
Professional Med J 2015;22(11): 1428-1438. www.theprofesional.com

PREMATURE CORONARY ARTERY DISEASE

1428

PREMATURE CORONARY ARTERY DISEASE;
POTENTIAL ROLE OF A 13 SNP GENE RISK SCORE IN THE RISK 
PREDICTION OF PAKISTANI PATIENTS

Dr. Wafa Munir Ansari1, Prof. Dr. Abdul Khaliq Naveed2, Prof. Dr. Dilshad Ahmed Khan3
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ABSTRACT… Introduction: Genetic information which is specific to an individual has the 
potential to improve Coronary Artery Disease (CAD) risk prediction. 13 CAD risk SNPs were 
selected by removing SNPs in loci which had not been identified in CARDIoGRAMplusC4D 
GWAS. Linkage disequilibrium patterns differ between ethnic groups pointing towards the 
need to investigate how the gene score would perform in different populations which is still 
largely unknown. Objective of the study was to investigate whether the 13 SNP CAD risk gene 
score has a role in the risk prediction of Pakistani Premature Coronary Artery Disease (CAD) 
cases and controls and to compare the CAD risk allele frequency between Pakistanis and 
Caucasians (samples obtained from the Northwick Park Heart Study II). Study Design: Case-
control study. Setting: Army Medical College, National University of Sciences and Technology 
(NUST) in collaboration with the Cardiovascular Genetics Institute, University College London, 
UK. Materials and Methods: Total of 650 subjects with a history of chest pain were selected by 
non-probability convenience sampling. Out of these subjects with > 70% stenosis in at least 1 
coronary vessel on angiography were labelled as Premature coronary Artery disease (PCAD) 
cases (n=340). The 13 SNPs were genotyped in a Pakistani case-control study (n=340 CAD 
cases, 310 controls) using KASPar and Taqman assays. The use of 13 SNP gene score was 
tested in the prospective Northwick Park Heart Study (NPHSII) of 2775 healthy UK men (284 
cases) and the Pakistani case-control study subjects (n=650). Results: Mean ± SD age of 
CAD patients was 42.7±3.80yrs while in controls it was 39.0±7.8yrs. Complete genotyping 
was obtained for 635 samples (333 cases, 302 controls). The mean 13 SNP gene score was 
significantly higher in cases compared to controls (p=0.044). Odds ratio for CAD for each 
quintile of 13 SNPs gene score showed a trend for higher quintiles of gene score to have 
increased odds ratio for CAD (p-value for trend=0.01) especially after adjusting for age, sex 
and ethnicity. There was a significant difference in risk allele frequency between Pakistanis and 
Caucasians (NPHSII) for all CAD risk SNPs except rs599839 (SORT1) (p=0.08). Conclusion: 
A 13 SNP gene score has significant potential role at differentiating between Pakistani PCAD 
cases and controls. Risk allele frequencies for CAD differ significantly between Pakistanis and 
Caucasians stressing the need to develop population specific gene score keeping in view the 
ethnic stratification.

Key words:  Gene Risk Score; Premature Coronary Artery Disease; Case-Control; Single 
Nucleotide Polymorphism.
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INTRODUCTION
Coronary heart disease (CAD) is the most com-
mon cause of the death around the globe.1 Car-
diovascular disease (CVD) leads to 17.1 million 
deaths (29 per cent of all deaths) worldwide each 
year.2 Premature Coronary Artery Disease (PCAD) 
is the most common reason for death of men and 
women over 20 years of age.3 South Asians are 
at an increased CAD risk especially at a young-
er age.4 The Pakistani population has one of the 

highest risks of CAD in the world attributing 30% 
to 40% of all deaths to this sole cause.2 This may 
be due to increased prevalence of smoking, di-
abetes, dyslipidemia, fat rich dietary patterns 
and other conventional risk factors in the South 
Asians especially in the Pakistanis.5

Currently the risk of CAD can be assessed using 
conventional risk factor (CRF) scores such as the 
Framingham risk score6 SCORE7 and PROCAM.8 
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The potential benefits of risk assessment encom-
pass reassuring low-risk individuals, motivating 
high-risk individuals to change lifestyles or show 
better compliance to medical therapy.9

The role of genetics in coronary artery disease 
has been repeatedly emphasized.10 It has been 
suggested that CAD is a multifactorial inherited 
disorder.11 Susceptibility to atherosclerosis is sig-
nificantly influenced by the genetic factors be-
yond the traditional risk factors.12 There was no 
marked improvement in risk prediction by the ad-
dition of single SNP at 9p21 to the Framingham 
risk score.13 However, combining even a small 
number of variants into a cumulative gene score 
in certain cases has been shown to improve risk 
prediction14  while in others it has not shown any 
improvement over the conventional risk factors 
SCORE.15

 A genetic risk score was calculated 
with 13 CAD risk variants identified from both 
candidate gene studies and GWAS.  It might be 
expected that those suffering from PCAD have a 
stronger genetic disposition to CAD and thus the 
performance of the genetic risk score should be 
assessed in this group. 

