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Abstract

Background: Acute Coronary Syndrome (ACS) is one of the leading causes of death worldwide and studies have
shown higher mortality rates and premature death in South Asian countries. The occurrence and effect of risk
factors differ by type ofACS.Epidemiological studies in the Sri Lankan population are limited.

Methods: This is a cross sectional descriptive study conducted at the Teaching Hospital Peradeniya, Sri Lanka
among patients presenting with ACS. Data was collected by an interviewer administered structured questionnaire
and epidemiological patterns and risk factors were analyzed.

Results: The sample of 300 patients had a mean age of 61.3+/− 12.6 and male sex showed higher association with
all three type of ACS compared to female with a P value of 0.001. This study showed higher mean age of 62.2 ±
11.4 years amongst unstable angina (UA) patients and 61.9 ± 14.5 years amongst non ST elevation myocardial
infarction (NSTEMI) patients compared to 59.2 ± 11.2 years for ST elevation myocardial infarction (STEMI) patients
with no significant statistical difference (P = 0.246). Approximately 55.8% STEMI patients, 39.8% UA and 35.5%
NSTEMI patients were smokers indicating a significant association between smoking and STEMI (P = 0.017). Nearly
54.5% STEMI, 35.4% UA and 32.7% NSTEMI patients consumed alcohol and there was a very strong association
between alcohol consumption and STEMI (P = 0.006). Almost 51.8% NSTEMI patients, 47.8% UA patients and 29.9%
STEMI patients had hypertension(HT) (P = 0.008) indicating significant association of HT with UA and NSTEMI. About
33.6% UA patients and 30.0% NSTEMI patients had DM whilst only 22.1% of STEMI patients had DM of no
significance (p = 0.225). Around 15.0% patients with UA, 25.5% with NSTEMI and 11.7% with STEMI had dyslipidemia
(P = 0.032). There was a very strong association between a past history of ACS or stable angina with NSTEMI and UA
(P = 0.001).

Conclusion: Smoking and alcohol abuse are significantly associated with STEMI.Patients with NSTEMI or Unstable
Angina had higher rates of hypertension and were more likely to have a history of ACS or stable angina than STEMI
patients. Patients with NSTEMI were more likely than patients with STEMI or UA to have dyslipidemia.

Keywords: Acute coronary syndrome, Unstable angina, Non-ST elevation myocardial infarction, ST elevation
myocardial infarction, Sri Lanka
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Background
Ischaemic heart disease (IHD)is the most common form
of heart disease and the single most important cause of
premature death worldwidedespite major breakthroughs
in management [1]. According to the World Health
Organization, IHD was responsible for 8.1 million deaths
worldwide in 2013 (95% uncertainty interval, 7.3–8.8
million) and there was an increase of 42% in the number
of IHD deaths since 1990.
According to the Annual health bulletinof Sri Lanka

in2013 increasing trend was seen in hospitalizations per
100,000 population due to ischaemic heart diseases;
494.9 in 2012 and 506.1 in 2013. Ischemic heart disease
isranked as the leading cause of hospital deaths in Sri
Lanka since 1995 having great clinical and financial im-
pact. It accounted for 29.1 deaths per 100,000 popula-
tion in 2013, including 14.7% hospital deaths with a case
fatality rate of 5.76 [1].
Acute coronary syndrome (ACS) includes Unstable

Angina (UA) and evolving Myocardial Infarction (MI)
which is usually divided into ST-segment elevation Myo-
cardial Infarction (STEMI) or new onset Left Bundle
Branch Block (LBBB), and ACS without ST-segment ele-
vation (NSTEMI) [2].
Several studies have been published on epidemiology,

risk factors andthe outcome of ACS in Western coun-
tries. Studies have shown that South Asians experience
higher mortality rates and premature deaths accounting
to IHD (deaths occurring at least 10–15 years before ex-
pected) than is experienced by people in Western coun-
tries [3, 4]. However, there are only limited studies
which relate to IHD in the Sri Lankan population.
ACS often reflects a degree of damage to the coronary

arteries by atherosclerosis; plaque rupture, thrombosis,
and inflammation. Advanced age, male gender and afamily
history of ischemic heart disease have been identified as
non-modifiable risk factors.Smoking, hypertension (HT),
diabetes mellitus (DM), dyslipidemia, obesity and a seden-
tary lifestyle were identified as modifiable risk factors [2].
However, the data is limited on the association of family
history of non-communicable diseases and ACS. The risk
factors contributing to the development of IHD were
summarized by the Framingham Heart Study providing
crucial information regarding intervention for primary
and secondary prevention of IHD [5].
According to previousstudies,the management of IHD

in developing countries is generally suboptimal com-
pared to developed countries. This is true for Sri Lanka
and regionally [6–8]. Even though clinical trials provide
evidence of current management practices(medication
and intervention) for diseases, only observational studies
provide details of epidemiology, risk factors, shortcom-
ings in management and differences in outcomes among
different regions of the world and within the country

itself [9, 10]. However, since Sri Lanka does not cur-
rently have a cardiac registry the outcomes of ACS fol-
lowing the index admission are not known.
The aim of the current study is to determine the epi-

demiology and risk factors of patients with Acute Cor-
onary Syndrome presenting to a tertiary care hospital in
Sri Lanka.

