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Introduction: Acute coronary syndrome (ACS) is the most common cause of
morbidity and mortality in patients with coronary heart disease. Furthermore,
the recurrence of this problem has significant adverse outcomes. However,
there is insufficient information pertaining to this problem in Ethiopia; hence,
this study aims to assess the incidence rate and identify the predictors of ACS
recurrence in the West Amhara region.

Methods: A retrospective follow-up study was conducted among 469 patients
diagnosed with primary ACS. Data from the patient chart were collected using a
pre-tested structured data extraction tool. The study employed the Weibull
regression analysis model, and the effect size was measured using an adjusted
hazard ratio (HR) with a 95% confidence interval (Cl). The statistical significance
of the findings was established based on a p-value <0.05.

Result: A total of 429 patients were included in the final analysis [average age,
60 + 13.9 years; and 245 (57.1%) men]. A total of 53 patients (12.35%; 95% ClI:
9.55%—-15.83%) experienced recurrent ACS. The overall risk time was found to be
93,914 days (3,130.47 months), and the recurrence rate was 17/1,000 patients/
month. The identified predictors were the typical symptoms of ACS such as
syncope (HR: 3.54, p=0.013), fatigue (HR: 5.23, p<0.001), history of chronic
kidney disease (HR: 8.22, p<0.001), left ventricular ejection fraction of <40%
(HR: 2.34, p=0.009), not taking in-hospital treatments [aspirin (HR: 9.22,
p<0.001), clopidogrel (HR: 4.11, p=0.001), statins (HR: 2.74, p=0.012)], and
medication at discharge [statins (HR: 4.56, p <0.001)].

Abbreviations

ACS, acute coronary syndrome; AHA, American Heart Association; AMI, acute myocardial infarction;
NSTEMI, non-ST segment elevated myocardial infarction; Re-ACS, recurrent acute coronary syndrome;
STEMLI, ST segment elevated myocardial infarction; UA, unstable angina; WHO, World Health Organization.
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Conclusion: This study found a higher incidence rate of recurrent ACS. Hence, the

implementation of
strengthened.
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Introduction

Acute coronary syndrome (ACS) is a general term used to
describe a spectrum of conditions that are consistent with acute
ischemia or infarction, which is characterized by an abrupt
decrease in coronary blood flow (1). The resulting undersupply
of blood and oxygen to the heart itself can lead to a range of
heart conditions, ranging from chest pain to a heart attack/
myocardial infarction (MI), during which the heart is damaged
(2-4).

According to a report by the British Heart Foundation, Africa
had a total of 58 million cases of heart and circulatory diseases,
resulting in 1.7 million deaths attributable to these diseases (5).
Despite the decline in mortality rates due to ischemic heart
disease (IHD) in high-income countries, its trend is increasing in
low-income countries from 243,000 in 2000 to 304,000 in 2010,
and further increased to 379,000 in 2019. Furthermore, over
three-fourth of the global fatalities resulting from cardiovascular
diseases (CVDs) occurred in developing countries (4, 6, 7). The
economic burden of coronary heart disease (CHD) is also
drastically increasing. According to a report conducted in the
United States, it is estimated that the indirect costs associated
with CVD are projected to increase by 52% (from $202.5 billion
to $308.2 billion) from 2013 to 2030. Approximately 43% of the
total indirect cost is predicted to be attributed to CHD, making
it the condition with the highest indirect expenses (8).

Recurrent ischemia following the initial presentation of an
ACS is indicative of an adverse outcome and has major
implications for the allocation of healthcare resources. The
prevalence of recurrent ACS in developed countries nowadays
has become a major concern due to its increasing incidence rate,
and it was associated with high adverse outcomes, including
stroke, congestive heart failure, CHF), cardiogenic shock, and
death (9-15). Recurrent ACS was found to be associated with an
increase in mortality rates immediately after the adverse event.
Specifically, the hazard ratio for mortality during the first day
following a recurrent MI was observed to exceed 14 times.
Subsequently, the risk of mortality was reduced but still
remained significantly higher (five times) between 1 day and 1
year following a recurrent MI (12). There was a significant
difference in death for recurrent ACS compared with death
among patients without recurrent ACS (5.2% vs. 2.2% at p<
0.01) (16). Pooled data indicate that the patients aged 45 years
or older had a mortality rate of 19% for men and 26% for
women within the first year. After a period of 5 years following
the initial occurrence of MI, the mortality rates for men and
women were recorded at 36% and 47%, respectively (17).
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Studies from developed nations reveal that the readmission rate
due to recurrent ACS has increased from time to time. The study
findings show that the readmission rate increased as the time
interval between the first ACS discharge and readmission time
increased, ranging from 11.7% to 61.7% within the first 30 days
and the first year following discharge (10, 13, 15, 18).
Furthermore, the median time for readmission was found to be
0.8 months (18).

The prevalence of ACS in Africa has also become increasingly
high, as evidenced by available data. In addition, there has been a
concurrent rise in the rates of re-infarction and recurrence
associated with ACS. According to a study on treatment
outcomes of ACS in different sub-Saharan African countries, the
re-infarction rate in Kenya was found to be 6.6% (19).

A study conducted in Ethiopia examined the prevalence of
CVD among adults at six university referral hospitals. The
findings revealed that IHD ranked among the top three types of
CVD, accounting for 11.5% (20). In addition, re-infarction ACS
was observed in 14.6% of the patients in Mekelle, Ethiopia (21).

In general, the available data show that recurrent ACS has
become a challenging problem worldwide. In recent decades,
various organizations such as the American College of
Cardiology Foundation/American Heart Association (AHA),
British Heart Foundation, and other national cardiac associations
have actively engaged in addressing this issue by implementing
treatment guidelines and secondary prevention measures.

