D) on
adults attending the HIV clinic at the Korle-Bu Teaching
Hospital (KBTH), Accra, Ghana.

MATERIALS AND METHODS

Study design and sites

A hospital-based cross-sectional study was conducted at the
HIV clinic of KBTH from February 2016 to May 2016. The
HIV clinic is located in the Fever Unit under the
Department of Medicine. The KBTH is a 2,000-bed-
capacity hospital, and it is currently the third-largest
hospital in Africa and the leading national referral centre in
Ghana. Currently, the KBTH HIV Clinic has a 24-bed
capacity and runs the largest cohort of HIV patients in
Ghana. The study population was made up of about 20,000
HIV-positive patients who attend the HIV clinic, and the
sampling frame was the electronic register of patients. Each
patient was scheduled to attend the clinic at least once every
three months for both clinical assessment and dispensing of
medication for patients on ARV. The study included
individuals aged > 18 years who have been attending the
HIV clinic for at least six months and are not pregnant
(females). The study excluded patients who had less than
95% adherence to HIV clinic follow-up visits or ART
medication, as measured using the Proportion of Days
Covered method described by Ankrah et al. [21].
Additionally, patients who were hospitalized or diagnosed
with AIDS were also excluded from the study.

Sample size and sampling technique
The minimum sample size was calculated by estimating a
population parameter for cross-sectional studies [22], using
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a prevalence of 31.1% for CVD PLWH from a prior study
[23]. Including a 14% attrition rate, the calculated minimum
sample size was 311. A total of 311 adult patients attending
the HIV clinic at KBTH were recruited as study participants
for this study. A simple random sampling technique was
used to recruit potential study participants based on routine
HIV clinic attendance. Trained research assistants (who
were clinical staff from the HIV Clinic) administered an
interviewer-administered ~ questionnaire  to  study
participants in their preferred language. The questionnaire
aimed to collect data on socio-demographic characteristics,
lifestyle characteristics, and family history of CVD.
Additionally, blood pressure and anthropometric
measurements were taken, and fasting blood samples were
collected for metabolic/biochemical parameters. The
baseline variables of each study participant were obtained
through a retrospective chart review of their clinical folders.
HIV and ART-related data, including baseline CD4+ T-cell
count, Nadir CD4+ T-cell count, and cumulative exposure
to ART, were extracted from the clinical folders of the study
participants. The study estimated the risk level of CVD

using the following cardiovascular risk score assessment
tools: the 10-year FRS, the 10-year WHO/ISH risk
prediction chart for fatal or non-fatal cardiovascular events,
and the 5-year D:A:D cardiovascular risk score. A
questionnaire adapted from the WHO STEPwise approach
to chronic disease risk-factor surveillance [24] was used for
the collection of study participants' data. In addition, other
relevant clinical characteristics, including the presence of
co-morbidities, were obtained from the medical history
record of the study participants.

Data management and statistical analysis

All analyses were performed using STATA Statistical
Software (Version 16, StataCorp LLC, College Station,
Texas, USA) and p < 0.05 was deemed significant.
Continuous variables were reported as mean + standard
deviation or median with interquartile range if not normally
distributed. Continuous variables were modelled in class or
after log transformation. Data were analysed to estimate the
10-year general FRS, the 5-year D:A:D cardiovascular risk
score, and the 10-year WHO/ISH cardiovascular risk
prediction score of study participants. The FRSs were

Table 1: Socio-demographic and life-style characteristics of study classified as, IOW, risk (< 10%), moderate risk (10% tQ <
participants 20%) and high risk (= 20%) [25]. The D:A:D CVD risk
Characteristics Freq (%) scores were classified as low risk (< 1%), moderate risk
n =311 (1% to < 5%) and high/very high risk (> 5%) [26]. The

- X WHO/ISH cardiovascular risk prediction scores were

é,ge:'r:; edian (Interquartile range) 44.0(39.0-51.0) classified as low risk (< 10%), moderate risk (10% to <

Age group 20%) and high risk (> 20%) [27]. Comparisons of the
< 40 years 84 (27.0) cardiovascular risk scoring systems were determined using

s > 40 years 227 (73.0) Cohen's Kappa coefficient (K) with a 95% confidence

2 interval. Kappa was interpreted as perfect agreement (>
ngf:'e ?4317(2(;%)2) 0.80), substantial agreement (0.6 - 0.8), moderate

Highest educational level attained agreement (0.4 - 0.6), fair agreement (0.2 - 0.4) and poor
None 44 (14.2) agreement (< 0.2) [23,28]. For the comparison of the D:A:D
Basic 163 (52.4) 5-year score with the FRS and the WHO/ISH scores, it was
Secondary 95 (30.5) assumed that the 5-year D:A:D prediction was constant

