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ABSTRACT 

Background: Agatston score is a semi-automated tool to calculate a calcium score based on 

the extent of coronary artery calcification (CAC) detected by an unenhanced low-dose CT 

scan. The amount of calcification calculated has been applied in the clinical field as an 

indicator of major cardiovascular event risk.  

CT can predict coronary heart disease (CHD) events, even beyond the Framingham Risk Score 

(FRS). A score of over 300 signifies a high chance of developing major cardiovascular events. 

Broad Objective: To assess the role of Agatston scores in determining patients at risk of 

major cardiovascular events undergoing cardiac computed tomography at Muhimbili National 

Hospital. 

Methodology: This Hospital-based, cross-sectional study was done at Muhimbili National 

Hospital (MNH) - Dar Es Salaam, Tanzania, assessed the CACS in all cardiac patients referred 

for cardiac CT and asymptomatic Chest CT patients regardless of the order indicated, from 

November 2018 to April 2019. The study involved a total of 238 patients who underwent 

cardiac or chest computed tomography to determine their Agatston scores and online 

calculated Framingham risk scores for possible risks of major cardiovascular events. 

Standardized structured questionnaires were used for recording patients' demographics, 

clinical information, calculated FRS and the Agatston scores. The PI did the cardiac CT 

images evaluation and then was confirmed by a specialized cardiac radiologist, in case of 

disagreement a third radiologist was consulted. The imaging data were recorded only when 

consensus on the findings was reached. SPSS for Windows version 22.0 was used for the data 

analysis. Categorical variables the independent (age, sex) with the dependent (Agatston 

scores, FRS) and the comparison of the two scores were all analyzed by Chi-square test with a 

confidence interval of 95%, p-value < 0.05 was considered statistically significant.
 

Results: This study involved 238 patients, (134 males, 104 females). The age ranged from 34 

to 98 years with a mean age of 61years. The CACS ranged 0 to 1399 (mean score 94) showed 

that Agatston scores strongly associated (p<0.001) with aging, with the highest risk of 

developing major cardiovascular events observed at age group >80 years (75.9%) compared to 

other age groups, 70-79years (48.7%), 60-69 years (21.5%), 50-59 years (19.0%), 40-49 years 
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and 30-39 years (0%). Also, an association (p<0.05) was observed between Agatston scores 

and male gender (29.9%) compared to females (15.4%). Strong associations (p<0.001) 

between FRS with aging were more seen with age group >80 years (82.8%) compared to other 

groups such as 70-79 (38.5%), 60-69 (7.7%) while 50-59, 40-49 and 30-39 had (0%) and male 

gender were more at risk with 26.1% compared to females (8.7%). 

The Agatston scores > 300 reclassified 5.6% low and 36.5% intermediate FRS to high-risk 

individuals to develop major CVE. The difference between Agatston score and FRS was 

strongly statistically significant (p<0.001). 

 

 Conclusions: Agatston score and FRS increase with aging and males are more prone to high 

scores hence are at higher risk of developing major cardiovascular events. 

It is then recommended to use Agatston score routinely in CAD risk assessment. This will 

modify the patients‟ management prior to developing major cardiovascular events.
 

The guidelines by SCCT and STR can be implemented as primary management to detect 

asymptomatic cases. 
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DEFINITION OF KEY TERMS: 

Agatston score: is a semi-automated tool to calculate a score based on the extent of coronary 

artery calcification detected by an unenhanced low-dose CT scan, which is routinely 

performed in patients undergoing cardiac CT. 

Computed tomography (CT): Also called computerized axial tomography, or CAT scan, is an 

x-ray technique that uses an x-ray sensing unit that rotates around the body, along with a 

computer to create cross-sectional images. The images generated by a computer synthesis of 

x-ray transmission data obtained for many different directions in a given standard anatomic 

plane or view which can be axial (horizontal), coronal reformatted (cutting the body into slices 

that are from anterior to posterior or vice versa ) or sagittal reformatted (longitudinal slices 

that are from the sides and volumetric (3D) representation of structures. 

Coronary artery disease: A disease characterized by narrowing or blockage of the blood 

vessels that supply blood to the heart. 

Framingham Risk Scoring System (FRS): The most commonly used, multi-variable scoring 

system and the most extensively validated quantitative assessment tool for determining an 

individual's potential risk of developing CHD and of experiencing a significant coronary 

event. It includes the following major risk factors: gender, total cholesterol, high-density 

lipoprotein (HDL) cholesterol, systolic blood pressure (or on treatment for hypertension), 

cigarette smoking, and age. 

Helical CT (also known as spiral CT scanning): A type of CT that creates images at a higher 

speed than conventional CT through moving a patient in a continuously rotating x-ray source.  

Multislice spiral CT (MSCT) (also known as multi-row detector CT or MDCT): A technical 

evolution of helical CT, it uses CT machines equipped with an array of multiple x-ray 

detectors that can simultaneously image many sections during rapid volumetric image 

acquisition. 

