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Abstract

Background: Coronary artery disease is a significant cause of morbidity and mortality globally. Most people with coronary artery disease
are asymptomatic, making its early detection with coronary artery calcium scoring using multidetector computed tomography an important
aspect of its management.

Objective: Our study aimed to describe the spectrum of computed tomography findings (such as the absolute coronary artery calcium scores
and coronary artery risk percentiles) and associated risk factors of 325 patients evaluated for coronary artery disease in Accra.

Methods: The study was a retrospective study involving retrieving electronically stored coronary artery calcium score reports for 325
patients reported by two radiologists. The patients had been referred for coronary artery calcium scoring from January 2020 to December
2021. Data were analysed using Statistical Package for the Social Sciences version 23.

Results: There were 62.2% (n = 202) males and 37.8% ( n = 123) females. Of the total number, 44.6% (n = 145) had a normal coronary
artery calcium score of 0, while 55.4% (n = 180) had values ranging from 1 to 2,690 (mean 109.0 + 325.4). The most prevalent modifiable
risk factor for coronary artery disease recorded for individuals with coronary artery calcium score above 0 was an abnormality of weight
(overweight and obesity). A significant relationship was observed between coronary artery calcium scoring and age (p = 0.001).

Conclusion: Our study showed that more than half of the participants had coronary artery calcification; abnormalities of weight followed by
hypertension were the two commonest risk factors for CAD in Accra, and CAD occurred in individuals as young as 30 to 39 years old.

Keywords: Coronary artery calcium score, Coronary artery disease, Ghana,

INTRODUCTION presenting as acute myocardial infarction (MI), unstable
angina and even death. Investigative tests like computed

The course of coronary artery disease (CAD) can be rapidand ~ tomography (CT) and coronary artery calcium scoring

lead to coronary heart disease (CHD)  (CACSN) are requested by clinicians to identify people at

a high risk of experiencing a coronary event. The clinician

* Corresponding author can then advise the high-risk patient to adopt appropriate
Email: ebrakohiapa@ug.edu.gh preventive measures to improve their prognosis [1].
Ischaemic heart disease was the fifth commonest cause of




mortality among Ghanaians in 2019 [2]. CHD can present
as sudden death in about half of all asymptomatic patients
[3]. In developed countries like the USA, 75% of patients
with myocardial ischaemia are asymptomatic, forming the
commonest presentation for CAD [4]. Two to 4% of
asymptomatic, middle-aged men are expected to have
significant coronary artery stenosis, with most of the
individuals with coronary events exhibiting normal baseline
electrocardiography (ECG) findings. In the presence of two
or more CAD risk factors, the prevalence of coronary artery
stenosis increases to 10% [1,5]. Screening, therefore, seems
important for identifying asymptomatic people with CAD.
More than three-quarters of deaths due to cardiovascular
diseases (CVD) in 2016 occurred in low-and-middle-income
countries, where people are often diagnosed late in the course
of the disease and die at younger ages [6]. In Ghana, non-
communicable diseases (NCD) were estimated to account for
43% of all deaths in 2016 [7]. Of these deaths due to NCD,
CVD accounted for 19%. [7]. Generally, CVDs are associated
with risk factors such as hypertension, diabetes,
hyperlipidemia and weight abnormalities [6]. The primary
prevention of CAD is most appropriate for patients with a
relatively high risk for coronary artery-related heart disease

[8]. Screening for CAD can be done by CACSn, using
multidetector computed tomography (MDCT). The score can
be interpreted either as an absolute coronary artery calcium
score (CACS) value or as a coronary artery calcium risk
percentile (CACRP) adjusted for patient ethnicity, age and
gender. CACSn focuses on detecting subclinical
atherosclerosis rather than severe stenosis. Calcifications in
plaques are depicted as hyperdensities greater than 130
Hounsfield units and a size of at least 1mm?Z The
calcifications could be colour-coded by the system
manufacturers or users [9]. The CACS obtained is usually
quantified using the Agatston score, stratified into five groups
as follows: no evidence of CAD (0 calcium score), minimal
(1 - 10), mild (11 - 100), moderate (101-400), and severe (>
400) [10]. Other quantification methods not so commonly
used are systems for determining the volume of calcium [11]
and the calcium mass score [12]. Coronary stenosis is
unlikely in people with a calcium score from 0 to 100 but
highly probable in those with calcium scores above 100 to
400. People with calcium scores greater than 400 have a
greater than 90% chance of having at least one significant
coronary artery stenosis. Calcified (stable) intimal plaques
which are evaluated during CT calcium scoring tests, usually
occur with non-calcified (unstable) plaques. Non-calcified
plaques have a propensity to rupture, thereby exposing their
lipid core and causing coronary artery thrombosis [13].
CACS is, however, not considered an absolute test in
predicting the risk for a life-threatening cardiac event such as
a heart attack. This is because it is thought that the
calcifications confer stability to the atherosclerotic plaques
and hence may be associated with a lower risk of life-
threatening cardiac events than non-calcified plaques [8]. A
single Ghanaian study by Frimpong et al. outlined the
calcium score characteristics of

