
Introduction 
Metabolic syndrome (MetS) is a combination of complex 
risk factors, including central obesity, hypertension (HTN), 
dysglycaemia, and dyslipidaemia (DLP).1 Its prevalence in 
Pakistan and worldwide is increasing.2,3 If MetS persists, 
its risk factors, such as DLP, HTN and abdominal obesity, 
could lead to the development of cardiovascular diseases 
(CVDs) and type 2 diabetes mellitus (T2DM).4 Previously, 
unhealthy sedentary lifestyle factors, such as alcohol 
drinking, lack of exercise and smoking, were considered 
additional risk for the development of MetS.5 It has now 
been shown that genetic factors along with 
environmental risks are involved in the development of 
the MetS.6 

On a molecular basis, MetS is considered a polygenic 
and multifactorial disorder due to the interaction of a 
number of different genes with environmental factors. 
Genes leading to significant disease susceptibility have 

been identified in different ethnic groups worldwide 
like Apolipoprotein A5 (APOA5),7 Leptin (LEP), 
Lipoprotein lipase (LPL), and Cholesteryl ester transfer 
protein (CETP) genes.8 Among different candidate 
genes, APOA5 has shown significant association with 
MetS in different ethnic groups.7 The APOA5 gene 
belongs to the apolipoprotein family of genes, located 
on chromosome 11q23 close to the APOA1-C3-A4 gene 
cluster. The gene consists of 4 exons coding for a 366 
amino acid protein that determines plasma 
triglycerides (TG) levels.9 The APOA5 gene product, 
APOA5 protein, is bound to TG-rich, high-density 
lipoproteins (HDL) responsible for lowering plasma TG 
levels by inhibiting very low-density lipoprotein 
(VLDL)-TG production and stimulating LPL-mediated 
TG hydrolysis. The LPL-mediated lipoprotein lipid 
hydrolysis releases free fatty acids under insulin 
stimulation, leading to the development of insulin 
resistance (IR).10 Several single nucleotide 
polymorphisms (SNPs) in APOA5 gene have been 
identified through genome-wide association studies 
(GWAS) to be associated with cardio-metabolic disease 
traits, especially hypertriglyceridaemia (HTG).11 Among 
these SNPs, rs662799 was found to be strongly 
associated with HTG and reduced HDL12 and MetS in 
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Hong Kong and Guangzhou Chinese,13 Korean,7 
Japanese14 and Caucasian populations.15 

Given its role in TG metabolism and interaction with 
insulin, the current study was planned to explore SNP 
rs662799 in APOA5 for its association with MetS and its 
components in a population of Pakistani origin. 

Patients and Methods 
The case-control study was conducted at Pakistan 
Institute of Medical Sciences, Islamabad, Pakistan, from 
2014 to 2016. Approval was obtained from the ethics 
committees of Pir Mehr Ali Shah (PMAS) Arid Agriculture 
University, Rawalpindi, and Shaheed Zulfiqar Ali Bhutto 
Medical University (SZABMU), Islamabad. Written 
informed consent was obtained from all the subjects. 
Case and control groups were formed on the basis of 
preliminary screening for risk factors, including obesity, 
IR, HTN, DLP and fasting blood glucose (FBG) levels. 
Those already having T2DM, cancer, liver disease or who 
were hypertensives were excluded.  The subjects were 
recruited from Pathology out-patients department 
(OPD) of SZABMU. Anthropometric measurements, like 
height (inches) and waist circumference (cm), were 
measured using a non-elastic measuring tape, while 
body weight (kg) was recorded on a weighing machine 
without shoes or heavy clothing. Body mass index (BMI) 
was calculated using body weight and height (Weight 
(Kg)/Height [Meters2]). Blood pressure (BP) was 
measured from the right arm while the subjects were in 
the sitting position. For biochemical assays and 
genotyping, 4 to 5 ml samples of venous blood were 
drawn and aliquoted in serum collection and 
ethylenediaminetetraacetic acid (EDTA)-coated tubes. 
An experienced medical officer performed all the 
relevant measurements and recordings. MetS was 
defined according to the criteria set out by the 
International Diabetes Federation (IDF).16 

For biochemical lipid profile and FBG tests, serum 
collection tubes with whole blood were centrifuged at 
3500rpm for 20 minutes. All assays were performed using 
standard kits with a Microlab 300 (Merck) 
spectrophotometer.  

