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ABSTRACT 

 

Genetic association study of pulmonary 

function, metabolic syndrome and obesity 

in populations in northeast Asia 

 

Ho-Young Son 

Major in Biochemistry and Moleculer Biology 

Department of Biochemistry and Moleculer Biology 

Seoul National University, College of Medicine 

 

Genetic studies including, genome-wide association study (GWAS) 

have been used extensively to identify genetic variants linked to complex 

traits, but most of them have been conducted in non-Asian populations. This 

study aimed to evaluate the association between genotypes and several 

complex traits in northeast Asian population. 

In the first part of this study, we aimed to investigate genetic 

evidence of pulmonary function in a population in northeast Asia. The 

spirometric measurement of pulmonary function forced expiratory volume in 

one second (FEV1) is a heritable trait that reflects physiological condition of 

the lung and airways. We conducted a family-based association test with 706 
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GENDISCAN study participants from 72 Mongolian families to determine 

candidate genetic determinants of pulmonary function. For the replication, we 

chose seven candidate single nucleotide polymorphisms (SNPs) from the five 

loci, and tested 1062 SNPs for association with FEV1 from 2,729 subjects of 

the Korea Healthy Twin study. We identified TMEM132C as a potential 

candidate gene at 12q24.3, which is a previously reported locus of asthma and 

spirometric indices. We also found two adjacent candidate genes (UNC93A 

and TTLL2) in the 6q27 region, which has been previously identified as a 

pulmonary function locus in the Framingham cohort study. Our findings 

suggest that novel candidate genes (TMEM132C, UNC93A and TTLL2) in two 

different regions are associated with pulmonary function in a population in 

northeast Asia. 

In the second part of this study, we aimed to evaluate the association 

between metabolic syndrome (MetS) and previously reported SNPs, and their 

interaction with health-related behavior in Korean men. Seventeen SNPs were 

genotyped and their association with MetS and its components was tested in 

1,193 men who enrolled in the study at Seoul National University Hospital. We 

found that rs662799 near APOA5 and rs769450 in APOE had significant 

association with MetS and its components. The SNP rs662799 was associated 

with increased risk of MetS, elevated triglyceride (TG), and low levels of high-

density lipoprotein (HDL), while rs769450 was associated with a decreased risk 

of TG. Risk alleles in both SNPs were more frequent in Korean men than in 

Europeans. The SNPs showed interactions between alcohol drinking and 

physical activity, and TG levels in Korean men. We have identified the genetic 
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association and environmental interaction for MetS in Korean men. These 

results suggest that a strategy of prevention and treatment should be tailored to 

personal genotype and the population. 

In the third part of this study, we tested association between copy 

number variation (CNV) of salivary amylase gene (AMY1) and obesity indices 

in 2 groups of Korean (KRSA 1035 and KRFM 2049 individuals) and two 

population of Mongolia (MND 411 and MON 400 individuals). CNV have 

recently been considered as important human genomic variant, which 

associated with phenotypic difference and disorder. The copy number of AMY1 

have been shown to be related with ethnic difference of starch diet. We 

estimated copy number by duplex TaqMan real-time PCR method. The average 

copy number of each group was 6.29 and 6.27 in Korean, 5.78 and 6.23 in 

Mongolia populations, respectively. The Mongolia Dashbalbar population 

(MND) show significantly low copy number which was composed of 88.7% of 

Buryat ethnics. Buryat have geographical similarity with Yakut ethnic group 

which have been previously as reported low starch diet population with AMY1 

low copy. In the test of association between AMY1 copy number and obesity 

phenotype, AMY1 copy number are not associated with obesity, but had weak 

and positive trend in Korean population. In Mongolian population, AMY1 copy 

number had weak but negative association with obesity phenotype. These might 

result from different dependence on starch diet and populational difference of 

genomic variation may affect the different obesity phenotypes. 
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CHAPTER 1 

 

Family based association study of pulmonary 

function in populations in northeast Asia   
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INTRODUCTION 

 

Pulmonary function, which is commonly measured by spirometry, is a good 

index of the physiological condition of the lung and airway [1]. Forced expiratory 

volume in one second (FEV1) and its ratio to forced vital capacity (FEV1/FVC) are 

used to predict population morbidity and mortality [2-4] and are used in the clinical 

diagnosis of chronic obstructive pulmonary disease (COPD) and asthma [5]. Family 

studies have reported COPD aggregation and significant heritability of spirometry-

measured pulmonary function [1, 6, 7]. 

To discover genetic loci related with pulmonary function and COPD, several 

linkage studies have been conducted using the quantitative spirometry measures 

FEV1, FVC, and FEV1/FVC ratio [8, 9]. Framingham Heart cohort study suggested 

that the linkage locus for FEV1 was on the chromosome 6q terminus region [10, 11]. 

In recent years, genome-wide association studies (GWAS) have revealed 

various genes showing significant associations with pulmonary function [12, 13]. 

Moreover, large-scale GWAS meta-analysis from CHARGE and the SpiroMeta 

consortium, each had more than 20,000 participants, identified novel genome-wide 

significant loci associated with pulmonary function in the general population [14-16]. 