" _Tertnary/ProfessnonaI 9 (2.9) over 10 years.

arital status
Single 57 (18.3)
Married/Co-habiting 134 (43.1) RESULTS
Widowed/Divorced/Separated 120 (38.6)

Employment status Table 1 shows the socio-demographic and lifestyle
Unemployed 38 (12.2) characteristics of study participants. A total of 311 PLWH
E:Efggfed gg:&(l(g?s'f) were recruited as study participants. This was made up of
Absent 272 (87.5) 76.2% females, and most (73.0%, n = 227) of the study

Tobacco smoking status participants were aged > 40 years (Table 1). The majority
Ever smoker 13 (4.2) of study participants did not smoke tobacco (95.8%, n =
Never smoker 298 (95.8) 298) or drink alcohol (68.5%, n = 213) (Table 1). A total of

A'COhé"drém."Eg status 98 (315 114 (36.7%) study participants were hypertensive. The
A‘éi;ai;':r o 213( (eé.zs) blood pressure levels, as well as the anthropometric and

Fruit intake biochemical indices of the study participants, are displayed
Rare/Never 99 (31.8) in Table 2. A total of 10% of the study participants had
Most at times 212 (68.2) elevated fasting plasma glucose of > 7.0 mmol/L, whilst

Engagement in physical 15.4% had a reduced estimated glomerular filtration rate of

aCt'V'géf:/eNrg:er‘g 216 (69.5) < 60 min/mL/1.73 m? (Table 2). Table 3 shows the
Most at times 95 (305) HIV/ART-related characteristics of study participants.

n, number of respondents per characteristic; Freq, frequency; %, Most of the study participants (73.6%) had a current CD.4+

percentage. T-cell count of > 350 cells/uL (Table 3). The median

duration of HIV infection for the study participants was 7.9
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years, and the median duration of ART administration for
the ART-exposed group was 6.8 years. Most of the study
participants were on ART (81.0%) (Table 3). Table 4 shows
the various cardiovascular risk score assessment classified
as low, medium, or high. In the 10-year FRS, 79.4% of the
study participants were classified as low risk for CVD,
while in the 10-year WHO/ISH prediction chart, 86.8%
were classified as low risk. The study found that a larger
much larger proportion (52.4%) of participants had
moderate to high risk of CVD according to the 5-year
D:A:D cardiovascular risk score. In contrast, the 10-year
general FRS and 10-year WHO/ISH risk prediction charts
showed 20.6% and 13.2% of participants having moderate
to high risk, respectively.

Table 2. Blood pressure levels, anthropometric and biochemical
indices of study participants
Characteristics Freq (%)
n=2311
Current systolic blood pressure (median IQR 130 (113-144)
in mmHg
Current diastolic blood pressure (median 80 (70-91)
IQR in mmHg)
Current blood pressure category
Non-hypertensive 197 (63.3)
Hypertensive 114 (36.7)
Current body mass index
< 25.0 (kg/m?) 189 (60.8)
>25.0 (kg/m?) 122 (39.2)
Abdominal obesity (WHR)
Absent (WHR < 0.85 for women; 196 (63.0)
WHR < 0.90 for men)
Present (WHR > 0.85 for women; 115 (37.0)
WHR > 0.90 for men)
Abdominal obesity (WC)
Absent (WC < 88 for women; 254 (81.7)
WC <102 for men)
Present (WC > 88 for women; 57 (18.3)
WC > 102 for men)
Fasting plasma glucose
Normal FPG (FPG < 7.0 mmol/L) 280 (90.0)
Elevated FPG (FPG > 7.0 mmol/L) 31 (10.0)
Total cholesterol
Normal total cholesterol 148 (47.6)
(TC <5.17 mmol/L)
Hypercholesterolemia 163 (52.4)
(TC=5.17 mmol/L)
High-density lipoprotein cholesterol
Normal (HDL-C > 1.03 mmol/L) 280 (90.0)
Abnormal (HDL-C < 1.03 mmol/L) 31 (10.0)
Low-density lipoprotein cholesterol
Normal (LDL-C < 3.36 mmol/L) 195 (62.7)
Elevated (LDL-C > 3.36 mmol/L) 116 (37.3)
Triglycerides
Normal (TG < 2.26 mmol/L) 300 (96.5)
Elevated (TG > 2.26 mmol/L) 11 (3.5)
Estimated glomerular filtration rate
Normal eGFR 263 (84.6)
(eGFR > 60 min/mL/1.73 m?)
Reduced eGFR 48 (15.4)
(eGFR < 60 min/mL/1.73 m?)
Freq, frequency of respondents per characteristic; n, total number
of study participants; IQR, interquartile range; WHR, waist-to-
hip ratio; WC, waist circumference; FPG, fasting plasma glucose;
TC, total cholesterol; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; TG,
triglycerides; eGFR, estimated glomerular filtration rate.