Tagging SNP rs662799, located in the promoter region of 
the APOA5 gene, was selected on the criteria of having 
minor allele frequency (MAF) <0.05 and odds ratio (OR) 
?0.8 from the Hapmapdata.17 Deoxyribonucleic acid 
(DNA) was extracted using a modified organic method.18 
The extracted DNA was quantified on Nanodrop 2000 
(Thermo Scientific). For SNP genotyping, polymerase 
chain reaction (PCR) and extension primers were 
designed using the Sequenom software. Genotyping was 
performed on Sequenom Mass ARRAY system 
(Sequenom, San Diego, CA, USA) with the iPLEX assay in 
the Genome Research Centre (GRC) of the University of 
Hong Kong, Hong Kong. 

Means and standard deviation (SD) were calculated for all 
descriptive characteristics. Differences between cases 
and controls in anthropometric and biochemical 
variables were assessed using t-test. Genotype/allele 
frequencies were estimated and deviations from Hardy-
Weinberg equilibrium were calculated using the Chi-
square goodness-of-fit test. Logistic regression 
modelling was applied to assess gene-disease 
associations after adjustment for age and gender. OR and 
confidence intervals (CI) at 95% significance level were 
calculated. P<0.05 was considered statistically 
significant. Statistical analysis was performed using SPSS 
16 and Plink (1.0.6).19 

Results 
There were 712 subjects in two groups of 356(50%) 
each. The overall mean age was 41.59±7.18 years. There 
were 288(40.44%) females and 424(59.55%) males. 
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Table-1: Characteristics of study subjects. 
 
Parameter                         Units              Total (N=712)                 Control (N=356)                                                                Cases (N=356)                                                    P Value 
 
Age                                            Yrs                    41.59±7.18                            40.56±6.72                                                                           42.05±6.29                                                          <.0001 
SBP                                        mmHg              123.02±14.04                         115.84±9.6                                                                        130.25±14.26                                                       <.0001 
DBP                                        mmHg               83.49±10.57                          78.40±7.60                                                                          88.88±11.12                                                         <.0001 
Weight                                      Kg                     70.72±9.29                            66.35±6.09                                                                           75.10±9.87                                                          <.0001 
Waist                                         cm                    90.90±9.70                            82.50±3.90                                                                           99.40±5.50                                                          <.0001 
BMI                                              -                         28.3±5.2                            23.664±2.43                                                                        27.981±4.75                                                         <.0001 
Chol                                        mg/dl               192.34±44.17                        184.17±40.1                                                                       200.56±46.28                                                       <.0001 
TG                                            mg/dl               172.06±91.40                        122.36±20.5                                                                      220.15±90.77                                                       <.0001 
HDL                                         mg/dl                 41.34±8.93                            45.10±6.24                                                                           37.57±9.37                                                          <.0001 
LDL                                         mg/dl               116.52±41.25                        114.59±38.8                                                                       118.43±43.02                                                       <.0001 
FBG                                         mg/dl                21.06±63.81                          92.27±10.7                                                                        147.36±77.86                                                       <.0001 
 

SBP- Systolic Blood Pressure, DBP- Diastolic Blood Pressure, HDL-High Density Lipoprotein, LDL-Low Density Lipoprotein, FBG- Fasting blood glucose, Chol-Cholesterol, TG-Triglyceride.



There were significantly higher levels of systolic blood 
pressure (SBP), diastolic blood pressure (DBP), body 
weight, waist circumference (WC), BMI, total cholesterol 
(TC), TG, low density lipoprotein (LDL) and FBG among 
cases than controls, while there were low levels of HDL 
in cases than controls (p<0.05 each) (Table-1). 