Although the numerous genome-wide linkage and association studies have revealed 

a number of genes and genetic loci associated with pulmonary function, these genetic 

results explain only a small proportion of the genetic variation needed to estimate the 

heritability and variance of the trait [17]. In addition, most previous association 
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studies on pulmonary function have focused on populations of European ancestry and 

not on those of Asian ancestry. 

As part of the GENDISCAN (GENe DIScovery for Complex traits in 

isolated large families of Asian of Northeast) project, which was designed to 

investigate genetic loci associated with complex traits in extended rural families [18-

20], we conducted a family based association study of pulmonary function in the 

Mongolian population. Subsequently, we validated the association between the 

candidate loci identified by our study and pulmonary function phenotype in a 

population of Korean subjects to confirm the genetic evidence in two different 

populations. 
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MATERIALS AND METHODS 

 

Study design and population 

 

From April to June in 2006, a total of 2,008 participants for pulmonary 

function measurement were recruited in Dashbalbar, Dornod Province, Mongolia, 

as part of the GENDISCAN project [18, 20, 21], which was designed to identify 

genetic loci of complex traits in Asian populations. For this study, we selected 706 

subjects from 72 large and extended pedigrees with complete genotyping (Fig. 1). 

We extracted genomic DNA from peripheral blood leukocytes of all subjects 

according to standard protocols. Written informed consent was obtained from all 

participants, and our study protocols were approved by the institutional review 

board of Seoul National University. (Approval number, H-0307-105-002). This 

study abided by the Declaration of Helsinki Principles. 
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Figure 1. Overview of study flow. The number of individuals and genotyping methods are 

shown for each study flow. 
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Phenotype measurement 

 

 Spirometry was performed with a portable spirometer (MicroPlus 

spirometer, Micro Medical Ltd, Rochester, Kent, England) according to American 

Thoracic Society criteria [22]. FEV1 and FVC were measured, and FEV1 was used to 

evaluate airway obstruction. After several practice measurements with trained 

technician, measurements for data collection were taken three times. Of these 

measurements, the greatest FEV1 values from acceptable tests for each subject were 

selected. The subjects were instructed to take complete inspirations and expirations 

that lasted approximately 3 s [23]. The highest FEV1 value from acceptable tests for 

each subject was selected for to be analyzed. The predicted FEV1 and FVC values 

were obtained from the methods of Morris [24]. Smoking history data (current-

smoking, former-smoking, and never-smoking) was collected by questionnaire and 

pack-year was calculated using smoking amount (pack/day) and duration (smoking 

years). Information on if the participants have any of the following respiratory 

diseases was also collected by questionnaire: chronic obstructive lung disease, 

chronic bronchitis, pneumonia, asthma or tuberculosis. 

  



7 

 

 

Genome-wide SNP genotyping 

 

Details of the genotyping methods used have been previously reported [18, 

25]. In brief, 706 samples from 72 extended families were genotyped using an 

Illumina Human 610-Quad BeadChip kit (San Diego, CA). To maintain the quality 

of the genotyping data, we checked for genotyping error at several steps before 

analysis. SNPs with a call rate < 99%, an error rate > 1%, minor allele frequency < 

1% and Hardy-Weinberg equilibrium P < 1 × 10-6 were excluded. 
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Statistics 

 

Before association test, the subject’s measurements of pulmonary function 

were adjusted for age, age2, sex, height, dummy variables smoking status (current, 

former, never) and pack-year as covariates with the Sequential Oligogenic Linkage 

Analysis Routines (SOLAR) package [26]. To reduce deviations from normality and 

the outliers’ effect, we normalized phenotypes with the inverse normal transformation 

option in the SOLAR package. We conducted genome-wide family-based association 

analysis to investigate genetic regions that might influence pulmonary function using 

FBAT software, version 2.0.3 [27]. 
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Replication test 

 

We compared the results of the GENDISCAN study with data from the 

Korea Healthy Twin Study. The Healthy Twin Study is an ongoing cohort study of 

twin and their families that was initiated in 2005. The details of the study’s 

protocols, measurements and genotyping and imputation methods have been 

reported previously [28, 29]. In brief, a total of 2,729 participants were recruited 

and genotyped with the Affymetrix Genome-wide Human SNP Array version 6.0 

(Affymetrix Inc., Santa Clara, California, USA). The untyped SNPs were imputed 

to the HapMap3 phase 2 (JPT+CHB) and Korean HapMap 

(http://www.khapmap.org) reference panel using Beagle (University of Washington, 

Seattle, WA, USA). We selected 1062 SNPs for replication analysis that were 

located within 200 kb of the associated SNPs of discovery stage. 
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RESULTS 

 

Population characteristics 

 

The descriptive characteristics of our discovery and replication subjects are 

presented in Table 1. In the discovery stage, the 706 individuals from the 72 families 

of Mongolia population were assessed. The majority (88.7%) ethnic of this cohort 

was Buryats. In the replication study, 623 families of 2,729 Korean participants were 

included. The mean age of Mongolian population was 30.3 years and that of Korean 

population was 44.2 years. The mean (S.D.) FEV1 values were 2.684 (0.717) and 

2.915 (0.709), respectively. With respect to smoking status, Koreans were more likely 

to be current smokers (27.6%) and had higher mean pack-years (17.63) than the 

Mongolians. 
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Table 1 Descriptive characteristics of the participants.  