Tomograph: An apparatus for moving an x-ray source in one direction as the film is moved in 

the opposite direction, thus showing in detail a predetermined plane of tissue while blurring or 

eliminating detail in other planes. 
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CHAPTER ONE 

1.0. INTRODUCTION AND LITERATURE REVIEW 

1.1 BACKGROUND: 

The CAC score method was initially introduced in 1990 by Agatston for EBCT scanners and 

then later adopted MDCT exams, which based on the maximum x-ray attenuation coefficient, 

or CT number, measured in Hounsfield units (HU)(1). 

Agatston score is a semi-automated tool to calculate a score based on the extent of coronary 

artery calcification detected by an unenhanced low-dose CT scan, which is routinely 

performed in patients undergoing cardiac CT, the amount of calcification, which is present in 

the anatomic location of the heart can also define the prognosis of the patient(1–3). 

Quantification of coronary artery calcium (CAC) is reliable, reproducible, and predictive of 

cardiovascular risk. At the other end of the spectrum, high Agatston scores (>300) are 

associated with a high probability of developing major cardiovascular events(4). 

Coronary heart disease (CHD) events can be predicted by CT (5–7) even beyond the 

Framingham Risk Score (FRS). It was found in one study, where participants were grouped 

according to an Agatston score  > or < 300, those with an Agatston score ≥300 had 

significantly more cardiovascular events than those with lower scores at every level of risk 

(low, intermediate, and high), based on the Framingham risk score(5). The FRS has been 

validly used as the 10-year risk of coronary heart disease (CHD) (8).  

Calcification is fundamental to the atherosclerotic process, with small calcified foci 

developing as early as the teens or twenties, immediately after the formation of fatty streaks. 

Coronary artery calcification (CAC) is highly prevalent in patients with coronary heart disease 

(CHD) and is associated with significant adverse cardiovascular events(9). Studies show that 

the extent of coronary artery calcification (CAC) strongly correlates with the degree of 

atherosclerosis and the rate of future cardiac events (5). 

The American Heart Association Prevention Conference V recommended grouping 

individuals according to their future risk of CAD, typically determined using the Framingham 

risk score or index. An individual is considered to be at high risk if the likelihood of 

developing the cardiovascular disease over the next ten years, based on traditional risk factors, 
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is >20%  (10,11) An individual with a 10% to 20% likelihood of disease is at intermediate risk 

and an individual with a <10% likelihood of disease is at low risk(11). 

 Coronary calcium scoring is best targeted to the screening of people who fall into the 

intermediate-risk category or to individuals at low risk but with other factors, such as a family 

history of heart disease, which may elevate their risk beyond that measured by traditional risk 

factors(12). 

In 2006, AHA issued a scientific statement on the use of cardiac CT (13). Most of the 

documents reviewed the utility of calcium scoring to determine prognosis and diagnosis.  

The South Bay Heart Watch Study demonstrated that coronary calcium screening could 

further improve the identification of individuals who are at high risk for MI or cardiovascular 

death over the next 5 to 10 years. This study found that the measurement of calcified coronary 

plaque prospectively provided significantly more information about the likelihood of 

myocardial infarction or cardiovascular death than traditional risk factors alone (5). 

A study by Fernandez F.L et al. demonstrated that a CAC score of >300 was associated with a 

significant increase in coronary heart disease event risk when compared with that determined 

by the Framingham risk score alone (14).   In the asymptomatic population, one study has 

observed that CAC is present in 50% of persons 40 to 49 years old and 80% of those 60 to 69 

years old (15). It has long been known that coronary calcified plaque predicts increased risk 

for myocardial infarction and cardiovascular death (16). 

The Multi-Ethnic Study of Atherosclerosis (MESA) suggests that the CAC score is a predictor 

of subsequent clinically significant coronary heart disease (CHD) and may provide predictive 

information beyond that provided by standard risk factors, also reported that after adjustment 

for conventional risk factors, a doubling of the CAC scores resulted in a 20% increase in the 

risk of a major coronary event (myocardial infarction/death from CHD) and a 25% increase in 

the risk of any coronary event (17). 

An analysis was done by Polonsky and peers in the 2010 study of risk for coronary events by 

comparing the use of the conventional FRS System alone with the inclusion of CAC scores, as 

part of the risk stratification model. With the addition of CAC to the model, an additional 23% 

of those who experienced events were reclassified as high risk, and another 13% who did not 
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experience events were reclassified as low risk(18). Budoff and colleagues reported that the 

CAC score provided incremental information, in addition to traditional risk factors in the 

prediction of all-cause mortality(6,19,20).  

The prevalence of CAC is age- and gender-dependent, occurring in over 90% of men and 67% 

older than 70 years of age.  The  extent  of  coronary  artery calcification  (CAC)  strongly  

correlated  with  the  degree  of  Atherosclerosis  and  the  rate  of   future  cardiac  events  

(9,15,21)  

In 2006, Anand and colleagues published a study which reported that CAC scores were 

superior to established cardiovascular risk factors in predicting silent myocardial ischemia and 

short-term outcome(22). 

The Framingham Risk Score predicts CHD events only moderately well where family history 

is not included as a risk factor. There have been several studies supporting the role of the CAC 

score for the prediction of myocardial infarction and cardiovascular mortality. It was shown to 

have a great scope in risk stratification(23). 

