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Purpose: Cardiovascular disease (CVD) risk assessment is a suitable way to differentiate 
between high-risk individuals requiring intervention and risk modification, and those at low 
risk. However, concerns have been raised when adopting a CVD-risk prediction algorithm 
for HIV-infected patients in sub-Saharan Africa.
Patients and Methods: We compared cardiovascular risk profiles between HIV-infected (with 
and without antiretroviral therapy (ART)) and HIV-uninfected adults as predicted by the American 
College of Cardiology/American Heart Association (ASCVD) and the Framingham cardiovascular 
risk score (FRS) algorithms and assessed the concordance of the algorithms in predicting 10-year 
CVD risk separately in HIV-infected and uninfected groups in a hospital-based cross-sectional 
study in Tanzania. A cross-sectional hospital-based study including 40 HIV-infected ART-naive, 64 
HIV-infected on ART, and 50 HIV-uninfected adults was conducted. Traditional cardiovascular 
risk factors were determined by standard investigations. The primary outcome was the absolute 10- 
year CVD risk score based on the two algorithms.
Results: Compared to HIV-uninfected, HIV-infected adults were classified at a higher 10- 
year CVD risk. ASCVD algorithms predicted a higher proportion of high-risk individuals 
compared to FRS in both HIV-infected and uninfected groups. The concordance between 
ASCVD and FRS-lipid algorithms was reasonable for both HIV-infected and uninfected 
groups though relatively higher in the HIV-uninfected group.
Conclusion: HIV-infected individuals have a higher 10-year cardiovascular risk compared 
to HIV-uninfected persons. The concordance between ASCVD and FRS-lipid algorithms is 
reasonable in both HIV-uninfected and infected persons in Tanzania. Development of an 
HIV-specific algorithm is needed to accurately predict CVD risk in this population at high- 
risk.
Keywords: atherosclerotic cardiovascular disease risk score, Framingham risk score, 
antiretroviral therapy, Kilimanjaro Christian Medical Center, Moshi

Plain Language Summary
● The aim was to compare the CVD risk profile between HIV-infected (with and without 

ART) with uninfected adults with ASCVD and FRS algorithms and compare the two 
algorithms in risk prediction in the two groups.
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● A cross-sectional study at KCMC among 104 HIV-infected 
(64 on ART and 40 ART-naïve) and 50 HIV-uninfected.

● It was found that HIV-infected adults had a higher pre-
dicted 10-year CVD risk compared to HIV-negative 
persons.

● The concordance between ASCVD and FRS-lipid algo-
rithms was reasonable in both HIV-infected and uninfected 
groups, although the ASCVD algorithm compared to FRS 
predicted a higher proportion of high-risk individuals in 
both groups.

● There is a need to develop a HIV-specific algorithm to 
accurately predict CVD risk in this high-risk population.

Introduction
Recent estimates indicate there are 1.6 million HIV- 
infected people in Tanzania (4.6% prevalence).1 Over the 
last decade, however, Tanzania has made tremendous pro-
gress in antiretroviral therapy (ART) coverage. Currently, 
75% of people living with HIV in Tanzania are receiving 
ART. With the increase in successful ART coverage, the 
favorable effects of ART on the life expectancy of HIV- 
infected individuals bring on a new challenge: the poten-
tial for an increasing incidence of cardiovascular disease 
(CVD). Indeed, cardio- and cerebrovascular diseases are 
important non-infectious causes of mortality in HIV- 
infected patients, particularly in sub-Saharan Africa 
(SSA) countries, including Tanzania.2 However, signifi-
cant limitations and inconsistencies in identifying the 
population at risk for CVD in HIV-infected populations 
exist.

