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Abstract—Arterial thromboembolic disease affects coronary vasculature and has an exhaustive list of etiolo-
gies. The aim of the present study was to investigate the effects of genetic variants in homocysteine pathway
genes, homocysteine levels, and other modifiable and non-modifiable conventionally allotted risk factors for
coronary artery disease. Study was retrospective case control study, comprised 404 participants (controls, n =
179, ischemic heart disease (IHD) patients, » = 89, and myocardial infarction (MI) cases, n = 136, respec-
tively). Single nucleotide polymorphisms (SNPs); rs1801133, rs1801131 in methylenetetrahydrofolate reduc-
tase ‘MTHFR’ gene, rs1805087 in methyl tetrahydrofolate homocysteine methyltransferase ‘M TR’ gene, and
rs662 in paroxansel ‘PON I’ gene, rs4646994, angiotensin converting enzyme ‘ACE’ insertion/deletion (I/D)
polymorphism were resolved employing conventional, and by tetra primer allele refractory mutation system
polymerase chain reaction (PCR). ANOVA association testing revealed that homocysteine, cholesterol, cre-
atinine, triglyceride levels, age, family history of CAD, and polymorphisms in MTHFR and PON1 related to
coronary artery disease. The post HOC analysis also maintained significance differences in the control, isch-
emic heart disease and case groups respectively. The regression analysis failed to maintain statistical signifi-
cance for creatinine, triglycerides, age, and rs662 PON I polymorphism, whereby, serum homocysteine, cho-
lesterol, family history, and rs1801133/rs1801131 MTHFR SNPs maintained statistical significance. The
results from the present study provide hint into interlaced nature of traditional and novel risk factors in the
causation of arterial disease and an insight into their shared detrimental effects in affecting the coronary vas-
culature.
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INTRODUCTION

Coronary artery disease has multifactorial nature,
[1] with many interactions amongst genetic variants
and environmental factors [2, 3]. The rise in CAD
cases worldwide has considerable burden on health
care resources, associated with decline in quality of
life. In the coming decade, CAD cases can rise from
nearly 1600 per hundred thousand population to
nearly 1800 per hundred thousand population [4].
A few of the implicative factors including dyslipid-
emia, gender, age, family history, diet, and lifestyle
have gained significance as traditional risk factors of
atherosclerosis and of arterial disease outcomes.
Recent genetic studies in conjunction with genome
wide association studies (GWAS) have included the
novel risk factors; genetic polymorphisms, circulating
biomarkers, gene—gene interactions, or gene—envi-
ronment interactions as implicated with risk of vascu-
lar disease [2, 5, 6].

Atherothrombosis is at the heart of arterial diseases
and its outcome is substantial burden on health care
services with ensuing comparatively high morbidity
and mortality. Age and gender differences (old age and
males) in addition to hypertension and diabetes are
strongly related with coronary artery disease, acute
myocardial infarction (AMI), and fatal outcomes [7,
8]. High serum cholesterol levels and dyslipidemia
have adverse relation with atherosclerotic plaque dis-
ease affecting the carotid and coronary vasculature
[9—11]. Metabolic syndrome is associated with higher
body mass index (BMI), dyslipidemia, hypertension,
and angiographically documented coronary lesions
[12]. Analogous to preceding factors, serum creati-
nine, triglycerides, high BMI, and family history of
CAD have all been associated with deleterious out-
comes in coronary vascular disease [12, 13].

Homocysteine as a novel biomarker, in association
with traditional biomarkers, such as creatinine, blood
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sugar and lipid levels, is associated with acute myocar-
dial infarction and coronary artery stenosis [14, 15].
Serum homocysteine along with cholesterol levels is
associated with higher risk as well as greater progres-
sion of CAD [16, 17]. The SNPs in MTHFR gene,
C677T polymorphism (rs1801133) and A1298C poly-
morphism (rs1801131) are independent risk factors for
CAD, and these SNPs, furthermore are associated
with hyperhomocystenemia, hypercholesterolemia,
higher creatinine levels and higher risk of CAD [2, 9,
18, 19]. The A2756G polymorphism in MTR gene
(rs1805087), the A192G polymorphism in PONI
gene, and the ACE insertion deletion polymorphism
(rs4646994, gene/polymorphism not part of folate
pathway) have additionally been implicated with vas-
cular outcomes affecting coronary vessels [2, 20—22].