Genotype distribution followed Hardy-Weinberg 
equilibrium (p=0.1729) in both cases and controls. Overall 

genotypic distribution of rs662799 in the study cohort as 
well as MAF was noted (Table-2). The overall MAF (C) was 
0.331 (Table-3). Significant association was found of 
minor C allele with high TG levels (p =0.0001) and low 
HDL levels (p =0.02) (Table-4). 

Risk allele C of rs662799 also had strong association with 
obesity (p=0.01) and DLP (p=0.03), while there was no 
significant association with HTN (p=0.66) (Table-5). 
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Table-2: Distribution of genotypic and risk allele frequency of rs662799. 
 
Subjects                                                                                          Genotypic frequency (%)                                                                                                                            Risk Allele (C) Frequency (%) 
                                                                       TT                                                        TC                                                          CC                                                   P Value 
 
Controls                                                       73.5                                                       25                                                           1.1                                                       0.51                                                   14 
Cases                                                            63.9                                                     31.8                                                         2.7                                                       0.59                                                   19 
Male                                                             70.0                                                     26.4                                                         2.5                                                       0.99                                                   16 
Female                                                        66.7                                                     31.5                                                         1.2                                                       0.23                                                   17

Table-3: Odds Ratio of MetS in Carriers of the Minor Allele C of rs662799 SNP. 
 
                                                         Subjects                                           MAF                                                   TT/TC/CC                                            Odds Ratio (CI 95%)                                            P Value 
 
Total                                                     MetS                                               0.331                                                224/116/10                                                 1.5 (1.55-1.58)                                                       0.002 
                                                            Control                                             0.254                                                   261/90/4                                                                                                                                              
Male                                                     MetS                                               0.327                                                   124/64/8                                                  1.78 (1.23-2.59)                                                     0.002 
                                                            Control                                             0.224                                                   170/50/3                                                                                                                                              
Female                                                MetS                                               0.338                                                   100/52/2                                                  1.17 (0.76-1.82)                                                     0.472 
                                                            Control                                             0.303                                                    91/40/1                                                                                                                                               
 

P value <0.05 considered as significant 
MetS: Metabolic syndrome 
MAF: Minor allele frequency 
CI: Confidence interval 
SNP: Single nucleotide polymorphisms.

Table-4: Clinical and laboratory data in patients with MetS and control subjects according to the APOA5 rs662799 genotypes. 
 
Variables                                                                                                        Cases                                                                                                                                                    Control 
                                              Non Carriers TT=224                Carriers (TC+CC=126)                   P Value                      Non Carrier TT=261                 Carriers (TC+CC=94)                   P value 
 
Age (Years)                                   42.72±6.12                                       40.98±6.45                                   0.01                                    41.25±8.16                                     40.78±7.38                                  0.62 
SBP (mm Hg)                             129.95±14.13                                  130.56±14.49                                 0.81                                   115.88.89.69                                   115.71±9.64                                 0.88 
DBP (mm Hg)                              88.92±11.29                                    88.65±10.77                                  0.61                                    78.09±9.15                                     78.46±7.23                                  0.72 
Waist(Inches)                               39.21±2.19                                       38.96±2.11                                   0.34                                    32.47±1.59                                     32.44±1.38                                  0.85 
Weight (Kg)                                 75.26±10.21                                     74.60±9.38                                   0.45                                    66.40±5.99                                     66.21±6.41                                  0.80 
TC (mg/dl)                                  198.70±43.35                                  203.40±51.60                                 0.34                                  183.14±41.77                                187.32±35.56                               0.85 
TG (mg/dl)                                  208.53±71.79                                 240.72±138.28                                0.00                                  120.04±22.38                                126.61±19.31                               0.01 
HDL (mg/dl)                                  38.56±8.14                                     36.32±10.63                                  0.02                                    44.97±6.54                                     45.45±5.30                                  0.51 
LDL (mg/dl)                                118.19±42.32                                  118.47±44.84                                 0.67                                  114.01±40.30                                116.55±34.82                               0.60 
FBG (mg/dl)                               144.79±73.34                                  150.62±83.35                                 0.59                                   92.50±10.73                                   91.36±11.53                                 0.38 
BMI                                                  28.23±4.81                                       27.64±4.61                                   0.29                                   23.740±2.72                                    23.73±2.11                                  0.88 
 