Parma and colleagues in their 2016 study of the probability of CAD and the incidence of 

major adverse coronary events, which included cardiac death, nonfatal MI, and coronary 

revascularization, resulted in 40.65% with no coronary calcifications and 59.53% were found 

to have CAC(24).CAC is not only independently associated with CHD of asymptomatic 

subjects but also carries prognostic importance in patients with known CHD(25). 

Very little is known in Africa regarding CAC scores, one published a preliminary study on 

CAC scores within a black African population was done in Ghana. The majority of cases 

(78.8%) had a zero calcium score, with patients within the age group of 55–64 years 

dominating the non-zero calcium score population. Males were found to have higher calcium 

levels compared to females, and CAC and prevalence steadily rose with the increasing 

age(4,26). 

It was demonstrated by the SCCT and STR in 2016 that CACS can be calculated from routine 

chest CT thus could pick asymptomatic CAD very early(27). 

Agatston Scores in Tanzania has not been studied yet. Thus there is a very wide knowledge 

gap in the utilization of Agatston scores. 
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1.2 STATEMENT OF THE PROBLEM: 

Coronary artery calcification (CAC) was previously thought to be a benign process, and the 

calcified lesion increases following aging. Heart disease is one of the leading causes of death 

for men and women. A crucial public health issue is to determine people at risk by scanning 

their CAC scores. 

In most developed countries after 2006 when the AHA issued a scientific statement on the use 

of cardiac CT, they have been ever since practicing this routinely(28). 

 In African countries cardiologists base on the traditional way, the FRS to classify their 

patients thus many patients have been missing the opportunity of the earliest preventive 

management of cardiovascular events which could have been predicted very early if CACS 

were measured during chest or cardiac CT scans. The relevant publication found in Africa was 

a preliminary study on CAC scores within a black African population which was done in 

Ghana (4). However in studies of Bud off MJ et al. and Goff DC et al., found that CACS plays 

a vital role in reclassifying individuals with risks of CHD(29,30). 

Tanzania like many other African countries has not started utilizing the Agatston Scores in 

determining the development of major cardiovascular events. 

The situation is hampered by very low availability advanced diagnostic facilities with MDCT 

over the years. And as a matter of fact, only a few hospitals have this diagnostic facility, most 

medical personnel are not familiar with usage of CT to determine future major cardiovascular 

events by measuring CACS.  

With this in view, the purpose of this study was to assess the role of Agatston Scores in 

cardiac patients at risk of developing cardiovascular events who underwent cardiac CT at 

MNH Radiology departments Dar Es Salaam, Tanzania. 

1.3 RATIONALE OF THE STUDY: 

Heart disease is one of the leading causes of death for men and women. A crucial public health 

issue is to determine people at risk by scanning their CAC scores. A strong prognostic 

significance of CAC has now been established for >15 years from studies involving tens of 

thousands of subjects collectively. CAC scanning would provide an excellent outcome if 

applied as a central role in CVD risk assessment, hence the early prediction and management 

of cardiovascular events. 
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1.4 OBJECTIVES: 

1.4.1. BROAD OBJECTIVE:  

To assess the role of Agatston scores in determining patients at risk of major cardiovascular 

events undergoing cardiac computed tomography at Muhimbili National Hospital, from 

November 2018 to April 2019. 

1.4.2. SPECIFIC OBJECTIVES: 

1. To determine the Agatston scores by age and sex in patients at risk of major 

cardiovascular events undergoing cardiac computed tomography at MNH, from 

November 2018 to April 2019. 

2. To determine the FRS by age and sex in patients at risk of major cardiovascular events 

undergoing cardiac computed tomography at MNH, from November 2018 to April 

2019. 

3. To compare between Agatston score and FRS in patients at risk of major 

cardiovascular events undergoing cardiac computed tomography at MHN, from 

November 2018 to April 2019. 

 

 

1.5. RESEARCH QUESTIONS: 

1. What are the Agatston Scores by age and sex in cardiac patients at risk of major 

cardiovascular events undergoing cardiac computed?  

2. What are the Framingham Risk scores by age and sex in cardiac patients at risk of 

major cardiovascular events undergoing cardiac computed?  

3. What is the difference between Agatston score and FRS in determining patients at risk 

of major cardiovascular events undergoing cardiac computed tomography? 
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1.6 CONCEPTUAL FRAMEWORK: 

 

 

 

   

 
 

 The above is schematic diagram illustrating the conceptual framework that was used to 

conduct this study which intended to show how the CACS alone can predict Cardiovascular 

Events even beyond traditional CHD risk; FRS factors (Age, Gender, HTN, DM, HDL, 

Cigarette smoking) modified from (5).  
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CHAPTER TWO 

 

2.0 METHODOLOGY 

2.1 STUDY TYPE: 

 This was a hospital-based cross-sectional study. 

 

2.2 STUDY AREA: 

Study location: CT scan unit at MNH Radiology Department in Dar Es Salaam Tanzania. 

MNH is the largest national level referral hospital, a teaching hospital and research center. 

MNH receives 3000 patients per day and has the bed capacity of 2000. The MNH cardiology 

department has 200 beds.  