The genetic component, homocysteine levels, and
the traditional/recognized serum parameters have
confounded effect on coronary vasculature and result-
ing disease outcomes. No single entity has so far been
designated the only role in the genesis of CAD (com-
plex diseases). In the resident population, we studied
the genetic links including the homocysteine pathway
gene SNPs, serum homocysteine levels, and the well
documented traditional risk predictors of CAD with a
view to ascertain their grouping effects in the causation
of CAD.

MATERIALS AND METHODS
Participants and Sample Characteristics

The design of study was in retrospective case con-
trol setting, all the study participants, namely control
participants, MI/CAD patients, and the IHD patients
were recruited from the District Headquarter Hospital
and Benazir Bhutto Hospital, Rawalpindi. Patients
with renal disease, cerebral vascular accidents, tran-
sient ischemic attacks, and with heart failure were
exclude from the study.

Presentation Characteristics

Major presentation characteristics have been men-
tioned elsewhere [22], however there were some slight
modification for disparate study groups in current
study. The IHD cases were excluded in previous study
but they have been included in current study. All the
participants were hypertensive patients and were tak-
ing different antihypertensive prescriptions. The cases
presented to hospital emergency within 3 to 4 hours of
onset of symptoms. The major symptom for majority
of the CAD patients was distinctive chest pain present
for more than half an hour to one hour, discomfort
with sense of anxiety, pressure, apprehension, and
radiation of pain. All the participants were examined
by clinicians from cardiology department. In the ER,
tests for lung edema and repeat electrocardiography
(ECG) was performed and cardiac enzymes were done
for suspected patients with normal ECG (typical his-
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tory, long duration pressing chest pain, continuous
restlessness). The high risk patients, who had chest
pain, ECG findings of ischemia (ST depression,
T wave inversion) and negative cardiac markers were
labelled IHD patients; whereas those with positive ST
elevation on ECG (ST elevation MI, ‘STEMI’) or
those with no ST change or ST depression but with
positive CKMB or Troponin levels (non ST elevation
MI, ‘NSTEMI’) were consequently labelled as cases.
On presentations, vital signs of the participants were
recorded including pulse rate, respiratory rate, systolic
blood pressure (SBP), diastolic blood pressure (DBP)
in mm Hg, (measured through mercury sphygmoma-
nometer), and the readings of temperature (in degrees
Celsius). All the vitals were recorded subsequently
during the sampling as well. For BMI analysis, the
height of individuals in meters and the weight in kilo-
grams were recorded and the BMI computed by stan-
dard formula.

Collection of Blood Samples for Serum
Analysis and Genetic Analysis

Samples were collected from all participants early
in the morning after overnight fasting. For serum anal-
ysis, blood samples were collected in plain tubes,
serum was extracted and stored at —20°C until ana-
lyzed. The covariates analyzed employing serum spec-
imen included (a) cholesterol (mg/dL), (b) tri-
glycerides (mg/dL), (c) creatinine (mg/dL), (d) fast-
ing blood sugar (mg/dL), and (e) homocysteine
(umol/L). For homocysteine levels estimation, we
employed enzyme-linked immunosorbent assay
(ELISA) through EIA kit by DRG International Inc.,
USA. The routine serum parameters were analyzed
through commercially available kits (AMP Diagnos-
tics, AMEDA Labordiagnostik GmbH). For genetic
analysis EDTA vacutainers were used for blood collec-
tion, DNA extracted from peripheral leukocytes
through routine procedure and the extracted DNA
samples were refrigerated at 4°C.

The Investigation of the Polymorphisms/SNPs for Study

We queried Santa Cruz Genome Browser Data
base site genome.ucsc.edu/cgi-bin/hgGateway for the
genomic sequences of SNP, flanking sequences and
related details. For the primers design, the gene
sequences were submitted to http://cedar.genet-
ics.soton.ac.uk, and the primers generated by the web-
site were reformed for optimum sequences and results.
Tetra primer ARMS PCR employs 4 primers per reac-
tion; pair of outer and pair of inner primers. The
MTHFR rs1801133, rs1801131; MTR rs1805087; and
PONI1 rs662 were resolved using tetra primer tech-
nique while two outer primers only were only used to
resolve the insertion deletion polymorphism
(rs4646994) in ACE gene, respectively. The minute
details of the primer sequences, amplified products,
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Table 1. Participant anthropometric measurements and their serum parameters