 

    Discovery stage  Replication study 

Subject information    

 No. of families. 72  623 
 Total subjects number 706  2729 
 Age, years 30.3 ± 14.9  44.2 ± 13.1 
 Female, N (%) 366 (51.8)  1667 (61.1) 
 Height (cm) 156.2 ± 10.9  161.6 ± 8.5 
 FEV1 (L) 2.684 ± 0.717  2.915 ± 0.709 

     

Smoking Status     

 Never smokers, N (%) 565 (80)  1776 (65.1) 
 Current smokers, N (%) 129 (18.3)  754 (27.6) 
 Former smokers, N (%) 12 (1.7)  199 (7.3) 

Smoking, Pack-years 8.77 ± 9.73  17.63 ± 16.99 
 

Data represent the mean values ± standard deviation unless otherwise indicated. 

FEV1, forced expiratory volume in one second. 
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Association of discovery stage 

 

The results of the family-based association between genome-wide SNPs 

and FEV1 are shown in a Manhattan plot (Fig. 2). Each of the approximately 510,000 

SNPs is represented by single dot. Five regions were identified that contained seven 

suggestively associated SNPs with P-values less than 1 × 10-5 (Table 2). The most 

significant association was observed in the intronic region of TMEM132C 

(rs12582875, P = 2.17 × 10-6) at 12q24.3 (Fig. 3a). On chromosome 6q27, two SNPs 

(rs4710230 and rs3010558, P = 2.77 × 10-6 and P = 8.99 × 10-6, respectively) were 

located 21.7 Kb and 7.8 Kb upstream of UNC93A (Fig. 4a). On chromosome 3p14.1, 

rs264676 (P = 3.28 × 10-6) was located in the MAGI1 intron. We found one SNP 

(rs7504607) at 18q23, was associated with FEV1 phenotype, but has no candidate 

gene within 200kb. At chromosome 4q27, rs6855113 and rs6831851 (both P = 9.48 

× 10-6) were located 17kb and 33 kb upstream of the MAD2L1 gene, respectively. 

Because it is important to take into account the effect of the respiratory 

disease on pulmonary function, we verified if any participants had respiratory 

diseases. Thirty-two participants from the discovery stage had one or more conditions 

among 5 respiratory-related diseases (chronic obstructive lung disease, chronic 

bronchitis, pneumonia, asthma and tuberculosis). To find out the extent of these 

participants’ effect on the result, we excluded these participants with respiratory 

diseases and repeated the test for genetic association with FEV1. The result of the 

seven associated SNPs is shown in Table 3. 
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Table 2 Results of Family based association test for FEV1 (P-value < 1.0 × 10-5) 

Chr SNP ID Position* P-value Nearest gene 
Nearest gene 

 distance 

Nearby gene(s) 

within 150kb† 

12 rs12582875 127598647 2.17 × 10-6 TMEM132C 0  TMEM132C 

       

6 
rs4710230 167603059 2.77 × 10-6 

UNC93A 
21733  CCR6, GPR31, TCP10L2, 

UNC93A, TTLL2,TCP10 rs3010558 167616938 8.99 × 10-6 7854  

       

3 rs264676 65861112 3.28 × 10-6 MAGI1 0  MAGI1 

       

18 rs7504607 73349291 9.45 × 10-6 GALR1 238207  - 

       

4 
rs6855113 121225082 9.48 × 10-6 

MAD2L1 
17621  

MAD2L1 
rs6831851 121241185 9.48 × 10-6 33724  

 
* SNP postions are based on NCBI Build 36 
† Nearby gene(s) are based on RefSeq genes (NCBI Build 36) within 150kb up and down streams 

Chr, Chromosome 
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Figure 2. Manhattan plot of genome-wide association signal with FEV1. The X axis represents the SNP markers on each chromosome. Y 

axis shows the –log10(P-value). The blue horizontal line represents the genome-wide suggestive threshold P = 1.0 × 10-5. The highest P-value 

(P = 2.17 × 10-6) was observed in rs12582875 on chromosome 12q24.3  
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Figure 3. Regional plots for chromosome 12 TMEM132C locus, associated with FEV1. The purple diamonds indicate the most significant 

SNP of each region, and nearby SNPs are color coded according to the level of LD with the top SNP. The x-axis shows chromosomal position. 

The left y axis shows the significance of the association, and the right y-axis shows a recombination rate across the region. Estimated 

recombination rates from the 1000 Genome (JPT+CHB, hg18) database are plotted with the blue line to reflect the local LD structure. Discovery 

(a) and replication (b) result of the TMEM132C region on 12q24.3. The regional plots were created using LocusZoom. 
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Figure 4. Regional plots for chromosome 6 UNC93A locus, associated with FEV1. The purple diamonds indicate the most significant SNP 

of each region, and nearby SNPs are color coded according to the level of LD with the top SNP. The x-axis shows chromosomal position. The 

left y axis shows the significance of the association, and the right y-axis shows a recombination rate across the region. Estimated recombination 

rates from the 1000 Genome (JPT+CHB, hg18) database are plotted with the blue line to reflect the local LD structure. Discovery (a) and 

replication (b) result of the UNC93A and TTLL2 region on 6q27. The regional plots were created using LocusZoom. 
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Result without known respiratory disease 

 

Because it is important to take into account the effect of the respiratory 

disease on pulmonary function, we verified if any participants had respiratory 

diseases. Thirty-two participants from the discovery stage had one or more conditions 

among 5 respiratory-related diseases (chronic obstructive lung disease, chronic 

bronchitis, pneumonia, asthma and tuberculosis). To find out the extent of these 

participants’ effect on the result, we excluded these participants with respiratory 

diseases and repeated the test for genetic association with FEV1. The result of the 

seven associated SNPs is shown in Table 3. 
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Table 3. Family-based association result for FEV1 in the discovery stage  

(participants without known respiratory disease only). 