Assessment of CVD risk is the most suitable way to 
differentiate between individuals who require intervention 
and risk modification, and those at low risk, who do not. 
However, several concerns have been raised when adopt-
ing a CVD risk prediction algorithm for clinical assess-
ments of HIV-infected patients.3 Controversies on the 
magnitude of CVD risk among individuals according to 
serostatus and specific drugs in ART regimens have been 
reported both in studies using biomarkers (such as carotid 
intima-media thickness (cIMT), pulse wave velocity 
(PWV), and flow-mediated dilatation),4–6 as well as in 
studies using different CVD risk prediction algorithms/ 
equations. Multiple studies have compared calculated risk 
between HIV-infected persons (both with and without 
ART) and controls and found conflicting results; some 
studies suggesting a similar risk,7,8 others an increased 
risk due to chronic inflammation of the HIV-infection.9,10 

Some studies related this increased CVD risk to the 

adverse effect of ART due to dyslipidemia.11 Even 
a decreased risk was found in treated HIV-infected persons 
compared to uninfected controls.12

The quality of risk prediction in HIV-infected patients is 
questionable, particularly in SSA countries, because the 
calculators were neither developed in HIV-infected popula-
tions nor in populations from SSA countries. The 
Framingham risk score (FRS) was established in 
a predominantly white population.13 Studies have revealed 
that, in non-white racial groups, the risk scores tend to 
considerably underestimate CVD risk.11,12 Conversely, the 
American Heart Association (AHA)–American College of 
Cardiology (ACC) atherosclerotic cardiovascular disease 
(ACC/AHA ASCVD) equation incorporates race in the pre-
diction of both the 10-year and lifetime CVD risk of an 
individual.14 However, the ASCVD algorithm used Afro- 
Americans to develop the equation, and hence may not work 
well in blacks living in sub-Saharan Africa. The aim of this 
study was to compare cardiovascular risk profiles between 
HIV-infected (with and without ART) and HIV-uninfected 
adults as predicted by the ACC/AHA ASCVD and the FRS 
algorithms in HIV-infected and uninfected groups.

Patients and Methods
Study Area
The study was conducted at the Kilimanjaro Christian 
Medical Centre (KCMC) Infectious Diseases Clinic 
(IDC) in Moshi, Tanzania. KCMC is the zonal hospital 
serving the northern zone of Tanzania with a catchment 
population of approximately 13 million persons. The IDC 
provides free-of-charge counseling, testing, and treatment 
services to more than 2,000 adult patients with HIV infec-
tion. Most of the patients attending the IDC come from the 
neighboring communities around KCMC.

Study Participants
HIV-infected patients (on ART and ART-naïve) were 
recruited from the KCMC (IDC). These were individuals 
who were coming for care at the clinic. Fifty HIV-uninfected 
individuals were recruited from relatives or friends of the 
patients who signed a consent form to participate in the 
study. These were either KCMC staff or individuals from 
the neighboring community within the catchment area of the 
IDC. This was done in order to minimize the confounding 
effect of socio-economic factors. Consenting participants 
who fulfilled the inclusion criteria were recruited consecu-
tively until the required sample size was reached. Only 
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participants with known HIV status aged at least 40 years of 
both sexes were included in the study. Exclusion criteria 
included (i) pregnant women diagnosed to have pregnancy- 
related cardiovascular risk indicators such as preeclampsia 
or gestational hypertension because they have been reported 
to have a 4-fold chance to have or to develop hypertension 
after pregnancy and have a 2-fold risk of developing CVD,15 

and this parameter is not included in the CVD prediction 
calculators; (ii) participants with lower limb amputations 
because studies have shown that CVD risk is increased in 
lower limb amputees16,17 given that neither hemodynamic 
nor psychological factors have been taken into account in 
current prediction models.

The sample size was calculated using the Epi Info ver-
sion 7.2.3.1 StatCalc calculator for unmatched and cross- 
sectional studies (exposed and unexposed). The power was 
set at 80%, the ratio of unexposed (HIV-uninfected) to 
exposed (HIV-infected) was 0.5, the two-sided confidence 
level was set at 95%, and percent outcome in unexposed 
group was 20%.18 The risk ratio of CVD for HIV-infected 
was 2.16.19 A minimum sample size of 152 (51 unexposed, 
101 exposed) was reached.