Characteristics Control, n =179 IHD, n =89 MI cases, n = 136

Age, years 63.75 = 7.44 61.85+9.54 66.12 + 8.57
Gender

male (percent) 108 (60.33) 44 (49.43) 89 (65.44)

female (percent) 71 (39.66) 45 (50.56) 47 (34.55)
Systolic blood pressure, mm Hg 134.67 £ 13.99 134.55 + 17.40 134.61 + 18.93
Diastolic blood pressure, mm Hg 80.30 = 10.02 81.40 £ 10.83 79.52 £ 11.79
Serum cholesterol, mg/dL 178.42 £ 25.11 182.18 = 32.79 189.16 + 43.10
Serum creatinine, mg/dL 0.91 £0.36 0.92+0.36 1.10 £ 0.41
Fasting blood glucose, mg/dL 106.43 £+ 35.94 109.06 * 31.46 117.58 £ 52.46
Serum triglyceride, mg/dL 117.86 + 59.30 108.94 + 54.58 150.63 = 96.21
Serum homocysteine (log transformed), umol/L 1.170 £ 0.089 1.180 = 0.081 1.218 = 0.100
BMI, kg m—2 31.21 £ 6.22 32.31+6.72 31.31 £5.17

The values are expressed as mean = SD or as number # (%).

and restriction fragment length polymorphism
(RFLP) validation was followed as is stated in detail
elsewhere [2]

Statistical Analysis

The data was analyzed employing two different sta-
tistical programs and the software packages were used
for the generation of figures as well. Since homocyste-
ine levels were not normally distributed, the values
were log transformed and all analysis were computed
with log values for homocysteine. The one-way
ANOVA test, and thereafter, Post Hoc “Tamhane’ test
(assuming unequal variances) for multiple compari-
son was performed through the IBM SPSS statistics
software version 25.0 (IBM Corp. Released 2017. IBM
SPSS Statistics for Windows, Version 25.0. Armonk,
NY: IBM Corp.). The values with p < 0.05 were con-
sidered statistically significant. Thereafter, regression
analysis for the SNPs, calculation of odds ratios (OR)
and the 95% confidence intervals (95%CI) readings
for the different parameters were carried out (to ascer-
tain and validate the findings of the ANOVA analysis
to find out disease (CAD) likelihood of the selected
parameters. The regression analysis was carried out
using the R 4.0.2 statistical package environment (R
Core Team 2020. R: A language and environment for
statistical computing. R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS
Baseline Data

The details of age for the three groups was, controls
63.75 £ 7.44 years (mean £ SD); IHD patients 61.85 =
9.54 years; and MI cases 66.12 *+ 8.57 years. Males
numbered 108 (60.33%) in controls, 44 (49.43%) in
IHD patients, and 89 (65.44%) in the MI cases. The
values (mean * SD) for systolic blood pressure
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(mm Hg) were 134.67 £ 13.99, 134.55 + 17.40, 134.61 +
18.93; and for the diastolic blood pressure (mm Hg)
were 80.30 = 10.02, 81.40 + 10.83, and 79.52 £ 11.79
for the control, IHD, and MI groups respectively. The
average values for the serum parameters were as fol-
lows; serum cholesterol (mg/dL) 178.42 £ 25.11, 182.18 +
32.79, 189.16 = 43.10; and serum creatinine 0.91 *
0.36,0.92 £ 0.36, 1.10 £ 0.41, respectively in the three
groups. The values in controls, IHD, and MI cases for
fasting blood sugar, and serum triglycerides (mean *
SD mg/dL) comprised 106.43 £ 35.94, 109.06 *+
31.46, 117.58 £ 52.46; and 117.86 £ 59.30, 108.94 +
54.58, 150.63 + 96.21, respectively. As already men-
tioned, the values for homocysteine were log trans-
formed and result computed through log transformed
data. The homocysteine (mean * SD) was 1.170 =
0.089 umol/L in controls, 1.180 £ 0.081 umol/L in
IHD patients, and 1.218 = 0.100 umol/L in MI cases,
respectively. The BMI readings were 31.21 * 6.22,
32.31 £ 6.72, and 31.31 £ 5.17 in the groups respec-
tively (Table 1).