Chr SNP Position* Nearest gene 
Minor 

Allele 
MAF P-value 

12 rs12582875 127598647 TMEM132C A 0.161 7.12  10-6 

       

6 
rs4710230 167603059 

UNC93A 
T 0.387 8.49  10-6 

rs3010558 167616938 T 0.383 2.7  10-5 

       

3 rs264676 65861112 MAGI1 G 0.307 4.63  10-6 

       

18 rs7504607 73349291 GALR1 C 0.458 3.7  10-5 

       

4 
rs6855113 121225082 

MAD2L1 
T 0.079 5.7  10-6 

rs6831851 121241185 C 0.079 5.7  10-6 

 
* SNP postions are based on NCBI Build 36 

Chr, Chromosome; MAF, Minor allele frequency 
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Replication stage 

 

For the replication study, we conducted an association test between the 

seven SNPs from the discovery stage and lung function in 2,729 subjects from 623 

families from the Korea Healthy Twin study. For the different genotyping platforms, 

overlapping SNPs were not sufficient. Therefore, we performed imputation, in which 

5 SNPs of the 7 associated SNPs from the discovery stage were included. However, 

we could not find any significant association (P value < 0.05) between these SNPs 

and lung function in the replication study. Of the five SNPs, we found that the allele 

frequency of four SNPs between the discovery and replication stage was significantly 

different (Table 4). These different allele frequencies suggest that the genetic 

architecture of two populations might be quite different. Therefore, we considered a 

locus specific replication. 

We selected a total of 1062 SNPs from the regions surrounding the seven 

candidate SNPs, including 200 kb up and downstream of the SNPs. The candidate 

regions with the most associated SNPs that have a P-value < 1 × 10−3 are listed in 

Table 5. Twelve SNPs on and near three genes were shown to have associations with 

FEV1. Of the 225 SNPs near TMEM132C, rs1905942 and rs1112925 (P = 2.51 × 10−4) 

showed the highest association (Fig 4a). There was no LD between rs1112925 and 

the top SNPs of the discovery stage (rs12582875) because the two SNPs were located 

177 kb away from each other. On chromosome 6, ten candidate SNPs were located 

within two adjacent genes (UNC93A and TTLL2, Fig 4b). The six SNPs were located 
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in the intronic region of UNC93A. rs2981977, rs3010556 and rs877653 were located 

in the TTLL2 intron and exon, whereas rs3010562 is 9 kb downstream of this gene. 

These SNPs near UNC93 and TTLL2 were in LD, but there was no LD between these 

replicated SNPs and the most significant SNP (rs4710230) of the discovery stage. 
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Table 4. The comparison of the minor allele frequency of 7 associated SNPs in the discovery and replication study. 

Chr SNP Position* 
Minor 

Allele 

Replication 

P-value 

MAF of 

Discovery stage 

MAF of 

Replication 

study 

P-value 

12 rs12582875 127598647 A 0.152 0.161 0.283 < 0.001 

        

6 
rs4710230 167603059 T 0.101 0.387 0.296 < 0.001 

rs3010558 167616938 T 0.106 0.383 0.301 < 0.001 

        

3 rs264676 65861112 G 0.198 0.307 0.197 < 0.001 

        

18 rs7504607 73349291 C 0.819 0.458 0.446 0.402 

        

4 
rs6855113 121225082 T - 0.079 -  

rs6831851 121241185 C - 0.079 -  

 

* SNP postions are based on NCBI Build 36 

Chr, Chromosome; MAF, Minor allele frequency 
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Table 5. Replication result of the associated SNPs (P-value < 1.0 × 10−3) in the Korea Healthy Twin Study. 

Chr SNP Position* Gene 
Gene 

Position 

Minor 

Allele 
MAF P-value 

6 rs2981977 167670140 TTLL2 Intron G 0.307 1.76  10
-4

 

6 rs3010556 167670167 TTLL2 Intron G 0.308 2.10  10
-4

 

12 rs1905942 127420950 TMEM132C Intron C 0.5 2.51  10
-4

 

12 rs1112925 127421487 TMEM132C Intron A 0.5 2.51  10
-4

 

6 rs3010562 167685241 TTLL2 Intergenic C 0.477 2.64  10
-4

 

6 rs4709162 167640315 UNC93A Intron A 0.473 4.03  10
-4

 

6 rs4709165 167644640 UNC93A Intron G 0.459 4.09  10
-4

 

6 rs4709167 167646922 UNC93A Intron C 0.459 4.09  10
-4

 

6 rs3817767 167640832 UNC93A Intron C 0.464 5.74  10
-4

 

6 rs2294236 167647304 UNC93A Intron A 0.278 7.17  10
-4

 

6 rs3010550 167636618 UNC93A Intron C 0.329 8.82  10
-4

 

6 rs877653 167673681 TTLL2 Exon C 0.458 9.57  10
-4

 
 
* SNP postions are based on NCBI Build 36 
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DISCUSSION 

 

We conducted a genome-wide association study to find genetic evidence 

of spirometric measures of pulmonary function in large extended families of 

Mongolian population. In addition, we validated these candidate genes in 2,729 

Korean individuals, and we could identify three candidate genes: UNC93A, TTLL2 

and TMEC132C. 