Despite the efforts of national and international organizations
to develop prevention and treatment guidelines for ACS, this
problem remains a prominent issue worldwide. Despite the
existence of established guidelines developed for ACS in
developed nations, which have been adopted and implemented in
many countries worldwide, ACS has also become a significant
concern in developing nations, including in African countries.
However, the issue of recurrent ACS in developing nations has
not been thoroughly examined in terms of the magnitude of the
problem and effective management strategies. Furthermore, the
recurrence of this problem has been observed to result in high
adverse outcomes, as evidenced by various studies conducted
worldwide. However, the extent of this problem in Ethiopia
remains mostly unexplored.

This study includes the majority of studies conducted on
myocardial infarction, either ST segment elevated myocardial
infarction (STEMI) or non-ST segment elevated myocardial
infarction (NSTEMI). Furthermore, we incorporated typical
symptoms of ACS as individual and independent predictors in
this study, which were previously referred to generally as “having
typical symptoms” in prior research. Therefore, it is important to
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study the incidence rate of recurrent ACS and its predictors within
the specific context of developing nations. This approach may help
in implementing measures at the source of the problem.

Because there is insufficient information regarding this
problem in Ethiopia, understanding its incidence and predictors
is crucial in order to take secondary preventative measures
against its adverse outcomes. Furthermore, it will serve as
baseline data for future research.

Material and methods
Study design and period

An institutional-based retrospective follow-up study with a
record review of patients admitted with the diagnosis of acute
coronary syndrome from 1 January 2017 to 31 December 2021
was conducted.

Study area

The study was conducted in the Comprehensive Specialized
Hospitals located in West Ambhara, specifically Debre Markos
Comprehensive Specialized Hospital, Tibebe Ghion Comprehensive
Hospital, Felege Hiwot Comprehensive Specialized Hospital, Debre
Tabor Comprehensive Specialized Hospital, and University of
Gondar Comprehensive Specialized Hospital (UoGCSH). These
hospitals are among the eight comprehensive specialized hospitals
found in the region and serve more than 3.5 million people from
each town and adjacent catchment areas. The hospitals provide
multidimensional aspects of care for clients, including outpatient,
inpatient, emergency, intensive care unit, and other services. Most
patients with the diagnosis of ACS are admitted to the medical
intensive care unit (MICU). However, due to the limited number of
beds, a significant number of patients receive treatment either in the
emergency department or in the general wards.

Population

Source population

The source population of this study includes all ACS patients
receiving care at the comprehensive specialized hospitals in West
Ambhara. The study population comprises all patients diagnosed
with primary ACS who were registered in the admission
registration book at the Comprehensive Specialized Hospitals in
West Amhara from 1 January 2017 to 31 December 2021.

Eligibility criteria

The study included all individuals diagnosed with either
STEMI or NTEMI who were admitted to the hospital as primary
ACS patients. The
individuals had fully recovered and were discharged alive
between 1 January 2017 and 31 December 2021. Patients with
incomplete medical records, missing time variables, those who

inclusion criteria required that these
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were transferred in, those without at least one follow-up, and
those who developed re-infarction were excluded from the study.

Sample size determination

Given the absence of any existing research conducted in
Ethiopia on this topic, we have undertaken a pilot study. The
pilot study was conducted at UoGCSH, serving as an internal
pilot study with a sample size of 80 charts of ACS patients. The
study revealed that the incidence recurrence rate was 11.25%.
Subsequently, the minimum sample size required was calculated
using a formula for a single population proportion by
considering the following statistical assumptions: p=0.1125,
Za/2 = corresponding Z score of 95% CI and d=margin of
error (3%).

2 p(1—
n=z(3) 2P

Single population proportion formula #=(1.96)*x 0.1125 x
0.8875/(0.03)> = 426. After assuming a 10% margin of error to
account for the incomplete chart, the determined minimum
sample size required was 469.

Sampling procedure and sampling technique

The study was conducted in all five comprehensive specialized
hospitals located in the West Amhara district. The method for
proportional allocation was utilized for each hospital. The study
samples were obtained by identifying the chart numbers of all
patients diagnosed with ACS who were admitted to the
emergency department, MICU, and medical ward at the selected
hospitals. Only patients who were discharged alive after
recovering from ACS between 1 January 2017 and 31 December
2021 were included; the chart numbers were retrieved from the
registry book. Then, by compiling a list of the index chart
numbers of the ACS patients, systematic random sampling
methods were used to select a sample of 469 charts. The k
interval for each hospital was determined by dividing the total
study population of each hospital by the sample population in
those hospitals. The selected ACS patient was retrospectively

monitored for a maximum of 1 year.

Operational and standard definition

Acute coronary syndrome: For this study, ACS encompasses
both myocardial infarction (STEMI and NSTEMI). STEMI is
characterized by new ST elevation at the ] point in two
contiguous leads with the cutoff points of >0.1 mV in all leads
other than the V2-V3 leads. In the V2-V3 leads, the following
cutoff points apply: >0.2 mV in men aged >40 years, >0.25 mV
in men aged <40 years, or >0.15 mV in women (22). NSTEMI is
characterized by the presence of new horizontal or down-sloping
ST depression of >0.05mV in two contiguous leads and/or
T-wave inversion of >0.1mV in two contiguous leads with
prominent R wave or an R/S ratio of >1 (22). Chronic kidney
disease (CKD) is defined as a condition of decreased kidney
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function as indicated by a glomerular filtration rate (GFR) of less
than 60 ml/min per 1.73m? or the presence of markers
indicating kidney damage, or both, for a duration of at least 3
(23). Renal
dysfunction is defined as having blood urea nitrogen levels