Blood Analysis and Blood Pressure 
Measurements
Total cholesterol, high-density lipoprotein (HDL) cholesterol, 
and triglycerides levels were measured using Cobas Integra 
400 Plus Analyzer (Roche Diagnostic Limited, Switzerland). 
Low-density lipoprotein (LDL) levels were calculated using 
the Friedewald equation.20 All participants in the study 

provided a venous collected blood specimen which was 
used for HIV testing using two parallel HIV kits – 
UnigoldTM Recombigen® and Determine HIV-1/2 (Abbott 
Laboratories, Japan) as per manufacturer instructions. CD4 
cell count was measured using an automated BD FACS 
Calibur Machine (BD Biosciences, San Jose, CA, USA). 
After an overnight fast for >8 hours, fasting blood glucose 
levels were measured from a sterile finger prick blood sample 
using an automated machine (OneTouch Select, LifeScan, 
CA, USA). The OneTouch Select reports a plasma glucose 
equivalent and has been shown to be >90% accurate (com-
pared to venous plasma glucose measurement) in diagnosing 
diabetes mellitus. KCMC physicians measured blood pres-
sure with an automatic sphygmomanometer (Omron, Kyoto, 
Japan) in a quiet, private room after resting for at least 5 
minutes with the average of three readings recorded.21

Cardiovascular Disease Predicting 
Algorithms
Absolute CVD risk scores were calculated using the FRS 
laboratory (lipid) and ASCVD algorithms with variables 
and endpoints as summarized in Table 1. Ten-year absolute 
CVD risk scores were classified as low (<10%), moderate 
(10–19%), and high risk (≥20%) for FRS algorithm,22 

while for ASCVD algorithm the respective classification 
was <5%, 5–7.5%, and ≥7.5%.23

Statistical Analysis
Data were entered into the computer and analyzed 
using the IBM Statistical Package for Social Sciences 

Table 1 Cardiovascular Disease Risk Prediction Algorithms

(a) 
Models

Cohort Setting Age 
(Years)

Variables (Included in the Algorithm)

Age G Race BP BP Med Chol DM Smoking

FRS-lipid, 

2008

Framingham 

Heart Study

Framingham, 

MA, USA

30–74 x x - Sys x Tot/HDL x x

ASCVD, 

2018

New pooled 

cohort

USA 40–79 x x x Sys - Tot/HDL x x

(b) Cor. insuf. or 

revasc

Angina CHD 

death

AMI Stroke Stroke 

death

Cardiac 

failure

TIA PAD

FRS-lipid x x x x x x x x x

ASCVD x x x x

Notes: (a) Overview of the cardiovascular disease (CVD) risk prediction algorithms, showing the population characteristics and variables used by different algorithms. (b) 
Endpoint definitions used by the CVD risk prediction models. 
Abbreviations: G, gender; BP, blood pressure; BP med, using BP medication; Sys, systolic; Chol, Cholesterol; Tot, total; DM, diabetes mellitus; HDL, high density 
lipoprotein; PAD, peripheral artery disease; ASCVD, atherosclerotic cardiovascular disease risk score; FHS-CVD, Framingham Heart Study general CVD; TIA, transient 
ischemic attack; CHD, coronary heart disease; AMI, acute myocardial infarction; Cor. insuf. or revasc, coronary insufficiency or revascularization.
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(SPSS version 20, Chicago, IL). Continuous variables 
were summarized by measures of central tendency, that 
is, means and standard deviations (SD), while catego-
rical variables were summarized by frequency distribu-
tions and charts. Chi-square tests were done for 
categorical variables. Student’s t-test was used for con-
tinuous variables with two independent samples or one- 
way analysis of variance adjusted with the Bonferroni 
correction for more than two independent variables. All 
tests were tested at 5% level of significance (ie, 
a p-value<0.05 was considered significant) and 95% 
confidence intervals. Concordance of the FRS and 
ASCVD algorithms was done using Lin’s concordance 
correlation coefficient (LCCC). The following cut-off 
points were adopted for categorization of Lin’s concor-
dance correlation coefficient (LCCC): negligible con-
cordance (LCCC=0.00–0.10); weak concordance 
(LCCC=0.10–0.39); moderate concordance (LCCC=0. 
40–0.69); strong concordance (LCCC=0.70–0.89), and 
very strong concordance (LCCC=0.90–1.00).24 

Comparison of the two algorithms was also assessed 
by the Bland-Altman plots. Since Bland-Altman (B-A) 
plots require normally distributed data, the variables 
required to construct the B-A plots were tested for 
normality using the Shapiro–Wilk normality test. The 
hypothesis for normality was rejected if p was <0.05. 
In the case of non-normal data, a ratio transformation 
was used.

