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Background: Five-medication regimen is recommended for patients after acute coronary syndrome (ACS) as a secondary prevention
strategy at discharge to reduce recurrence and improve mortality.
Objective: This study aimed to assess prescribing of optimal medical therapy (OMT) as five-medication regimens for secondary
prevention at discharge after ACS in Sudan.
Methods: A retrospective cohort study was performed at a tertiary hospital located in Wad Medani, Sudan, in the period between
January and December 2019. Data were collected from patients’ files. OMT was defined as a combination of five medications; aspirin
and P2Y12 inhibitors, statins, beta-blockers (BBs), and angiotensin-converting enzyme inhibitors (ACEIs)/angiotensin receptor
blockers (ARBs) or if a valid contraindication was documented.
Results: Of the 619 patients throughout the study period, 591 were selected based on inclusion and exclusion criteria. The median age
of patients was 60 years, and 58.9% of patients were male. Diabetes (44.5%) and hypertension (42%) were the most common risk
factors. Most patients (58.4%) were diagnosed with ST-segment elevation myocardial infarction. About 99.7% of patients were on
aspirin, 99.5% on statins, 97% on clopidogrel, 96.8% on dual antiplatelet therapy, 70.4% on BBs, and 57.9% on ACEIs/ARBs. OMT
for secondary prevention was prescribed to 267 (45.2%) patients with ACS at discharge.
Conclusion: Although prescriptions for all five guideline-recommended medications after ACS were suboptimal, the study showed
a positive trend in prescribing most individual medications.
Keywords: acute coronary syndrome, discharge, optimal medical therapy, secondary prevention, Sudan

Introduction
Cardiovascular diseases are one of the leading causes of death worldwide and remain a substantial contributor to morbidity,
mortality, and healthcare expenditure.1 In Sudan, around 12% of people die of cardiovascular diseases.2 Acute coronary
syndrome (ACS) is a serious cardiovascular disease in which atheroma, thrombosis, or spasm of coronary arteries obstruct
the oxygenated blood supply to the heart, leading to myocardial ischemia.3 ACS is classified as non-ST segment elevation
ACS (NSTACS) or ST-segment elevation ACS (STACS);4 both of them are life-threatening and the leading cause of death in
developed and developing countries. The mortality of ACS was estimated at 7.5 million deaths.5

Management of ACS depends on occlusion and time of onset symptoms. It includes immediate reperfusion through
thrombolytic therapy or percutaneous coronary intervention (PCI), antiplatelets and anticoagulants, and in some
instances, ACS can be approached by coronary artery bypass grafting surgery.3,6 After the acute phase of ACS, secondary
prevention treatments including cardioprotective medications (beta-blockers [BBs], antiplatelet drugs, angiotensin-
converting enzyme inhibitors/angiotensin II receptor blockers [ACEIs/ARBs], and statins) and behavioral advices such
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as smoking cessation and exercise are effective in decreasing the risk of subsequent cardiovascular events, risk of
hospital admission, and death.7,8

Regular usage and correct administration of secondary prevention medications increase the quality of life and lower
the risk of repeated ischemic events and mortality for ACS patients.9 The American Heart Association/American College
of Cardiology (AHA/ACC) guidelines and the European Society of Cardiology (ESC) recommend that all patients should
be prescribed with secondary prevention medications prior to discharge.10,11 However, several reports have shown large
gaps between the recommended and the prescribed dose of secondary prevention medications after ACS.12–15 To our
knowledge, there is no published study that evaluates the optimization of secondary prevention medications for ACS
Sudanese patients. Therefore, the current study aims to help fill the gap and assess the drug used for secondary prevention
for Sudanese patients with ACS at the discharge point.

Methods
Study Setting
The study was conducted at Medani Heart Center, which is a tertiary hospital, located in Wad Medani, Gezira State,
Sudan. It provides free health care that serves the inhabitants of Gezira state and receives referral patients from
neighboring states within the central region. The Medani Heart Center has 100 beds in three separate fundamental
sites of the center that are composed of the ICU (intensive care unit), the CCU (cardiac care unit), and the HDU (high
dependency unit), which also contains wards for both internal medicine and surgery services. In addition, it is equipped
with a cardiac catheterization lab.