months, regardless of the underlying cause
exceeding 40 mg/dl or creatinine levels exceeding 2.5 mg/dl (9).
(re-MI) s

characterized as MI events occurring beyond a period of 28 days

Recurrent myocardial infarction specifically
following the initial index MI event. However, MI that occurs
within 28 days of the initial MI event is classified as a case of re-
infarction (24). In this study, recurrent ACS refers to any acute
coronary event that occurs after 28 days following the initial
incident of ACS (25). Primary ACS is used to describe ACS that
is diagnosed for the first time during the study period. The left
ventricular ejection fraction (LVEF) is categorized as either
>40% and <40% (26). The term Recovery is used to refer to
patients who were declared recovered during their admission.
The term Censored Cases refers to cases where ACS patients
died after discharge, opted out of follow-up, were transferred out,
or did not develop any outcomes. Event refers to recurrent acute
coronary syndrome that occurs after 28 days of recovery and
successful discharge. Follow-up time was determined by
measuring the time from baseline to the earliest date at which a

patient experienced an outcome.

Data collection tools and procedure

A structured data abstraction tool was adapted from different
studies and used to obtain information from the chart (21, 27-29).
The data were obtained by a group of six BSc nurses who
underwent training and conducted the collection process from 12
May 2022 to 6 June 2022. The investigator facilitated the process
and was designated as the supervisor of the data collectors. The
accuracy of the data was verified daily.

Data quality control

To maintain the quality of the data, a pretest was conducted at
UoGCSH, which involved a random selection of 15 charts to assess
the data abstraction checklist, as well as the quality of the
instrument and the completeness of the variables. The pretest
results were utilized to inform and implement necessary
corrections and modifications.

Data processing and analysis

Data were coded and entered into Epi info version 7 statistical
software and exported to STATA version 14 software for data
cleaning, checking, and analysis. The descriptive statistics for
various variables were presented by text, frequency, cross-
tabulations, pie charts, and bar charts. The parametric survival
analysis model (Weibull regression) was implemented to assess
the statistical significance of the bivariable analysis. The
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multivariable analysis included variables with a p-value <0.25
from the bivariable analysis. Kaplan-Meier curves were used to
estimate the recurrence-free survival rate and statistical log rank.
The proportional hazard assumptions were evaluated using global
testing. The multivariable analysis employing Weibull regression
was utilized to determine the adjusted hazard ratio (AHR) with a
95% confidence interval (CI) and a significance level of p <0.05
to identify statistically significant predictors of the outcome
variable.

Result

Socio-demographic characteristics of
ACS patients

Out of the 469 patient records of acute coronary syndrome that
were reviewed, a total of 429 records were included in the final
analysis. Among the participants, more than half (57.1%) of the
study participants were male, and the majority (65%) were from
urban areas. The mean age of the participants at the time of
follow-up initiation was 60+13.9 years. The mean age of
patients without recurrent ACS was 58.98 + 13.47 years, while the
mean age of patients who experienced recurrent AMI was
67.25+14.81% years (Table 1).

Baseline clinical characteristics and
diagnostic tests

Baseline vital sign and presentation symptoms

Among the 429 patients diagnosed with ACS, 346 (80.7%) of
them experienced chest pain as their initial symptom upon
presentation. Subsequently, 46 (13.3%) of those with chest pain
developed recurrent ACS. Other frequently observed symptoms
were shortness of breath, cough, diaphoresis, and vomiting with
a proportion of 54.1%, 42.2%, 27%, and 24.7%, respectively. The
baseline vital sign results included a median systolic blood
pressure of 120 mmHg (IQR: 110-140), pulse rate 87 beats/min
(IQR: 78-100), and random blood sugar of 159.6 mg/dl (95% CI:
151.5-167.6 mg/dl) (Table 2).

TABLE 1 Baseline socio-demographic characteristics of acute coronary
syndrome patients in West Amhara comprehensive specialized hospitals,
Ambhara, Ethiopia, 2022.

Variables Category Outcomes

Censored | Recurrent

Age (years) Mean, SD | 60+13.89 | 5898 +1347 | 67.25+14.81
Age categorized (years) 18-44 58 (13.5%) 53 (91.4) 5 (8.6)
45-64 | 204 (47.6%) | 191 (93.6) 13 (6.4)
65-74 86 (20.7) 74 (86.0) 12 (14.0)
>75 81 (18.9%) 58 (71.6) 23 (28.4)
Sex Male 245 (57.1%) | 215 (87.8) 30 (12.2)
Female | 184 (42.9%) | 161 (87.5) | 23 (12.5)
Residence Urban 279 (65%) 243 (87.1) 36 (12.9)
Rural 150 (35%) | 133 (88.7) 17 (11.3)
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TABLE 2 Baseline clinical characteristics of ACS patients in West Amhara comprehensive specialized hospitals, Amhara, Ethiopia, 2022.

Variables Category Outcomes
Censored Recurrent
Systolic blood pressure (mmHg) Median (IQR) 120 (110-140) 120 (110-140) 120 (100-150)
Diastolic blood pressure (mmHg) Median (IQR) 78 (70-86) 79 (70-85) 70 (70-90)
Pulse rate (beats/min) Median (IQR) 87 (78-100) 87 (78-100) 84 (79-95)
Chest pain No 82 (19.1%) 75 (91.5%) 7 (8.5%)
Yes 347 (80.9%) 301 (86.7%) 46 (13.3%)
Shortness of breathing No 195 (45.5%) 178 (91.3%) 17 (8.7%)
Yes 234 (54.5%) 198 (84.6%) 34 (15.4%)
Cough No 248 (57.8%) 219 (88.3%) 29 (11.7%)
Yes 181 (42.2%) 157 (86.7%) 24 (13.3%)
Nausea No 372 (86.7%) 326 (87.6%) 46 (12.4%)
Yes 57 (13.3%) 50 (87.7%) 7 (12.3%)
Vomiting No 323 (75.3%) 280 (86.7%) 43 (13.3%)
Yes 106 (24.7%) 96 (90.6%) 10 (9.4%)
Diaphoresis No 313 (72.9%) 280 (89.5%) 33 (10.5%)
Yes 116 (27.1%) 96 (82.1%) 21 (17.9%)
Syncope No 403 (93.9%) 357 (88.6%) 46 (11.4%)
Yes 26 (6.1%) 19 (73.1%) 7 (16.9%)
Fatigue No 390 (90.9%) 346 (88.7%) 44 (11.3%)
Yes 39 (9.1%) 30 (76.9%) 9 (23.1%)
Others symptoms 6 (1.4%) 5 (83.3%) 1 (16.7%)