Ethics Statement
The study was approved by the Kilimanjaro Christian Medical 
University College (KCMUCo) Research Ethics Committee 
vide Ethical Clearance Certificate number 382. All participants 
signed the informed consent form after reading the information 
sheet before including them in the study. This study was 
conducted in accordance with the Declaration of Helsinki.

Results
One hundred and four HIV-infected adult patients (40 treat-
ment-naïve and 64 ART-treated) and 50 uninfected persons 
participated in the study. Table 2 shows the characteristics of 
study participants, that is, the HIV-uninfected, HIV-infected 
ART-treated, and untreated groups. The proportion of females 
in the HIV-uninfected group was significantly lower than in 
the HIV-infected groups (HIV-uninfected vs HIV-infected, 
ART-naïve, p=0.002; vs HIV-infected, on ART, p<0.001). 
HIV-uninfected individuals were significantly younger with 
a mean age of 45.0 years compared to 54.3 years in the HIV- 
infected, on ART and 55.2 years HIV-infected, ART-naïve 
groups, respectively (p<0.001). HIV-infected, ART- 
experienced patients had significantly high total cholesterol 
levels than HIV-infected, ART-naïve, and uninfected persons 
(p<0.05). Furthermore, participants in the HIV-infected, ART- 
naïve group had significantly higher systolic blood pressure 
compared to their HIV-infected, on ART counterparts 
(p=0.044).

Table 2 Characteristics of Study Participants

Variable HIV-Uninfected 
(n=50)

HIV-Infected, ART-Naïve 
(n=40)

HIV-Infected, on ART 
(n=64)

p-value from 
ANOVA

Sex female, n (%) 17 (34.0) 27 (67.5) 47 (73.4)Δ <0.001

Age (years), mean (SD) 45.0 (4.9) 55.2 (5.7) 54.3 (6.3)ϒ <0.001

Current smoker, n (%) 2 (4.0) 2 (5.0) 5 (7.8) 0.666

Diabetes mellitus, n (%) 2 (4.0) 2 (5.0) 6 (9.4) 0.464

Hypertension, n (%) 10 (20.0) 6 (15.0) 14 (21.9) 0.686

HDL (mg/dL), mean (SD) 44.7 (15.5) 51.3 (17.7) 52.4 (20.0) 0.065

Total cholesterol (mg/dL), mean (SD) 177.8 (48.9) 153.4 (28.7) 183.4 (45.3)∧ <0.001

Systolic blood pressure (mmHg), 

mean (SD)

126.4 (12.3) 129.2 (9.4)♦ 123.4 (12.0) 0.047

Notes: ΔHIV-infected patients (both on ART and ART-naïve) were significantly more likely to be female than the HIV-uninfected persons. ϒParticipants in the HIV-uninfected 
group were significantly younger than the HIV-infected groups (both on ART and ART-naïve). ∧Participants in the HIV-infected, ART-naïve group had significantly lower total 
cholesterol levels compared to the HIV-uninfected and HIV-infected, ART-experienced groups. ♦Participants in the HIV-infected, ART-naïve group had a significantly higher 
mean systolic blood pressure than the HIV-infected, on ART group. 
Abbreviations: ANOVA, analysis of variance; SD, standard deviation; HDL, high-density lipoprotein.
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Figure 1 compares the mean absolute short-term (10-year) 
CVD risk scores of individuals by serostatus (HIV-uninfected; 
HIV-infected, ART-treated; and HIV-infected, ART-naïve) by 
two risk-predicting algorithms (ASCVD and FRS). HIV- 
uninfected individuals had relatively lower mean (±SD) abso-
lute CVD risk score compared to the HIV-infected, ART- 
treated group (4.6%±3.3 vs 5.9%±5.0; p=0.115) and signifi-
cantly lower than that for the HIV-infected, ART-naïve group 
(4.6%±3.3 vs 6.4%±4.5; p=0.019) for the ASCVD algorithm. 
Similarly, for the FRS-lipid algorithm, the difference between 
HIV-uninfected, HIV-infected ART-treated, and untreated was 
higher and statistically significant (5.6%±3.6 vs 8.6%±7.0; 
p=0.007 and 5.6%±3.6 vs 9.6%±8.1; p=0.002, respectively). 
No significant difference in mean CVD risk scores between 
HIV-infected ART-naïve and ART-experienced was exhibited 
neither by ASCVD nor FRS algorithms (p>0.05).