SBP- Systolic Blood Pressure, DBP- Diastolic Blood Pressure, HDL-High Density Lipoprotein, LDL-Low Density Lipoprotein. 
FBG- Fasting blood glucose, Chol-Cholesterol, TG-Triglyceride. TC: Total cholesterol.APOA5: Apolipoprotein A5 gene. 
Values are given as mean ± SD.  
P value <0.05 considered as significant.



Discussion 
In the present study the association of rs662799 SNP of 
APOA5 gene with IDF-defined16 MetS and their 
components in a Pakistani population were explored. 
APOA5 is considered a strong determinant of plasma TG 
levels, which is one of the components of MetS and is 
among several MetS and HTG susceptibility genes.20,14 
The APOA5 affects TG levels by reducing the secretion of 
LDL from liver and increasing the metabolism of VLDL. 
The rs662799 of APOA5 was found to be associated with 
MetS and its major components like DLP and obesity in 
our study.  

The association of rs662799 of APOA5 with MetS through 
its minor C allele in our study is consistent with previous 
studies showing significant association of rs662799 with 
MetS in Hungarians,21 Romanians,22 Chinese,13 and  
Koreans.7 It was found that association of C allele of 
rs662799 of APOA5 with MetS, like in our study, was 
mainly due to the association of minor C allele of rs662799 
of APOA5 with  obesity and HTG which are major 
determinants of MetS in Hungarian and  Romanian 
populations.21,22 

However, no such association of the C allele was found in 
Germans, Austrians15 and in Turkish populations.23 
Further studies in Korean and Japanese populations also 
indicated that subjects carrying rs662799 homozygous 
CC genotype were more susceptible to MetS compared to 
TT and TC genotype carriers.7,14 As rs662799 is not always 
associated with HTG or MetS, it is important to confirm 
this association in different populations, especially 
because the minor allele can be prevalent in certain 
ethnic populations and may confer considerable cardio-
metabolic risk. 

As shown in our study, rs662799 of APOA5 was associated 
with DLP and obesity, the major risk factors of MetS. DLP 
is characterised by presence of high TG and low HDL 
levels. This study showed significant prevalence of minor 
C allele of rs662799 of APOA5 among subjects having 
high TG and low HDL levels in Pakistani population. Our 
results are consistent with studies in Pakistani and 

Japanese populations showing higher levels of TG in 
subjects carrying minor C allele of rs662799 of APOA5 
gene.24,14 Studies in Taiwanese and Hong Kong Chinese 
also confirmed that association of rs662799 with MetS 
becomes insignificant when adjusted for TG.25 These 
results showed that rs662799 might be indirectly playing 
a role towards MetS susceptibility through its association 
with HTG. Positive association of rs662799 of APOA5 with 
obese subjects in our study is consistent with a study in 
the Romanian population where 70% of C allele-carrying 
MetS subjects were obese with high BMI compared to 
subjects lacking the C allele.22 

The importance of a polymorphic genetic risk factor 
depends upon the MAF of risk allele in any ethnic 
population.  It is noteworthy that the prevalence of the 
minor C allele of rs662799 of APOA5 is more prevalent in 
Asian populations. The MAF (C allele) in our studied 
Pakistani population was 0.331, which was similar to the 
MAF reported in other Asian ethnic groups,7,13,14 but 
differed from Europeans, Americans,9 Caucasians15 and 
Turkish.23 The C allele of rs662799 is more prevalent in 
East Asians compared to Caucasians, thus contributing to 
a higher risk of developing MetS.26,7 

Gender-specific analysis showed that the association of 
APOA5 with MetS was more significant in male compared 
to female subjects in our Pakistani sample population, 
which was also the case in Chinese male subjects.26 

Conclusion 
SNP rs662799 in the APOA5 gene was found to be 
significantly associated with DLP, obesity and MetS in 
Pakistan samples. The identification of carriers of the 
minor C allele of the APOA5 polymorphism rs662799 may 
prove helpful in predicting MetS susceptibility, especially 
in males who were found to be at a higher risk of 
developing MetS. 