Baseline history of comorbidities

The most prevalent comorbidities upon admission were
hypertension, diabetes mellitus (DM), pneumonia, and CHF
accounting for 175 (40.8%), 92 (21.4%), 74 (17.2%), and 71
(16.6%) cases, respectively. Major comorbidities were observed
among patients with recurrent ACS, with DM affecting 19.1%
and hypertension affecting 15.4% of the patients (Figure 1).

Diagnostic tests and diagnosis

Among the 429 ACS cases that were studied, 114 (26.6%) cases
exhibited a LVEF of less than 40%. Among these cases, 21.1%
experienced recurrent ACS events. A total of 294 (68.5%) patients

had left ventricular dysfunction, and 46 (15.6%) patients among
this subgroup experienced recurrent ACS. In relation to the lipid
profile, it was shown that half (50.3%) of the ACS patients
exhibited hyperlipidemia during their initial admission. Among
the total follow-up cases, 65.5% were diagnosed with STEMI,
whereas the other cases were classified as NSTEMI (Table 3).

In-hospital treatment provided at the primary
admission

Regarding the treatment at primary admission, it was observed
that aspirin, clopidogrel, statins, beta-blockers, and anticoagulants
were not administered for 4.7%, 9.8%, 7.9%, 13.5%, and 17.7% of

200
180
160
140
120
100
80
60
40

175(40.8%)

92(21.4%)
71(16.6%)

43(10%) 49(11.4%)

23(5.4%)

20
0
&
SO A
é.
FIGURE 1

47(11%)

74(17.2%)

41(9.6%)
26(6.1%)

30(6.1%) 30(7%)

N Q R C o
?*_ .('\o(\ Qs\ OQ\ (J?“o ,(\@ ,b‘—)e’
00(' & S &
N N S
Q N <
N ] e
N &
N o

@

Patterns of comorbidities at primary admission among ACS patients in West Amhara comprehensive specialized hospitals, Amhara, Ethiopia, 2022. CHF,
congestive heart failure; DM, diabetes mellitus; HTN, hypertension; VHD, ventricular heart disease; AKI, acute kidney injury; HIV, human
immunodeficiency virus; CAD, coronary artery disease.
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TABLE 3 Baseline diagnostic tests and diagnosis of acute coronary syndrome patients in West Amhara comprehensive specialized hospitals, Amhara,
Ethiopia, 2022.

Variables Category Total, n (%) Outcome
Censored, n (%) Recurrent, n (%)

Troponin (ng/ml) Median, IQR 2.9 (0.19-9.32) 2.81 (0.19-9.32) 6.4 (0.172-14.74)
Echocardiography LVEF (%) <40 114 (26.6) 90 (78.9) 24 (21.1)

>40 315 (73.4) 286 (90.8) 29 (9.2)
LV dysfunction Yes 294 (68.5) 248 (84.4) 46 (15.6)

No 135 (31.5) 128 (94.80 7 (5.2)
Hyperlipidemia Yes 216 (50.3) 189 (87.5) 27 (12.5)

No 213 (49.7) 187 (87.8) 26 (12.2)
Type of MI STEMI 281 (65.5) 242 (86.1) 39 (13.9)

NSTEMI 148 (34.5) 134 (90.5) 14 (9.5)

ACS patients, respectively. Those who did not receive these  did not develop any outcome (Figure 2). The total duration at risk
medications exhibited a higher incidence of recurrent ACS with  for 429 ACS patients was 3,130.467 months (93,914 days). The

55%, 34.5%, 29.4%, 15.5%, and 21.1%, respectively (Table 4). incidence rate of recurrent ACS was 0.01693 (95% CI: 0.0129-
0.0222) per person-month [16.93 Re-ACS/1,000 person-month] or
Treatment administered upon discharge 5.6 (95% CI: 4.3-7.4) per 10,000 person-day observation among

Among the 429 ACS patients included in this study, the follow-up ACS patients. The incidence rates observed at 60,
percentage of patients who have not received evidence-based ~ 90-180, and 365 days were 4.02, 9.53, 6.55, and 4.98 per 10,000
anti-ischemic medication were aspirin (6.8%), statins (8.6%), person-day observation, respectively. The probability of survival
clopidogrel (11.9%), beta-blockers (15.2%), and angiotensin without recurrence at 60, 90, 180, and 365 days following
converting enzyme inhibitors (ACEIs) (51%). Among those who discharge were 0.978, 0.950, 0.893, and 0.817, respectively.

did not receive those medications (aspirin, statins, and
clopidogrel), a higher incidence of recurrent ACS was observed,

. , Failure function
with 41.4%, 40.5%, and 35.3%, respectively (Table 5).

The restricted mean survival time was 328.8 days with 95% CI
(319.3-338.3 days). The cumulative probability of failure at 60, 90,
180, and 365 days was 0.022, 0.0499, 0.107, and 0.182, respectively
(Figure 3).