Figure 2 shows the prevalence of 10-year CVD risk 
categories (low, moderate, and high) of HIV-uninfected 
and HIV-infected groups using the two algorithms, that 
is, ASCVD and FRS. According to ASCVD algorithm, 
low CVD risk (<5.0%) was observed in 64.0% HIV- 
uninfected and 52.9% HIV-infected persons, while the 
respective high CVD risk (≥7.5%) prevalence was 20.0% 
and 29.8%. There was no significant difference in propor-
tions of risk score strata (low, moderate, and high) 

between HIV-infected and uninfected groups (p>0.05). 
On the other hand, the FRS algorithm classified 88.0% 
HIV-uninfected and 72.1% HIV-infected as having low 
(<10%) risk, and 0.0% and 8.7%, respectively, as having 
high CVD risk. Significant differences in risk stratification 
with the FRS between HIV-infected and uninfected groups 
were exhibited in the low- and high-risk categories 
(p=0.033 and 0.039, respectively) but none for the moder-
ate risk category (p=0.301).

Agreement/Concordance of 10-Year 
CVD Risk between ASCVD and FRS-Lipid 
Algorithms
The difference of mean absolute risk scores between FRS 
and ASCVD algorithms (FRS-ASCVD) was tested for 
normality using the Shapiro–Wilk test. For the HIV- 
infected group the results were Z=6.9, p<0.001, and for 
HIV-uninfected, Z=1.9, p=0.030; thus, for both datasets 
the assumption of normality was not met. We therefore 
performed a ratio transformation of the data to attain 
normality.

Figure 3 shows the Bland-Altman plots between FRS 
and ASCVD algorithms. The mean ratio estimate in HIV- 
uninfected was 1.43 (95% CI=1.21–1.68) (Figure 3A) and 
1.60 (95% CI=1.47–1.74) in HIV-infected (Figure 3B) 

Figure 1 Comparison of 10-year CVD risk of HIV-uninfected with HIV-infected (both treated and untreated) persons by ASCVD and FRS-lipid algorithm.
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individuals. This indicates that the FRS algorithm mea-
sures an average of 43% higher than the ASCVD algo-
rithm in HIV-uninfected as compared to 60% higher in 
HIV-infected individuals. For HIV-uninfected individuals, 
the lower limit of agreement (LoA) was 0.46 (95% 
CI=0.35–0.61) and the upper LoA was 4.45 (95% 
CI=3.35–5.91), while for HIV-infected individuals the 

respective figures were 0.69 (95% CI=0.60–0.80) and 
3.73 (95% CI=3.23–4.30).

The LCCC for HIV-uninfected was 0.754 (95% 
CI=0.613–0.848) and 0.696 (95% CI=0.613–0.764) in 
HIV-infected individuals indicating strong agreement 
(LCCC=0.70–0.89) of the FRS and ASCVD algorithms 
in predicting cardiovascular risk. However, the difference 

Figure 2 10-year CVD risk among HIV-uninfected and infected groups using the ASCVD and FRS-lipid algorithms.

Figure 3 Bland-Altman plot of percent mean ratio between ASCVD and FRS algorithms vs the mean of the two algorithms for HIV-uninfected (A) and HIV-infected (B). The 
mean ratio estimate in HIV-uninfected is 1.43 (95% CI=1.21–1.68) (A) and 1.60 (95% CI=1.47–1.74) in HIV-infected (B) individuals.
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in concordance between the two algorithms was not sta-
tistically significant (p=0.455).