The objective of the study was to investigate the 
potential utility of a 13 SNP risk gene score in a 
PCAD cases and controls from Pakistan and to 
determine if the gene score improved risk predic-
tion over and above Conventional Risk Factors 
(CRFs) in this group which has not been investi-
gated before. 

SUBJECTS AND METHODS
The case-control study was performed at Chem-
ical Pathology Department of Army Medical Col-
lege, National University of Sciences and Tech-
nology, Rawalpindi in collaboration with the Car-
diovascular Genetics Institute, University College 
London, UK after approval from the institutional 
ethical review committees of the participating in-
stitutions. The study complies with the Declara-
tion of Helsinki.

Pakistani subjects
Total of 650 subjects aged ≤45 years with a histo-
ry of chest pain reporting to the National Institute 

of Heart Diseases, Rawalpindi, Pakistan were se-
lected by non-probability convenience sampling. 
Out of these subjects patients with > 70% steno-
sis in at least 1 coronary vessel on angiography 
were determined to have Premature Coronary Ar-
tery Disease (n=340)16 while those angiographi-
cally proven to be disease free were recruited as 
controls (n=310) after informed consent. Patients 
with infectious or autoimmune diseases, diabe-
tes, familial hyperlipidemia, diabetes, valvular 
heart disease, rheumatoid arthritis and congen-
ital heart disease were also excluded. Among 
the controls those with acute or chronic illness or 
those on anti-inflammatory drugs were excluded. 
Demographic characteristics were noted. Blood 
samples were taken in the morning on the day 
of angiography of the respective patients. 10ml 
blood sample was obtained by veni-puncture. 
6ml and transferred to a plain vacutainer tube 
for serum analysis while 4ml was transferred to 
the EDTA tube for DNA extraction. Genomic DNA 
was extracted using the QIAmp DNA blood mini 
kit according to manufacturer protocol (Qiagen, 
USA). Purified DNA was stored at -200C till genet-
ic analysis. 

The 13 SNPs were genotyped in a Pakistani 
case-control study (n=650; 340 PCAD cases, 310 
controls) using KASPar based on Kompetitive al-
lele specific PCR17 and Taqman assays accord-
ing to standard protocols and preformed primers. 
On multiple occasions Sanger sequencing was 
performed with the required sequencing primers 
via Source Bioscience or Eurofins to confirm the 
genotype of particular samples not called auto-
matically. 

Gene Scores
The SNPs included in the gene score are present-
ed in Table I, along with the source publication(s). 
Gene scores were calculated by multiplying the 
number of risk alleles by the natural log of the 
odds ratio for each SNP and adding the products 
together assuming that all SNPs were acting in 
an additive manner.18 Un- weighted Gene scores 
were calculated by assigning a risk value of, for 
example, 0 if a subject is a non-carrier of a risk al-
lele, 0.5 or 1 if a carrier, and 1 or 2 if homozygous 
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for that allele, and then the overall score for each 
individual was calculated.19;20

STATISTICAL ANALYSIS 
Analysis for the Pakistani study and genotype 
frequency comparisons between all studies were 
carried out using R v3.0.3 (R Core Team 2014) 
and SPSS version 22.0 (IBM Corp 2013). Vari-
ables were compared between the cases and 
controls using two-sided t-tests for continuous 
variables and χ2 tests for categorical variables. 
Hardy Weinberg equilibrium was assessed using 
χ2 tests. The relationship between quintile of gene 
score and CAD was investigated using logistic re-
gression. Association of GS with individual CRFs 
was calculated using binary regression analysis. 
Furthermore the Pakistani subjects were divided 
on the basis of the Framingham Risk score into 
four categories of those with <5%, 5-10%, 10-
20% and >20% of 10 year CAD risk. The poten-
tial of GRS to improve individual risk stratification 
then was measured using the net reclassification 
improvement (NRI) method.21 

RESULTS
The basic characteristics of the participants of the 
Pakistani study are presented in Table II.  As ex-
pected, the case group was relatively older and 
had a significantly higher number of hypertensive 
patients and smokers. Complete genotyping was 
achieved for 635 samples (333 cases, 302 con-
trols). Genotypes were confirmed by sequencing. 
The mean 13 SNP gene score was higher in cases 
compared to controls (p=0.044) (Table-III). The 
allele frequencies in Pakistani control group were 
compared to those in the group in NPHSII who 
did not go on to develop CAD.  The risk allele fre-
quency was statistically significantly lower in the 
Pakistani group for 8 SNPs and statistically signif-
icantly higher for rs10757274 (at the 9p21 locus), 
rs662799 (APOA5), rs328 (LPL) and rs11591147 
(PCSK9) as compared to NPHSII (Table-IV).The 
13 SNP GS were found to be statistically signif-
icantly lower in the Pakistani controls compared 
to those in NPHSII who did not go on to develop 
CAD (p=4.51 x10-6 ) (Table-IV).