  UNC93A and TTLL2 are located on chromosome 6q27, which is a region 

that has previously been reported to be associated with pulmonary function in many 

different studies. The linkage study in the Framingham cohorts revealed the greatest 

linkage peak at the q terminus of chromosome 6 for FEV1 [10]. Additional markers, 

significant evidence of linkage and family-based association were reported at 184.5 

cM of chromosome 6 in 1,115 individuals from the 182 large extended Framingham 

Heart Study families [11]. This linkage result was replicated again in similar regions 

of chromosome 6 from a different study that used 100K SNP GeneChip [13]. 

Subsequently, secreted modular calcium-binding protein 2 (SMOC2) at 6q27 was 

selected as a candidate gene study, and an association with pulmonary function 

phenotype was reported [30]. However, little is known about the detailed molecular 

and physiological functions of SMOC2. 

Consistent with these previous findings, we identified significant 

association with FEV1 and the 6q27 region. The SNP with the greatest association 

(rs4710230, P = 2.77 × 10-6) on chromosome 6q27 was located 21.7 Kb upstream of 
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UNC93A. Moreover, TTLL2, TCP10L2, TCP10, GPR31 and CCR6 were within 

200kb. Through the replication study, ten SNPs on or near UNC93A and TTLL2 were 

validated. To find the functional relevance of the associated SNPs, we verified 

regulatory chromatin states using HaploReg v3. The region of rs4710230 was 

reported as a strong enhancer of UNC93A in HepG2 cells. The LD block of the 

replicated SNPs (rs4709265, rs4709167 and rs3817767) was reported as a strong and 

weak enhancer region. The rs2981977 and rs3010556 regions were reported as weak 

enhancers of TTLL2 in HepG2 cells. A genome-wide association of methylation study 

reported that rs3010556 is significantly associated with the CpG (cg13033054) site 

in a trans manner. Rs877653 is located on third exon of TTLL2 as a synonymous 

variant. 

UNC93A and UNC93B1 are human homologues to the Caenorhabditis 

elegans (C. elegans) UNC93 gene. In C. elegans, unc-93 is one of five genes in an 

interacting set (unc-93, sup-9, sup-10, sup-11 and sup-18) involved in the contraction 

and coordination of muscle. Mutations in these genes produce the characteristic 

"rubber-band" phenotype in worms [31]. Little is known about the molecular function 

of human UNC93A. Human UNC93B1, however, has been identified to be related to 

left ventricular diastolic function, heart failure morbidity and mortality [32]. FEV1 is 

determined by the airway obstruction and reflects the degree of airway obstruction in 

obstructive lung diseases such as asthma and COPD. Asthma is a chronic 

inflammatory airway disease characterized pathologically by airway smooth muscle 

hypertrophy and contractility dysfunction. Because of the association between 

UNC93 and muscle contraction, we posited that UNC93 gene function might 
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influence smooth muscle function in the airway. Moreover, murine UNC93B has been 

identified as a novel component of the innate and the adaptive immune response [33]. 

Asthma has also been regarded as an inflammatory disease mediated by immunologic 

T helper type 2 (Th2) lymphocytes and UNC93 is thought to affect this immunologic 

balance. Therefore, SNPs in UNC93 could be affecting pulmonary function by 

negatively influencing smooth muscle contraction and/or immunologic responses in 

COPD and asthma. The significant SNPs identified by the discovery and replication 

studies were located on different LD blocks. Each SNP in UNC93A might also have 

a separate effect on the FEV1 phenotype, so this gene by itself might be influencing 

pulmonary function in the general population. 

Another candidate gene, TTLL2 (Tubulin tyrosine ligase-like family, 

member 2), is thought to be related with tubulin glutamylase, which forms 

polyglutamate side chains on tubulin in airway epithelial cilia [34]. Previous studies 

have showed that TTLL1 depletion resulted in a loss of tubulin glutamylation and 

disrupted the beating of airway cilia. Moreover TTLL1 deficiency resulted in 

chronic sinusitis and abnormal development of spermatid flagella in mice [35]. 

From these previous results we postulated that TTLL2 might be able to affect ciliary 

movement in the lung. The consequences of impaired ciliary function are abnormal 

mucus clearance from the airways and increased respiratory infection consistent 

with a condition such as COPD or asthma. TTLL2 is located right next to the 

UNC93A gene, and the two genes are in the same LD block. Therefore, functional 

studies will be required to identify whether one or both of these genes influence 

pulmonary function. 
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In addition, we discovered TMEM132C as a novel candidate gene for FEV1 

and pulmonary function. On chromosome 12, the SNP in the TMEM132C gene 

showed the highest association (rs12582875, P = 2.17 × 10-6) with FEV1 phenotype 

in the Mongolian population. We checked the regulatory chromatin states using 

HaploReg v3. However, no functional relevance was found in the region of the 

TMEM132C SNPs. 