DISCUSSION

In this study, 311 HIV-positive patients with no previous
history of CVD and attending the HIV Clinic in KBTH
were assessed for their 10-year FRS, 5-year D:A:D risk
score, and 10-year WHO/ISH risk score. The FRS and the
WHO/ISH risk score showed estimated 10-year moderate
to high risks of CVD at 20.6% and 13.2%, respectively.
However, the D:A:D score indicated a risk of 52.4%.
Cardiovascular disease is a leading cause of death in most
populations and has been recognized as an important cause
of morbidity and mortality among PLWH [29]. In North

In America and Europe, CVD ranks as the second most
prevalent cause of death among HIV-infected individuals,
following AIDS-related mortality. As a result, there is a
need to shift the long-term care approach for PLWH to
incorporate a greater emphasis on cardiovascular risk
assessment, prevention, and suitable management [30,31].
Using the FRS and WHO/ISH cardiovascular scoring
systems, most study participants in this study were
classified as having a low risk of CVD. Nevertheless, the
D:A:D cardiovascular scoring system identified over 50%
of the participants in the study as being at a moderate to
high risk of developing CVD. Despite the comparable
results of low CVD risk obtained from the FRS and
WHO/ISH scoring systems, which align with previous
studies reporting rates of 72.3% in Slovenians [32], 60.3%
in Germans [29], 93.3% in South Africans [23], and 88.3%
in Nigerians [28], there are debates regarding the suitability

Table 3: HIV/ART-related characteristics of study
participants.
Characteristics Freq (%)
n=311
Baseline CD4+ T-cell count
<350 cells/uL 176 (56.6)
> 350 cells/uL 135 (43.4)
Current CD4+ T-cell count
<350 cells/uL 82 (26.4)
> 350 cells/uL 229 (73.6)
Nadir CD4+ T-cell count
<350 cells/uL 220 (70.7)
> 350 cells/pL 91(29.3)
Duration since HIV-positive diagnosis 7.9 (4.5-10.6)
(median IQR in years)
HIV-type
Type | only 228 (73.3)
Type Il only 7 (2.3)
Mixed (Type | and I1) 76 (24.4)
Presence of co-morbidities (excluding
hypertension)
Absent 243 (78.1)
Present 68 (21.9)
ART exposure status
ART-naive 59 (19.0)
ART-exposed 252 (81.0)
Cumulative exposure to ART (median 6.8 (5.9-7.5)
IQR in years, n = 252)
ART, antiretroviral therapy; IQR, interquartile range; n, total
number of study participants; n, number of respondents per
characteristic
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Table 4. Cardiovascular disease risk assessment score
Cardiovascular risk scoring system Freq (%) Comparison with D: A: D score
n=311
Kappa p-value Agreement
Modified FRS
Low 247 (79.4)
Moderate 47 (15.1) 0.34 <0.001 64.0%
High 17 (5.5)
WHO/ISH risk prediction score
Low 270 (86.8)
Moderate 19 (6.1) 0.10 <0.001 50.2%
High 22 (7.1)
D:A:D risk score
Low 148 (47.6)
Moderate 148 (47.6) - - -
High 15 (4.8)
D: A: D, Data Collection on Adverse events of anti-HIV Drugs; FRS, framingham risk score;
ISH, International Society for Hypertension; WHO, World Health Organization; %, percentage;
n, number.

of utilizing the FRS to assess the cardiovascular risk in
HIV-positive individuals. In general, there have been
suggestions that the FRS tends to overestimate the risk of
CVD in Europeans who are not infected with HIV [18,33].
This overestimation of the FRS has also been observed in
HIV-infected Thais [34], Brazilians [35] and Europeans
[36]. This has raised the issue of the appropriateness of the
use of the FRS in HIV-infected populations. However, the
present study points to an underestimation of the risk of
CVD using the FRS compared with the D:A:D score in this
group of HIV-infected Ghanaian population. The current
study's estimation of a 20.6% moderate to high risk of CVD
using the FRS is consistent with findings published by
Mashinya et al., in 2015 [23], who observed that despite the
level of agreement between the FRS and the D:A:D score
in  HIV-infected South Africans, the FRS still
underestimates the risk of CVD among PLWH. This current
study highlights the importance of addressing the
underestimation of CVD risk to avoid excluding individuals
who could benefit from aggressive prevention or
management of their condition. It has also been observed
that the FRS underestimates the risk of CVD in the general
population of South Africans who are not infected with HIV
[37]. These observations clearly show the inappropriateness
of using the FRS in SSA populations, particularly HIV-
infected individuals in this sub-region.