Gene/Locus SNP Risk Allele Odds Ratio Reference

MIA3 rs17465637 C 1.14 Samani et al. [34]

9p21 rs10757274 G 1.29
Samani[34],

Erdmann [35],
McPherson et al. [36]

CXCL12 rs1746048 C 1.17 Samani et al. [34]

APOA5 rs662799 G 1.19 Sarwar et al. [37]

APOB rs1042031 A 1.73 Casas et al. [38]

LPA rs3798220 C 1.92 Clarke et al. [39]

LPA rs10455872 G 1.70 Clarke et al. [39]

MRAS rs9818870 T 1.15 Erdmann et al. [35]

LPL rs328 C 1.25 Casas et al. [38]

SORT1+ rs646776+ A 1.19 Samani et al. [34]

PCSK9 rs11591147 G 1.43 Benn et al. [40]

APOE rs429358 C 1.06 Bennet et al. [41]

APOE rs7412 T 0.80 Bennet et al. [41]

Table-I. SNPs included in the gene scores.
+rs599839 was genotyped instead of rs646776, r2=0.95 in Europeans
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A significant trend (p=0.01) for higher quintiles 
of gene score to have a greater odds ratio for 
risk of PCAD compared to the bottom quintile 
was observed for the 13 SNP GS in the Pakistani 
sample after adjusting for age, sex and ethnicity 
(Figure-1).

Multivariate predictive analysis for angiograph-
ically ascertained PCAD for conventional risk 
factors and GS showed that odds ratio of GS for 
PCAD prediction is greater than that for smoking, 
hypertension and body mass index (BMI) but low-
er than the other risk factors taken into account 
(Table-V).

Linear regression analysis was performed after 
adjusting for confounding variables like age and 
sex. It demonstrated that GS is significantly asso-
ciated with blood pressure and Total cholesterol 
but it showed no significant association with BMI 
or number of cigarettes smoked. (Table-VI).

Comparison of risk allele frequencies which were 
significantly different (p<0.05) between the PCAD 
Cases (n=315) and Controls (n=305) from the 
Pakistani study are shown in (Fig-2).

Trait
PCAD patients

n=340
Mean± SD

Controls
n=310

Mean± SD
Age (y)   Mean ± SD 42.0 ± 3.80 39 ± 7.8

Sex (m/f) 329/11 298/12

Height (m) 1.7 ± 0.12 1.68 ± 
0.06

Weight (kg) 76.5 ± 12.7* 69 ± 11.8

BMI (kg/m2) 26.6 ± 6.7 24.1 ± 
4.03

Systolic BP(mm of Hg) 124.7±11** 112 ± 5.1

Diastolic BP(mm of Hg) 83 ± 9.6 ** 73 ± 3.8

Smokers  n (%) 197 (58%)** 81 (26%)

Family history PCAD n(%) 112 (33%)** 28 (9%)

Family history HTN n(%) 136(40%)** 37 (12%)

Family history IHD n(%) 136 (40%)** 31 (10%)

Family history DM n(%) 78 (23%)* 25 (8%)

Table-II. Demographic Characteristics of the Pakistani 
sample set.

Categorical variables were compared using a χ2 test 
while continuous variables were compared using Welch’s 

t-tests. PCAD: Premature Coronary Artery Disease; 
BMI: Body Mass Index; CAD: Coronary Artery Disease; 
HTN: Hypertension; DM: Diabetes Mellitus; BP=Blood 

Pressure; SD=Standard Deviation.**p<0.01. 

Pakistani Study Cases (n=333) Controls (n=302) p-value

13 CAD
Gene Score Mean (SD) 2.73 (0.42) 2.25 (0.35) 0.044*

Unweighted Gene Score (SD) 10.53 (1.69) 9.93(1.39) 9.89 x 10-4 **

NPHSII participants NPHSII CHD (n=284) NPHSII No CHD (n=2491) p-value

13 CAD
Gene Score Mean (SD) 2.53 (0.45) 2.43 (0.48) 7x10-3 **

p-value p<0.01 p=4.51 x10-6

Table-III. CHD Risk Gene Score in the Pakistani study(n=620) and NPHSII(n=2775)
CAD: Coronary Artery Disease; SD: Standard Deviation; 
NPHSII: Northwick Park Heart study.*p<0.05;**p<0.01.