ANOVA Analysis and Multiple Testing

The mentioned SNPs and factors were subse-
quently analyzed by ANOVA and Post Hoc test; the
Post Hoc test was carried out assuming unequal vari-
ance of the data and Tamhane testing was used for the
purpose. In accordance with one-way ANOVA analy-
ses, serum homocysteine levels (p < 0.001), serum
cholesterol levels (p = 0.021), serum creatinine levels
(p <0.001), serum triglyceride levels (p < 0.001), age
(p = 0.001), family history of CAD (p = 0.001),
rs1801133 MTHFR SNP (p = 0.008), rs1801131
MTHFR SNP (p < 0.001), and rs662 PON1SNP (p <
0.001) exhibited statistical significance with CAD.

The multiple testing displayed group wise signifi-
cance with CAD for the above documented parame-
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Table 2. ANOVA analysis and Post Hoc Test (Multiple testing) to ascertain affiliation of the serum parameters, and selected

gene SN Ps with disease status

Post Hoc Significance (between groups)
Factors p (ANOVA)
Control: IHD IHD: case Control: case

Gender 0.055 0.256 0.054 0.730
Homocysteine <0.001** 0.765 0.006* <0.001**
Serum cholesterol 0.021%* 0.716 0.430 0.031*
Serum creatinine <0.001%** 0.980 0.004** <0.001**
Serum glucose (F) 0.058 0.903 0.342 0.102
Serum triglyceride <0.001** 0.531 <0.001** 0.002**
Age 0.001** 0.275 0.002%* 0.032%*
BMI 0.338 0.481 0.555 0.998
Systolic blood pressure 0.998 1.000 1.000 1.000
Diastolic blood pressure 0.407 0.778 0.483 0.889
Family history of CHD 0.001** 0.999 0.011* 0.001**
rs1801133 MTHFR 0.008* 0.186 0.818 0.010*
rs1801131 MTHFR <0.001** 0.917 0.008* <0.001**
rs1805087 MTR 0.838 0.935 0.999 0.958
1s662 PON1 <0.001** 0.998 0.005%* <0.001**
rs4646994 ACE indel 0.217 0.361 0.994 0.412

The computation of p Values by the ANOVA analysis; Post Hoc multiple comparison (Tamhane) assuming unequal variance of the data.

*p <0.05-0.005; ** p < 0.005.

ters. Homocysteine levels displayed significance
between IHD vs. M1 group (p = 0.006) and the control
vs. M1 group (p < 0.001). Serum cholesterol was signif-
icant in control vs. MI (p = 0.031), whereas serum cre-
atinine displayed noteworthy differences in IHD vs.
MI cases (p = 0.004) and in control vs. cases (p <
0.001). There was also significant difference between
IHD patient vs. MI cases for triglyceride (p < 0.001)
and age (p = 0.002) and in controls vs. cases for tri-
glycerides (p = 0.002) and age (p = 0.032). Similar to
serum parameters, the family history of CAD also had
significance between IHD and cases (p = 0.011) and
controls vs. cases (p = 0.001), respectively. The Post
Hoc analysis similarly displayed intragroup signifi-
cance for the three significant polymorphisms. The
rs1801133 polymorphisms was significant in control
vs. MI (p = 0.010), the rs1801131 polymorphism
exhibited significance in the IHD vs. MI (p = 0.008)
and control vs. MI cases (p < 0.001). The last signifi-
cant multiple comparison difference was in rs662
polymorphism, in the IHD vs MI (p = 0.005) and con-
trol vs MI cases (p < 0.001), respectively (Table 2).

Regression Analysis for Association of Factors with CAD

Regression analysis was carried out and accompa-
nying computation performed for the odds ratio (OR)
and 95% confidence intervals (95%CI) estimation.
The rs662 PON 1 polymorphism was insignificant with
CAD following regression analysis (p < 0.001, OR
0.810, 95%CI 0.720—0.912). Limited number of
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parameters could not maintain significance through
regression, such as serum creatinine, serum triglycer-
ide levels, and age. The significant relation remained
for the family history of CAD (p < 0.001, OR 1.341,
95%ClI 1.138—1.580); for serum cholesterol levels (p =
0.015, OR 1.030, 95%CI 1.006—1.055); for serum
homocysteine levels (p = 0.014, OR 1.845, 95%CI
1.110—2.836); for rs1801133 MTHFR SNP (p = 0.002,
OR 1.270, 95%CI 1.093—1.478); and for rs1801131
MTHFR SNP (p < 0.001, OR 1.292, 95%CI 1.116—
1.495), respectively (Table 3).