Methods
Study type
A cross sectional descriptive study was performed
among patients diagnosed with ACS presenting to the
medical ward, Teaching Hospital Peradeniya.

Sample population and inclusion, exclusion criteria
This study sample consists of a total of 300 patients who
presented to the medical ward of the Teaching Hospital
Peradeniya with ACS over a period of one year (July
2014 onwards). This includes patients who were between
20 and 85 years of agecategorized into the three types of
ACS; STEMI, NSTEMI and UA. They were diagnosed
and classified according to the American College of Cardi-
ology/ American Heart Association (ACC/AHA) definitions
and were treated as per ACC/AHA recommendations [11,
12]. UA was diagnosed with the presence of at least one of
the following criteria: angina usually lasting for ≥20min,
onset within one month or angina occurring within a cres-
cendo pattern. Patients with UA also had at least one of the
following electrocardiogram (ECG) findings: ST segment
depression ≥0.5mm or T inversion ≥0.3mv in any two
leads. NSTEMI was diagnosed with the presence of elevated
Troponin I levels as an indicator of myocardial necrosis in
addition to other features of UA. STEMI was diagnosed
with the presence of clinical symptoms of MI lasting ≥30
min with ECG changes of either ST elevation of at least
0.1mv in two contiguous precordial leads or two limb leads,
or the presence of a new LBBB. Those with either myocar-
ditis, pericarditis or endocarditis, patients with pre-existing
structural heart disease, connective tissue disorders and
pregnant patients were excluded from this study.
Risk factors of each of these patients were identified.

Dyslipidemia was identified with patients either taking
lipid lowering drugs or biochemically indicated by total
cholesterol > 240 mg/dl, triglycerides >150mh/dl, low
density lipoproteins (LDL) > 130 mg/dl and high-density
lipoproteins (HDL) < 50 mg/dl, < 40 mg/dl for females
and males respectively. Diabetes mellitus was defined as
either with a history of the subject having the diagnosis
or currently being on treatment or fulfilling diagnostic
criteria for diabetes mellitus according to the current
American diabetes Association (ADA) guidelines [pres-
ence of clinical symptoms and plasma glucose concen-
tration ≥ 200mg/dl (11.1 mmol/l) or fasting blood sugar
≥126 mg/dl (7.0 mmol/l)]. Hypertension was diagnosed
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with systolic blood pressure ≥ 140 mmHg and/ or dia-
stolic blood pressure ≥ 90 mmHg and/or being on anti-
hypertensive treatment. Family history of ACS was
defined as a first degree male relative withIHD which de-
veloped below 55 years of age or a first degree female
relative with IHD which developed below 65 years of age.
In addition, the family history of other risk factors like is-
chaemic stroke or transient ischaemic attack, hypertension,
dyslipidemia and DM were assessed. Other modifiable risk
factors like smoking, alcohol consumption and social
stressors were also assessed. The clinical presentation of
the patients was assessed on admission and they were
followed up daily during their hospital stay while assessing
their management and outcomes.

Study setting
Teaching Hospital Peradeniya is a tertiary care hospital
situated in the Central Province of Sri Lanka. It consists
of 800 bedsincluding Professorial Teaching units in
Medicine, Surgery, Pediatrics and Obstetrics and Gynae-
cology. Patients with ACS will either present directly to
the medical ward or to the Preliminary Care Unit where
initial emergency managementis doneincluding adminis-
tration of Streptokinase. Patients will subsequently be
transferred and treated in the High Dependency Care
Unit during the initial days and once stabletransferred to
the medical ward. An intensive care unit facility is avail-
able within the hospital in case of emergency. Patients
who require further specialized cardiac management in-
cluding percutaneous coronary intervention are trans-
ferred to the closest specialized coronary care unit at the
Teaching Hospital Kandy which can be reached within
ten minutes by ambulance.

Data collection
Data collection commenced following approval from the
Institutional Ethical Review Committee (IERC) of the
Faculty of Medicine, University of Peradeniya. A pilot
study was conducted on 30 individuals prior to data col-
lection to finalize the questionnaire. Participants selected
for the study were interviewed after informed written
consent was obtained. Data was collected by an interviewer
administered structured questionnaire (Additional file 1)
byqualified doctors who were specially trained for this
research.Changes in ECGs and Troponin I results were
collected from bed head tickets. Confidentiality was main-
tained throughout the study including the storage and ana-
lysis of data.

Data analysis
The data wascoded and entered into an excel data sheet
and was analyzed using SPSS, version 20.0 (IBM,
Armonk, NY, United States of America). Aunivariate
analysis was conducted initially and for selected variables

a bivariate analysis was conductedsubsequently. The X2

test for nominal scale data was used to identify statistical
significance. One way analysis of variance (ANOVA) was
used to compare differences in age between three ACS
groups. As the P value was non-significant, no post hoc
tests (Bonferroni test) were used. Probability of less than
0.05 was used to ascertain statistical significance.