The WHO/ISH prediction chart score is an alternative risk
score developed by the WHO for epidemiological sub-
regions but has seldom been used in general and in HIV-
infected populations. The current study's report of 86.7% of
study participants with a low risk of CVD, as determined
by the WHO/ISH prediction chart, is similar to a study
conducted in Nigeria, which reported a rate of 87.2% [28].
Nevertheless, the level of agreement between the FRS and
the WHO/ISH score, which exceeds 75.0% (data not
shown), suggests that there is a high likelihood that the
WHO/ISH score may also underestimate the risk of CVD
among PLWH in sub-Saharan Africa (SSA). However, due

to the limited amount of literature in this specific area, this
argument remains open to debate. In the current study,
although all three cardiovascular scoring systems displayed
relatively similar scores for individuals with a high risk of
CVD, the most notable disparity among the systems lies in
scoring individuals with low or moderate risk of CVD. The
D:A:D scoring system tends to assign more individuals to
the moderate risk category compared to the FRS and the
WHO/ISH risk prediction chart, which aligns with findings
from other studies [35]. An important aspect of this group
of patients in the moderate risk category is their relatively
shorter time to progress to the high-risk group if not
appropriately managed, due to factors such as HIV
infection and ART. This makes the D:A:D risk scoring
system more appropriate to be used in HIV-infected
individuals and especially in patients on ART. Indeed, the
D:A:D score revealed that 93.3% and 87.8% of individuals
classified as high risk or moderate risk of CVD,
respectively, were receiving ART (data not shown).

Several studies have also highlighted the efficacy of
utilizing the D:A:D risk score to identify HIV-positive
individuals with a high risk of CVD. However, for a
comprehensive review of this literature, refer to the
discussion by D'Agostino et al. [38]. The prevalence of
hypertension and other cardiovascular risk factors is likely
to increase among PLWH in Ghana, particularly in those
receiving antiretroviral therapy, as the population ages.
While the currently estimated risk score for cardiovascular
events in this study was low to moderate in most patients,
the increasing CD4+ T cell count threshold for initiating
antiretroviral therapy, combined with the ageing of the
population of PLWH, suggests that most patients will
eventually fall into the high-risk group for these events and
will require management. Overall, HIV care provides a
good opportunity for the management of hypertension and
other chronic cardiovascular events with regular
assessment. Regular blood pressure measurement, which is
currently routine in the HIV clinic, should be considered an
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essential element of HIV care. Furthermore, studies
conducted in South Africa have demonstrated that
integrating non-communicable disease care into HIV care
leads to improved functional ability and health status
among patients receiving ART [39,40]. The increasing
prevalence of comorbidities, specifically CVDs among
PLWH, necessitates health policies and interventions that
integrate chronic disease management into HIV care
[19,41]. While data on the cost-benefit analysis of this
approach is limited, integrating chronic disease
management into existing HIV care has been suggested to
potentially be more cost-effective in the long run compared
to the traditional vertical approach and single disease
management [20]. This standpoint is supported by findings
from a pilot study conducted at a secondary health facility
in Nigeria. The study concluded that integrating
cardiovascular screening and management into HIV care is
both feasible and necessary to enhance life expectancy and
maintain the progress achieved in HIV care during the era
of ART [42].

Conclusion

The results of this study indicate that over 50% of study
participants had a moderate to high risk of CVD when using
the D:A:D risk assessment system. This emphasizes the
importance of performing cardiovascular risk assessments
before initiating antiretroviral therapy and regularly
afterwards to detect and manage risk factors promptly,
thereby preventing cardiovascular events. While the
existing guidelines of the National AIDS Control
Programme recognize the possibility of drug-drug
interactions between administered antiretroviral therapy
and certain antihypertensive drugs, as well as the need to
monitor for metabolic abnormalities, there is a lack of
guidance on systematically screening, preventing and
managing CVDs among PLWH. As PLWH grow older, the
occurrence of cardiovascular events has not yet become a
major concern. This provides a valuable chance to control
the risk of cardiovascular problems among individuals with
HIV before the situation worsens.