JKCI is a national specialized and university teaching hospital offering cardiovascular care 

training and research. It is located within the MNH premises. JKCI receives 250 to 300 

outpatients per day; it has 106-bed capacities and is equipped with modern technology for 

cardiac care including a cath lab. It provides services to all age groups from ambulatory 

procedures to open-heart surgeries. 

 

 

2.3 STUDY DURATION: 

The study was conducted from November 2018 to April 2019. 

 

2.4 STUDY POPULATION: 

The study involved and covered all cardiac patients referred by physicians for Cardiac CT at 

MNH CT scan unit. The patients came from MNH and JKCI and all other patients who came 

for Chest CT regardless of the indication. 

 

2.5 INCLUSION CRITERIA: 

● All cardiac patients referred by physicians for Cardiac CT and gave consent to be 

involved in the study. 

● All patients who came for chest CT and agreed to be involved in the study. 
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 2.6   EXCLUSION CRITERIA: 

● All cardiac patients who attended MNH CT unit for cardiac CT but did not give 

consent to be involved, in the study. 

 

2.7   SAMPLING METHOD: 

Based on the most available samples, a convenient non- probability sampling technique was 

used to get the desired sample size which involved all cardiac patients for cardiac CT and 

patients who came for CT chest then consented to participate in the study. 

 

2.8   SAMPLE SIZE CALCULATIONS: 

The sample size for this study was calculated using Fisher's formula. The prevalence of 21.2%  

(4) from the Ghana study was considered statistically significant in this study.  

The sample size calculation was: 

n=Z²P (1-P)/E² 

Where: n= sample size, 

Z = (1.96) standard normal variance. 

P = 0.2 

E = margin error 5 % 

So from the formula     

e = 0.05, 

Z=1.96 and 

 P=0.1 

n = (1.96)
2   

x 0.212(1 – 0.212)=257 

                     (0.05)
2  

n = 257. 

n + 5% n = 270 

This study involved 238 patients out of the expected sample of 270 Patients. 
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2.9 IMAGING TECHNIQUES 

The patient was kept in a supine position covered the carina through the apex of the heart. The 

preferred heart rate was up to 70b/min to eliminate the motion artifacts of the beating heart.  

Multidetector cardiac CT: The MDCT- Siemens Somatom Definition Flash (128 – Slice 

Dual Source Scanner, Frankfurt, Germany MFD October 2015) at MNH was used, followed 

by a dedicated protocol for coronary calcium scoring at kV 120, mAs 70, Field of view 26–35 

cm. Scan mode Axial–cardiac Reconstruction. Partial scan, an ECG gated Prospective each 

75%  of R-R interval with helical acquisition using slice thickness of 3mm, slice spacing of 

3mm, 0.6mm Collimations and  410/10 window levels.  

Method of Calculation Agatston Score: The CACS were calculated by a specialized cardiac 

CT workstation software Singo Via which identified calcifications that met the scoring criteria 

throughout the image. Then calcified plaques in the coronary arteries were measured in 

volume and then converted to Agatston scores units. 

 

2.10 DATA COLLECTION: 

Data were collected through the very well-structured standardized questionnaires with the 

observational checklist of FRS charts which were filled by the PI. Also, the FRS calculation 

by the online FRS calculator which is the most widely and currently used was also applied in 

this study where, Hypertension was defined as the presence of a persistent elevated SBP ≥140 

mmHg and/or diastolic DBP ≥90 mmHg, the use of antihypertensive drugs and/or past 

medical history of hypertension. Diabetes mellitus was defined as a random blood glucose 

level of ≥11.1 mmol/L and/or fasting blood glucose level of ≥7.0 mmol/L or greater and/or use 

of insulin or an oral hypoglycemic agent. Total cholesterol values between 200 and 239 mg/dL 

were considered to carry borderline high risk whilst all values above 240 mg/dL carried high 

risk. Dyslipidemia was defined as low levels of high-density lipoprotein cholesterol 

(<60mg/dL), A family history of heart disease in the sample population was defined as heart 

disease in a first-degree relative at age ≤65 years and ≤55 years for women and men, 

respectively(18,31). This clinical information was fed on the online calculator which gave the 

calculated outcome FRS(31). 
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 Images were displayed and viewed on the workstation with an inbuilt computer software 

program, the SingoVia. The PI did the cardiac CT images evaluation and then was confirmed 

by specialized cardiac Radiologists, in case of disagreement a third radiologist was consulted. 

The imaging data were recorded only when consensus on the findings was reached. Data were 

recorded and all the records were kept on PACS. 

 

2.11 DATA ANALYSIS. 

Data were analyzed using the Statistical Package for Social Sciences (SPSS) for Windows 

version 22.0. Categorical variables the independent (age, sex) with the dependent (FRS, 

Agatston scores) and the comparison of the two scores were all analyzed by Chi-square test 

with a confidence interval of 95%, p-value < 0.05 was considered statistically significant. 

 

 

2.12 ETHICAL CONSIDERATION AND ETHICAL CLEARANCE: 

Ethical clearance issues were cleared from the MUHAS Research and Publication Committee. 