Results
The total sample consisted of 300 patients presenting
with ACS, with a mean age of 61.3+/− 12.6. This in-
cluded 199(66.3%) males (mean age 60.1+/− 12.2) and
101(33.7%) females with a mean age of 63.8+/− 12.9 (p =
0.014). The male: female ratio was approximately 2:1.
The majority of the patients were Sinhalese in ethnicity
(84.0%) (Table 1).
Out of 300 diagnosed acute coronary syndrome patients

113(37.7%) had unstable angina, 110(36.7%) NSTEMI and
77(25.7%) had STEMI. Of the total NSTEMI patients a ma-
jority of 64.5%(71) were male, whereas a more significant
majority of 83.1%(64) of the STEMI patients were male. A
further 56.6% (64) of unstable angina patients were male.

Table 1 Patient baseline characteristics according to the type of
ACS

variable UA NSTEMI STEMI P value

Number of Patients 113(37.7%) 110(36.7%) 77(25.7%)

Age(years)mean 62.2 ± 11.4 61.9 ± 14.5 59.2 ± 11.2 0.246

RaceSinhalese 98(86.7%) 91(82.7%) 63(81.8%)

Tamil 5(4.4%) 5(4.5%) 4(5.2%)

Muslim 10(8.8%) 14(12.7%) 10(12.9)

Type of chest pain

Left 45(39.8%) 36(32.7%) 22(28.6%) 0.021

Right 12(10.6%) 9(8.2%) 7(9.1%) 0.513

Central 48(42.5%) 60(54.5%) 45(58.4%) 0.282

Diffuse 5(4.4%) 4(3.6%) 2(2.6%)

Epigastric 3(2.7%) 1(0.9%) 1(1.3%)

Faintishness 35(30.9%) 31(28.2%) 25(32.5%) 0.807

Past medical history

Diabetes Mellitus 38(33.6%) 33(30.0%) 17(22.1%) 0.225

Hypertension 54(47.8%) 57(51.8%) 23(29.9%) 0.008

Dyslipidemia 17(15.0%) 28(25.5%) 9(11.7%) 0.032

ACS/stable angina 52(46.0%) 53(48.2%) 18(23.4%) 0.001

Family history

ACS 37(32.7%) 41(37.3%) 21(27.3%) 0.358

Stroke 14(12.4%) 12(10.9%) 11(14.3%) 0.787

Hypertension 36(31.9%) 39(35.5%) 18(23.4%) 0.207

Diabetes Mellitus 33(29.2%) 39(35.5%) 18(23.4%) 0.202

Dyslipidemia 21(18.6%) 27(24.5%) 17(22.1%) 0.555
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Thusthe male sex showed a higher association with all
three type of ACS with a P value of 0.001 (Figure 1). Al-
most 2.7% of NSTEMI patients were below 30 years and
none of the STEMI or unstable angina patients of this
population were below 30 years. The highest percentage of
NSTEMI and unstable angina patientsbelong to the 60–69
year age group accounting for 27.3 and 32.7% respectively,
whilst the highest percentage of STEMI patients (35.1%)
were between 50 and 59 years of age (p = 0.144) (Fig. 2).
Our study showed a higher mean age of 62.2 ± 11.4 yearsin
UA patients and 61.9 ± 14.5 years in NSTEMI patients
compared to 59.2 ± 11.2 years for STEMI patients, with no
significant statisticaldifference (P = 0.246) (Table 1).
The presentation of chest pain was either left, right, cen-

tral, diffused or epigastric. A majority of 54.5% NSTEMI
patients and 58.4% STEMI patients presented with typical
retrosternal central chest pain. This figure for unstable an-
gina was 42.5%. About 2.7% of UA patients, 1.3% of
STEMI patients and 0.9% of NSTEMI patients presented
with epigastric pain. Approximately 28.2% of NSTEMI pa-
tients, 32.5% STEMI patients and 30.9% of UAhad faint-
ishness on admission (p = 0.807) (Table 1).
Out of 300 patients 127(42.3%) were regular smokers

and the mean number of cigarettes per day was 3.85+/−
6.5 and the mean duration of smoking was 9.6+/− 13.8
years. 55.8% STEMI patients were smokers whereas only
39.8% UA and 35.5% NSTEMI patients were smokers in-
dicating a significant association between smoking being
a risk factor for STEMI compared to NSTEMI and UA
(p = 0.017) (Fig. 3). Nearly 39.3% (118) patients con-
sumed alcohol and a majority of 54.5% STEMI patients
and, only 35.4% UA and 32.7% NSTEMI patients con-
sumed alcohol indicating a very strong association be-
tween alcohol consumption and STEMI (p = 0.006)(Fig.
3). Nearly 32.4% UA, 22.6% NSTEMI patients and 13.7%
STEMI patients had social stressors and there was a

significant statisticalassociation of social stressors (p =
0.013) with UA compared to the other two types.
Among 300 patients 88 (29.3%) had DM, 134 (44.7%)