Disclaimer: None. 

Competing Interests: None. 

Source of Funding: The Higher Education Commission 
(HEC) of Pakistan in collaboration with the Department of 
Medicine, University of Hong Kong, Hong Kong. 

References 
1. Sawant A, Mankeshwar R, Shah S, Raghavan R, Dhongde G, Raje H, 

et al. Prevalence of Metabolic Syndrome in Urban India. 
Cholesterol. 2011; 2011:920983. 

2. Eapen D, Kalra GL, Merchant N, Arora A, Khan, BV. Metabolic 
syndrome and cardiovascular disease in South Asians.Vasc. 
Health. Risk Manag. 2009; 5:731–43. 

3. Fiaz M, Rani F, Saqlain M, Mahmood A, Shaiq PA, Naqvi SMS, et al. 
Identification of Population Specific Risk Phenotypes 

Vol. 69, No. 3, March 2019

304 Association study of Apolipoprotein A5 gene (APOA5 gene) variant with the metabolic syndrome in local Pakistani population

Table-5: Association of rs662799 SNP with Risk Components of MetS. 
 
Phenotype                                                         Odds Ratio                                             P Value 
 
Dyslipidaemia                                                  1.49(1.02-2.01)                                              0.03 
Hypertension                                                    1.13(0.71-1.77)                                              0.66 
Obesity                                                                1.46(1.09-2.08)                                              0.01 
 

P value <0.05 considered as significant 
SNP: Single nucleotide polymorphism 
MetS: Metabolic syndrome.



Contributing Towards Development of Metabolic Syndrome. Pak 
J Zoology. 2016; 48: 949-55. 

4. Cheung BMY, Wat NMW, Man YB, Tam S, Thomas GN, Leung GM, 
et al.  Development of diabetes in Chinese with the metabolic 
syndrome – A six year prospective study. Diabetes Care. 2007; 
30:1430- 6. 

5. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin 
BA, et al. Diagnosis and management of the metabolic syndrome: 
an American Heart Association/National Heart, Lung, and Blood 
Institute scientific statement. Circulation. 2005; 112: 2735-52. 

6. JoyT, Hegele RA. Genetics of metabolic syndrome: is there a role 
for phenomics? Current Atherosclerosis Reports. 2008; 10:201–08. 

7. Song KH, Cha S, Yu SG, Yu H, Oh SA, Kang NK. Association of 
Apolipoprotein A5 Gene −1131T>C Polymorphism with risk 
metabolic syndrome in Korean subjects. Biomed Res Int. 2013; 
2013:585134. 

8. Zabaneh D, Balding DJ. A genome-wide association study of the 
metabolic syndrome in Indian Asian men. PLos One. 2010; 5: 
e11961. 

9. Pennacchio LA, Olivier M, Hubacek JA, Cohen JC, Cox DR, Fruchart 
JC, et al. An apolipoproteininfluuencing triglycerides in humans 
and mice revealed by comparative sequencing. Science. 2001; 
294:169-73. 

10. Merkel M, Loeffler B, Kluger M, Fabig N, Geppert G, Pennacchio LA, 
et al.  Apolipoprotein AV accelerates plasma hydrolysis of 
triglyceride-rich lipoproteins by interaction with proteoglycan-
bound lipoprotein lipase.  J BiolChem. 2005; 280:21553-60. 

11. Willer CJ, Sanna S, Jackson AU, Scuteri A, Bonnycastle LL, Clarke R, 
et al. Newly identified loci that influence lipid concentrations and 
risk of coronary artery disease. Nat Genet. 2008; 40:161–69. 