Study Design and Patient Selection
An observational retrospective single-center study was conducted by reviewing the patients’ medical files between
January and December 2019. Patients 18 years and older who were admitted to Medani Heart Center with a diagnosis of
STACS or NSTACS during the study period were included. Patients were excluded if they had stable angina, died during
hospitalization, transferred to other healthcare facilities, or refused to receive secondary prevention medications. If
patients were admitted more than once during the study, only their first admission was included.

Data Collection
Data were retrieved from patients’ medical files using a structured data collection sheet. These data included patients’
demographics (age, gender, marital status, education, occupation, and residence), clinical characteristics (primary
diagnosis, past medical history, and baseline risk factors), laboratory investigations, medications used, and their doses
on the day of discharge.

The primary endpoint of the study was prescribing secondary prevention medications at discharge. Appropriate
secondary prevention medications, for the purpose of the study, were defined as being prescribed all five guideline-
recommended medications (statin, ACEIs/ARBs, dual antiplatelet therapy, and beta-blocker) at discharge or if a clinical
contraindication to one or more of the secondary prevention medications was documented in the patients’ files.

Data Analysis
All analyses were performed using the Statistical Package for Social Sciences (SPSS) version 26 (SPSS Inc., Chicago,
IL). Descriptive statistics were performed; categorical variables were expressed in percentages and/or frequencies, while
continuous variables were summarized as median and means. Association between variables was carried out using the
Student’s t-test and chi-square test. P value of less than 0.05 was considered statistically significant in all analyses.

Ethical Considerations
Ethical approval (HS-ERC-10-21) was obtained from the Health-Sector Ethical Review Committee, University of Gezira,
in accordance with the Declaration of Helsinki. Due to the study’s retrospective nature, informed consent was waived,
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and collected data were also assured of strict privacy and confidentiality and the names and other personal identifiers of
patients were not being registered.

Results
A total number of 619 ACS patients within the study period were initially identified from the hospital medical files, of
which 591 patients were eligible to be included in the study and 28 patients were excluded. The reasons for exclusion
were death before discharge (n = 19, 67.8%), transferred to other healthcare facilities (n = 4, 14.3%), refusal to receive
secondary prevention medications (n = 3, 10.7%), diagnosed with stable angina (n = 1, 3.6%), and incomplete medical
file (n = 1, 3.6%).

The median age of the patients was 60 years (range 19–100 years), and 348 (58.9%) patients were male. The majority
of patients were married (n = 563, 95.3%). Moreover, approximately one-third of patients were illiterate, and more than
half of the patients were residents of rural areas. The descriptive characteristics of patients are shown in Table 1.

Regarding disease characteristics, as demonstrated in Table 1, the baseline cardiac risk factors included hypertension
in 246 (42%) patients, diabetes mellitus in 261 (44.5%) patients, current smoker 81 (13.9%) and, 117 (23.1%) patients
had a family history of cardiac diseases. Of the whole group, 345 (58.4%) patients having the diagnosis of ST-segment
elevation myocardial infarction (STEMI), 113 (19.1%) patients having non–ST-segment elevation myocardial infarction
(NSTEMI), and 133 (22.5%) patients having unstable angina (UA). Of the total 591 patients, only 165 (27.9%) patients
underwent percutaneous coronary intervention (PCI) during the hospitalization with or without stent implantation,
whereas 426 (72.1%) patients did not undergo an invasive procedure and were treated medically. With regard to the
laboratory investigations, the majority of patients neither underwent liver function tests (LFT) 539 (91.2%) nor lipid
profile (LP) test (n = 585, 99%) (Table 1).

Among the 591 patients, 267 (45.2%) patients received all five guideline-recommended medications at hospital
discharge, as shown in Table 2. The most common prescribed medications were aspirin (n = 589, 99.7%), statins (n =
588, 99.5%), clopidogrel (n = 573, 97%), BBs (n = 416, 70.4%), and ACEIs and/or ARBs (n = 342, 57.9%). Of note,
most of the patients were received dual antiplatelet therapy (DAPT) (n = 576, 96.8%). Of them, ticagrelor was prescribed
only in 4 patients (0.68%). Concerning optimal dosing, all patients prescribed antiplatelet received optimal doses, aspirin
75–100 mg and/or clopidogrel 75 mg daily. Of the patients who received a statin, 98.6% were prescribed a high-intensity
statin (92.5% atorvastatin and 6.1% rosuvastatin).