had HT, 123 (41.0%) had a prior history of acute coron-
ary syndrome or stable angina and 54 (18.0%) had dys-
lipidemia. 51.8% NSTEMI patients, 47.8% UA patients
and 29.9% STEMI patients had HT (P = 0.008) indicating
a significant association between HT and UA and a
more significant association with NSTEMI. Around
33.6% UA patients and 30.0% NSTEMI patients had DM
whilst only 22.1% of STEMI patients had DM (p = 0.225)
without reaching any significant association between
DM and type of ACS. Nearly 15.0% patients with UA,
25.5% with NSTEMI and 11.7% with STEMI had dyslip-
idemia and showed a slightly significant association be-
tween dyslipidemia and NSTEMI (P = 0.032). Almost
48.2% patients with NSTEMI, 46.0% patients with UA
and 23.4% patients with STEMI had a past history of
ACS or stable angina. This indicates a very significant
association between a past history of ACS or stable an-
gina with NSTEMI and UA (P = 0.001) compared to
STEMI (Table 1).
Out of 300 patients 99 (33.0%) had a family history of

ACS, 90 (30.0%) had a family history of diabetes melli-
tus, 93 (31.0%) had a family history of hypertension,
37(12.3%) had a family history of strokes and 65 (21.7%)
had a family history of dyslipidemia. About 37.3% of
NSTEMI, 32.7% UA and 27.3% of STEMI patient had a
family history of ACS whereas 14.3% STEMI, 12.4% UA
and 10.9% of NSTEMI patients had a family history of
stroke. The presence of family history of ACS (P = 0.358)
or stroke (P = 0.787) was not significantly associated with
the type of ACS. Approximately 35.5% NSTEMI patients,
23.4% STEMI patients and 29.2% UA patients had a family
history of DM whilst 35.5% NSTEMI patients, 23.4%
STEMI patients and 31.9% UA patients had a family

Fig. 1 Gender distribution according to the type of Acute Coronary Syndrome
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history of HT.Therewas no significant statisticalassociation
between family history of DM or HT with the type of ACS
(P = 0.202 and 0.207 respectively). 24.5% NSTEMI patients,
22.1% STEMI patients and 18.6% UA patients had a family
history of dyslipidemia (P = 0.555) indicating no significant
association with the type of ACS(Table 1).
On admission the majority of 299 patients (99.7%) used

chewable or dissolved aspirin as an anti-platelet agent.
Out of 300, 278(92.7%) patients recovered, 20(6.7%) were
transferred to a coronary care unit for further manage-
ment and 2(0.7%) died after initial management. Mean
hospital stay was 4.2+/− 1.3 days and all patients were
given primary health education on discharge.

Discussion
Epidemiological studiesin South Asian countries have led
to important conclusions regarding the prevalence, the

type of presentation and the treatment of ACS in the re-
gion [3, 4, 8, 13]. These studies also showed geographic
differences and heterogeneity in the care and mortality of
patients with ACS throughout Asia. However studies re-
garding epidemiology and risk factors of types of ACS in
the Sri Lankan population are limited.
The ACCESS group of investigators reported 46%

ACS in developing countries to be STEMI and 54% to
be NSTEMI/UA [14]. Rajapakse et al.in 2010 reported
33.6% ACS in Sri Lanka to be STEMI [15], while in 2012
Medagama et al reported 32.8% ACS to be STEMI [13],
while our study in 2014 showed 25.7% to be STEMI,
36.7% NSTEMI and 37.7% UA.
South Asians show a higher rate of MI at a younger

age (mean age 53 years) compared to those in other
countries (mean age 58.8 years). This is very likely due
to South Asians having more risk factors at ages < 60

Fig. 2 Age distribution of the sample according to the type of Acute Coronary Syndrome

Fig. 3 Association of alcohol and smoking with the type of Acute Coronary Syndrome
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years when stratified by age, including higher apolipo-
protein B100 /apolipoprotein A-I ratio and higher waist
to hip ratio [16]. Sharma et al alsoshowed that ACS oc-
curred a decade earlier in South Asians compared to the
Western population [17]. However, our study showed a
mean age of presentation of ACS in Sri Lanka to be
around 61 while it was 63.7 years according to Meda-
gama et al in 2012 [13]. Therefore, Sri Lankans develop
ACS later in their life compared to other South Asians.
Larger scale studies within the region are needed to ex-
plain this difference.
Our study showed that the mean age for females (64

years) was significantly higher (p = 0.014) compared to
males (60 years). Studies have shown that the onset of
cardiovascular disease in women occurs seven to ten
years after that for males [18]. Exposure to endogenous
oestrogens during the premenopausal period are assumed
to delay the manifestation of atherosclerotic disease in fe-
males, likely due to oestrogens having a regulatory effect
on lipids, inflammatory markers, coagulant system and
promoting a direct vasodilatory effect through α and β re-
ceptors in vessel walls [19, 20].
Our study showed that the highest proportion of