170 individuals in the middle zone of Ghana [14]. Our
study in the southern sector of Ghana seeks to add to the
limited published studies of CT and CACS findings of
Ghanaians in literature. We report retrospectively the
findings, pertinent clinical history and recorded risk
factors for CAD of 325 people who underwent calcium
score assessment with MDCT at a private clinic in Accra.

MATERIALS AND METHODS

Study design and sites

This was a retrospective study which involved retrieving
electronically stored radiology reports for 325 patients
reported by two of the authors. The patients had been referred
for CACSn at the Akai House Clinic in Accra from January
2020 to December 2021. Patient information, including age,
sex, clinical history and indication for the exam, was
retrieved and entered into a database for later analysis. Each
patient's weight, height, and blood pressure were measured,
and the CACS and CACSP were recorded for each patient.
The CACS was stratified based on work done by Agatston et
al. [10] as follows: no evidence of CAD (0 calcium score),
mild (1 - 100), moderate (101 - 400), and severe (> 400).
Additional information regarding tobacco use and diabetes
was obtained before examination and recorded. The CACSn
examination was conducted with a 64-slice General Electric
(GE) lightspeed series, VCT model, and CT machine
(Milwaukee, Wisconsin, USA). The scanning method
involved a non-contrast scan with prospective ECG-gated at
0.35 seconds. CT scan images of 2.5 mm thickness were
obtained from the aortic root to the inferior cardiac wall
(during an inspiratory breath hold) at a 0° gantry angle and
120 kVp. The images are usually acquired in mid/late
diastole. Image interpretation was then made with 3 mm axial
reconstructions, and CACSs were generated on a GE
Advantage Workstation using GE CardiQ Xpresstm 2.0
program. Calcifications were colour-coded as green by
default. Selective colour coding based on coronary arteries
involved was as follows: left main artery-blue, left anterior
descending artery-purple, left circumflex artery-yellow, right
coronary artery-red & posterior descending artery-mauve
(Figure 1).

Sampling size and sampling Technique

All adult, non-Caucasian patients with Ghanaian
nationality referred for CACSn for any reason were
included in the study. Caucasians and non-Ghanaians of
African descent were excluded from the study.

Data analysis

Data were analysed using Statistical Package for the Social
Sciences (SPSS) version 23. Before the analysis, data were
entered into a Microsoft Excel 2016 spreadsheet and later
transferred into the SPSS for analysis. Descriptive statistics
(means, percentages, and frequencies) were generated. A
Shapiro-Wilk test was used to test for the normality of the
data. Since the data variables were not normally distributed,
an Independent Sample Mann-Whiney U test was used to
compare CASC parameters among gender categories and

Copyright © 2023 University of Ghana College of Health Sciences on behalf of HSI Journal. All rights reserved.
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age groupings (< 50 years and above 50 years). Moreover,
Spearman’s correlation coefficient test was conducted to
find the relationship between CACS and CACSP and the
various patient characteristics such as weight (kg), height
(cm), body mass index (BMI) and a systolic component of
blood pressure (BP).

RESULTS

A total of 325 data sets were used in this study. About 62.2%
(n = 202) were males, while 37.8% (n = 123) were females.
The mean age for the study population was 58.4 +

Table 1: Gender distribution of Coronary artery
calcium scoring (CACS) groups

11.5 years, with a minimum age of 18 years and a maximum
of 86 years. The age group with the highest frequency of
34.2% (n = 111) were patients between 50 - 59 years. Of the
total number of patients, 44.6% (n =145) had a normal CACS
value of 0, while 55.4% (n = 180) had CACS values ranging
from 1 - 2690 (mean 109.0 + 325.4). Patients with CACS
values > 1 were 180, 125 patients had values ranging from 1 -
100 (mild), 33 patients had CACS values > 100 - 400
(moderate), and 22 patients had CACS values > 400 (severe).
In this study, five females and 17 males, representing 4.1%
and 8.4% of female and male participants, had CACS values
greater than 400. The highest score of 2690, which was the
only CACS value > 2000, occurred in a female. The CACS
values obtained from our study in the people with (mean
115.0) or without (mean 100.8) diabetes did not differ
significantly (p = 0.163). The CACS categories observed in
the study and their distribution between genders and age

ff{e%f,ry Male Sex Female ;ré)(t,?:] gender) groups are presented in Tables 1 and 2. Table 1 shows the
n (%) n (%) N (%) calcium scoring values recorded in males and females. The