Chi-square analysis between baseline characteristics and five-drug combination therapy revealed statistically sig-
nificant associations between the use of five-drug combination therapy and the number of comorbidities, hypertension,
and diabetes mellitus (Table 3). Patients with two or more comorbidities were more likely to receive all five medications
than those with one or no comorbid diseases (p = 0.001). Additionally, hypertensive patients were more likely to receive
the five-drug combination therapy than non-hypertensive patients (p = 0.001). Furthermore, non-diabetic patients were
less likely to receive all five medications than diabetic patients (p = 0.025), whereas there were statistically insignificant
associations (p > 0.05) between the use of all five medications and socio-demographics (gender, age), type of ACS, and
PCI intervention (Table 3).

Discussion
In Sudan, there is a lack of studies evaluating ACS secondary prevention, as well as an increase in the number of ACS
patients, that lead to increased death. The discharge remains the utmost important point to check the suitability of
secondary prevention, the headway to prevent recurrence of the ACS, and ultimately the mortality.16 Thus, we conducted
the first study in Sudan to address the secondary pharmacotherapy prevention to detect the gaps between the recom-
mended and what is prescribed for ACS medications at the time of discharge.

The study showed that the median age of patients was 60 years, males were dominated, hypertension and diabetes
mellitus patients were the common risk factors, and these findings were similar to previous Sudanese studies.2,17 The
mean age in the present study was higher than studies conducted in neighboring countries,18,19 and significantly lower
than the European population.20 About clinical diagnosis of ACS, 58.4%, 22.5%, or 19.1% of patients in this study were
diagnosed with STEMI, UA, or NSTEMI, respectively, which was consistent with the previous studies.13,14 Moreover,
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the study showed that 3.1% of patients died before hospital discharge, which was much lower than previously published
reports from Egypt and Ethiopia.18

Medications used in secondary prevention of ACS affect kidney functions in various mechanisms. This information is
composed of the importance of kidney function tests in the dosing of medications.21 Our data revealed that almost all

Table 1 Demographic and Clinical Characteristics of the Study Population
(N = 591)

Characteristics Number Frequency %

Age at diagnosis (year)
18–64 345 58.4

65–75 185 31.3
More than 75 61 10.3

Gender
Male 348 58.9
Female 243 41.1

Education
Illiterate 203 34.3

Primary 141 23.8

Secondary 8 1.4
University 121 20.5

Postgraduate 118 20.0

Residence
Urban 287 48.6

Rural 304 51.4

Marital status
Single 13 2.2

Married 563 95.3

Widow 15 2.5
Occupation (n = 450)
Housewife 152 33.8

Free worker 158 35.1
Unemployed 93 20.7

Employed 15 3.3

Others 32 7.1
Baseline risk factors (n = 586)*
Hypertension 246 42.0

Diabetes mellitus 261 44.5
Obesity 19 3.2

Smoker (n = 584) 81 13.9

Family history of CVD (n = 506) 117 23.1
CKD 3 0.5

Type of ACS
STEMI 345 58.4
NSTEMI 113 19.1

Unstable angina 133 22.5

Laboratory investigations
Creatinine ≥ 2 mg/dl 25 4.2

Platelets <150.000/ mcL 29 4.9

Hemoglobin <11 g/dl 59 10.0
Liver function test 52 8.8

Lipid profile 6 1.0

Abbreviations: CVD, cardiovascular disease; CKD, chronic kidney disease; ACS, acute
coronary syndrome; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non–ST-
segment elevation myocardial infarction. *Patients might have more than one risk factor.
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Table 2 Trend and Utilization of Discharge Secondary Medications and Medications Regimens Among the Study
Population (N = 591)

Discharge Medications Number Frequency %

Aspirin 589 99.7

Clopidogrel 573 97
Aspirin + clopidogrel or ticagrelore 576 97.5

BBs 416 70.4

Statin 588 99.5
ACEIs/ARB 215/127 57.9

Utilization of Secondary Medications Regimens at Discharge Number Frequency %

Aspirin + clopidogrel + BBs + statin + ACEI and/or ARB 267 45.2

Aspirin + clopidogrel + statin + BBs 136 23.0
Aspirin + BBs + statin + ACEI/ARB 5 0.8

Aspirin + clopidogrel + statin + ACEI/ARB 62 10.5

Aspirin + clopidogrel + statin 105 17.8
Others 16 2.7

Abbreviations: ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blocker; BBs, beta blockers.