27.3% NTEMI patients and 32.7% UA patients were be-
tween 60 and 69 years of age and the highest percentage
of 35.1% STEMI patients were aged between 50 and 59
years with no significant statistical difference in age dis-
tribution with the type of ACS.Medagama et al also
showed no significant difference in age distribution of
patients with all groups of ACS, with the majority being
between 51 and 70 years of age [13]. Sharma et al showed
a higher mean age of 60.07 ± 10.47 years amongst NSTEMI
patients compared to 57.76 ± 11.44 years for STEMI pa-
tients with no significant statisticaldifference (p = 0.103)
[17]. Similarly, our study also showed a slightly higher
mean age for UA (62.2 years) and NSTEMI (61.9 years)
compared to STEMI (59.2 years) but without a statistical
significance (P = 0.246).
In our studynearly a two third (66.3%) of patients with

ACS were maleand themale gender was strongly associ-
ated with all three type of ACS compared to the female
gender. A study done in Nepal also showed astrong as-
sociation of ACS with male(75.7%) [21]. This male pre-
ponderance is seen in theINTERHEART study (overall
male 76%) and its South Asian cohort(85%) [22]. In our
study a higher percentage of 48.5% females had UA
compared to NSTEMI (38.6%) and STEMI (12.9%) indi-
cating a higher risk for UA than NSTEMI and STEMI in
females (P = 0.001).However males did not show a pre-
ponderance for any type of ACS.
The INTERHEART study describes nine risk factors

which account for > 95% of acute MI. Eight risk factors
including dyslipidemia, smoking, hypertension, DM, ab-
dominal obesity, psychosocial factors, lack of consumption

of fruits, vegetables and of regular physical activity were
significantly associated with MI (p < 0.0001), whereas
alcohol consumption had a weaker association (p =
0.03). Multivariate analysis showed the two strongest
risk factors to be current smoking and increased apo-
lipoprotein B100 /apolipoprotein A-I ratio, followed by
a history of DM, HT and psychosocial factors. Rare
novel risk factors are high inflammatory markers and
homocysteine levels [22].
Hypertension was the most common risk factor with

134 (44.7%) patients being hypertensive. According to
the INTERHEART study the prevalence of hypertension
in the South Asian cohort was 31.1% which is much
lower than our study. However, a study done in India [8]
reported 48.8% HT and another study showed 40.2%
[17] of Indians with ACS to be hypertensive similar to
our study. Howeverthe ACCESS group of investigators
reported a higher prevalence of HT (STEMI 78%, NSTE-
ACS 87%) in ACS patients in other developing countries
compared to Sri Lanka and India [14]. Further, hyper-
tension was significantly more common in NSTEMI and
UA patients than STEMI patients in our study.Meda-
gama et al also showed HT to be more common in
NSTEMI/UA patients [13]. Similarly, Sharma et al
showed HT to be significantly associated with NSTEMI
[17]. Sympathetic hyperactivity in HT contributes to
higher risk of sudden death, coronary spasm and throm-
bosis. Chronic HT causes left ventricular hypertrophy
leading to increased oxygen demand which results in the
formation of collaterals. These collaterals are more ef-
fective in the subepicardial layer than the subendocardial
layer resulting in partial thickness infarction. Reduction
in diastolic blood flow leads to ischemia without total
vessel occlusion [23]. These could explain HT more
likely to be a risk for NTEMI and UA than for STEMI.
Smoking is an established risk factor for IHD and

nearly 30% of all deaths from ACS were found to be at-
tributed to smoking [24]. Alcohol abuse is a risk factor
for occurrence of early ACS and patients with a combin-
ation of alcohol abuse and smoking had an even higher
risk of developing very early ACS than those with the
two individual risk factors alone [25]. In our study out of
300 patients, 127(42.3%) were regular smokers being the
second most common risk factor and 118 patients
(39.3%) consumed alcohol. Our study further showed
smoking (p = 0.017) and alcohol consumption (p = 0.006)
to be more significantly associated STEMI than for
NSTEMI and UA. Similarly, Medagama et al and Sharma
et al alsoshowed smoking and alcohol abuse to be more
common in STEMI patients [13, 17]. Current smoking is
an independent predictor of atherosclerotic plaque bur-
den. Smoking causes plaque instability with a thin plaque
cap leading to increased plaque rupture and superadded
thrombosis due to the prothrombotic effect of smoking,
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which can explain the likely presentation of STEMI than
of NSTEMI in smokers [26, 27].
Nearly 41% of patients had a prior history of ACS or

stable angina in contrast to a study in India reporting
only 20.7% having a prior history of ACS [8]. This could
probably be due to patients with a past history of ACS
events being on proper medical follow up and having
modified or controlled other risk factors leading to ACS
though a past history of ACS may also be a significant risk
factor. Past history of ACS or stable angina were signifi-
cantly more common inNSTEMI and UA patients than
STEMI patients. This is similar to results reported by
Medagamaet al [13]. A study on recurrent MI showed a
majority of 76% of recurrent MI to be of the same
type of MI. Recurrent STEMI occurred in 44%, recurrent
NSTEMI in 32%, and STEMI and NSTEMI in 24% [28].
Diabetes is another important risk factor which was