0 85 (26.2) 60 (185)  145(44.6) calcium scoring values were stratified as described by

1-100 77(23.7) 48 (14.8) 125(38.5) Agatston et al. [10] into the following groups: 0, 1 - 100, 101

101-400 23(7.1) 10 (3.1) 33(10.2) - 400, 401

;0?)()10-210%%0 gg-gg 588 128‘1& - 1000, 1001 - 2000, > 2000. Table 2 shows the calcium

> 2000 000) 1(03) 103) score values seen in the different age groups. The table shows

N = number, % = percentage

Table 2: Distribution of CACS with age groups

that the 50 — 59-year-olds were the group that underwent the
most CACS procedures (34%, n = 111). Of this number, 52
had calcified coronary arteries. The 60 - 69

Age CACS
Range 0 1-100 101-400  >400-1000  1001-2000 > 2000 Total
<20 1 0 0 0 0 0 1
20-29 3 0 0 0 0 0 3
30-39 11 1 0 0 0 0 12
40-49 25 21 0 0 1 0 47
50-59 59 40 7 3 2 0 111
60-69 34 42 14 4 4 0 98
70-79 9 19 9 1 3 1 42
80-89 3 2 3 2 1 0 11
Total 145 125 33 10 11 1 325
CACS: coronary artery calcium score
Table 3: Descriptive statistics of data variables.
Minimum Maximum Mean Std. Deviation
Age 18 86 58.4 11.5
CACS 0.0 2690.0 109.0 325.4
BMI 17.3 59.0 29.6 5.8
Weight (kg) 47.0 170.0 85.5 17.4
Height (cm) 135.0 197.0 169.0 9.6
CACSP (%) 10.0 90.0 47.8 23.6

CACSP - Coronary artery calcium score percentile; CACS: coronary artery
calcium score; BMI: Body mass index




Figure 1. Colour coding of coronary artery calcification during calcium score evaluation. Two images of the same patient showing the
left anterior descending artery are initially green in colour (image on the left), but appear purple in colour after coding
(image on the right).

Table 4: Relationship between coronary artery calcium
scoring (CACS) and patients’ anthropometrics
and systolic blood pressure

Variable

Age
CACSP (%)
Weight (kg)
Height (cm)
BMI

BP

(CACS)

Rho P value
0.370 0.001*
0.267 0.001*
0.080 0.150

-0.011 0.843
0.091 0.103
0.105 0.059

*Statistically significant; CACSP Coronary artery calcium
score percentile; CACS: coronary artery calcium score;
BMI: Body mass index; Rho: Spearman's rank correlation

coefficient

Table 6: Comparative analyses of CACS among patient groupings.

Patient Groupings
Gender

Diabetes

BP

BMI groups

Categories

Male

Female

Absent

Present

Hypotension (<90/60)

Normal (90/60 < 120/80)
Pre-HPT (120/80 — 139/89)
Stage 1 (140/90 — 159/99)
Stage 2 (160 /100 or more)
Underweight (BMI < 18.5)
Normal (BMI = 18.5 - 24.5)
Overweight (BMI = 25-29.9)
Obese (BMI = 30-35)
Severely Obese (BMI = 35-40)
Morbidly obese (40 and over)

Table 5: Relationship between CACSP and patients’
anthropometrics and systolic blood pressure

Variable

Age
Weight (kg)
Height (cm)
BMI

BP

Rho

-0.368
-0.055
-0.151
0.028

-0.120

CACSP

P value

0.001*
0.320
0.006™
0.620
0.030*

*Statistically significant; CACSP: Coronary artery
calcium score percentile; CACS: coronary artery
calcium score; BMI: Body mass index; Rho:
Spearman's rank correlation coefficient

Mean
125.53
81.78
109.58
85.30

P-value
0.091

0.163

0.264

0.574

BMI: Body mass index; HPT: hypertension; BP: blood pressure; CACS: coronary artery calcium score; std= standard deviation




age group was the next with the largest number of
participants and had the highest number (n = 64) of
participants with calcified coronary arteries. Participants
below the age of 30 years did not exhibit coronary artery
calcifications. From the 30 - 39 to 70 - 79 age groups, the
percentage of participants in each age group exhibiting
coronary artery calcifications increased steadily as follows
(30 — 39, 8.3%), (40 — 49, 44.7%), (50 — 59, 46.8%), (60 - 6
9, 65.3%), (70 — 79, 78.6%). A minimal decrease in the
percentage to 72.7% was noted in the 80 - 89 age group.
Table 3 shows the descriptive statistics regarding variables
recorded in the study. The CACS ranged from 0 to 2690. The
body mass index (BMI), coronary artery calcium score
percentile, weight and height of participants were also
recorded. Table 4 presents the relationship between CACS
and patients' characteristics. Significant associations were
observed between the coronary artery calcium score,
participant age (p = 0.001) and coronary artery calcium score
percentile (p = 0.001). One hundred and thirty-five patients
were hypertensive, 31.1% (n = 42) of them with stage 2
hypertension. Of the hypertensive patients, 51.9% (n = 70)
had CACS values between 1 and 400, 8.1% (n =