DISCUSSION
We sought to investigate potential use of a 13 
SNP score a Pakistani PCAD case-control study, 
where there may be stronger genetic influence 
to disease development and where to date the 
knowledge in literature is very limited.

The risk allele frequency is statistically significant-
ly lower for 8 SNPs out of a total of 13 SNPs in the 
Pakistani group compared to NPHSII therefore 
even if many of the SNPs are functional, then the 
performance of the gene scores based on these 
SNPs will subdued in this group. 
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Gene/Locus SNP RAF  Pakistani 
Controls

RAF NPSHII
No CHD p-value

MIA3* rs17465637 0.67* 0.71 0.04

9p21* rs10757274 0.56** 0.48 9.02x10-5

CXCL12* rs1746048 0.73** 0.86 1.71x10-30

APOA5* rs662799 0.14** 0.06 1.35x10-18

APOB* rs1042031 0.11** 0.18 1.6x10-5

LPA* rs3798220 0.016** 0.02 6.23x10-3

LPA* rs10455872 0.012** 0.08 1.34x10-10

MRAS* rs9818870 0.07** 0.16 3.26x10-8

LPL* rs328 0.93* 0.90 0.02

SORT1+ rs646776+ 0.77 0.78 0.08

PCSK9* rs11591147 1.0* 0.99 0.045

APOE* rs429358 0.09** 0.15 5.31x10-5

APOE* rs7412 0.03** 0.09 3.10x10-7

Table-IV. Comparison of risk allele frequencies between the Pakistani and NPHSII control groups
Comparisons were performed using tests of proportion. RAF = Risk Allele Frequency. **p<0.01; *p<0.0

Figure-1. Association between gene score and CAD in the Pakistani samples. Logistic regression was 
performed. Error bars represent 95% confidence intervals.

A) Association of quintile of gene score v bottom quintile 
with MI; unadjusted 

p-value trend = 0.05

B) Association of quintile of gene score v bottom qunitile 
with MI; 

Adjusted for age & Sex
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Functional SNPs need to be identified In order to 
optimise the use of the gene scores for subjects 
with South Asian ethnicity as the functional SNP 
may differ in the various ethnic groups especially 
targeting the SNPs with high Risk allele frequen-
cies in this particular ethnic group. The ethnic 
variation has been highlighted even in case of 
the conventional risk scoring methods like Fram-
ingham and QRISK2.22 To date, allele frequency 
information across the Indian Subcontinent is lim-
ited for the SNPs used and an excess of homozy-
gotes and consanguinity in the Pakistani sample 
set may also be a contributing factor to conflict-
ing results. This is likely caused by the presence 

of population sub-structure.23 To date there is no 
specific risk score that has been derived from 
South Asian populations4 let alone form the young 
Pakistani population. This markedly leads to un-
derestimation of the risk prediction of CAD in this 
population where PCAD is continuously on the 
rise. Given the comparison between the gene risk 
score in Pakistanis <45yrs and Caucasians in our 
study, the observation that the RAF for 8 SNPs out 
of a total of 13 SNPs selected from GWAS based 
studies is lower in Pakistanis raises the concern 
that possibly there are other tagging SNPs or oth-
er risk genes in this population subset altogether. 
Furthermore comparison of risk allele frequen-

Variable Odds ratio Confidence Interval p-value

Age 1.32 1.08-1.45 <2.20 x10-16

Male gender 3.35 2.89 -3.95* 0.02

Total cholesterol 2.45 2.23-3.19** <0.001

Triglycerides 2.56 1.77-2.85** <0.001

Smoking 3.079 1.89-3.7** 0.004

BMI (kg/m2) 1.089 0.945-1.345 0.242

PCAD family history 0.138 0.018-1.08 0.057

DM family history 0.204 0.023-1.786 0.139

Systolic BP(mm of hg) 1.832 1.282-2.316** 0.001

Diastolic BP(mm of hg) 1.641 1.251-2.145** 0.000

Genetic Score (13 SNP) 2.55 1.91-2.89 0.09

Table-V. Multivariate regression analysis showing odds ratio for PCAD prediction using Genetic Risk score and 
Conventional risk factors

BMI=Body Mass Index; DM=Diabetes mellitus; BP=Blood Pressure; SNP=single nucleotide polymorphism; 
PCAD=Premature Coronary Artery Disease; CI=Confidence Interval **p<0.01