The molecular function of TMEM132C has not yet been identified. 

TMEM132C is a subfamily of TMEM132 gene family, which has 5 subtypes 

(TMEM132A - E). TMEM132B is located on chromosome 12q24.31, TMEM132C and 

TMEM132D are tandemly located on chromosome 12q24.32 – 12q24.33. 

Chromosome 12 terminus region (12q24.3) is a suggestive candidate locus for asthma 

and spirometric indices. Studies in a various populations have reported association 

between 12q24.3 regions and asthma [36-38]. Recently, rs2030436 in the 

TMEM132D gene was reported to have association with lung function decline in a 

mild COPD genome-wide study [39]. Suggesting the relationship between pulmonary 

function and the TMEM132 family, we concluded that TMEM132C gene would be a 

novel candidate gene of the pulmonary function. 

Three other candidate regions from the discovery stage were tested for 

replication. However, we could not find any association in Korean population, and 

we suspect this may be a result of ethnic differences between the two populations. 

There were several limitations of this study. First, we performed SNP 

specific replication test using imputed genotype data, but discovery associated SNPs 

were not replicated in the Korean population. These SNPs showed a different allele 
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frequency between the discovery and replication populations, which suggests the 

possibility of different genetic architecture. For this reason, we conducted a locus 

specific replication test [40]. Second, FVC was not evaluated in our study. Because 

we allowed the expiratory maneuver to last at least 3 seconds for a more accurate 

FEV1 measurement, full FVC efforts lasting at least 6 seconds could not be 

examined [23]. Third, the sample size of the discovery stage is rather small in 

compared to other genome-wide association studies. Therefore, we used genome-

wide suggestive P value instead of a Bonferroni adjustment. 

However, several unique values in our study design might enable us to 

detect candidate results. First, we used large extended families in rural isolated 

population, which has several advantages in genetic studies. An isolated population 

is suitable for genetic research because it can minimize the environmental 

component of phenotype and has restricted genetic heterogeneity [41]. Furthermore, 

extended multi-generation families with a small number of founders are known to 

increase genetic power [42]. Second, the replication of the results in two different 

ethnic groups in Asia may provide quite solid evidence of association for pulmonary 

function. As described above, most of genetic studies for pulmonary function were 

focused on Caucasian populations but not on Asian populations. The only exception 

was very recent report on the association of 6p21 region with pulmonary function in 

Korea [43]. The difference between their results and ours might be due to the 

different study design (general population vs large extended family) and ethnic 

group (Korean vs Mongolian) in the discovery phase. Although Mongolia and 

Korea are located in Northeast Asia, the geographical residences of these two 
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populations are separated by approximately 1,700 Km. Moreover, Mongolian 

lifestyle and dietary patterns are based on nomadic culture, and Koreans have had 

an agricultural lifestyle for thousands of years. 

In conclusion, our study focused on discovering genetic determinant of 

pulmonary function in two Northeast Asian populations. We found novel candidate 

genes (UNC93A, TTLL2 and TMEM132C) in two regions which had been reported to 

show linkage and/or association with pulmonary function in Caucasians. Our result 

can be used for further functional studies of pulmonary function and provide more 

insight into genetic factors of pulmonary function in the general population. 
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CHAPTOR 2 

 

Genetic association of APOA5 and APOE with 

metabolic syndrome and their interaction with 

health-related behavior in Korean men   
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INTRODUCTION 

 

According to a World Health Organization report, cardiovascular diseases 

were the cause of 30% of all deaths globally in 2008 and the number of deaths is 

constantly increasing [44]. Metabolic syndrome (MetS) is a cluster of health 

conditions, which are related to insulin resistance, and strongly associated with the 

incidence of cardiovascular diseases and mortality [45]. The age-adjusted prevalence 

of MetS in Koreans was reported as 31.3% [46], and increasing incidence and 

prevalence of MetS are among the main causes of increasing cardiovascular mortality 

[47, 48], with a population-attributable fraction of MetS for cardiovascular disease of 

12%–17% [49]. Thus, MetS is one of the most important current public health 

problems in Korea. 

MetS is caused by multiple genetic and environmental risk factors, and an 

interaction between the factors has been widely postulated. Among the environmental 

factors, lifestyle factors such as a caloric excess diet and a sedentary lifestyle are 

important risk factors for MetS [50]. However, there is also evidence of the role of 

heredity for risk of MetS. Large proportion of variance of MetS components were 

associated with narrow-sense heritability explained by common SNPs (46 % for waist 

hip ratio, 30 % for glucose metabolism, 34 % for triglyceride, 25 % for HDL and 80 % 

for SBP) [51]. 

Genome-wide association studies (GWASs) have been used extensively to 

identify common genetic variants linked to MetS. Most of these variants were located 
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in the genes involved in lipid metabolism (PPARG rs1801281, APOA5 rs662799, 

APOC3 rs2854117, CETP rs708272, GNB3 rs5433, and APOE rs7412) [52]. Some 

of these single nucleotide polymorphisms (SNPs) were also associated with weight 

regulation, glucose metabolism, and blood pressure. In addition, FTO rs9939609 was 

associated with weight regulation, and TCF7L2 rs7903146 was involved in glucose 

metabolism [52]. 