11) had CACS scores > 400, and 3.7% (n = 5) had scores >
1000. No significant statistical relationship existed between
hypertension and CACS (p = 0.059). Weight, BMI and height
also showed no statistically significant relationship. Table 5
shows how patients' characteristics relate to CACSP. Age,
height and the systolic component of BP had statistically
significant negative relationships with CACSP. BMI and
weight had no statistically significant relationship with
CACSP. Table 6 shows the comparative analysis of CASC
between male and female participants, participants with and
without diabetes, participants with different stages of
hypertension, and participants falling in different BMI
categories. No statistically significant relation was noted
between CACS values and the different classes of
hypertensives (p = 0.264) or among any of the remaining

different groups shown in the table. The mean CACS for
participants with and without diabetes was 85.30 and 109.58
(p = 0.163). There were 1.5% (n = 5) smokers; hence, the
influence of tobacco use as a risk factor could not be included
in the analysis on account of their small number. There were
13.8% (n = 45) of patients with diabetes. Ten of 45 diabetic
patients (22.2%) and 2 of 5 smokers (40.0%) had CACS
values > 100. One diabetic and one smoker each had CACS
values > 1000. A little over a third (35.6%, n = 16) of the 45
diabetics had normal CACS values of 0, whereas only 1
(20.0%) of the five tobacco

Table 7: Comparative analyses of CACSP among patients’
characteristics groupings.

Patients’ Characteristics Mean/std P-value
Gender
Male 43.02 0.001*
Female 55.65
Diabetes
Absent 48.59 0.153
Present 41.93
BP
Hypotension (<90/60) 0.194
Normal (90/60 < 120/80)
Pre-HPT (120/80 — 139/89) -
Stage 1 (140/90 — 159/99)
Stage 2 (160 /100 or more)
BMI groups
Underweight (BMI < 18.5) 0.802

Normal (BMI = 18.5 - 24.5)

Overweight (BMI = 25 - 29.9)

Obese (BMI = 30 - 35) -

Severely Obese (BMI = 35 - 40)

Morbidly obese (40 and over)
CACSP: Coronary artery calcium score percentile; BMI: Body
mass index; HPT: hypertension; BP: blood pressure; std -
standard deviation

Table 8: Frequency (n) of clinical history presented on patients’ request forms and the corresponding observed CACS values.

History
0 1-100 101-400

Screening 59 66 15
IHDX 18 19 9
HPT 5 5 4
Dyslipidemias 10 7 2
Chest pain 33 18 2
Paroxysmal atrial fibrillation 2 1 0
DM 3 1 0
HPT+DM 1 2 0
Asthmatic 1 0 0
HF 5 8 0
Palpitation 3 1 0
PE 2 0 1
HPT+Dyslipidemia+angina 1 1 0
HPT+dyslipidemia 2 1 0
Total 145 125 33

CACS Total

>401- 1001-2000 >2000

1000
4 3 0 147
2 5 1 54
0 0 0 14
0 0 0 19
1 3 0 57
0 0 0 3
0 0 0 4
1 0 0 4
0 0 0 1
1 0 0 9
0 0 0 4
0 0 0 3
0 0 0 2
1 0 0 4
10 11 1 325

IHDX: ischaemic heart disease; HPT: hypertension; DM: diabetes mellitus; HF: heart failure; PE: pulmonary embolism.