Incidence and survival pattern of ACS patients

With the a minimum follow-up period of 30 days and a
maximum follow-up of 365 days, a total of 53 (12.35%, 95% CI:
9.55%-15.83%) individuals experienced recurrent ACS, while Survival functions of predictors
7.22% of the participants were dead, 6.75% withdrew from follow-
up, and 6.52% transferred out. The remaining two-third (67.1%) The survival curves of different predictor variables were tested

for equality using the log-rank test. The statistics and the survival

TABLE 4 In-hospital treatments of acute coronary syndrome patients in
West Amhara comprehensive specialized hospitals, Amhara, Ethiopia,

2022.
TeaimEms Category Total, OUliEsiE Z?thI;EaSCQArzdirc;;‘tion_ prescripei_d a; hdischtarlgerthCS E|:;;I:3|t_ien_ts iznozvgest
n (%) prehensive specialized hospitals, Amhara, iopia, .
Ce: S&:?d’ Rerc,u(ro;)e)nt, Variables | Category Totoal, Outcomes
Aspirin Yes 408 (95.4) 367 (90.0) 41 (10.0) ) ) Censored, Recurrent,
No 21 (4.7) 9 (42.9) 12 (57.1) n (%) n (%)
Clopidogrel Yes 387 (90.2) 351 (90.7) 43 (9.3) Aspirin Yes 400 (93.2) 359 (89.8) 41 (10.3)
No 42 (9.8) 25 (76.2) 17 (23.8) No 29 (6.8) 17 (58.6) 12 (41.4)
Statins Yes 393 (92.1) 350 (89.1) 43 (10.9) Clopidogrel Yes 378 (88.1) 343 (90.7) 35(9.3)
No 36 (7.9) 26 (72.2) 10 (27.8) No 51 (11.9) 33 (64.7) 18 (35.3)
ACEIs Yes 285 (66.4) 248 (87) 37 (13) Statins Yes 392 (92.4) 354 (90.3) 38 (9.7)
No 144 (35.6) 128 (88.9) 16 (11.1) No 37 (8.6%) 22 (59.5) 15 (40.5)
Beta-blockers Yes 371 (86.5) 335 (90.3) 40 (9.7) ACEIs Yes 219 (51.0) 189 (86.3) 30 (13.7)
No 58 (13.5) 49 (84.5) 9 (15.5) No 210 (49.0) 187 (89.0) 23 (11.0)
Anticoagulant Yes 353 (82.3) 316 (89.5) 37 (10.5) Beta- Yes 364 (84.8) 321 (88.2) 43 (11.8)
No 76 (17.7) 60 (78.9) 16 (21.1) blockers No 65 (15.2) 55 (84.6) 10 (15.4)
Diuretics Yes 178 (41.5) 154 (86.5) 24 (13.5) Diuretics Yes 111 (25.9) 97 (87.4) 14 (12.6)
No 251 (58.5) 222 (88.4) 29 (11.6) No 318 (74.1) 279 (87.7) 39 (12.3)
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curve showed that there were significant differences in the survival
functions of different categorical variables. These variables were
syncope, fatigue, history of CKD, LVEF, administering aspirin,
clopidogrel, and statins during hospitalization, and administering
statins at discharge.

In this study, we found that typical clinical symptom
complaints during primary admission highly predicted the
recurrence rate of ACS. The recurrence-free survival rate at the
end of the follow-up period was higher among patients who had
not complained of syncope during their initial admission
compared with those who had complained of it (83.2% and
63.6%, respectively) (Figure 4A).

Another significant predictor was baseline fatigue symptoms.
At the end of the follow-up, 83.3% of patients without
complaints of fatigue survived, while only 65.2% of patients who
experienced fatigue survived (Figure 4B).

Patients who had a history or comorbidity of chronic kidney
disease also had a significant difference, as shown in the figure
below. ACS patients with a history of CKD had a considerably
lower survival rate than those without CKD history, with rates of

Kaplan-Meier failure estimate

©
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0 100 200 300 400
Follow up time (Days)
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FIGURE 3
Overall Kaplan—Meier estimation of failure function with 95%
confidence intervals of follow-up patients in West Amhara
comprehensive specialized hospitals, Amhara, Ethiopia, 2022.
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40% and 84.7%, respectively (Figure 4C). Patients with ACS who
exhibited a reduced level of LVEF (<40%) also experienced a
lower recurrence-free survival rate (69.8%) compared with those
with an LVEF level of >40% (86.2%) (Figure 4D).

Anti-ischemic treatments during primary admission also
exhibited a significant difference in the recurrence-free survival
rates. The survival rate of ACS patients without aspirin was
significantly lower (33.8%) compared with those who received
aspirin (84.5%). Another anti-ischemic drug is clopidogrel with a
recurrence-free survival rate of 45% among prescribed patients
and 85.8% among non-clopidogrel-prescribed ACS patients.
Statins also had a significant difference as evidenced by a lower
recurrence-free survival rate of 57.4% among the statins group
compared with a rate of 84% among the non-statins group
(Figure 5).

Another very important treatment provided upon discharge
(medication taken home) was statins, which have been shown to
effectively reduce lipid levels, as evidenced by the recurrence-free
survival rates of 85.4% and 48.2% observed among those who
were prescribed statins and those who were not, respectively
(Figure 6).