12. Zhao T, Zhao J. Association of the apolipoprotein A5 gene 
−1131T>C polymorphism with fasting blood lipids: a meta 
analysis in 37859 subjects. BMC Med Genet. 2010; 11:120. 

13. Jiang CQ, Liu B, Cheung BM, Lam TH, Lin JM, Li Jin Y. A single 
nucleotide polymorphism in APOA5 determines triglyceride 
levels in Hong Kong and Guangzhou Chinese. Eur J Hum 
Genet.2010; 18:1255-60. 

14. Yamada Y, Kato K, Hibino T, Yokoi K, Matsuo H, Segawa T, et al. 
Prediction of genetic risk for metabolic syndrome. 
Atherosclerosis. 2007; 191:298-304. 

15. Grallert H, Sedlmeier EM, Huth C, Kolz M, Heid IM, Meisinger C. 
APOA5 variants and metabolic syndrome in Caucasians. J Lipid 

Res. 2007; 48:2614–21. 
16. IDF International Diabetes Federation. The IDF consensus 

worldwide definition of the metabolic syndrome 2006.[Online] 
[Cited 2018 December 07]. Available From: URL: 
https://www.idf.org/e-library/consensus-statements/60-
i d f c o n s e n s u s - w o r l d w i d e - d e f i n i t i o n o f - t h e - m e t a b o l i c -
syndrome.html. 

17. HapMap .  Sanger institute. [Online] [Cited 2018 December 07]. 
Available From: URL: https:// www .sanger .ac.uk/ resources/ 
downloads/ human / hapmap3/html.  

18. Sambrook, J, Fritsch EF, Maniatis T. Molecular Cloning: In: 
Sambrook, J, Fritsch EF, Maniatis T, Eds. A Laboratory Manual. 
Newyork: Cold Spring Harbor Laboratory Press, 2001; pp 1-3. 

19. Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MA, Bender 
D. A tool set for whole-genome association and population-based 
linkage analyses. Am J Hum Genet. 2007; 81:559-75. 

20. Povel CM, Boer JM, Reiling E, Feskens EJ. Genetic variants and the 
metabolic syndrome: a systematic review. Obes Rev. 2011; 12:952-
67. 

21. Kisfali P, Mohás M, Maász A, Polgár N, Hadarits F, Markó L. 
Haplotype analysis of the apolipoprotein A5 gene in patients with 
the metabolic syndrome. NutrMetab Cardiovasc Dis. 2010; 20:505-
11. 

22. Niculescu LS, Fruchart-Najib J, Fruchart JC, Sima A. Apolipoprotein 
A-V gene polymorphisms in subjects with metabolic syndrome. 
ClinChem Lab Med. 2007; 45: 1133–39. 

23. Komurcu-Bayrak E, Onat A, Poda M, Humphries SE, Palmen J, 
Guclu F, Can G. Gender modulated impact of apolipoprotein A5 
gene (APOA5) -1131T>C and c.56C>G polymorphisms on lipids, 
dyslipidemia and metabolic syndrome in Turkish adults. 
ClinChem Lab Med. 2008; 46:778–84. 

24. Saleheen D, Soranzo N, Rasheed A, Scharnagl H, Gwilliam R, 
Alexander M, et al.Genetic determinants of major blood lipids in 
Pakistanis compared with Europeans.Circ Cardiovasc Genet. 2010; 
3:348-57. 

25. Ong KL, Jiang CQ, Liu B, Jin YL, Tso AW, Tam S. Association of a 
genetic variant in the apolipoprotein A5 gene with the metabolic 
syndrome in Chinese. Clin Endocrinol (Oxf). 2011; 74:206-13. 

26. Baum L, Tomlinson B, Thomas GN. APOA5-1131T>C 
polymorphism is associated with triglyceride levels in Chinese 
men. Clin Genet. 2003; 63:377-9.

J Pak Med Assoc

M. Fiaz, P. Shaiq, G. K. Raj, et al 305