users had a normal CACS value. Table 7 shows the
comparative analysis of CACSP between male and female
participants, participants with and without diabetes,
participants with blood pressures presented at the different
stages of hypertension, and participants falling in different
BMI categories. There was a statistically significant
difference between male and female participants (p = 0.001);
no statistically significant differences were noted among any
of the demographic groups displayed in the table. Table 8 lists
the clinical histories recorded from the request forms of all
study participants and their calcium scores (stratified
according to the work of Agatston et al.). One hundred and
forty-seven participants, accounting for 45.2% of the study
population, were asymptomatic. Of this asymptomatic subset,
59.8% (n = 88) of participants had abnormal calcium score
values, accounting for 27.1% of the total study population
with abnormal calcium score values. Participants with a
history of ischaemic heart disease (IHDX) and chest pain
formed 11.1% and 7.4% of the study population with calcified
coronary arteries. Patients with other histories represented less
than 5% of the study population. Symptomatic patients
formed the majority of the study participants (n = 178), 92 of
whom had CACS values > 0. The inferential analysis further
showed that those presenting with clinical symptoms or
diagnoses (such as IHDX, hypertension (HTN), dyslipidemia,
chest pain, and paroxysmal atrial fibrillation) had significantly
higher coronary artery score percentiles than asymptomatic
patients who presented for screening (p = 0.021). However,
there was no statistically significant difference between the
asymptomatic and symptomatic groups in terms of CACSP.

DISCUSSION

Our study was conducted in Accra, located in southern
Ghana. We demonstrated that more than half of the patients
examined with MDCT for coronary artery disease had
abnormal values and that findings such as the modifiable risk
factors for CAD, age and gender distribution of people found
to have coronary artery calcifications, differed from existing
data recorded from Kumasi located in the central part of
Ghana [14]. Considering our findings, it may be useful to
conduct a combined analysis of data from Accra and Kumasi
to ascertain if there are similar CAD characteristics in
patients in both regions. Even though the Framingham risk
function was the first CVD risk prediction model developed
from the Framingham Heart Study in the 1970s, the CACS is
currently also recognised as an independent predictor of
coronary heart disease events [15]. The relative risks
associated with increasing CACS have been found to be
comparable to those associated with established CHD risk
factors. People with low CACS (1 -

100) have about twice the risk of CHD events (relative risk,
2.1) than people who have no evidence of coronary artery
calcification. Individuals with very high CACS (> 400) are
associated with very high relative risks (4.3 - 17.0) [8]. The
presence of diabetes mellitus, tobacco use, extreme values of
low-density lipoprotein (LDL) cholesterol, high-density

lipoprotein (HDL) cholesterol, or hypertension, on the other
hand, confers a relative risk of approximately 1.5 to 3.4 [8].
The most common age group that presented for CACS in our
study was the 50 — 59-year group, which differs by about 5 to
10 years more than the most common group presented in the
study by Frimpong et al. [14]. This suggests that future
screening programs to detect CAD in Accra would have to
target a slightly older age group than similar screening
programs conducted by Kumasi. Descriptive statistics of the
data variables such as age, CACS, BMI, weight (kg), height
(cm) and relative age and sex-specific strata (distribution
percentiles in the general population) are presented in Tables
2 and 3. These show that a minority of individuals (44.6%, n
= 145) in the study had CACS value of 0, while the majority
of 55.4% (n = 180) had CACS values ranging from 1 to 2690
(mean 109.0 + 325.4). The CACS obtained in this study
support a review of data published by Greenland et al. [16]
but contrast with data recorded by Frimpong et al. [14], which
showed that 78.8% of patients had CACS of 0. In patients
with a score > 0, 125 (38.5%), 33 (10.2%) and 22 (6.7%) had
CACS values ranging from 1-100 (mild), > 100 - 400
(moderate) and > 400 (severe), respectively. The decreasing
number of patients with increased CACSs follows the trend
presented in available data. Data recorded by Frimpong et al.
[14] showed that CACS values greater than 400 were
recorded only in 3 males, with the highest calcium score of
692. No females in the Frimpong et al. study had calcium
score values greater than 400, whereas five females in our
study had CACS values greater than 400 [14].

Recent evidence has included a family history of premature
CAD as an independent risk factor for future major cardiac
events for a male first-degree relative less than 55 years old
or a female first-degree relative less than 65 years old [9].
Risk factors assessed in our study were age, sex, weight,
height, BMI, hypertension, diabetes and tobacco use. The
most prevalent modifiable risk factor for CAD recorded in
our study for individuals with CACS values above 0 was an
abnormality of weight (overweight and obesity), followed by
hypertension. This is in contrast to the study by Frimpong et
al., where hypertension was the most prevalent risk factor,
followed by overweight [14]. Our study showed no
statistically significant relationship between CACS and BMI,
weight, height and hypertension (BP) (Table 4). A significant
relationship was noted with age, with most of the CACS
values above 1000 being found in people aged 50 years or
older (Table 2). Whereas CACS values above 100 were more
common in patients aged between 60 - 70 years in our study,
the study in the middle section of Ghana showed a slightly
lower age range of 55 - 64 years. [14]. Our finding of
coronary artery calcifications being more common in adults
aged 40 years or more supports the findings of existing data
worldwide [8,9,16]. In preventing CHD, therefore, it seems
necessary to maintain a healthy weight and prevent or reduce
the incidence of raised blood pressure by reducing risk factors
associated with lifestyle activities, such as physical inactivity,
high salt intake and