Discussion
We have analyzed the data comparing absolute CVD risk 
scores for short-term (10-year risk) between HIV- 
uninfected and HIV-infected (both treated and untreated) 
Tanzanian persons using two different CVD risk predicting 
algorithms, that is, the FRS based on lipids and the ACC/ 
AHA ASCVD algorithms. Results showed that, compared 
to HIV-uninfected persons, HIV-infected adults were clas-
sified at a higher short-term CVD risk, even higher for 
HIV-untreated adults. We also found ASCVD algorithm 
predicted a significantly higher proportion of high-risk 
individuals compared to FRS in both HIV-infected and 
uninfected groups.

Our study also established that the concordance 
between ASCVD and FRS-lipid algorithms is strong for 
both HIV-uninfected and infected groups (LCCC=0.754 vs 
0.696, respectively), suggesting similarity of prediction 
results of the two algorithms when applied in the two 
populations, that is, HIV-infected and uninfected. 
However, the B-A plot indicated a relatively lower bias 
in the HIV-uninfected than in the infected group (1.43 vs 
1.60, respectively) but with a narrower LoA (0.69–3.73) in 
the HIV-infected group than in the uninfected (0.46–4.45).

Our study findings show that, for HIV-infected patients, the 
mean short-term CVD risk score is significantly higher than 
that of HIV-uninfected individuals (6.1% vs 4.6% for ASCVD 
and 9.0% vs 5.6% for FRS) consistent with findings from other 
studies.6,9,10 However, our findings differ from those reported 
in several studies. Thus, for example, in a study in rural Uganda 
comparing CVD risk between HIV-infected and community- 
based uninfected individuals reported a significantly higher 
median CVD risk score of 5.3% in HIV-uninfected compared 
to 3.6% (p<0.001) in HIV-infected in the FRS-lipids 
algorithm.12 Other studies8,25 comparing CVD risk among 
HIV-infected and uninfected individuals using the FRS algo-
rithm found no statistically different CVD risk scores (7.07% 
vs. 6.87% and 14.6% vs 15.5%; respectively). Similarly, de 
Socio et al,26 in their study comparing CVD risk in HIV- 
infected patients with the general population in Italy, reported 
similar scores in both populations (7.0% vs 6.3%, p=0.32). 
Also, another study in Greece found no difference in CVD risk 
between HIV-infected and uninfected persons after adjusting 
for age, sex, and country of origin with CVD risk scores of 
13.2% vs 13.3% (p=0.606), respectively.7 Yet, another study 
found that, despite HIV-infected individuals having absolute 

10-year CVD risk by FRS algorithm elevated by 0.88% com-
pared to the HIV-uninfected general population, the difference 
was not statistically significant (p=0.24).27

Several explanations have been given for the variations 
in CVD risk by HIV status. One study implicated the 
higher CVD risk score in HIV-uninfected than infected 
individuals to higher systolic blood pressure and smoking 
rates in uninfected individuals compared to HIV-infected 
patients.12 On the other hand, de Socio et al26 attributed 
the relatively higher CVD risk in HIV-infected to cigarette 
smoking. In our study, the increased CVD risk in HIV- 
infected persons compared to uninfected individuals could 
be attributed by the preponderance of older individuals 
with higher levels of total cholesterol compared to HIV- 
uninfected counterparts. Various studies have reported age 
to be an important risk factor for cardiovascular disease, 
especially in men in which it varies linearly over time.11,27 

One study attributed increased CVD risk in men to hyper-
tension, total cholesterol, and LDL-cholesterol, while in 
women it was attributed to smoking, diabetes, triglyceride, 
and HDL-cholesterol levels.27 Another study in Norway 
found that the elevated CVD risk in HIV-infected indivi-
duals compared to uninfected was due to elevated total 
cholesterol levels.9