The differences in homocysteine levels umol/L
(log transformed), serum cholesterol levels mg/dL,
serum creatinine levels mg/dL, and the serum tri-
glycerides level mg/dL, between the controls, IHD,
and MI cases have been plotted in Fig. 1. The fre-
quency distribution of allelic variants between SNP
rs662 in PONI, SNPs rs1801131 and rs1801133 in
MTHFR, amongst the three studied groups, respec-
tively, has been plotted in Fig. 2.

DISCUSSION

Complex diseases are characterized by numerous
causes, both genetic and environmental. CAD is a
leading cause of morbidity and mortality in developed
and developing nations and the factor/factors causing
disease outcome are a matter of extensive research.
The present study looks into collaboration of tradi-
tional risk factors, newly elucidated genetic and serum
related risk factors as the etiologic producers/predic-

2021



1332

MASUD et al.

Table 3. Regression analysis (linked Odds ratio, confidence intervals) to determine association of studied serum parame-

ters, and gene SN Ps with disease status

Factors p (regression analysis) OR 95%CI1
Gender 0.933 1.007 0.848—1.197
Homocysteine 0.014* 1.845 1.110—2.836
Serum cholesterol 0.015* 1.030 1.006—1.055
Serum creatinine 0.311 1.152 0.876—1.514
Serum glucose (F) 0.360 1.001 0.999—-1.003
Serum triglyceride 0.162 1.001 1.000—1.002
Age 0.292 1.006 0.995—1.016
BMI 0.654 0.996 0.982—1.011
Systolic blood pressure 0.318 0.996 0.989—1.004
Diastolic blood pressure 0.361 1.005 0.994—1.017
Family history of CHD <0.001** 1.341 1.138—1.580
rs1801133 MTHFR 0.002** 1.270 1.093—1.478
rs1801131 MTHFR <0.001** 1.292 1.116—1.495
rs1805087 MTR 0.869 0.989 0.869—1.126
1s662 PON1 <0.001** 0.810 0.720—0.912
rs4646994 ACE indel 0.541 1.042 0.912—1.190

The computation of p values by the regression analysis, OR—odds ratio; 95%CI—confidence interval. The OR and 95%ClI values were
computed following regression analysis * p < 0.05—0.005; ** p < 0.005.

tors of CAD. We performed SNP analysis, ELISA for
homocysteine, and used traditional methods for con-
ventional risk factors estimation. ANOVA analysis and
regression analysis was performed for statistical test-
ing. Serum homocysteine, cholesterol levels, positive

family history, and MTHFR SNPs reemerged as
important risk predictors in the current study.

It is well documented that high cholesterol levels
and dyslipidemia/hyperlipidemia, are related to
carotid artery disease and CAD [16, 17, 23]. Reduction
in total cholesterol level may be beneficial for CAD,
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Fig. 1. Graphical comparison of selected serum parameters in the studied samples. (a) Levels of serum homocysteine in studied
groups. (b) Levels of serum cholesterol in studied groups. (c) Levels of serum creatinine in studied groups. (d) Levels of serum
triglycerides in studied groups, respectively. (Studied groups—Controls, IHD patients, MI/CAD cases.)
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Fig. 2. Graphical representation of the allelic differences of three significant polymorphisms in homocysteine pathway genes,
namely MTHFR and PON I amid participants in study. (a) Differences between participants according to rs1801133 SNP. (b) Dif-
ferences between participants according to rs1801131 SNP. (¢) Differences between participants according to rs662 SNP, respec-

tively. (Studied groups—Controls, IHD patients, MI/CAD cases.)

[24] however some studies could not verify association
between cholesterol and CAD [25, 26]. In the current
study, there was modestly significant relation of cho-
lesterol levels with CAD (p = 0.021; following
ANOVA) with significant result in control versus MI
case group (p = 0.031), and furthermore significance
through regression analysis (p = 0.015, OR 1.030).
Elevated serum creatinine is related to CAD and addi-
tionally, indirectly increases the risk for vascular dis-
ease outcomes [27—29]. We were able to repeat previ-
ous research findings regarding relation of creatinine
to CAD (ANOVA results) but it failed to maintain sig-
nificance following regression analysis. Another
known traditional risk factor for CAD, the serum total
triglyceride level, is also reported to have positive rela-
tion to atherosclerosis and arterial diseases [23, 30,
31]. In the current study, ANOVA analysis revealed
association of triglyceride with CAD (p < 0.001) and
significant intragroup differences, but failed to show
significance following regression (p = 0.162, OR
1.001).