found in 29.3% of the study population compared to a
study in India reporting 35.5% having DM [8]. Interest-
ingly, DM did not show a significant association with the
type of ACS in our study in contrast to Sharma et al
(showed DM to be significantly associated with NSTEMI)
[17]. Hyperglycemia inhibits production of vasodilators like
nitric oxide, and increases vasoconstrictors like endothelin-
1. Impaired insulin mediated skeletal muscle uptake of free
fatty acids increases synthesis of Very Low-Density Lipo-
protein (VLDL) and cholesteryl esters in the liver. Diabetic
patients with ACS commonly have a combination of ele-
vated triglycerides and low HDL than elevated total and
LDL cholesterol levels, and this frequently leads to multi-
vessel coronary artery atherosclerosis. Procoagulability, im-
paired fibrinolysis and formation of advanced glycation
end products are other mechanisms of DM being a risk
factor for ACS [29]. Donahoe et al showed diabetics with
STEMI to have a higher one year mortality, and the one
year mortality for non-diabetics with STEMI to be similar
to that of diabetics with NSTEMI/UA [30].
Among the strongest predictors of in-hospital deaths in

STEMI patients were found to be untreated dyslipidemia,
as total cholesterol and LDL levels undergo significant al-
terations post-MI, with a change of 7 and 10% in STEMI
and 5 and 6% in UA respectively [31]. Our study reported
18% ACS patients to have dyslipidemia with significant as-
sociation with NSTEMI compared to STEMI/UA. Only
7% of ACS patient had dyslipidemia in a previous Sri
Lankan study [13] whereas an Indian study showed
37.96% to have dyslipidemia.
The presence of family history of ACS, DM, HT, Dys-

lipidemia or stroke did not show statistically significant
association with the type of ACS.
Many studies have been done on risk factors for ACS in

the West according to which most management and pre-
vention protocols have been carried out. This study as in
some other studies in the South Asian population shows

that the epidemiology and risk factors for ACS differs
from that of the Western world. Thus lifestyle modifica-
tions for prevention and management of ACS should be
altered and implemented according to Sri Lanka. The ef-
fect and occurrence of certain risk factors differ according
to type of ACS. STEMI is known to have a higher mortal-
ity rate than NSTEMI/UA [14]. Fortunately according to
our study, risk factors most likely to lead to STEMI are
modifiable risk factors like smoking and alcohol abuse
which can be easily limited or eliminated by proper pa-
tient education and lifestyle modifications. Risk factors
like HT and dyslipidemia which were found to be more
associated with NSTEMI can also be optimized and may
probably benefit with different cut-off target levels in pa-
tients with STEMI,UA and NSTEMI. Since risk factors
like a past history of ACS and a family history of ACS can-
not be changedthese patients may also benefit with lower
cut-off target levels of other controllable risk factors. Fur-
ther studies can be done to further assess the pathophysi-
ology of each of the risk factors to cause STEMI, NSTEMI
or UA by which newer drugs targeting the pathway can be
used to treat patients with each of the risk factors and
ACS than treating the risk factor alone.

Conclusion
The occurrence and effect of risk factors differ by type
of ACS. Modifiable risk factors like smoking and alcohol
abuse are significantly associated with STEMI. Patients
with HT and a past history of ACS or stable angina are
more likely to develop NSTEMI/UAthan STEMI whereas
patients with dyslipidemia are more likely to develop
NSTEMI than STEMI/ UA. Patients with DM do not have
a preponderance for any type of ACS. More studies are re-
quired to understand epidemiology, presentation and risk
factors of ACS particularly in regional levels as they can
differ from one region to the other. This understanding
would help to implement preventive measures including
lifestyle modification and drug treatment optimizing risk
factors.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12872-019-1217-x.

Additional file 1: The English Version of the Questionnaire used for
data collection.

Abbreviations
ACC: American college of cardiology; ACS: Acute coronary syndrome;
AHA: American Heart Association; CVD: Cardiovascular disease; DM: Diabetes
mellitus; ECG: Electrocardiogram; HDL: High density lipoprotein;
HT: Hypertension; LBBB: Left bundle branch block; LDL: Low density
lipoprotein; MI: Myocardial infarction; NSTEMI: Non-ST elevation myocardial
infarction; STEMI: ST elevation myocardial infarction; UA: Unstable angina;
VLDL: Very low density lipoprotein

Ralapanawa et al. BMC Cardiovascular Disorders          (2019) 19:229 Page 7 of 9

https://doi.org/10.1186/s12872-019-1217-x
https://doi.org/10.1186/s12872-019-1217-x


Acknowledgements
We would like to express our gratitude to all participants who consented to
take part in this study.

Authors’ contributions
UR conceived the research idea and guided it. Data collection, analysis and
interpretation of data and literature review were done by UR, PVRK, KPJ, PK,
YW, CD and ME. UR and PVRK guided the other authors in data analysis,
interpretation and corrected the final manuscript. All authors were involved
in the study and read and approved the final manuscript.