Before conducting this research, the proposal was presented to the Radiology department, 

which was responsible for requesting the clearance, permission, and introduction letter that 

described the purpose of the study.   

Then the investigator was introduced through the letters from the MUHAS authority to the 

MNH Executive Director and copies to the head of the Radiology department for permission 

to conduct the study in November 2018.
 

 Confidentiality during data collection and final report handling were observed. The patient's 

name was not included in the data collection form. Where necessary the codes were used.  
 

The investigator introduced herself to an individual patient and explained the purpose of the 

study, then requested the consent to participate in the study. The interviews were conducted in 

a private room. The patients who met the sampling criteria were requested to fill and sign the 

consent forms. The patients who signed the consent were the ones enrolled for the study. The 

ones who refused to give consent did not affect their right to receive standard treatment. 
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2.13 STUDY LIMITATIONS AND MITIGATION: 

There is still no published study on the Agatston scores done in Tanzania or East Africa to 

date, thus the local prevalence rate is unknown. Hence the prevalence rate used would not be 

genuinely representative of the actual local problem in Tanzania. The prevalence used as a 

result of a preliminary study on CAC scores which was done in Ghana, Western Africa. 
 

This study was limited by the fact that all participants were referred for CAC testing and were 

not considered to be a random sample of the population thus convenient sampling was used. 

The CACS CT investigation was not done routinely at MNH; therefore the proper protocols of 

unenhanced low dosed studies for CACS were done before coronary CT angiographies which 

are routinely and frequently done.  

 

 Some patients had racing heart rates, with the availability of a suitable CT machine that has 

inbuilt software for CAC scoring at the MNH CT unit, all patients who experienced 

palpitations were given intravenous medications to control the racing heart as the standard 

techniques directed.  

The sample size was not reached to the expected size due refusal to participate in the study and 

some due to social-economic reasons. Some participants were not healthily ensured and could 

not afford to pay for the required investigation. Some of these patients who had social-

economic constraints, the special exemption to pay partially or full exemptions were granted 

by the Head of MNH Radiology department. 
 

 

 

 

 

 

 

 

 

 

 



12 

 

 

 

CHAPTER THREE 

3.0 RESULTS 

There were a total of 238 patients (134males, 104 females).
 

The age ranged from 34 to 98 years, mean age 61years. 

Agatston scores ranged from 0 to 1399, mean score 94. 

 

Table 1: Showing Agatson Score by Age in patients at risk of cardiovascular events 

undergoing cardiac computed tomography at MNH, from November 2018 to April 2019. 

Agatston scores increase with age, high risk for >80 Age group (75.9%) compared to other 

groups. These differences were statistically significant (p<0.001). 

 

      AGE 

                         Pearson’s Chi-squared test 

                            AGATSTON SCORE 

 

TOTAL (%) 

0 (%) 1-99 (%) 100-299 (%) >300 (%) 

30-39 22 (95.7) 1 (4.3) 0 (0.0) 0 (0.0) 23 (97) 

40-49 23 (79.3) 6 (20.7) 0 (0.0) 0 (0.0) 29 (12.2) 

50-59 29 (54.7) 16 (30.2) 7 (13.2) 1 (19.0) 53 (22.3) 

60-69 14 (21.5) 26 (40.0) 11 (16.9) 14 (21.5) 65 (27.3) 

70-79 2 (5.1) 9 (23.1) 9 (23.1) 19 (48.7) 39 (16.4) 

>80 1 (3.4) 2 (6.9) 4 (13.8) 22 (75.9) 29 (12.2) 

TOTAL  91 60 31 56 238 (100.0) 
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Table 2: Showing Agatston Score by Sex in patients at risk of cardiovascular events 

undergoing cardiac computed tomography at MNH, from November 2018 to April 2019. 

Males at high risk were 29.9% compared to females (15.4%). These differences were 

statistically significant (p<0.05).
 

 

     

SEX 

                         Pearson’s Chi-squared test 

                            AGATSTON SCORE 

 

 

TOTAL (%) 

0 (%) 1-99 (%) 100-299 (%) >300 (%) 

MALES 46 (34.3) 27 (20.1) 21 (15.7) 40 (29.9) 134 (56.3) 

FEMALES 45 (43.3) 33 (31.7) 10 (9.6) 16 (15.4) 104 (43.7) 

TOTAL 

(%) 

91 60  31 56 238 (100) 

 

Table 3: Showing FRS by Age in patients at risk of cardiovascular events undergoing 

cardiac computed tomography at MNH, from November 2018 to April 2019. 

FRS increases with age, >80 Age group (82.8%) compared to other groups, differences were 

statistically significant (p<0.001). 

 

      

 

AGE 

                       Pearson’s Chi-squared test 

                                          FRS  

                                                                                

 

 

TOTAL (%)  

     <10%  

Low Risk        (%) 

10%-20%  

Intermediate Risk  (%)     

    >20% 

High Risk (%) 

30-39 23 (1) 0 (0.0) 0 (0.0) 23 (9.7) 

40-49 29 (1) 0 (0.0) 0 (0.0) 29 (12.2) 

50-59 45 (84.9) 8 (15.1) 0 (0.0) 53 (22.3) 

60-69 35 (53.8) 25 (38.5) 5 (7.7) 65 (27.3) 

70-79 9 (23.1) 15 (38.5) 15 (38.5) 39 (16.4) 

>80 1 (3.4) 4 (13.8) 24 (82.8) 29 (12.2) 

TOTAL 

(%) 

142 52 44 238 (100) 
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Table 4: Showing FRS by sex in patients at risk of cardiovascular events undergoing 

cardiac computed tomography at MNH, from November 2018 to April 2019. 