Variable B Standard error(SE) Exp(B) Confidence Interval p-value

Systolic BP(mm of hg) 0.133 1.715 3.93 (0.552 – 7.30) * 0.023

Diastolic BP(mm of hg) 0.12 1.19 2.46 (0.11-4.81) * 0.041

BMI (kg/m2)        0.103 0.746 1.32 (0.151-2.78) 0.07

Age (yrs) 0.040 1.121 0.769 (0.040-0.687) 0.49

 Number of cigarettes (n) 0.036 1.42 0.867 (0.056-0.98) 0.54

Total cholesterol mg/dl 0.020 0.005 1.010(1.003-1.018)** 0.01

Table-VI. Linear regression analysis showing association of Risk Gene Score with Conventional risk factors
BMI=Body Mass Index; BP=Blood Pressure; CI=Confidence Interval; B= odds ratio

*P<0.05

6
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cies for 13 Risk gene SNPs between Pakistani 
premature coronary artery cases and disease 
free controls demonstrated significant differenc-
es for MIA3 (rs17465637), APOE (rs7412), SORT1 
(rs599839), PCSK9 (rs11591147) and 9p21 
(rs10757274). However, the differences in the risk 
allele frequencies of remaining 8 SNPs were not 
significantly different between Pakistani PCAD 
cases and controls. This observation emphasizes 
the observation that although a risk gene score 
based on multiple risk gene SNPs has higher 
clinical utility in differentiation between Pakistani 
CAD cases and controls as compared to individ-
ual gene SNPs18 but it can be most beneficial for 
the patient if the polygenic score is made pop-
ulation specific. Even if many of the individual 
markers have no detected effect, polygenic score 
could be a strong risk predictor of disease.24 Ge-
netic risk assessment can become a very use-
ful, non-invasive tool for the risk assessment in 
young Pakistani subjects especially since pre-

ventive measures at young age markedly reduce 
the incidence of heart disease.25 Cardiovascular 
disease at a young age is not only debilitating but 
is emotionally disturbing for the entire family with 
the cost of treatment adding to the financial bur-
den especially in developing countries like Paki-
stan therefore risk assessment in this population 
subgroup requires its due share of importance.

Risk gene score showed significant association 
with the systolic and diastolic blood pressures. 
The probable explanation for this is the strong ge-
netic influence on blood pressure of an individual. 
Moreover since there is a causal relationship be-
tween hypertension and coronary artery disease 
therefore a significant influence on the variants 
increasing the risk of PCAD may also have sig-
nificant influence on the blood pressure. Similar 
observations have been made in a previous study 
also.26 Some studies report that blood pressure 
genetic risk score is also related to the CAD risk 

Figure-2. Risk allele frequencies for CHD risk gene SNPs which were significantly different between the Cases 
(n=333) and Controls (n=302) in the Pakistani study. (p<0.05)

7
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emphasizing on the inter-relationship between 
the two conditions.27 The 13 SNP CAD risk gene 
score also demonstrated significant association 
with the total cholesterol level which agrees with 
the observation made in a previous study high-
lighting the link between the risk scores of lipid 
profile and the risk of CAD.28 However, no signif-
icant association was found between risk gene 
score and BMI or number of cigarettes smoked 
in our study. The reason for this may be the fact 
that although height of an individual is genetical-
ly influenced but the weight is largely influenced 
by dietary and environmental factors as well. 
It has been reported that fish-eaters, vegetari-
ans and especially vegans have lower BMI than 
meat-eaters29 therefore probably it is the diverse 
dietary behavior prevalent in various ethnicities of 
Pakistan which affects the BMI of the individuals 
rather than the genetic component of it. Similarly 
the number of cigarettes smoked or the smoking 
behavior is also greatly influenced by the environ-
mental, social and emotional conditions of the in-
dividual rather than his genetic constitution. While 
initiation of smoking may have genetic influence 
the degree of smoking does not have significant 
association with the polygenic risk score.30

Multivariate predictive analysis for angiograph-
ically ascertained PCAD for conventional risk 
factors and GS showed that odds ratio of GS 
for PCAD prediction is greater than most of the 
conventional risk factors except for smoking and 
Total cholesterol. The probable reason for this is 
that coronary Artery disease has a strong hered-
itary influence and young individuals are more 
show stronger genetic predisposition to the dis-
eases therefore the genetic score performs better 
as compared to some of the traditional risk fac-
tors. A number of studies are being performed to 
assess whether the role of genetic score in pre-
diction of CAD surpasses that of the traditional 
risk factor scores. However, no definitive conclu-
sion has been made yet and there are conflicting 
results. Some studies demonstrated that genet-
ic score did not show any improvement in the 
predictive potential for CAD as compared to the 
CRFs31 while others have shown marked increase 
in the odds ratio for CAD prediction upon addition 

of GS to the CRFs.32;33 The results of our study are 
in agreement to a previous study which shows 
polygenic risk score to be a promising marker for 
prediction of CAD.13;18