harmful alcohol use [16,17]. Akosah et al. reported
cholesterol management as an important risk factor
considered in the United States of America (USA) as the
cornerstone of primary prevention in CHD management
[17]. A total-risk approach must be adopted, including early
detection and cost-effective management of hypertension to
prevent heart attacks, strokes and other complications [14]. A
limitation of our study was that only 1.5% (n = 5) of study
participants were smokers, hence the influence of tobacco use
as a risk factor could not be included in the analysis due to
the small number. Participants with diabetes were 13.8% (n =
45). Less than half of diabetics (22.2%) and smokers (40.0%)
had CACS values > 100. A review of eight studies by Kramer
et al. showed that diabetics with a CACS greater than 10 had
an increased risk of cardiovascular events and mortality [18].
The CACS values obtained from our study participants with
or without diabetes did not differ significantly (p = 0.163).
This finding is in contrast with a review by Neves et al.,
which stated that the presence of any degree of CACS value
in diabetics confers a higher risk of future coronary events
than in non-diabetics [9].

The World Health Organization (WHO) encourages
behavioural modification as one way of reducing CHDs, with
the aim of achieving a 25% reduction in premature deaths
attributable to non-communicable diseases (NCDs). WHO
has therefore proposed an action plan that provides a road
map policy options for all member states and other
stakeholders to take coordinated and coherent actions at all
levels to attain the nine voluntary global targets. The sixth
target in the Global NCD action plan (Global Action Plan for
Prevention and Control of NCDs 2013 - 2020) calls for a 25%
reduction in the global prevalence of raised blood pressure
(defined as systolic and diastolic blood pressure more than or
equal to 140/90 mmHg), which is the leading risk factor for
cardiovascular disease globally [19]. In contrast to the above,
our study showed no significant statistical relationship
between hypertension and CACS (p

= 0.059), as shown in Table 4. No statistically significant
relation was noted between CACS values and the different
classes of hypertensives (p = 0.264) shown in Table 6.
Within gender groups, our study showed a slightly higher
percentage of CACS values > 0 in males (57.9%)
compared to females (51.2%) than was recorded by
Frimpong et al. [14]. This finding, however, is in support
of Grech et al. [20], which state that the male gender is
known to be associated with a higher risk of CAD. Our
comparative analysis, however, exhibited no statistically
significant gender difference in CACS values (p = 0.091),
as shown in Table 6. Our study's findings exhibited
significant relationships between the CACSP and age (p =
0.001), height (p = 0.006) and hypertension (p = 0.030) in
Table 5. All three risk factors had negative Rho values,
implying an inverse relationship with the percentile rank
obtained. It is, however, unclear why patients within the
same age group and of the same gender, increased blood
pressure is associated with a decreasing percentile rank, as
hypertension is known to be an important risk factor for

coronary heart disease. A prior study by Detrano et al. [21]
showed no significant differences in the CACS prediction
scores between ethnic groups. To account for baseline ethnic
group differences, they suggested that ethnic-specific
calibration of CACS measures might be required

[21]. Residents of different neighbourhoods in the USA
who were Hispanic, Black, White, and Chinese-American
were involved in the Multi-Ethnic  Study of
Atherosclerosis (MESA). It showed that CACS values
varied by ethnicity, with Black men and Hispanic women
having the lowest levels [22]. Our study included only
non-caucasian participants and did not take note of the
different ethnicity of participants. Another study may,
therefore, be useful in determining if there are ethnic
differences in the relationship between CACS and risk
factors such as hypertension, obesity, diabetes and tobacco
use [14]. Analyses of clinical histories on request forms
presented to the radiology units showed that 45.2% of the
study population was asymptomatic. Of this asymptomatic
subset, more than half of the participants had abnormal
calcium score values, accounting for 27.1% of the total
study population. With more than 25% of the total
participants being asymptomatic but having evidence of
CAD, there may be a need for screening programs to
detect these individuals for timely management. Timely
treatment may, in turn, help to reduce the possibility of
future heart attacks in some patients.