Males are at high risk with 26.1% compared to females (8.7%). These differences were 

statistically significant (p<0.001).
 

 

    

 

 SEX 

                       Pearson’s Chi-squared test 

                                  FRS  

                                                                                

 

 

TOTAL (%)  

<10%  

Low Risk        

(%) 

10%-20%  

Intermediate Risk            

(%) 

>20%  

High Risk (%) 

MALES 62 (46.3) 37 (27.6) 35 (26.1) 134 (56,3) 

FEMALES 80 (76.9) 15 (14.4) 9 (8.7) 104 (43.7) 

TOTAL (%) 142 52 44 238 (100) 

 

Table 5: Showing the Agatston scores and FRS in patients at risk of cardiovascular 

events undergoing cardiac computed tomography at MNH, from November 2018 to 

April 2019. 

The Agatston score > 300 reclassified (5.6%) low risk and (36.5%) intermediate FRS to high-

risk for CVE. (p<0.001). 

 

       

FRS 

                         Pearson’s Chi-squared test 

                            AGATSTON SCORE 

 

TOTAL (%) 

0 (%) 1-99 (%) 100-299 (%) >300 (%) 

<10% Low 

Risk 

84 (59.2) 38 (26.8) 12 (8.5) 8 (5.6) 142 (59.7) 

10%-20% 

Intermediate 

Risk 

6 (11.5) 18 (34.6) 9 (17.3) 19 (36.5) 52 (21.8) 

>20% High 

Risk 

1 (2.3) 4 (9.1) 10 (22.7) 29 (65.9) 44 (18.5) 

TOTAL  91 60 31 56 238 (100.0) 
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CHAPTER FOUR 

4.0 DISCUSSION.  

A total of 238 patients were included in this study. Male preponderance was observed in 

134(56.3%). The mean age was 61 years (youngest 34years, oldest 91years) and CACS ranged 

from 0 to 1399 (mean score 91).
 

 The results have shown that Agatston scores strongly associated (p<0.001) with aging, with 

the highest risk observed at age group >80 years (75.9%). Aging is the risk factor for calcified 

coronary atherosclerotic changes and their extent strongly correlates with the rate of future 

major CVE. These findings correspond to other studies that showed aging has a potential CAC 

increase(10,11,31). Other studies suggested that coronary artery atherosclerosis and 

calcification are almost universal in those with advanced old age(32). 

Therefore old age and male gender are the most risk factors to have high Agatston scores as 

also seen in other studies that resulted in the prevalence of CAC to be age- and gender-

dependent, occurring in over 90% of men and 67% older than 70 years of age.  Where the 

extent of coronary artery calcification  (CAC) strongly correlated with the degree of 

atherosclerosis and the rate of future cardiac events (13,19,21).  The Ghana study in West 

Africa which also resulted in CAC and prevalence steadily rose with the increasing age and 

males had higher calcium levels compared to females(4). Another study found males tended to 

have higher average calcium scores in each coronary artery than females due to a greater 

tendency to have multiple vessel involvement(33).   

The strong associations between FRS with aging were observed, as was seen in the age group 

>80 years, (82.8%) and male gender 26.1% (p<0.001). The FRS increased with aging and 

males had higher scores, this was also found in previous studies(3,6). The CAC score is a 

strong predictor of CHD incidence, and provides predictive information beyond the traditional 

risk factors in different ethnic groups(5), The average CHD risk over a period of 10 years 

tends to plateau slightly in the oldest men and women(8) Other studies showed, an individual 

is considered to be at high risk if the likelihood of developing the cardiovascular disease over 

the next ten years, based on traditional risk factors, is >20%  (10,11).  . 
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The Agatston scores > 300 reclassified 5.6% low and 36.5% intermediate FRS to high-risk 

individuals to develop major CVE. The difference between Agatston score and FRS was 

strongly statistically significant (p<0.001). These findings could be compared with other 

studies that found out that Agatston alone could predict the development of cardiovascular 

events, as the measurement of calcified coronary plaque prospectively provided significantly 

more information about the likelihood of myocardial infarction or cardiovascular death than 

traditional risk factors alone(3). CAC score alone was able to predict CHD risk independently 

of FRS. Moreover, the CAC score significantly modified the risk prediction in all categories of 

the FRS category with risk >10%(23). Another study resulted in more than one-half (52%) of 

the intermediate-risk group were reclassified according to CAC scores, of which 22% were 

correctly categorized as high risk, the p-value was <0.001 (29). The other two studies found 

that a significant positive correlation between the CACS and the FRS (p<0.05) (33) and CAC 

has proved to be a potential method to improve risk discrimination(32). 
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CHAPTER FIVE 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 CONCLUSIONS 

Agatston score and FRS increase with aging and males are more prone to high scores hence 

are at high risk of developing major cardiovascular events. 