Table 3 Baseline Characteristics and Five-Drug Combination Therapy (N = 591)

Variables Five Drug Therapy (Number (%)) P value

Yes n = 267 (45.2) No n = 324 (54.8)

Gender
Male 163 (61.1) 185 (57.1) 0.331
Female 104 (38.9) 139 (42.9)

Age Mean ± SD (years) 59.9 ± 12.8 61.3 ± 13 0.16

Age Category (Years)
18–64 159 (59.5) 186 (57.4) 0.2
65–75 87 (32.6) 98 (30.2)
> 75 21 (7.9) 40 (12.4)

Type of ACS
STEMI 162 (60.7) 183 (56.5) 0.457
Non-STEMI 51 (19.1) 62 (19.1)

Unstable angina 54 (20.2) 79 (24.4)

Number of Comorbidities
0 68 (25.5) 123 (38) 0.001
1 116 (43.4) 144 (44.4)

≥2 83 (31.1) 57 (17.6)

Diabetes Mellitus
Diabetic 130 (48.7) 128 (39.5) 0.025
Non-diabetic 137 (51.3) 196 (60.5)

Hypertension
Hypertensive 138 (51.7) 108 (33.3) 0.001
Non-hypertensive 129 (48.3) 216 (66.7)

PCI Intervention
Yes 75 (28.1) 90 (27.8) 0.933
No 192 (71.9) 234 (72.2)

Abbreviations: ACS, acute coronary syndrome; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non–ST-segment
elevation myocardial infarction; PCI, percutaneous coronary intervention.

Therapeutics and Clinical Risk Management 2022:18 https://doi.org/10.2147/TCRM.S361129

DovePress
395

Dovepress Ahmed et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


patients were tested for renal functions, and it was normal in nearly all the patients. Despite that, the study highlighted
alarming issues regarding requested laboratory investigations; for instance, in 91.2% of patients, LFT was not performed.
The LFT is very important in ACS patients, since they could start high-intensity statins therapy, which is known to cause
hepatotoxicity that is normally monitored through baseline and thereafter.16 Similarly, LP was not documented in 99% of
patients; by implementing the recommended strategy, the lowest is best regarding the LDL-cholesterol; this necessitates
those physicians, and clinical pharmacists are aware of the baseline and the target of LDL-Cholesterol in ACS.
A reduction of ≥50% LDL-Cholesterol from baseline and goal of <1.4 mmol/L (<55 mg/dL), so it is crucial to perform
and document the lipid test.22

In this study, less than half (45.2%) of patients received all the five guideline-recommended medications; previous
reports varied significantly as 43.7% in Thailand,23 62.9% in Lebanon,24 60% in Iraq,14 and 76% in Korea13 were
discharged on optimal five recommended secondary prevention medications. The variation between results might be due
to the study time points, study designs, and the definition of optimal pharmacotherapy secondary prevention. For
instance, some researchers defined the optimal secondary prevention based on any four of the following drugs: aspirin
or P2Y12 inhibitors, ACEIs or ARBs, BBs, and statins. By this definition, the results given were overestimated compared
to the five drugs’ definition. Furthermore, our study was retrospective, which was faced by underestimating actual
secondary prevention since many valid contraindications might not be documented in the patients’ files. Generally, our
study results were suboptimal against the AHA/ACC guidelines, and other guidelines recommended that the adherence
rate to secondary prevention medications be at least 60% after accounting for valid contraindications.14

Our study noted statistical differences in the use of secondary prevention therapy at discharge based on the number
and type of the comorbid diseases. Hypertensive patients and diabetic patients were more likely to receive five-drug
combination therapy than non-hypertensive and non-diabetic patients. Similar findings were also observed in previous
studies, in which Hypertension and diabetes mellitus were statistically associated with receiving all five medications at
discharge.14,25,26 Noteworthy from this study, about 44.5% of ACS patients had diabetes which is known as a strong risk
factor for ACS and other cardiovascular diseases, this will provide a great opportunity to work at the primary prevention
level by implementing the multifactorial intervention at primary health care level for Sudanese diabetic patients.27