DECLARATIONS

Ethical considerations

The study was given ethical clearance [Protocol
Identification Number: MS-Et/M.3-P 4.4/2015-2016] by
the Ethical and Protocol Review Committee of the College
of Health Sciences, University of Ghana. Permission was
obtained from the clinician-in-charge of the Fevers Unit at
the KBTH, and informed consent was sought and obtained
from each study participant.

Consent to publish
All authors agreed on the content of the final paper.

Funding

Financial support for this study was provided by the Office
of Research, Innovation and Development (ORID) at the
University of Ghana for providing financial support for
this study. Grant number: EN_2018 UG16250RID321.

Competing Interest
The authors declare that there is no conflict of interest
regarding the publication of this article.

Author contributions

ETN and RAT conceived and designed the study. RMA,
WK, FA and BS gave conceptual advice. RMA, WK and
RAT assisted in funding acquisition. ETN, WK, RAT,
RMA and BS did the statistical analysis and drafted the
manuscript. RMA, WK, RAT, FA and BS reviewed and
edited the manuscript. All authors read and approved the
final version of the manuscript.

Acknowledgements

We would like to express our gratitude to the Office of
Research, Innovation and Development (ORID) at the
University of Ghana for providing financial support for
this study. We are also thankful to the entire staff and
patients of the Fevers Unit at KBTH for their assistance
during the data collection phase. Additionally, we extend
our thanks to the staff of the Centre for Tropical Clinical
Pharmacology and Therapeutics (UGMS), particularly Mr
Caleb Buenortey and Mr John Tsakpo, for their support
throughout the study.

Availability of data

The datasets used and/or analysed during the current study
are available from the corresponding author upon
reasonable request.

REFERENCES

1.  Negredo E, Bonjoch A, Clotet B (2006) Benefits and concerns
of simplification strategies in HIV-infected npatients. J
Antimicrob Chemother 58(2):235-242.  https://doi.org/10.
1093/ jac/dkl191

2. Fichtenbaum CJ, Gerber JG (2002) Interactions between
antiretroviral drugs and drugs used for the therapy of the
metabolic complications encountered during HIV infection.
Clin  Pharmacokinet 41(14):1195-1211. https://doi.org/10.
2165/00003088-200241140-00004

3. World Health Organization (2016) Cardiovascular diseases
(CVDs). Geneva. https://www.who.int/health-topics/
cardiovascular-diseases#tab=tab_1 [Accessed 3 May 2023]

4. Mathers CD, Loncar D (2006) Projections of global mortality
and burden of disease from 2002 to 2030. PLoS medicine
3(11):e442. https://doi.org/10.1371/journal.pmed.0030442

5. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F,
McQueen M, Budaj A, Pais P, Varigos J, Lisheng L,
Investigators IS (2004) Effect of potentially modifiable risk
factors associated with myocardial infarction in 52 countries
(the INTERHEART study): a case-control study. Lancet
364(9438):937-952.  https://doi.org/10.1016/S0140-6736(04)
17018-9

6. Duprez DA, Kuller LH, Tracy R, Otvos J, Cooper DA, Hoy J,
Neuhaus J, Paton NI, Friis-Moller N, Lampe F, Liappis AP,
Neaton JD, Group ISS (2009) Lipoprotein particle subclasses,
cardiovascular disease and HIV infection. Atherosclerosis
207(2):524-529. https://doi.org/10.1016/j.atherosclerosis.2009.
05.001

7.  Group DADS, Friis-Moller N, Reiss P, Sabin CA, Weber R,
Monforte A, El-Sadr W, Thiebaut R, De Wit S, Kirk O, Fontas

Copyright © 2023 University of Ghana College of Health Sciences on behalf of HSI Journal. All rights reserved.

470

This is an Open Access article distributed under the Creative Commons Attribution 4.0 License.

B340 IDUANOL1SY MM /75171 9)ISQIM JNO WOLJ SI[O1)IE PBRO[UMOP JO JHSIA


https://doi.org/10.46829/hsijournal
mailto:hsijournal@ug.edu.gh
https://www.who.int/health-topics/cardiovascular-diseases#tab=tab_1
https://www.who.int/health-topics/cardiovascular-diseases#tab=tab_1

Cardiovascular disease risk assessment among adult persons living with HIV
Nartey et al., 2023. https://doi.org/10.46829/hsijournal.2022.6.4.1.465-472

share ﬂ ¥ @ m

Send us an email: hsijournal@ug.edu.gh
Visit us: https://www.hsijournal.ug.edu.gh

E, Law MG, Phillips A, Lundgren JD (2007) Class of
antiretroviral drugs and the risk of myocardial infarction. N
Engl J Med 356(17):1723-1735. https://doi.org/10.1056/
NEJM0a062744 2L.