 

5.2 RECOMMENDATIONS 

It is prime time to focus on promoting appropriate CAC-guided CVD risk assessment in our 

population which has proven to show a benefit. Therefore Agatston score should be routinely 

used in CAD risk assessment over FRS because excellent evidence has provided in this study. 

This will modify the patients' management before developing major cardiovascular events.
 

The guidelines by SCCT and STR can be implemented as primary management to detect 

asymptomatic cases, by calculating CAC scores in every chest scan regardless of indication, 

this will help us to predict CAD events very early, and take necessary measures for the best 

management of our patients. 

 A larger study should be done using this study as the baseline. 
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7.0 APPENDICES: 

Appendix 1: Consent Form English version: 

 

CONSENT TO PARTICIPATE IN A STUDY TITLED AGATSTON SCORES AND 

CARDIOVASCULAR EVENTS RISKS IN PATIENTS UNDERGOING CARDIAC 

COMPUTED TOMOGRAPHY AT MUHIMBILI. 

Greetings! 

I am Dr. Rachel K. Kataraia from Muhimbili University of Health and Allied Sciences. 

Conducting a study on the assessment of Agatston Score and cardiovascular events risks in 

patients undergoing cardiac Computed Tomography (CT) at Muhimbili hospitals. 

Purpose of the Study. 

This study aims to show to what extent the Agatston score or coronary artery calcification 

detected by an unenhanced low-dose CT scan can predict coronary heart disease (CHD) 

events, even beyond the traditional Framingham Risk Score (FRS). Moreover, more important 

is to find out how the information from these measures can improve the management and 

reduce the incidence of cardiovascular events.  

Participation 

If you agree to participate in the study, you will be required to answer all the questions that 

will be asked by the investigator in the form of an interview. 

Confidentiality 

All information that will be collected from you will be treated confidentially and will not be 

used for any other purpose other than this study. 

Risks 

We do not expect any harm to happen for joining in this study.  

You have all the Rights to take part or not to take part in this study.  
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If you choose not to participate in the study or decide to stop participating will continue to be 

customarily treated. 

 You can stop participating in this study at any time, even if you have already given consent 

and if for any reason would wish to come back into the study after withdrawal, we will be 

ready to accept to continue with the study.  

 Refusal to participate or withdraw from the study will not involve penalty or loss of any 

benefits to which had been entitled in your management. 

 

Benefits 

Taking part in this research study will contribute towards getting information that will be used 

to improve the management and reduce the incidence of cardiovascular events. 

Policymakers will collectively use your information and others participating in the study in 

addressing discrepancies and give a way of improvement.
 

 

Whom to Contact 

If you ever have any questions about this study, can always contact the following: 

Dr. Rachel Kataraia (Principal Investigator) 

School of Medicine, Muhimbili University of Health and Allied Sciences, 

P.O. Box 65001, Dar es Salaam. 

Mobile phone numbers: 0713 545 648 / 0763 234 230 

Dr. Lulu Fundikira, 

 Head, Radiology and Imaging Department. 

 Ag. Director, Clinical Support Services. 

 Muhimbili University of Health and Allied Sciences. 

Phone +255 715 994849., 

P.O. Box 65013, Dar es Salaam. 

Also, if you will have questions about rights as a participant, may contact 

 Dr. Bruno Sunguya, Director of Research and Publications.  

  P. O. Box 65001, Dar es Salaam. 
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Signature____________________________ 

Do you agree to participate? Write the word „Yes' if you agree__________ 

I, ___________________________________ have read the contents in this form. My 

questions have been answered. I agree to participate in this study. 

Signature of participant _______________________________________ 

Signature of investigator _________________________________ 

Date of signed consent ______________________ 
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Kiambatanisho 2:  Fomu ya Ridhaa 

                                                                      

RIDHAA YA KUSHIRIKI KATIKA UTAFITI KUHUSU “AGATSTON SCORE” 

KIPIMO CHA CT YA MOYO ILI KUWEZA KUBASHIRI MATUKIO HATARI YA 

KIAFYA YA MOYO. 

Habari! 

Jina langu ni Rachel Kataraia, mimi ni daktari kutoka chuo kikuu cha afya na sayansi 

shirikishi cha Muhimbili. Ninafanya utafiti kuhusu kuchunguza mishipa ya moyo na kuweza 

kupata matukio hatari ya kiafya ya moyo yanayoweza kupelekea moyo kushindwa kufanya 

kazi kabisa au kifo cha ghafla. 

 

Malengo ya utafiti 

Lengo la utafiti huu ni kuangalia ni kwa kiasi gani matumizi ya kipimo cha “CT” ya moyo 

ambacho ni salama na cha haraka zaidi ukilinganisha na njia iliyozoeleka ya “Framingham 

risk score”cha mishipa ya ateri za moyo iliyoathirika inaweza kubashiri matukio hatari ya 

kiafya ya moyo yanayoweza kupelekea moyo kushindwa kufanya kazi kabisa au kifo cha 

ghafla, ili kuweza kufanya maamuzi ya njia bora ya matibabu mapema na kupunguza vifo vya 

ghafla. 