However, most previous studies were conducted mainly in western 

populations. Few studies have been conducted in Asian populations of the association 

between MetS and its components, and specific loci. To our knowledge, no study has 

been conducted to evaluate the association between various genetic variants and MetS 

in Koreans. Furthermore, the interplay between health-related behaviors as 

environmental factors and genetic factors has not been fully evaluated in previous 

association studies. Thus, this study aimed to evaluate the association between 

previously studied SNPs and MetS, and the interaction between health-related 

behaviors and SNPs in Korean men. We hypothesized that genetic variants which 

were known to be related to MetS or its components in other population would be 

associated with MetS in Koreans, and this association would be modified by health-

related behaviors. 
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MATERIAL AND METHODS 

 

Study design and population 

 

We conducted a cross-sectional study designed to evaluate the association 

between genetic variants and biological markers such as anthropometric 

measurement, visceral fat, MetS components. The participants in this study were male 

patients who visited the Health Promotion Center and Healthcare System Gangnam 

Center at Seoul National University Hospital from December 2009 to December 2013 

(Table 6). 

Patients visited the center to undergo a periodic health checkup and every 

patient met a physician before the health checkup. They completed a self-

administered questionnaire, which included questions on health-related behaviors. 

Participants were informed about the study before their health checkup, and asked to 

participate. Written informed consent was obtained by their physician. 

Every single male patient under 60 years who visited the centers for regular 

health checkup and received abdominal computed tomography in the period was 

asked to participate in this study. Patients were excluded from study when they did 

not agree to participate in this study, had thyroid functional diseases, took medication 

or treatment regarding weight control, diabetes mellitus or psychiatric diseases, 

experienced weight change over 10 % of their weight for last 3 months, or had 

comorbidity such as diabetes mellitus, coronary heart diseases, cerebrovascular 



 

33 

 

 

diseases and cancers except skin cancers.  

Totally 1563 patients agreed to participate in this study and we obtained 

informed consent from these patients. Among them, 54 patients were excluded from 

analysis. Twenty six patients were excluded because it was found that they were over 

60 years, 20 patients were excluded because of medication history or comorbidities, 

7 patients were excluded because of duplication. In addition, we excluded 317 

patients who took medication for hypertension or hypercholesterolemia. Finally 1193 

patients were included in analysis. 

Anthropometric measurements and laboratory tests were conducted as part 

of a general health checkup, and genomic DNA was extracted from peripheral blood 

leukocytes of all participants using the QuickGene DNA whole-blood kit with 

QuickGene-610 L equipment (Fujifilm, Tokyo, Japan), according to standard 

protocols. The study protocol was approved by the Institutional Review Board 

(approval number, H-0911-010-299) of the Seoul National University Hospital, 

Korea. 
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Table 6. Characteristics of study subjects. 

Characteristics 

Case with MetS Control 

P-value Mean ± SD or 

Number (%) 

Mean ± SD or 

Number (%) 

Total Number 254 939  

Age (years) 47.55 ± 6.56 47.92 ± 6.99 0.454 

BMI (kg/m2) 26.43 ± 2.49 23.72 ± 2.43 < 0.001 
    

MetS components    

WC (cm) 94. 23 ± 6.38 85.92 ± 6.88 < 0.001 

HDL cholesterol (mg/dL) 44.09 ± 11.60 52.29 ± 11.49 < 0.001 

Triglyceride (mg/dL) 209. 16 ± 90.55 107.31 ± 57.42 < 0.001 

Fasting glucose (mg/dL) 105.87 ± 22.08 90.60 ± 12.99 < 0.001 

SBP (mmHg) 131.22 ± 13.08 120.95 ± 13.55 < 0.001 

DBP (mmHg) 83.90 ± 10.38 76.50 ± 9.85 < 0.001 
    

Health behaviors    

Smoking   0.017 

Non smoker 46 (18.1%) 217 (23.1%)  

Former smoker 92 (36.2%) 367 (39.1%)  

Current smoker 116 (45.7%) 355 (37.8%)  
    

Drinking   0.002 

Non drinker 39 (15.4%) 176 (18.7%)  

Light drinker 85 (33.5%) 373 (39.7%)  

Moderate drinker 40 (15.7%) 157 (16.7%)  

Heavy drinker 90 (35.4%) 233 (24.8%)  
    

Physical activity category   0.295 

Low level 109 (44.9%) 379 (41.3%)  

Moderate level 87 (35.8%) 341 (37.1%)  

High level 47 (19.3%) 198 (21.6%)  

 

BMI, body mass index; MetS, Metabolic syndrome; WC, waist circumference; HDL, High 

density lipoprotein; SBP, Systolic Blood pressure; DBP, Diastolic blood pressure; SD, 

standard deviation 
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Phenotype measurement 

 

Eligible participants completed a questionnaire designed for clinical 

purposes, which included the following questions: (a) demographic details (sex, age, 

household income, education, and marital status); (b) comorbidities and medication 

for conditions including hypertension, diabetes mellitus, and hypercholesterolemia; 

and (c) health-related behavior (cigarette smoking, alcohol drinking, and physical 

activity). 

Body weight and height were measured with light clothing and no shoes. 