8. Mary-Krause M, Cotte L, Simon A, Partisani M, Costagliola D,
Clinical Epidemiology Group from the French Hospital D
(2003) Increased risk of myocardial infarction with a duration
of protease inhibitor therapy in HIV-infected men. AIDS
17(17):2479-2486.  https://doi.org/10.1097/00002030-20031 22,
1210 -00010

9.  Sherer R, Solomon S, Schechter M, Nachega JB, Rockstroh J,
Zuniga JM (2014) HIV provider-patient communication
regarding cardiovascular risk: results from the AIDS Treatment 23.
for Life International Survey. J Int Assoc Provid AIDS
Care 13(4):342-345

10. Currier JS, Taylor A, Boyd F, Dezii CM, Kawabata H, Burtcel
B, Maa JF, Hodder S (2003) coronary heart disease in HIV-
infected individuals. J Acquir Immune Defic Syndr 33(4):506- 24,
512. https://doi.org/10.1097/00126334-20030 8010- 00012

11. Morris A, Gingo MR, George MP, Lucht L, Kessinger C, Singh
V, Hillenbrand M, Busch M, McMahon D, Norris KA,
Champion HC, Gladwin MT, Zhang Y, Steele C, Sciurba FC 25.
(2012) Cardiopulmonary function in individuals with HIV
infection in the antiretroviral therapy era. AIDS 26(6):731-740

12. Aberg JA (2009) Cardiovascular complications in HIV
management: past, present, and future. J Acquir Immune Defic
Syndr  50(1):54-64. https://doi.org/10.1097/QAI.0b013e31
818ceaad

13. Ghana Statistical Service and Ghana Health Service (2015) 26.
Ghana  Demographic and Health  Survey  2014.
https://dhsprogram.com/pubs/pdf/fr307/fr307.pdf [Accessed 3
May 2023]

14. Bosu WK (2010) Epidemic of hypertension in Ghana: a
systematic review. BMC public health. 10:418.

15. National AIDS Control Programme (2019) HIV Sentinel 27.
Survey Report.  https://ghanaids.gov.gh/mcadmin/Uploads/
HSS%202019%20Report%2027-08-2020.pdf [Accessed 3
May 2023]

16. Chodara AM, Wattiaux, ABS, Bartels CM (2017) Managing
cardiovascular disease risk in rheumatoid arthritis: clinical 28.
updates and three strategic approaches. Curr Rheumatol Rep
19(4):16. https://doi.org/ 10.1007/s11926-017-0643-y

17. Mendis S, Lindholm LH, Mancia G, Whitworth J, Alderman M,
Lim S, Heagerty T (2007) World Health Organization (WHO)
and International Society of Hypertension (ISH) risk prediction
charts: assessment of cardiovascular risk for prevention and 29.
control of cardiovascular disease in low and middle-income
countries. J Hypertens 25(8):1578-1582. https://doi.org/
10.1097/HJH.0b013e3282861fd3

18. D'Agostino RB, Grundy S, Sullivan LM, Wilson P, Group
CHDRP (2001) Validation of the Framingham coronary heart
disease prediction scores: results of a multiple ethnic groups
investigation. JAMA 286(2):180-187. https://doi.org/10.1001/ 30.
jama.286.2.180

19. Bloomfield GS, Khazanie P, Morris A, Rabadan-Diehl C,
Benjamin LA, Murdoch D, Radcliff VS, Velazquez EJ, Hicks
C (2014) HIV and non-communicable cardiovascular and
pulmonary diseases in low- and middle-income countries in the 31.
ART era: what we know and best directions for future research.
J Acquir Immune Defic Syndr 67(Suppl 1):S40-53.https://
doi.org/10.1097/QA1.00000000000002 57

20. Hyle EP, Naidoo K, Su AE, ElI-Sadr WM, Freedberg KA (2014)
HIV, tuberculosis, and non-communicable diseases: what is
known about the costs, effects, and cost-effectiveness of

integrated care? J Acquir Immune Defic Syndr 67(Suppl
1):S87-95. https://doi.org /10.1097/qai. 0000000000000254

Ankrah DNA, Lartey M, Agyepong I, Leufkens HGM, Mantel-
Teeuwisse AK (2015) Adherence and Treatment Change
among HIV/AIDS Patients in Ghana — A Nested Case-Control
Study. J AIDS Clin Res 6:510. https://doi.org/ 10.4172/2155-
6113.1000510