 

Ushiriki 

Kama utakubali kujiunga katika utafiti, utahitajika kujibu maswali yote utakayo ulizwa na 

mtafiti katika usaili. 
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Usiri 

Taarifa zote zitakazo kusanywa kutoka kwako zitahifadhiwa katika hali ya usiri mkubwa, na 

hazitatumika kwa malengo tofauti na ya utafiti huu pekee 

Madhara 

Ni matumaini yetu kuwa hakuna madhara yoyote yatakayokupata wewe kutokana na kushiriki 

katika utafiti huu. Halikadhalika, una uhuru wa kujitoa kushiriki pale utakapoamua hivyo. Na 

kama utaamua kutoshiriki au ukiamua kusitisha ushiriki wako katika utafiti huu utaendelea 

kuhudumiwa kama kawaida. Unaweza kusitisha ushiriki wako katika utafiti huu wakati 

wowote hata kama umekwishatoa ridhaa ya kushiriki, na endapo kwa sababu yoyote utaamua 

kurejea kushiriki basi uamuzi wako huo utapokelewa kwa moyo mkunjufu. Endapo utakataa 

kushiriki au utaamua kujitoa kushiriki katika utafiti huu, haitapelekea wewe kuadhibiwa au 

kunyimwa stahiki zako za kimatitabu. 

Manufaa 

Utakapo shiriki katika utafiti huu, utakuwa umechangia kupatikana kwa taarifa zitakazo saidia 

kuongeza ubora wa huduma wanazopewa wagonjwa wa moyo na pia kuboresha zaidi matitabu 

yako kwa kupunguza uwezekano wa kupata mshtuko wa moyo na vifo vya ghafla. 

 Maelezo yako, pamoja na ya washiriki wengine kwa pamoja yatatumiwa na watunga sera za 

afya katika kuboresha maeneo yenye mapungufu na kuwezesha utoaji wa huduma zilizo bora 

zaidi. 

Kwa mawasiliano zaidi kuhusu utafiti huu wasiliana na: 

Dkt. Rachel Kataraia (Mtafiti mkuu) 

Shule ya tiba, Chuo Kikuu cha Afya na Sayansi shirikishi cha Muhimbili, 

Sanduku la posta 65001, Dar es Salaam. 

Nambari za simu ya mkononi: 0713 545 648/ 0763 234230 

AU 

Dr. Lulu Fundikira  (Msimamizi wa utafiti) 

Idara ya Radiologia, 

Shule ya tiba, Chuo Kikuu cha Afya na Sayansi shirikishi cha Muhimbili, 

Kaimu Mkurugenzi Huduma za kliniki. 
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Sanduku la posta 65001, Dar es Salaam. 

Nambari ya simu ya mkononi: 0715 004 849 

Aidha kwa maswali zaidi kuhusu haki zako kama mshiriki wa utafiti huu, unaweza 

kuwasiliana na Dkt. Bruno Sunguya, Mkurugenzi wa Utafiti na Uchapishaji. 

Sandiku la Posta 65001, Dar Es Salaam. 

 

Sahihi………………………………………………….. 

Je, unakubali kushiriki? Andika neno “Ndiyo” kama unakubali ………………….. 

Mimi, ___________________________________ nimesoma na kuelewa yaliyomo katika 

fomu 8hii. Maswali yangu yamejibiwa. Ninakubali kushiriki katika utafiti huu. 

Sahihi ya mshiriki _______________________________________ 

Sahihi ya mtafiti _________________________________ 

Tarehe iliyosainiwa fomu ya ridhaa ______________________ 
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Appendix 3: QUESTIONNAIRE AND OBSERVATIONAL CHECKLIST.   

MUHIMBILI UNIVERSITY OF HEALTH AND ALLIED SCIENCES (MUHAS) 

SCHOOL OF MEDICINE 

DEPARTMENT OF RADIOLOGY 

P .O. Box 65001, Dar Es Salaam, Tanzania. 

QUESTIONNAIRE AND OBSERVATIONAL CHECKLIST FORM FOR 

ASSESSMENT OF AGATSTON SCORES AND FRS CARDIOVASCULAR RISK 

FACTORS. 

Identity no_____ 

Part 1: FRS Cardiovascular risks factors 

 

Patient Demographics:  

Age: _____ 

Gender:  

Male Female 

 

 

Personal History: 

On Hypertension Treatment? 

Yes  No 

 

History of Diabetes? 

Yes  No 

 

Smoking History? 

Yes  No 
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Current Examination and Laboratory results: 

Systolic Blood Pressure (mm of Hg) 

 

 

 

HDL Cholesterol (mg/dL) 

 

 

Total Cholesterol (mg/dL) 

 

 

 

Part 2: Coronary calcium scoring findings 

Calcium score Check 

0 Yes_____                        No_____ 

1–99 Yes_____                         No_____ 

100–299 Yes_____                         No_____ 

≥ 300 Yes_____                          No_____ 

Actual score on cardiac CT  imaging  

 

 

 

 

 