There is a scarcity of radiology facilities in resource-poor
communities like Ghana. A recent study reported that there
were only 35 authorised CT scanners in Ghana in 2007, of
which only 28 were functional at the time of this study [23].
With recent additions, Ghana's 16 regions now have a total of
60 authorised CT scanners, serving a population of 31 million
[24], with just three screening facilities for CACS evaluation.
Because there are so few screening facilities and so few
radiologists in Ghana (0.181 per 100,000 persons), coronary
artery calcium screening has not yet had the expected impact
in identifying those who are at risk for developing coronary
artery disease (CAD) [25,26]. CACS is the gold standard
when screening for coronary artery calcification, despite the
fact that the cardiothoracic ratio calculated from plain chest
radiographs is effective in the early diagnosis of
cardiomegaly as a symptom of heart disease while allowing
for gender and age discrimination [27,28]. However, a recent
review of available data recommends that coronary artery
testing for CAD should not be used as a universal screening
tool, especially in people with low and high predicted risk for
atherosclerotic cardiovascular disease (ASCVD). Coronary
artery calcium screening is currently thought to be most
effective when utilised in patients with intermediate or
borderline risk for ASCVD [29]. Abdominal aortic
calcification outperformed the Framingham risk score,
according to a study by O'Connor SD et al. Hence, non-
enhanced abdomen CT scanning used for illnesses unrelated
to cardiovascular disease may soon be a helpful addition to
CACS in predicting future cardiovascular events [30].




Conclusions

Our study reported the findings, pertinent clinical history
and recorded risk factors for CAD of 325 people who
underwent calcium score assessment with MDCT at a
medical imaging facility in the southern Ghanaian city of
Accra. Our study demonstrated three main findings: more
than half of participants in Accra had coronary artery
calcification, abnormalities of weight followed by
hypertension were the two commonest risk factors for
CAD in Accra, and CAD occurred in individuals as young
as 30 to 39 years old. Awareness of these findings may
impact the planning of future health preventive programs
for addressing the public health issue posed by coronary
heart disease in Ghana.

DECLARATIONS

Ethical considerations

Ethical approval was obtained from the Ethical Review
Committee of Cape Coast Teaching Hospital (Approval
ID No. CCTHERC/EC/2022/059), and clearance to
conduct the study was also obtained from the various
hospitals involved in the study.

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

Funding
None

Competing Interest
No conflict of interest was reported by the authors.

Author contributions

EKB, BOB, and BDS participated in the initial
procedure design and acquisition of data. EKB, JA,
EKME, PNG, and KDT participated in the procedure,
data acquisition, analysis, and manuscript writing. All
the authors read and approved the final draft of the
manuscript.

Acknowledgements
The authors are grateful to all the participants who were
involved in the study.

Availability of data
The data used for this article is available upon request
to the corresponding author.

REFERENCES

1. Halpern EJ (2010) Clinical applications of cardiac CT
angiography. Insights Imaging 1:205-222.

2. Institute for Health Metrics and Evaluation. Available
from www.health data.org/ghana(Accessed 19/11/21)

3. Warnes CA, Roberts WC (1984) Sudden coronary death:
Relation of amount and distribution of coronary
narrowing at necropsy to previous symptoms of
myocardial ischemia, left ventricular scarring and heart
weight. Am J Cardiol 54:65-73.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Deedwania PC, Carbajal E V (1991) Silent myocardial
ischemia. A clinical perspective. Arch Intern Med
151:2373-82

Rose G, Baxter PJ, Reid DD, McCartney P (1978)
Prevalence and prognosis of electrocardiographic
findings in middle-aged men. Br Heart J 40:636-43.
https://doi.org/10.1136/hrt.40.6.636

World Health Organization Health Topics.
Cardiovascular disease factsheet. Available from:
https://www.who.int/en/news-room/fact-
sheets/detail/cardiovascular-diseases-(cvds) ISBN: 978
92 4 150623 6 (accessed online on 22-8-2021)

World Health Organization (2018) Non-communicable
diseases country profiles 2018. Awvailable from:
https://apps.who.int/iris/handle/10665/274512 (Accessed
online on 5-7-2021)

Pletcher MJ, Tice JA, Pignone M, Browner WS (2004)
Using the coronary artery calcium score to predict
coronary heart disease events: a systematic review and
meta-analysis. Arch Intern Med 164:1285-92.

Neves PO, Andrade J, Mongéo H (2017) Coronary artery
calcium score: current status. Radiol Bras 50:182-189.

Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR,
Viamonte M, Detrano R (1990) Quantification of
coronary artery calcium using ultrafast computed
tomography. J Am Coll Cardiol 15:827-832.

Hong C, Bae KT, Pilgram TK, Suh J, Bradley D (2002)
Coronary Artery Calcium Measurement withMulti—
Detector Row CT: In Vitro Assessment of Effect of
Radiation Dose. Radiology 225:901-906.

Yoon H-C, Greaser LE, Mather R, Sinha S, McNitt-Gray
MF, Goldin JG (1997) Coronary artery calcium:
Alternate  methods for accurate and reproducible
quantitation. Acad Radiol 4:666-673.