Contrary to other studies10,19 which reported increased 
CVD risk in treated HIV-infected patients compared to 
untreated, our study found that HIV-infected untreated 
patients had relatively higher mean CVD risk scores by 
both algorithms, though statistically not significant. 
Consistent to our finding, other studies have found relatively 
elevated, but statistically not significant, CVD risk in HIV- 
infected ART–naïve patients compared to treated HIV- 
patients.6,28 Low et al,28 in their prospective longitudinal 
study with a 3-year follow-up including three groups: HIV- 
infected ART-experienced, ART-inexperienced, and HIV- 
uninfected persons, evaluated changes in cIMT, a surrogate 
marker of CVD risk. They found that there was a significant 
increase in cIMT in year 2 in HIV-infected untreated patients, 
a modest increase in cIMT in uninfected individuals 
after year 1 with no further progression, and only a modest 
change in year 3 in treated patients. No statistically signifi-
cant difference in changes of the cIMT between the groups at 
all follow-up points (ie, years 1, 2, and 3) was observed. 
From these findings, they suggested that HIV infection 
per se, rather than the effects mediated by ART use, is 
a major cause of increased cardiovascular risk in HIV- 
positive patients. Similarly, in another study comparing 
1-year change in cIMT, PWV, and flow-mediated dilation 
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(FMD) – surrogate markers of CVD, between three HIV- 
infected groups: ART-naïve, non-nucleoside reverse tran-
scriptase inhibitor (NNRTI)-treated, and protease inhibitor 
(PI)-treated, did not find significant differences between 
baseline and 1-year change in all three surrogate markers of 
CVD risk when data for all three groups were combined.6 Yet 
another study in Nigeria aiming to assess risk factors for 
CVD in HIV-infected patients with and without antiretroviral 
therapy found that CVD risk was increased in HIV-infected 
patients irrespective of ART use.29

Our study also revealed that the ASCVD algorithm clas-
sifies a significantly high proportion of individuals into the 
high-risk (>7.5%) category compared to FRS (>10%) algo-
rithm. Our findings are consistent to other studies14,30 though 
inconsistent with those reported in a study by Boateng et al.31 

It is known that different algorithms predict multiple and 
different CVD outcomes.32 For example, as shown in Table 
1, ASCVD predicts four end-points as compared to nine for 
FRS. These differences in predicted outcomes may result in 
large variation in CVD risk estimates. Thus, it is unclear to 
what extent the predicted CVD risks obtained from different 
prediction algorithms are comparable and can be interpreted 
similarly in clinical practice. Variation in CVD risk estimates 
combined with different recommended risk thresholds for 
each prediction algorithm may lead to different definitions of 
high-risk individuals. For example, the ASCVD algorithm 
stratifies individuals with >7.5% 10-year CVD risk as high- 
risk, whereas the recommended threshold for the FRS equa-
tion is 10%.

Concordance/agreement between ASCVD and FRS algo-
rithms has been documented in various general population 
studies with some assessing the concordance/agreement 
using the Lin’s CCC and Bland-Altman plots,33–35 while others 
used either the kappa statistic31,36–39 or Pearson/Spearman 
correlation coefficient.31,37 Some studies have assessed agree-
ment/concordance in HIV-infected populations mainly using 
Cohen’s kappa.40–42 In the general population for the three 
studies that assessed concordance using Lin’s concordance 
correlation coefficient, the values ranged from 0.44–0.51, 
which is moderate concordance. On the other hand the studies 
that used kappa statistic, the range of values was 0.22 (fair 
agreement)–0.78 (substantial agreement). In the HIV-infected 
populations, two studies40,41 used kappa to test agreement 
between FRS and ASCVD algorithms with values of 0.61 
and 0.75 falling in the substantial agreement category. The 
other study42 used prevalence bias adjusted kappa (PABAK) 
and found no statistical difference in risk scores between tools. 
From the above analysis, it can be suggested that the two 

algorithms do differ when used in the general and the HIV- 
infected populations in that they have a better agreement/con-
cordance in the HIV-infected populations than the general and 
variability of the two algorithms is much high in the general 
population than in the HIV-infected. However, it is difficult to 
draw such a conclusion on the performance of the algorithms in 
these populations because we had studies from different set-
tings with very much varied approaches in the assessment of 
the cardiovascular risk, especially with regard to categorization 
of risk classes. To our knowledge there is only one study which 
has attempted to compare agreement values using kappa sta-
tistic between HIV-infected and uninfected groups in a single 
setting.12 The study found a kappa value of 0.4 (fair agreement) 
in the HIV-infected group and 0.5 (moderate agreement) in the 
uninfected group with FRS-lipid algorithm and an equal kappa 
value of 0.6 with FRS-body mass index compared to ASCVD 
algorithm suggesting similar agreement of the two algorithms 
in both groups. However, the Cohen’s kappa statistic has been 
criticized as not being an appropriate test for method compar-
ison because of lack of interpretability of high values and 
failure to provide information of the range over which the 
two measures agree.43