The strength of our study is that it is the first 
study of its kind to be carried out on premature 
coronary artery disease patients of Pakistan. The 
utility of the genetic risk scores has been shown 
for the Caucasians in a few studies but to date 
there is very limited knowledge regarding its ef-
ficacy in Pakistani CAD patients <45 yrs. Since 
we have also compared the results with the re-
sults obtained in the NPHSII study so it is a com-
prehensive overview of the predictive capability 
of GS along with traditional risk factors in these 
two populations forming a basis of further stud-
ies comprising of larger sample sizes. Another 
strength of our study is that not only the cases 
but even the controls have been angiographically 
verified. This minimizes the chance of including 
diseased subjects in which the symptoms have 
not yet clinically manifested as controls based 
merely on their history. The limitation of our study 
remains the small sample size and it may be one 
of the contributing factors for variable perfor-
mance of the risk gene score in Pakistanis and 
Caucasians. Moreover, ethnic stratification of GS 
for the Balochis and Sindhis present in Pakistan 
has not been covered in this study. Furthermore, 
the functional SNP is yet to be identified for this 
ethnic group. 

Overall this work has demonstrated that the use of 
a 13 SNP gene score has the potential to improve 
risk stratification in high risk Pakistani individuals 
over and above classical CAD risk factors and 
has considerable utility in differentiating between 
Pakistani PCAD cases and controls. However, 
future studies should be targeted in developing 
population specific risk gene score for favourable 
results. 
Copyright© 06 Oct, 2015. 

REFERENCES
1. Anthony D, George P, Eaton CB. Cardiac risk factors: 

environmental, sociodemographic, and behavioral 
cardiovascular risk factors. FP Essent 2014. ;421:16-
20.

8



Professional Med J 2015;22(11): 1428-1438. www.theprofesional.com

PREMATURE CORONARY ARTERY DISEASE

1436

2. Chaudhry MA, Waseem M, Ahmad Fet al. Frequency 
of Coronary Heart Disease Risk Factors among doc-
tors of CMH Lahore Medical and Dental College, La-
hore,Pakistan. A.P.M.C.2012, 6(2).

3. Aggarwal A, Aggarwal S & Sharma V . Predisposing 
Factors to Premature Coronary Artery Disease in 
Young (Age ≤ 45 Years) Smokers: A Single Center 
Retrospective Case Control Study from India. J Car-
diovasc Thorac Res 2014;6(1), 15-19.

4. Hussain SM, Oldenburg B, Wang Y et al. Assessment 
of Cardiovascular Disease Risk in South Asian Pop-
ulations. International Journal of Vascular Medicine 
2013.,Volume 2013, Article ID 786801,10pages.

5. JafarTH, Qadri Z & Chaturvedi N. Coronary artery 
disease epidemic in Pakistan: more electrocardi-
ographic evidence of ischaemia in women than in 
men. Heart 2008 94: 408-413.

6. Brindle P, Emberson J, Lampe F et al. Predictive accu-
racy of the Framingham coronary risk score in Brit-
ish men: prospective cohort study. BMJ 2003;327: 
1267-70.

7. Conroy RM, Pyorala K, Fitzgerald AP et al. Estimation 
of ten-year risk of fatal cardiovascular disease in 
Europe: the SCORE project. European Heart Journal 
2003 24: 987-1003.

8. Hense HW. Risk factor scoring for coronary heart dis-
ease prediction algorithms need regular updating. 
BMJ 2003.; 327(7426): 1238–1239.

9. Grover & Lowensteyn I. The Challenges and Benefits 
of Cardiovascular Risk Assessment in Clinical Prac-
tice. Canadian Journal of Cardiology  2011;27 (2011) 
481–487.

10. Roberts R, Stewart AF. The genetics of coronary artery 
disease. Curr Opin Cardiol 2012.;27(3):221-7. 

11. Yang C, Wang X, Ding H. Is coronary artery disease 
a multifactorial inherited disorder with a sex-influ-
enced trait? Med Hypotheses 2008.;71(3):449-52.

12. Kovacic S & Bakran M. Genetic Susceptibility to Ath-
erosclerosis. Stroke Research and Treatment 2012. Ar-
ticle ID 362941,5pages

13. Talmud PJ, Cooper JA, Palmen J et al. Chromosome 
9p21.3 coronary heart disease locus genotype and 
prospective risk of CAD in healthy middle-aged men. 
Clin Chem 2008 54:467, 

14. Tikkanen E, Havulinna AS, Palotie A et al. Genetic Risk 
Prediction and a Two-Stage Risk Screening Strategy 
for Coronary Heart Disease. Arterioscler Thromb Vasc 
Biol.2013; 33(9): 2261–2266.