The goodness of fit of the final model

The goodness of fit of the final regression model was evaluated
using the Schoenfeld residuals test and the estimate of Cox-Snell
residuals drawn against the Nelson-Aalen cumulative hazard
function. The global test of the proportional hazard assumption
was conducted, revealing a lack of significance (the p-value for
each variable ranges from 0.0811 to 0.9980, and the global test
p-value of 0.5092). The Cox-Snell residual plot also indicated
that the goodness of fit of the model was satisfied, as the hazard
function follows the 45° line very closely. Therefore, we would
conclude that the final model well aligns with the data.
Unobserved heterogeneity in hospitals was also assessed using
the gamma shared frailty model, and it was found that the
theta value was approximately 0 (0.1344). Furthermore, the
probability of the chi-square test was determined to be
statistically insignificant (p = 0.236). Therefore, we concluded that
the null hypothesis was not rejected, indicating that fixed effect
models are suitable for analyzing the data.

Model comparison

The log likelihood ratio, Akaike’s information criterion (AIC),
and Bayesian information criterion (BIC) were used to analyze the
goodness of fit of the final model among semi-parametric and
parametric models. Based on the available data, the Weibull PH
regression model with the highest log likelihood, least AIC, and
BIC was chosen as the final fitted analysis model (Table 6).

Figures 7A-D present a comparison between the Nelson-
Aalen cumulative hazard function and Cox-Snell residual
multivariable regressions, and the Weibull PH regression model
was found to be the best-fit model.
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FIGURE 4
Kaplan Meier survival estimate of ACS patients with typical symptoms; (A) Syncope, (B) Fatigue; (C) CKD, and (D) LVEF <40% in West Amhara
comprehensive specialized hospitals, Amhara, Ethiopia, 2022.
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TABLE 6 Survival model selection with model fitness tests for a survival
study on ACS patients in West Amhara comprehensive specialized
hospitals, Amhara, Ethiopia, 2022.

Model fitness

Survival proportional hazard models

(58 Weibull | Gompertz
Log likely hood ratio | —222.83993 | —127.04174 | —11691283 | —123.2621
AIC 487.6799 298.0835 279.8257 292.5242
BIC 572.9704 387.4355 373.2392 385.9377

Predictors of recurrent acute coronary
syndrome

Based on bivariable Weibull regression analysis, 19 variables
were significant at p-value < 0.25. Age, having symptoms of SOB,
diaphoresis, syncope, and fatigue, history of comorbidities [stroke,
DM, hypertension (HTN), CKD, HIV], altered level of LVEF, LV
dysfunction, in-hospital treatments (aspirin, clopidogrel, statins,
anticoagulant), and discharge medications (aspirin, clopidogrel,
statins) were found to be significant predictors of recurrent ACS
(Table 7). However, only eight variables were found to be
predictors of recurrent ACS in a multivariable Weibull regression
analysis, including syncope, fatigue, history of CKD, altered level of
LVEF, in-hospital treatments (aspirin, statins, and anticoagulants),
and discharge treatment (statins).

In this study, we found that typical clinical symptoms of ACS
complaints during primary admission highly predict the recurrence
rate of ACS. These symptoms were syncope and fatigue. Patients
who had syncope complaints during primary admission were
shown to have a 3.5-fold increased likelihood of experiencing
recurrent ACS (AHR: 3.54, 95% CI: 1.31-9.55). ACS patients
who presented with symptoms of fatigue also had more than five
times higher hazard of developing recurrent ACS than those who
had not (AHR: 5.23, 95% CI: 2.27-12.07).

Patients who had a history or comorbidity of chronic kidney
disease had more than eight times the higher hazard of recurrent
ACS compared with those who had not (AHR: 8.22, 95% CI: 3.03-
22.27). ACS patients who had a decreased level of left ventricular
ejection fraction (<40%) were also at a higher risk of developing
recurrent ACS at a hazard of 2.34 times (AHR: 2.34, 95% CI: 1.24-
4.43) when compared with those with LVEF of >40%.

Moreover, anti-ischemic treatments during primary admission
were crucial to prevent secondary events such as recurrent ACS.
ACS patients who did not take aspirin exhibited a higher hazard
of developing recurrent ACS, which was 9.22 times compared
with those who took aspirin (AHR: 9.22, 95% CI: 3.58-23.90).

Statins also had a significant difference as evidenced by a
hazard ratio of 2.74 (AHR: 2.74, 95% CI: 1.24-6.04), which
suggests a higher risk of recurrent ACS among those who were
not prescribed with statins compared with those who had it.
Another very important treatment at discharge (medication taken
to home) was anticoagulants, which were found to have a strong
association with a 4.56-fold increase (AHR: 4.56, 95% CI:
2.14-9.72) in the risk of developing recurrent ACS among those
who did not take anticoagulants compared with those who did.
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Discussion

In this study, the rate of ACS recurrence 1 year after discharge
was 12.35%. This finding is consistent with the previous reports
conducted in developed nations such as the United States (9.6%)
(30), Thailand (11.4%) (31), Australia (12.2%) (16), and Italy
(10.1%) (32). One potential explanation could be due to the age
similarity of the study population, which consisted of adults
older thanl8 years. Another possible explanation could be the
inclusion of all patients with ACS (STEMI and NSTEMI). In
addition, the duration of follow-up in these studies was 1 year or
longer.

However, the recurrent rate observed in this study is higher
compared with a prior study conducted in Saudi Arabia (2.1%)
(10), China (2.5%) (9), Japan (4.5%) (26), United States
[(1.34%) (33), 4.7% (34), 8.47% (35)], Netherlands (8.0%) (12),
and Brazil (9.14%) (13). The increased incidence of recurrent
ACS may be attributed to the difference in the demographic
characteristics of the study population. The study conducted in
Saudi Arabia only included the recurrent ACS events that
occurred during the in-hospital stay. Consequently, it may be
associated with in-hospital intensive management that could
reduce the recurrence rate. On the other hand, their duration
of follow-up or time at risk was short, which may have
decreased the incidence rate of recurrent ACS (10), whereas
our study was conducted with a maximum follow-up period of
1 year, which may be the reason for the increased rate of ACS
recurrence. Comparing our level of economic development
level to that of these countries may also be a factor; in
particular, it impedes our access to potent anti-ischemic and
lipid-lowering drugs.