Several reasons have been proposed for the variations in 
concordance/agreement between CVD predicting algo-
rithms. A number of studies have suggested that the differ-
ences in cut-off points used when categorizing risk groups, 
heterogeneity in predicting variables which differ due to 
variations in CVD risk factors in different populations/ethnic 
groups, differing combinations of endpoints between CVD 
risk predicting algorithms and difference in source popula-
tions from which the algorithms were developed as opposed 
to those in which they are applied to be the major reasons of 
disparities in agreement/concordance between 
algorithms.22,31 Ethnic/racial disparities in the cardiovascular 
risk profiles have been documented44–46 and therefore the 
performance of risk models may be different in ethnic sub-
groups, as best exemplified in QRISK-3, probably due to the 
fact that there were few persons of African descent.47 It has 
been shown that when race/ethnicity is included in CVD risk- 
prediction models the predictive effect of race/ethnicity on 
outcome risks is often of a clinically significant 
magnitude.48,49 For example, it has been demonstrated that 
in about a third of models incorporating race, black/non- 
white patients had ≥50% elevated or decreased CVD risk.48

Our study assessed the concordance/agreement between 
CVD risk predicting algorithms (FRS and ASCVD) separately 
in HIV-infected and uninfected groups. To our knowledge no 
published study has the concordance of the algorithms by HIV 
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status. We found that, though strong concordance/agreement 
was demonstrated in both groups and there was a small 
improvement in concordance in the HIV-uninfected 
(LCCC=0.754) compared to the infected group 
(LCCC=0.696), though not statistically significant. Similarly, 
in a study in Uganda12 the agreement using the kappa statistic 
was found to be relatively higher in the HIV-uninfected group 
compared to the infected group (kappa=0.5 vs 0.4, respec-
tively), though not statistically significant. This observation 
may partially be explained by the fact that the two algorithms 
were developed in non-HIV-infected populations.22,31 

However, due to sample size limitations, our findings are just 
suggestive of the concordance that could exist when the two 
algorithms are used in the general, non-HIV-infected and HIV- 
infected populations. Larger, multi-center, multi-ethnic pro-
spective studies are required to establish these differences 
that could suggest the need of developing specific algorithms 
for predicting CVD risk in HIV-infected populations in differ-
ent settings and for different ethnic groups.

Our study findings should be interpreted in the context 
of several limitations. Firstly, due to the cross-sectional 
nature of the study, with no follow-up of patients, it is 
difficult to evaluate the predictive power of the algorithms 
for any CVD events. Secondly, the risk scores used in our 
study were primarily intended for identifying high-risk 
individuals free of cardiovascular disease, not for patients 
who already have developed a CVD event and it was 
therefore difficult to assess the performance of the CVD 
risk-predicting algorithms. Also, we could not compare the 
accuracy of the algorithms in predicting CVD risk because 
we did not have any benchmark, such as the inflammatory 
biomarkers (cIMT, PWV, or FMD) to which we could 
correlate the predicted scores. Lastly, our study sample 
was not large enough and therefore was not adequately 
powered to draw meaningful conclusions.

In conclusion, our study showed that HIV-infected 
populations have higher short-term predicted CVD risk 
compared to HIV-uninfected. Moreover, HIV-infected 
ART-naïve populations have relatively higher CVD risk 
than ART-experienced. Concordance of FRS and ASCVD 
algorithms was reasonable and relatively better in the HIV- 
uninfected than in the HIV-infected group. Given that 
CVD is the cause of many deaths around the globe, this 
is an important issue for the HIV-infected population and 
particularly as they get older. Therefore, regardless of the 
algorithm used, measuring CVD risk in HIV-infected 
patients should be considered a priority. Given that the 
currently used algorithms were developed in non-HIV- 

infected populations, there is a need for developing an 
algorithm specific for HIV-infected population which 
takes into consideration differences in socio-economic set-
tings and differences in ethnic background to enable accu-
rate prediction of CVD risk in these high-risk populations.
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