Following an ACS, for life antiplatelet therapy with low-dose aspirin (75–100 mg) is the treatment of choice;
clopidogrel (75 mg) is the alternative for patients with aspirin intolerance. For dual therapy with aspirin, the latest
European and American guidelines highly recommend the novel antiplatelets ticagrelor or prasugrel, and clopidogrel is
reserved for patients with contraindications or if it is not available in the country, generally recommended for one year.16

Our study denoted that 99.7% of patients were on aspirin and 97% on clopidogrel; this is in line with studies conducted
in Iraq, Lebanon, and Korea. Yet, these percentages were higher than Ethiopian and Bangladesh studies.13,14,20,24,28

Similarly, 97.5% were on dual antiplatelet aspirin plus clopidogrel or ticagrelor (only in four patients), which was agreed
with Iraqi and Bangladesh studies.14,20 The low utilization of ticagrelor might be justified by higher cost, and it is not
included in governmental and private insurance in Sudan.

Guidelines highly recommend the use of oral BBs in hemodynamically stable ACS patients within the first 24 hours
for a survival benefit compared with a delayed one.16 Our study found 70.4% of patients were discharged on BBs; this
was remarkably lower than the utilization percentages reported in the previous studies.13,14,24 The lower percentage of
prescribed BBs in the current study might be due to the hospital’s documentation system, in which clinical contra-
indications were not documented in the patients’ files, considering the retrospective nature of our study.

All patients with established atherosclerotic cardiovascular disease as ACS are classified as having a very high risk of
fatal or nonfatal cardiovascular events in the next ten years.22 Thus, for secondary prevention, high-intensity statins
therapy (atorvastatin 40–80 mg or rosuvastatin 20–40 mg) must be started regardless of LDL-C levels.16 In the present
study, 99.5% of patients were using statin; this was higher than previously published reports.13,14,20,24,28 Furthermore,
ACEIs (or ARBs in cases of intolerance to ACEIs) are recommended in patients with anterior infarction, heart failure
with reduced LVEF (<40%), diabetes, or chronic kidney disease (CKD) unless contraindicated in order to reduce
cardiovascular mortality and cardiovascular morbidity.16 In this study, 57.9% of patients were on either ACEIs or
ARBs, compared with the literature; it was considered lower than other reports.13,14,24
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The current study has several strengths, including: 1) this is the first study that assessed pharmacotherapy secondary
prevention after ACS for one-year period in Sudan, which faced many challenges in the weak health care system, 2) The
investigation is extracted from real-world data of the largest cardiac center outside Khartoum state. It provides cardiac services
for Middle, West, and South inhabitants; thus, this data can help for national, sub-Saharan Africa, and global community to
understand the treatment and other clinical characteristics among Sudanese patients with ACS, and 3) the study provides data
for quality and policymakers towards the improvement of documentation systems and to a step for the establishment of
guidelines that suit our context. Moreover, there is a great opportunity to optimize care for patients with cardiovascular disease
including ACS by addition of a clinical pharmacist to the multidisciplinary team at Medani Heart Center, who showed positive
impact in anticoagulation clinic and heart failure clinic in other cardiac centers in Khartoum, Sudan.29,30

The present study has some limitations. Due to the study’s retrospective nature, some data of eligible patients were
missed. For example, heart failure was not documented among comorbidities; also, we did not find any documented
contraindication or medication intolerance for secondary prevention medications. Secondly, due to a cross-sectional
study’s design, no patients’ follow-up were performed; hence, we did not know the adherence rate after 6 months and
forward after discharge. Further limitations of our study include that it was a single institutional study that could not
generalize to other patients treated in other hospitals, and the patients’ adherence to these medications was not assessed.
Therefore, further prospective cohort and multicenter studies were extremely needed.

Conclusion
Around 45.2% of patients received the recommended secondary prevention medications at discharge from the hospital.
Although this percentage was suboptimal, the data showed a positive trend in prescribing most individual medications.
Our findings necessitate the implementation of strategies to optimize prescribing.
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