A major risk factor and the one with considerable
importance in causation of CAD is family history of
disease. Family history of coronary artery disease, and
diabetes are significant, well established risk factors of
CAD, moreover, they associate with incidence of early
onset ailment [32—34]. The current study could not
ascertain role of diabetes or elevated glucose levels, but
family history of CAD was significantly associated
with CAD. The family history had significance with
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disease outcome (p = 0.001), between IHD and CAD
cases (p = 0.011), as well as between controls and cases
(p = 0.001). The regression analysis also maintained
significance of disease with family history (p < 0.001,
OR 1.341) but not with diabetes mellitus. Elevated
homocysteine level is novel, independent risk factor of
atherosclerotic vascular disease affecting many vascu-
lar beds such as peripheral, carotid and coronary vas-
culature, [2, 17, 22, 35] the higher homocysteine levels
being positively related to fatal outcomes [36]. The
current study was consistent with previous literature,
as both analyses maintained statistical significance of
homocysteine with CAD. The elevated homocysteine
levels were associated with more likelihood of disease
in current study (p = 0.014, OR 1.845), and differences
were more marked in between the ischemic group ver-
sus M1, as well as in controls versus MI cases, respec-
tively.

There is inconsistency in data regarding SNP data
in homocysteine pathway genes and the relation to
CAD, as some studies favor and others negate their
role [2, 22, 37—41]. The most studied SNP in MTHFR
gene, the C677T (rs1801133, where alanine residue is
changed to valine) is associated with elevated homo-
cysteine levels and higher risk of CAD [2, 18, 19, 38].
The A1298C SNP (rs1801131) in MTHFR gene has
disparate association with homocysteine levels and
CAD, as some studies show positive [18, 22, 42] and
others negative association for disease causation [38,
40]. The current study displayed strong relation of
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MTHFR SNPs with CAD; ANOVA analysis for
rs1801133 had significance with CAD (p = 0.008) and
in control vs. cases (p = 0.010). The rs1801131 SNP
had even stronger relation with CAD (p < 0.001) and
significant differences between IHD and MI cases
(p = 0.008) and controls vs. cases (p = 0.001). The
regression analysis, similarly showed positive correla-
tion with disease likelihood for both rs1801133
MTHFR SNP (p = 0.002, OR 1.270) and rs1801131
MTHFR SNP (p < 0.001, OR 1.292). The MTR
A2756G SNP (rs1805087) and PONI SNP A192G
(rs662) associate with hyperhomocysteinemia and
CAD [43—47]. The former SNP could not attain sig-
nificance in current study, however the latter poly-
morphism (rs662), despite displaying significance
could not retain it in regression (p < 0.001, OR 0.801).
The ACE insertion deletion polymorphism
(rs4646994), is unrelated to homocysteine pathway,
yet, it is involved in CAD both individually and in
combination with homocysteine pathway genes [20,
22, 48, 49]. This affiliation warranted studying the
polymorphism but the current study was unable to
associate it with CAD.

The important predictors of CAD including the
traditional risk factors such as cholesterol, and family
history of CAD; the novel serum parameter homocys-
teine; and genetic polymorphisms in MTHFR gene,
altogether are robustly allied to CAD in previous liter-
ature [17, 33, 40, 50, 51]. These parameters, in
essence, achieved statistical significance with CAD in
current study. The additive role of all the multiple
studied factors has indispensable implication in coro-
nary vascular disease.

LIMITATIONS OF STUDY

The limited number of samples and inclusion of
hypertensive individuals as controls are important
limitations in the study. The samples represented sim-
ilar socioeconomic status but their recruitment/col-
lection was limited to specific geographic strata of
Pakistan, namely Rawalpindi and Islamabad region.
Further studies incorporating considerably larger
sample size and possibly patients from other regions of
country may add to the risk stratification and valida-
tion of currently concluded results.
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