However, our results were lower than the 30% Re-ACS found
in the French study (25). This previous study was conducted on
an adult population aged 35-74 vyears, excluding individuals
between the ages of 18 and 35 years. According to different
literatures, this age group was at a lower risk of recurrent ACS.
Therefore, neglecting this age group may result in a larger
difference in the rate of recurrent ACS. Another reason could be
that the French study included all events that occurred after
discharge and during in-hospital treatments. Our study adopted
a universal definition of recurrent myocardial infarction as
recurrent ACS after 28 days of discharge, and incidents that
occurred prior to this period were excluded. This could be the
reason for the greater incidence rate in that study (25).

Second, we identified predictors of recurrent ACS, which is
essential for a comprehensive understanding of patients with
recurrent ACS and for taking secondary preventative measures.
ACS recurrence was predicted by typical symptoms, such as
altered levels of LVEF, CKD, and in-hospital and discharge
medications, according to previous studies. Our multivariable
Weibull regression analysis confirms these predictors.

Syncope and fatigue were found to be significant predictors of
the recurrence rate of ACS in our study. These findings
were supported by a French study in which typical symptoms of
ACS at presentation were identified as predictors of Re-ACS (25).
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TABLE 7 Bivariable and multivariable Weibull regression analysis of predictors of recurrence among adult acute coronary syndrome patients in West
Amhara comprehensive specialized hospitals, Amhara, Ethiopia, 2022.

Variables

Category

Outcome

CHR (95% Cl)

p-value

AHR (95% ClI)

p-value

Censored, n (%)

Recurrent, n (%)

Age (year) 18-44 53 (91.4) 5 (8.6) 1 1

45-64 191 (93.6) 13 (6.4) 0.63 (0.22-1.76) 0.376 0.33 (0.11-1.01) 0.053

65-74 74 (86.0) 12 (14) 1.41 (0.50-4.01) 0.516 0.90 (0.28-2.84) 0.852

>75 58 (71.6) 23 (28.4) 2.92 (1.11-7.68) 0.030 1.42 (0.49-4.10) 0.518
Shortness of breathing No 178 (91.3) 17 (8.7) 1 1

Yes 198 (84.6) 34 (15.4) 2.0 (1.12-3.57) 0.019 1.31 (0.67-2.60) 0.433
Diaphoresis No 280 (86.7) 33 (10.5) 1 1

Yes 96 (82.1) 21 (17.9) 1.91 (1.09-3.33) 0.023 1.45 (0.72-2.920 0.301
Syncope No 357 (88.6) 46 (11.4) 1 1

Yes 19 (73.1) 7 (16.9) 2.40 (1.08-5.32) 0.031 3.54 (1.31-9.55) 0.013*
Fatigue No 346 (88.7) 44 (11.3) 1 1

Yes 30 (76.9) 9 (23.1) 2.83 (1.38-5.81) 0.005 523 (2.27-12.07) <0.001*
History of stroke No 347 (89.9) 39 (10.1) 1 1

Yes 29 (67.4) 14 (32.6) 3.96 (2.15-7.30) 0.000 1.12 (0.48-2.56) 0.815
History of DM No 304 (89.4) 36 (10.6) 1 1

Yes 72 (80.9) 17 (19.1) 1.91 (1.07-3.40) 0.028 1.43 (0.72-2.81) 0.306
History of HTN No 228 (89.8) 26 (10.1) 1 1

Yes 148 (84.6) 27 (15.4) 1.54 (0.897-2.63) 0.118 1.84 (0.93-3.65) 0.081
History of CKD No 364 (89.7) 42 (10.3) 1 1

Yes 12 (52.2) 11 (47.8) 5.92 (3.04-11.51) 0.000 8.22 (3.03-22.27) <0.001**
History of HIV No 357 (89.5) 42 (10.5) 1 1

Yes 19 (63.3) 11 (36.7) 3.83 (1.97-7.44) 0.000 0.66 (0.24-1.80) 0.413
LVEF (%) >40 286 (90.8) 29 (9.2) 1 1

<40 90 (78.9) 24 (21.1) 2.58 (1.5-4.43) 0.001 2.34 (1.24-4.43) 0.009*
LV dysfunction No 128 (94.8) 7 (5.2) 1 1

Yes 248 (84.4) 46 (15.6) 3.09 (1.4-6.84) 0.005 1.88 (0.69-5.11) 0.215
Aspirin Yes 367 (90.0) 41 (10.0) 1 1

No 9 (42.9) 12 (57.1) 12.9 (6.68-24.99) 0.000 9.22 (3.56-23.90) <0.001**
Clopidogrel Yes 351 (90.7) 43 (9.3) 1 1

No 25 (76.2) 17 (23.8) 6.95 (3.88-12.46) 0.000 4.11 (1.75-9.63) 0.001*
Statins Yes 350 (89.1) 43 (10.9) 1 1

No 26 (72.2) 10 (27.8) 3.29 (1.65-6.55) 0.001 2.74 (1.24-6.04) 0.012*
Anticoagulant Yes 316 (89.5) 16 (11.1) 1 1

No 60 (78.9) 16 (21.1) 2.29 (1.27-4.12) 0.006 1.66 (0.85-3.24) 0.136
Aspirin at discharge Yes 359 (89.8) 41 (10.3) 1 1

No 17 (58.6) 12 (41.4) 5.74 (3.0-10.94) 0.000 1.79 (0.72-4.43) 0.207
Clopidogrel at discharge Yes 343 (90.7) 35(9.3) 1 1

No 33 (64.7) 18 (35.3) 4.37 (2.48-7.72) 0.000 1.15 (0.48-2.73) 0.753
Statins at discharge Yes 354 (90.3) 38 (9.7) 1 1

No 22 (59.5) 15 (40.5) 4.98 (2.74-9.06) 0.000 4.56 (2.14-9.72) <0.001%*

CHR, crude hazard ratio.
*Statistically significant at p-value <0.05.
**Highly statistically significant at p-value <0.001.