15. Krarup NT, Borglykke A, Allin KH et al. A genetic risk 
score of 45 coronary artery disease risk variants 
associates with increased risk of myocardial in-
farction in 6041 Danish individuals. Atherosclero-
sis.2015;240(2):305-310

16. Dhillon T,  Niranjan S,  Khanna A et al. Premature Cor-
onary Artery Disease [CAD] in the Asian Immigrant 
Population: Data from a New York City Hospital. 
Chest J.2004,126(4):790S.

17. Cuppen E. Genotyping by Allele-Specific Ampli-
fication (KASPar). Cold Spring Harbor Protocols 
2007;(48):172–173.

18. Humphries SE, Drenos F, Ken-Dror G et al.. Cor-
onary Heart Disease Risk Prediction in the 
Era of Genome-Wide Association Studies Cur-
rent Status and What the Future Holds. Circula-
tion.2010;121:2235-2248.

19. Yiannakouris N, Trichopoulou A, Benetou V et al. A di-
rect assessment of genetic contribution to the inci-
dence of coronary infarct in the general population 
Greek EPIC cohort. Eur J Epidemiol 2006.; 21: 859–
867

20. Kathiresan S, Melander O, Anevski D et al. Polymor-
phisms associated with cholesterol and risk of car-
diovascular events. N Engl J Med 2008.; 358: 1240–
1249

21. Pencina JJ, D’Agostino RBS, D’Agostino RBJ et al. Eval-
uating the added predictive ability of a new marker: 
from area under the ROC curve to reclassification 
and beyond. Statist Med 2008;27:157–72.

22. Tillin T, Hughes AD, Whincup P et al. Ethnicity and pre-
diction of cardiovascular disease: performance of 
QRISK2 and Framingham scores in a UK tri-ethnic 
prospective cohort study (SABRE—Southall And 
Brent REvisited) Heart 2014;100:60-67.  

23.  Reiner AP, Carlson CS, Ziv E et al. Genetic ancestry, 
population sub-structure, and cardiovascular dis-
ease-related traits among African-American par-
ticipants in the CARDIA Study. Hum Genet.2007 
;121(5):565-75. 

24. Dudbridge F. Correction: Power and Predictive Ac-
curacy of Polygenic Risk Scores. PLoS Genet 2013; 
9(4): 10.1371/annotation/b91ba224-10be-

25. Navas-Nacher EL, Colangelo L, Beam C et al. Risk fac-
tors for coronary heart disease in men 18 to 39 years 
of age. Ann Intern Med 2001.;134:433– 439.

26. Lieb W, Jansen H, Loley C et al. Genetic Predisposi-
tion to Higher Blood Pressure Increases Coronary 
Artery Disease Risk. Hypertension. 2013; 61: 995-1001

9

http://libra.msra.cn/Journal/16879/cold-spring-harbor-protocols
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reiner AP%5BAuthor%5D&cauthor=true&cauthor_uid=17356887
http://www.ncbi.nlm.nih.gov/pubmed/?term=Carlson CS%5BAuthor%5D&cauthor=true&cauthor_uid=17356887
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ziv E%5BAuthor%5D&cauthor=true&cauthor_uid=17356887
http://www.ncbi.nlm.nih.gov/pubmed/17356887


Professional Med J 2015;22(11): 1428-1438. www.theprofesional.com

PREMATURE CORONARY ARTERY DISEASE

1437

27. Havulinna AS, Kettunen J, Ukkola O et al. A Blood Pres-
sure Genetic Risk Score Is a Significant Predictor of 
Incident Cardiovascular Events in 32 669 Individuals 
Hypertension. 2013;61:987-994.

28. van Setten J, Išgum I, Pechlivanis S et al. Serum lipid 
levels, body mass index, and their role in coronary 
artery calcification: a polygenic analysis. Circ Cardio-
vasc Genet.2015;8(2):327-33.

29. Spencer EA, Appleby PN, Davey GK et al. Diet and 
body mass index in 38 000 EPIC-Oxford meat-eat-
ers, fish-eaters, vegetarians and vegans. Internation-
al Journal of Obesity.2003, 27: 728–734

30. Belsky DW, Moffitt TE, Baker TB et al. Polygenic risk 
and the developmental progression to heavy, per-
sistent smoking and nicotine dependence: evidence 
from a 4-decade longitudinal study.  JAMA Psychiatry. 
2013 May;70(5):534-42.