Halpern EJ, Mallya R, Sewell M, Shulman M, Zwas DR
(2009) Differences in Aortic Valve Area Measured with
CT Planimetry and Echocardiography (Continuity
Equation) Are Related to Divergent Estimates of Left
Ventricular Outflow Tract Area. American Journal of
Roentgenology 192:1668-1673.

Frimpong GAA, Owusu IK, Anyitey-Kokor IC, Wiafe-
Kwakye CSNS, Aboagye E, Coleman NE, Amankwah P,
Abaidoo NK (2018) Age and gender distribution of
coronary artery calcium score in a Black African
population in Ghana. Vasc Health Risk Manag Volume
14:75-80.

Yatsuya H (2018) Risk Prediction. In: Encyclopedia of
Cardiovascular Research and Medicine. Elsevier, pp
315-318

Greenland P, Smith Jr SC, Grundy SM (2001) Improving
Coronary Heart Disease Risk Assessment in
Asymptomatic People. Circulation 104:1863-1867.

Akosah KO, Schaper A, Cogbill C, Schoenfeld P (2003)
Preventing myocardial infarction in the young adult in
the first place: how do the National Cholesterol
Education Panel iii guidelines perform? J Am Coll
Cardiol 41:1475- 1479.

Kramer CK, Zinman B, Gross JL, Canani LH, Rodrigues
TC, Azevedo MJ, Retnakaran R (2013) Coronary artery
calcium score prediction of all-cause mortality and




19.

20.

21.

22.

23.

24.

cardiovascular events in people with type 2 diabetes:
systematic review and meta-analysis. BMJ 346:f1654—
f1654.

Grech ED (2003) ABC of interventional cardiology:
Pathophysiology and investigation of coronary artery
disease. BMJ 326:1027-1030.

World Health Organization. Global action plan for
prevention and control of NCDs 2013-2020. Available
from:https://www.who.int/publications/i/item/9789241506
236 ISBN: 978 92 4 150623 6. (accessed online on 22-8-
2020)

Detrano R, Guerci AD, Carr JJ, Bild DE, Burke G,
Folsom AR, Liu K, Shea S, Szklo M, Bluemke DA,
O'Leary DH, Tracy R, Watson K, Wong ND, Kronmal
RA (2008) Coronary Calcium as a Predictor of Coronary
Events in Four Racial or Ethnic Groups. New England
Journal of Medicine 358:1336-1345.

McClelland RL, Chung H, Detrano R, Post W, Kronmal
RA (2006) Distribution of Coronary Artery Calcium by
Race, Gender, and Age. Circulation 113:30-37.

Botwe B, Schandorf C, Inkoom S, Faanu A (2020) An
Investigation into the Infrastructure and Management of
Computerized Tomography Units in Ghana. J Med
Imaging Radiat Sci 51:165-172.

Ghana Statistical Service 2021 Population and Housing
Census Press Release on Provisional Results. Available
from:http://www.census2021.statsghana.gov.gh.(Accessed
online on 3-2-2022)

25.

26.

27.

28.

29.

30.

Edzie EKM, Dzefi-Tettey K, Gorleku PN, Idun EA, Osei
B, Cudjoe O, Asemah AR, Kusodzi H (2020) Application
of information and communication technology in
radiological practices: a cross-sectional study among
radiologists in Ghana. J Glob Health Rep 4.

Brakohiapa W, Brakohiapa EKK, Asiamah S, Idun E,
Kaminta A, Dzefi-Tettey K (2023) History of Diagnostic
Radiology in Ghana. Postgraduate Medical Journal of
Ghana 12:23-31.

Kwakye Brakohiapa EK, Botwe BO, Sarkodie BD, Ofori
EK, Coleman J (2017) Radiographic determination of
cardiomegaly using cardiothoracic ratio and transverse
cardiac diameter: can one size fit all? Part one. Pan
African Medical Journal 27:.

Brakohiapa EK, Botwe BO, Sarkodie BD (2021) Gender
and Age Differences in Cardiac Size Parameters of
Ghanaian Adults: Can One Parameter Fit All? Part Two.
Ethiop J Health Sci 31:561-572.

Greenland P, Lloyd-Jones DM (2022) Role of Coronary
Artery Calcium Testing for Risk Assessment in Primary
Prevention of Atherosclerotic Cardiovascular Disease.
JAMA Cardiol 7:219.

O'Connor SD, Graffy PM, Zea R, Pickhardt PJ (2019)
Does Nonenhanced CT-based Quantification of
Abdominal Aortic Calcification Outperform  the
Framingham Risk Score in Predicting Cardiovascular
Events in Asymptomatic Adults? Radiology 290:108-115.