As indicated by previous studies, the altered level of LVEF was
an independent predictor of recurrent ACS. Our study also
revealed that ACS patients with LVEF levels below 40% at their
initial admission had a risk of recurrent ACS that was more than
twice as high. This finding is consistent with a study conducted
in Australia, which demonstrated that individuals with reduced
LVEF had an increased risk of having recurrent ACS. On the
contrary, studies conducted in China and Japan has indicated
that a reduced level of LVEF was not significantly associated with
recurrent ACS (9, 26).

Another predictor that was identified was the comorbidity of
CKD, which was found to substantially predict the recurrence of
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ACS. A report from previous studies showed that patients who
had a history of comorbidities were at higher risk of recurrent
ACS (9, 10, 25, 31, 36). This finding is also consistent with
previously published literature on the effect of CKD on patients
with acute myocardial conditions. The reduction in GFR
increases the risk of serious cardiovascular complications by
approximately 20% (compared with subjects with normal renal
function) (37). Our findings contribute to the existing knowledge
by further supporting the association between chronic kidney
disease and recurrent cardiovascular events.

This study found that evidence-based dual antiplatelet therapies
(DAPT) were the major predictors of recurrent ACS. As reported in
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present and previous studies, in-hospital treatment with aspirin has
demonstrated to reduce the risk of recurrent ACS. Individuals who
did not take aspirin were at higher risk of developing Re-ACS.
This was supported by previous studies in the United States and
Saudi Arabia (10, 30). In contrast, a Chinese study showed that
aspirin was not significantly associated with recurrent ACS (9).
The pathophysiology of ACS was explained as the formation of a
thrombus by platelet activation and aggregation. Guidelines
recommended aspirin for such cases, and it works mainly by
inhibiting the thromboxane A2 pathway and has additive anti-
inflammatory effects. Non-enteric-coated, oral aspirin (162-
325 mg) should be administered to all patients with ACS without
contraindications as soon as possible after the presentation, and a
maintenance dose of 81 mg (75-150 mg) aspirin per day should
be continued indefinitely (38, 39).

The other guideline-recommended component of DAPT is
clopidogrel, which is a P2Y12 receptor inhibitor broadly prescribed
in our setup. Previous literature found that this medication was
significantly associated with reducing the recurrence rate of ACS (9).
Our study also agreed with the previous studies and found that
patients who did not take clopidogrel were at higher risk of
recurrent ACS. an ACS
recommended to be treated with a P2Y12 inhibitor in addition to

aspirin, which is indicated as DAPT. Evidence shows that

Individuals presenting with are

clopidogrel with or without aspirin is directed at limiting platelet
adhesion and aggregation, which prevents additional thrombus
formation. ACS patients are typically prescribed aspirin with
clopidogrel (300 mg loading dose and 75 mg/day maintenance dose)
for 3-12 months to improve their health (40).

Another predictor found in our study was statins. Statins are
the main component of ACS treatment, which plays a crucial
role in reducing cholesterol levels. Our study revealed that
patients who were not prescribed statins during their hospital
stay were at higher risk of Re-ACS compared with those who
took statins. Other reports remarkably supported that statins
were highly associated with reducing Re-ACS (9, 10, 30).
However, a study conducted in Japan did not find a significant
association between statins and the recurrent rate of ACS (26). In
this study, we also found that statins prescription at discharge
was highly associated with the recurrent rate of ACS.

The evidence showed that the long-term use of statins was
beneficial for patients with ACS. Using these agents in
combination with other anti-ischemic agents has a significant
beneficial effect and should be administered concurrently to ACS
patients. Statin therapy should be initiated early and continued
long-term in all ACS patients irrespective of baseline LDL levels. In
addition to lowering LDL levels, the potential benefits of statin
therapy include plaque stabilization, improvement of endothelial
function, reduced thrombogenicity, and reduced inflammation (41).

Limitations and strengths of the study

The present study constitutes a secondary data review, wherein
our focus was solely on only documented variables such as socio-
demographics, typical symptoms of ACS, vital signs, diagnostic
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tests, comorbidities, and prescription of guideline-based
medications. However, the exclusion of socio-demographic,
behavioral, and nutritional status as key predictors of recurrence
in earlier research was due to their insufficient data. These
factors might be effectively examined through a prospective
study. Furthermore, there is a need to evaluate whether the use
of thrombolysis or revascularization, as well as coronary
angiography procedures, have influenced the subsequent rates of
recurrent infarction.

Despite the above potential limitations, the strength of this study
is that it was conducted for an optimal period. This may increase the
period of observation, which helps for better estimation of the post-
discharge ACS recurrence rate. This study may also be used as a
baseline for researchers in the context of resource-limited countries
such as Ethiopia, since this is the first research specifically with this

title as per the researcher’s level of search.

Conclusion

This study found a higher rate of ACS recurrence compared
with
increased rate of Re-ACS were having a history of typical

almost all studies reviewed. The main factors for this

symptoms of ACS (syncope and fatigue), LVEF of <40%, history
of comorbidity (CKD), and not taking in-hospital and discharge
medications such as anti-ischemic and lipid-lowering treatments.
Long-term intensive statin therapy may also be a reasonable
therapeutic approach for those patients, and strengthening
antiplatelet and lipid-lowering treatments are crucial.
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