31. Thanassoulis G & Vasan RS. Genetic Cardiovascu-
lar Risk Prediction. Will We Get There? Circulation 
2010.;122:2323-2334.

32. Lluís-Ganella C, Lucas G, Subirana I et al. Additive Ef-
fects of Multiple Genetic Variants on the Risk of Coro-
nary Artery Disease. Rev Esp Cardiol. 2010;63(8):925-
33.

33. Hughes MF, Saarela O, Stritzke J et al. Genetic markers 
enhance coronary risk prediction in men: the MOR-
GAM prospective cohorts.PLoS One 2012; 7:e40922

34. Samani NJ, Erdmann J, Hall AS, Hengstenberg C, 
Mangino M, et al. Genomewide association analysis 
of coronary artery disease. New England Journal of 
Medicine 2007;357: 443-453.

35. Erdmann J, Grosshennig A, Braund PS, Konig IR, Heng-
stenberg C, et al. New susceptibility locus for coro-
nary artery disease on chromosome 3q22.3. Nature 
Genetics 2009;41: 280-282.

36. McPherson R, Pertsemlidis A, Kavaslar N, Stewart A, 
Roberts R, et al. A common allele on chromosome 
9 associated with coronary heart disease. Science 
2007; 316: 1488-1491.

37. Sarwar N, Sandhu MS, Ricketts SL, Butterworth AS, Di 
Angelantonio E, et al. Triglyceride-mediated pathways 
and coronary disease: collaborative analysis of 101 
studies. Lancet 2010; 375: 1634-1639.

38. Casas JP, Cooper J, Miller GJ, Hingorani AD, Humphries 
SE. Investigating the genetic determinants of cardi-
ovascular disease using candidate genes and me-
ta-analysis of association studies. Annals of Human 
Genetics 2006;70: 145-169.

39. Clarke R, Peden JF, Hopewell JC, Kyriakou T, Goel A, et 
al. Genetic Variants Associated with Lp(a) Lipopro-
tein Level and Coronary Disease. New England Jour-
nal of Medicine 2009;361: 2518-2528.

40.  Benn M, Nordestgaard BG, Grande P, Schnohr P, Tyb-
jaerg-Hansen A. PCSK9 R46L, low-density lipopro-
tein cholesterol levels, and risk of ischemic heart 
disease: 3 independent studies and meta-analyses. 
Journal of the American College of Cardiology 2010;55: 
2833-2842.

41. Bennet AM, Di Angelantonio E, Ye Z, Wensley F, Dahlin 
A, et al. Association of apolipoprotein E genotypes 
with lipid levels and coronary risk. JAMA 2007;298: 
1300-1311.

AUTHORSHIP AND CONTRIBUTION DECLARATION

Sr. # Author-s Full Name Contribution to the paper Author=s Signature

1

2

3

Wafa Munir Ansari 

Abdul Khaliq Naveed 

Dilshad Ahmed Khan 

Conception design, Data 
analysis interpretation 
smapling, drafting review
Conception, Design, 
revision, drafting, approval 
Design, aquirition of data, 
data analysis, revision 

10

http://www.ncbi.nlm.nih.gov/pubmed/?term=van Setten J%5BAuthor%5D&cauthor=true&cauthor_uid=25577604
http://www.ncbi.nlm.nih.gov/pubmed/?term=I%C5%A1gum I%5BAuthor%5D&cauthor=true&cauthor_uid=25577604
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pechlivanis S%5BAuthor%5D&cauthor=true&cauthor_uid=25577604
http://www.ncbi.nlm.nih.gov/pubmed/25577604
http://www.ncbi.nlm.nih.gov/pubmed/25577604
http://www.ncbi.nlm.nih.gov/pubmed/?term=Belsky DW%5BAuthor%5D&cauthor=true&cauthor_uid=23536134
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moffitt TE%5BAuthor%5D&cauthor=true&cauthor_uid=23536134
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baker TB%5BAuthor%5D&cauthor=true&cauthor_uid=23536134
http://www.ncbi.nlm.nih.gov/pubmed/?term=Evans JP%5BAuthor%5D&cauthor=true&cauthor_uid=23536134
http://www.ncbi.nlm.nih.gov/pubmed/?term=Evans JP%5BAuthor%5D&cauthor=true&cauthor_uid=23536134
http://www.ncbi.nlm.nih.gov/pubmed/?term=Evans JP%5BAuthor%5D&cauthor=true&cauthor_uid=23536134
http://www.ncbi.nlm.nih.gov/pubmed/?term=Evans JP%5BAuthor%5D&cauthor=true&cauthor_uid=23536134
http://www.ncbi.nlm.nih.gov/pubmed/23536134