Authors’ information
UR [MBBS, MD, MRCP (UK), FRCP (London)] is a Professor in Medicine and
Senior Consultant Physician, Department of Medicine, University of
Peradeniya. PVRK is a Professor in Community Medicine, Department of
Community Medicine, University of Peradeniya.PK (MBBS, MD) is a Senior
Registrar in General Medicine, Professorial Medical Unit, Teaching Hospital
Peradeniya, Sri Lanka. KPJ [MBBS] and ME [MBBS] are Temporary Lecturers
and Research Assistants, Department of Medicine, University of Peradeniya,
Sri Lanka. YW is an Intern Medical Officer, Professorial Medical Unit, Teaching
Hospital Peradeniya, Sri Lanka. CD is a Medical Officer, Teaching Hospital
Peradeniya, Sri Lanka.

Funding
The study was self-funded by the authors of the study.

Availability of data and materials
All the data are stored in password protected computer and hard copies
also under the custody of the corresponding author. Data can be seen by
request to the corresponding author.

Ethics approval and consent to participate
Ethics approval was granted from the Institutional Ethical Review Committee
(IERC) of the Faculty of Medicine, University of Peradeniya. Informed signed
consent was obtained from all participants prior to the collection of data.

Consent for publication
Written Consent for publication was given by all participants prior to data
collection.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Medicine, University of Peradeniya, Peradeniya, Sri Lanka.
2Department of Community Medicine, University of Peradeniya, Peradeniya,
Sri Lanka. 3Teaching Hospital Peradeniya, Peradeniya, Sri Lanka.

Received: 8 July 2018 Accepted: 4 October 2019

References
1. Medical Statistics Unit, Sri Lanka. 2013. Annual Health Bulletin 44–

46,184–194.
2. Longmore M, 2014. Oxford handbook of clinical medicine (Oxford medical

handbooks).9th Edition.Oxford University press.
3. Hughes LO, Raval U, Raftery EB. First myocardial infarctions in Asian and

whitemen. BMJ. 1989;298(6684):1345–50. https://doi.org/10.1136/bmj.298.
6684.1345.

4. Ghaffar A, Reddy KS, Singhi M. Burden of non-communicable diseases in
South Asia. BMJ. 2004;328(7443):807–10. https://doi.org/10.1136/bmj.328.
7443.807.

5. Mahmood SS, Levy D, Vasan RS, Wang TJ. The Framingham Heart Study and
the Epidemiology of Cardiovascular Diseases: A Historical Perspective.
Lancet. 2014;383(9921):999–1008.

6. Constantine GR, Thenabadu PN. Time delay to thrombolytic therapy--a Sri
Lankan perspective. Postgrad Med J. 1998;74(873):405–7. https://doi.org/10.
1136/pgmj.74.873.405.

7. Constantine GR, Herath JI, Chang AA, Suganthan P, Hewamane BS,
Thenabadu PN. Management of acute myocardial infarction in general

medical wards in Sri Lanka. Postgrad Med J. 1999;75(890):718–20. https://
doi.org/10.1136/pgmj.75.890.718.

8. Mohanan PP, Mathew R, Harikrishnan S, Krishnan MN, Zachariah G, Joseph J,
et al. Presentation, management, and outcomes of 25 748 acute coronary
syndrome admissions in Kerala, India: results from the Kerala ACS registry.
Eur Heart J. 2013;34(2):121–9.

9. Eagle KA, Goodman SG, Avezum A, Budaj A, Sullivan CM, Lopez-Sendon J.
Practice variation and missed opportunities for reperfusion in ST-segment-
elevation myocardial infarction: findings from the global registry of acute
coronary events (GRACE). Lancet. 2002;359(9304):373–7. https://doi.org/10.
1016/S0140-6736(02)07595-5.

10. Fox KA, Goodman SG, Anderson FA, Granger CB, Moscucci M, Flather MD,
et al. From guidelines to clinical practice: the impact of hospital and
geographical characteristics on temporal trends in the management of
acute coronary syndromes. The global registry of acute coronary events
(GRACE). Eur Heart J. 2003 Aug;24(15):1414–24.

11. AHA/ACC Guidelines for Management of STEMI; 2014.
12. AHA/ACC Guidelines for Management of UA/NSTEMI; 2011.
13. Medagama A, Bandara R, De Silva C, Galgomuwa MP. Management of acute

coronary syndromes in a developing country; time for a paradigm shift?an
observational study. BMC CardiovascDisord. 2015;15:133. https://doi.org/10.
1186/s12872-015-0125-y.

14. Investigators A. Management of acute coronary syndromes in developing
countries: acute coronary events-a multinational survey of current
management strategies. Am Heart J. 2011;162(5):852–9. e22.

15. Rajapakse S, Rodrigo PC, Selvachandran J. Management of acute
coronary syndrome in a tertiary care general medical unit in Sri Lanka:
how closely do we follow the guidelines? J Clin Pharm Ther. 2010;
35(4):421–7.