Charan J, Biswas T (2013) How to calculate sample size for
different study designs in medical research? Indian J Psychol
Med  35(2):121-126.  https://doi.org/10.4103/0253-7176.
116232

Mashinya F, Alberts M, Van Geertruyden JP, Colebunders R
(2015) Assessment of cardiovascular risk factors in people with
HIV infection treated with ART in rural South Africa: a cross-
sectional study. AIDS Res Ther 12:42. https://doi.org/
10.1186/s12981- 015-0083-6

World Health Organization (2008). WHO STEPS surveillance
manual: The WHO STEPwise Approach to Chronic Disease
Risk Factor Surveillance. Geneva.  https://apps.who.int/
iris/handle/10665/43376 [Accessed 3 May 2023]

Anderson TJ, Gregoire J, Hegele RA, Couture P, Mancini GB,
McPherson R, Francis GA, Poirier P, Lau DC, Grover S, Genest
J, Jr., Carpentier AC, Dufour R, Gupta M, Ward R, Leiter LA,
Lonn E, Ng DS, Pearson GJ, Yates GM, Stone JA, Ur E (2013)
2012 update of the Canadian Cardiovascular Society guidelines
for the diagnosis and treatment of dyslipidemia for the
prevention of cardiovascular disease in the adult. Can J Cardiol
29(2):151-167. https://doi.org/10.5551/jat.44396

Friis-Moller N, Ryom L, Smith C, Weber R, Reiss P, Dabis F,
De Wit S, Monforte AD, Kirk O, Fontas E, Sabin C, Phillips A,
Lundgren J, Law M, group DADs (2016) 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. Eur J Prev Cardiol 23(2):214-
223. https://doi.org/ 10.1097/HJR.0b013e328336a150

World Health Organization (2007). Pocket guidelines for
assessment and management of cardiovascular risk: WHO/ISH
cardiovascular risk prediction charts for the African Region.
Geneva.https://apps.who.int/iris’handle/10665/43787
[Accessed 3 May 2023]

Edward AO, Oladayo AA, Omolola AS, Adetiloye AA,
Adedayo PA (2013) Prevalence of traditional cardiovascular
risk factors and evaluation of cardiovascular risk using three
risk equations in  Nigerians living with  human
immunodeficiency virus. N Am J Med Sci 5(12):680-688.
https://doi.org/0.4103/1947-2714.123251

Reinsch N, Neuhaus K, Esser S, Potthoff A, Hower M,
Mostardt S, Neumann A, Brockmeyer NH, Gelbrich G, Erbel
R, Neumann T, German Competence Network Heart F, German
Competence Network for HA (2012) Are HIV patients
undertreated? Cardiovascular risk factors in HIV: results of the
HIV-HEART study. Eur J Prev Cardiol 19(2):267-274.
https://doi.org/10.4103/1947-2714.123251

Boccara F, Lang S, Meuleman C, Ederhy S, Mary-Krause M,
Costagliola D, Capeau J, Cohen A (2013) HIV and coronary
heart disease: time for a better understanding. J Am Coll
Cardiol 61(5):511-523. https://doi.org/ 10.1016/j.jacc.2012.
06.063

Aberg JA, Gallant JE, Ghanem KG, Emmanuel P, Zingman BS,
Horberg MA, Infectious Diseases Society of A (2014) Primary
care guidelines for the management of persons infected with
HIV: 2013 update by the HIV medicine association of the
Infectious Diseases Society of America. Clin Infect Dis
58(1):e1-34. https://doi.org/ 10.1093/cid/cit665

471 Copyright © 2023 University of Ghana College of Health Sciences on behalf of HSI Journal. All rights reserved.
This is an Open Access article distributed under the Creative Commons Attribution 4.0 License.

B340 IDUANOL1SY MM /75171 9)ISQIM JNO WOLJ SI[O1)IE PBRO[UMOP JO JHSIA


https://doi.org/10.46829/hsijournal
mailto:hsijournal@ug.edu.gh
https://ghanaids.gov.gh/mcadmin/Uploads/%20HSS%202019%20Report%2027-08-2020.pdf
https://ghanaids.gov.gh/mcadmin/Uploads/%20HSS%202019%20Report%2027-08-2020.pdf
https://apps.who.int/iris/handle/10665/43376
https://apps.who.int/iris/handle/10665/43376
https://apps.who.int/iris/handle/10665/43787

Cardiovascular disease risk assessment among adult persons living with HIV

Nartey et al., 2023. https://doi.org/10.46829/hsijournal.2022.6.4.1.465-472

share ﬂ 25 @m

Send us an email: hsijournal@ug.edu.gh
Visit us: https://www.hsijournal.ug.edu.gh

32.

33.

34.

35.

Pirs M, Jug B, Erzen B, Sabovic M, Karner P, Poljak M,
Tomazic J (2014) Cardiovascular risk assessment in HIV-
infected male patients: a comparison of Framingham, SCORE,
PROCAM and DAD risk equations. Acta Dermatovenerol Alp
Pannonica Adriat 23(3):43-47.  https://doi.org/10.15570
/actaapa.2014.11

Brindle P, Emberson J, Lampe F, Walker M, Whincup P, Fahey
T, Ebrahim S (2003) Predictive accuracy of the Framingham
coronary risk score in British men: prospective cohort study.
BMJ 327(7426):1267. https://doi.org/10.1136/bm;j.327.7426.
1267

Edwards-Jackson N, Kerr S, Tieu H, Ananworanich J, Hammer
S, Ruxrungtham K, Phanuphak P, Avihingsanon A, Team H-
NS (2011) Cardiovascular risk assessment in persons with HIV
infection in the developing world: comparing three risk
equations in a cohort of HIV-infected Thais. HIV Med
12(8):510-515.  https://doi.org/10.1111/j.1468-1293.2011.00
916. x.

Nery MW, Martelli CM, Silveira EA, de Sousa CA, Falco Mde
O, de Castro Ade C, Esper JT, Souza LC, Turchi MD (2013)
Cardiovascular risk assessment: a comparison of the
Framingham, PROCAM, and DAD equations in HIV-infected
persons. Sci. World J. 2013:969281. https://doi.org/10.1155/
2013/969281

Krikke M, Hoogeveen RC, Hoepelman Al, Visseren FL,
Arends JE (2016) Cardiovascular risk prediction in HIV-
infected patients: comparing the Framingham, atherosclerotic
cardiovascular disease risk score (ASCVD), Systematic
Coronary Risk Evaluation for the Netherlands (SCORE-NL)
and Data Collection on Adverse Events of Anti-HIV Drugs
(D:A:D) risk prediction models. HIV Med 17(4):289-297.
https://doi.org/10.1111/hiv.12300

36.

37.

38.

39.

40.

41.

Klug EQ (2012) South African Dyslipidaemia Guideline
Consensus Statement. S Afr Med J 102(3):177-188.

D'Agostino RB, Sr. (2012) Cardiovascular risk estimation in
2012: lessons learned and applicability to the HIV population.
J Infect Dis 205 (Suppl 3):S362-367. https://doi.org/10.
1093/infdis/jis196

Nyirenda M, Chatterji S, Falkingham J, Mutevedzi P,
Hosegood V, Evandrou M, Kowal P, Newell ML (2012) An
investigation of factors associated with the health and well-
being of HIV-infected or HIV-affected older people in rural
South Africa. BMC Public Health 12:259.

Mutevedzi PC, Rodger AJ, Kowal P, Nyirenda M, Newell ML
(2013) Decreased chronic morbidity but elevated HIV
associated cytokine levels in HIV-infected older adults
receiving HIV treatment: benefit of enhanced access to care?
PLoS One 8(10):e77379. https://doi.org/10.1371/journal.
pone.0077379

Oni T, McGrath N, BeLue R, Roderick P, Colagiuri S, May CR,
Levitt NS (2014) Chronic diseases and multi-morbidity--a
conceptual modification to the WHO ICCC model for countries
in health transition. BMC Public Health 14:575.

Gwarzo U, Maji T, Isa-Dutse S, Ahmed Y, Obayagona K,
Okechukwu E, Odafe S, Khamofu H, Torpey K, Chabikuli O
(2012) Cardiovascular disease risk factor profiles of hiv-
infected clients: findings from a pilot program to integrate cvd
screening into HIV Services at a secondary health facility in
Kano, North-Western Nigeria. International AIDS Society
Conference USA. Abstract MOAE0104

Thank you for publishing with

LIS

Health Sciences
Investigations

ournal

Copyright © 2023 University of Ghana College of Health Sciences on behalf of HSI Journal. All rights reserved. 472
This is an Open Access article distributed under the Creative Commons Attribution 4.0 License.

B340 IDUANOL1SY MM /75171 9)ISQIM JNO WOLJ SI[O1)IE PBRO[UMOP JO JHSIA


https://doi.org/10.46829/hsijournal
mailto:hsijournal@ug.edu.gh
https://doi.org/10.1136/bmj.327.7426.1267
https://doi.org/10.1136/bmj.327.7426.1267