16. Joshi P, Islam S, Pais P, Reddy S, Dorairaj P, Kazmi K, Pandey MR, Haque S,
Mendis S, Rangarajan S, Yusuf S. Risk factors for early myocardial infarction
in south Asians compared with individuals in other countries. JAMA. 2007;
297(3):286–94. https://doi.org/10.1001/jama.297.3.286.

17. Sharma R, Bhairappa PSR, Manjunath CN. Clinical characteristics,
angiographic profile and in hospital mortality in acute coronary syndrome
patients in south indian population. Heart India. 2014;2(3):65–9.

18. Towfighi A, Zheng L, Ovbiagele B. Sex-specific trends in midlife coronary
heart disease risk and prevalence. Arch Intern Med. 2009;169:1762–6.

19. Sutton-Tyrell K, Lassila HC, Meilahn E, Bunker C, Matthews KA, Kuller LH.
Carotid atherosclerosis in premenopausal and postmenopausal women and
its association with risk factors measured after menopause. Stroke. 1998;29:
1116–21.

20. Vanhoutte PM, Shimokawa H, Tang EHC, Feletou M. Endothelial dysfunction
and vascular disease. Acta Physiol. 2009;196:193–222.

21. Shakya A, Jha SC, Gajurel RM, et al. Clinical characteristics, risk factors and
angiographic profile of acute coronary syndrome patients in a tertiary care
center of Nepal. Nepalese Heart Journal. 2019;16(1):27–32.

22. Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially modifiable risk
factors associated with myocardial infarction in 52 countries (the
INTERHEART study): case-control study. Lancet. 2004;364:937–52.

23. Picariello C, Lazzeri C, Attana P, Chiostri M, Gensini GF, Valente S. The
Impact of Hypertension on Patients with Acute Coronary Syndromes. Int J
Hypertens.Volume 2011, Article ID 563657, 7 pages.

24. United States Department of Health and Human Services.Reducing the
health consequences of smoking: 25 years of progress.A report of the
surgeon general. Rockville, MD: Public Health Office, Center for Disease
Control, Office on Smoking and Health. DHHS Publication No.(CDC)
89–8411, 1989.

25. Alkhawam H, Madanieh R, Fabisevich M, Sogomonian R, El-Hunjul M,
Madanieh A, Lieber JJ, Vittorio TJ. The role of alcohol abuse and tobacco
use in the incidence of early acute coronary syndrome. Circulation. 2015;
132:A14365.

26. Robertson JO, Ebrahimi R, Lansky AJ, Mehran R, Stone GW, Lincoff AM.
Impact of cigarette smoking on extent of coronary artery disease and
prognosis of patients with non–ST-segment elevation acute coronary
syndromes. JACC CardiovascInterv. 2014 Apr;7(4):372–9. https://doi.org/10.
1016/j.jcin.2013.11.017.

27. Ambrose JA, Barua RS. The pathophysiology of cigarette smoking and
cardiovascular disease: An update. J Am CollCardiol. 2004;43(10):1731–7.

28. Rott D, Weiss AT, Chajek-Shaul T, Leibowitz D. ST-deviation patterns in
recurrent myocardial infarctions. Am J Cardiol. 2006;98(1):10–3.

Ralapanawa et al. BMC Cardiovascular Disorders          (2019) 19:229 Page 8 of 9

https://doi.org/10.1136/bmj.298.6684.1345
https://doi.org/10.1136/bmj.298.6684.1345
https://doi.org/10.1136/bmj.328.7443.807
https://doi.org/10.1136/bmj.328.7443.807
https://doi.org/10.1136/pgmj.74.873.405
https://doi.org/10.1136/pgmj.74.873.405
https://doi.org/10.1136/pgmj.75.890.718
https://doi.org/10.1136/pgmj.75.890.718
https://doi.org/10.1016/S0140-6736(02)07595-5
https://doi.org/10.1016/S0140-6736(02)07595-5
https://doi.org/10.1186/s12872-015-0125-y
https://doi.org/10.1186/s12872-015-0125-y
https://doi.org/10.1001/jama.297.3.286
https://doi.org/10.1016/j.jcin.2013.11.017
https://doi.org/10.1016/j.jcin.2013.11.017


29. Hernández MAL. Hyperglycemia and Diabetes in Myocardial Infarction:
Diabetes Mellitus- Insights and Perspectives. 2013. Chapter 10. 169–192.

30. Donahoe SM, Stewart GC, CH MC, et al. Diabetes and mortality following
acute coronary syndromes. JAMA. 2007;298:765–75.

31. González-Pacheco H, Vargas-Barrón J, Vallejo M, Piña-Reyna Y,
Altamirano-Castillo A, Sánchez-Tapia P, Martínez-Sánchez C. Prevalence
of conventional risk factors and lipid profiles in patients with acute
coronary syndrome and significant coronary disease. TherClin Risk
Manag. 2014;10:815–23.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ralapanawa et al. BMC Cardiovascular Disorders          (2019) 19:229 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study type
	Sample population and inclusion, exclusion criteria
	Study setting
	Data collection
	Data analysis

	Results
	Discussion
	Conclusion
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