Body mass index (BMI) was calculated as body weight (in kg) divided by the square 

of height (in m2). Waist circumference was measured from the narrowest point 

between the lowest point of the rib and the highest point of the iliac crest. Blood 

pressure (BP) was measured in a sitting position at least 5-min rest period. The second 

and third systolic and diastolic blood pressure were averaged for this analysis. Blood 

sample was taken in the morning with at least 8 h of fasting state. All blood samples 

were taken on the same day. 

A consensus definition of MetS for clinical diagnosis was proposed by 

International Diabetes Federation Task Force in 2009 [53], and we used this definition. 

According to the definition, MetS could be diagnosed if patients had three or more of 

the following five MetS features: increased waist circumference, in which we used 

the Korean obesity criterion ( 90 cm) in place of the original criterion ( 94 cm) [54]; 
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low levels of HDL cholesterol (< 40 mg/dL); elevated levels of TG ( 150 mg/dL); 

elevated blood pressure ( 130/85 mmHg); and elevated glucose levels ( 100 mg/dL). 

We excluded patients who took medication for hypertension, hypercholesterolemia, 

or diabetes mellitus. 

For health-related behavior, current cigarette smoking, problem alcohol 

drinking, and physical inactivity were defined as risky health-related behaviors. 

According to National Health Interview Survey, participants who had smoked more 

than 100 cigarettes in their lifetime, and smoked every day or on some days were 

defined as current smokers. Those who had smoked more than 100 cigarettes and 

stopped smoking were defined as ex-smokers.  

In line with definition of National Institute on Alcohol Abuse and 

Alcoholism, we defined moderate alcohol consumption as up to 2 drinks per day, 

where a drink was 14 g of alcohol. In addition we defined light drinkers as less than 

1 drink per day to examine dose-response relation. Therefore men who drank ≥196 g 

of alcohol per week were defined as heavy drinkers; men who drank ≥98 g but <196 

g of alcohol were defined as moderate drinkers; and men who drank <98 g were 

defined as light drinkers. 

Physical activity was measured as daily physical activity using the Korean 

version of the International Physical Activity Questionnaire-Short Form (IPAQ-SF), 

which was translated into Korean and validated [55]. Physical activity was 

categorized as low, moderate, or high using the IPAQ scoring protocol [56]. 
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SNP selection and genotyping 

 

A total of 17 SNPs with a MAF of less than 0.05 in the Asian HapMap 

(CHB+JPT) were selected to test associations with MetS and its components (Table 

7). Among selected SNPs, PPARG rs1801281, APOA5 rs662799, rs2266788 CETP 

rs708272, rs1800775 GNB3 rs5433, APOE rs769450, rs7412 FABP2 rs1799883, and 

ENPP1 rs1044498 are involved in lipid metabolism [52, 57-61]. Some of these SNPs 

are also involved in weight regulation, glucose metabolism, and blood pressure 

regulation. In addition, LMNA rs4641 is involved in insulin resistance and glucose 

metabolism [52,62]. LEPR rs1137101 is associated with circulatory leptin level, 

while ADIPOQ rs1501299, rs2241766, and rs266729 are associated with circulatory 

adiponectin [63]. ADRB2 rs1042714 and ADRB3 rs4994 are in genes that encode the 

-adrenoreceptor and mediate the action of catecholamines, respectively [64,65]. All 

SNPs were genotyped using TaqMan assays and a ViiA7 genotyping system (Applied 

Biosystems, Foster City, CA). To maintain the quality of the genotyping data, a 

genotyping call rate >95% and Hardy–Weinberg equilibrium P > 0.01 were 

considered. 
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Table 7. The list of selected SNPs. 

Gene SNP Chr Position 
MAF of 

Korean 

MAF of 

European 

HWE 

P-value 

Reference 

No. 

APOA5 rs2266788 11 116660686 0.216 0.091 0.9396 73 

APOA5 rs662799 11 116663707 0.293 0.083 0.2399 52 

APOE rs769450 19 45410444 0.202 0.412 0.2632 79 

APOE rs7412 19 45412079 0.057 0.063 1 52 

CETP rs1800775 16 56995236 0.453 0.512 1 60 

CETP rs708272 16 56996288 0.393 0.425 0.0849 52 

GNB3 rs5443 12 6954875 0.489 0.307 0.3030 52 

LEPR rs1137101 1 66058513 0.145 0.531 0.9177 63 

ADIPOQ rs1501299 3 186571123 0.307 0.279 0.5870 63 

ADIPOQ rs2241766 3 186570892 0.297 0.132 0.6214 63 

ADIPOQ rs266729 3 186559474 0.262 0.281 0.9469 63 

LMNA rs4641 1 156107534 0.233 0.225 0.4195 62 

ADRB2 rs1042714 5 148206473 0.091 0.410 0.2101 64 

ADRB3 rs4994 8 37823798 0.156 0.082 0.6262 65 

PPARGC1A rs8192678 4 23815662 0.434 0.361 0.4280 52 

FABP2 rs1799883 4 120241902 0.366 0.268 0.7361 57 

ENPP1 rs1044498 6 132172368 0.096 0.133 0.0356 58 

 

Chr, chromosome; SNP, single nucleotide polymorphism; MAF, minor allele frequency; HWE, 

Hardy-Weinberg equilibrium 
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Statistics 

 

We conducted the genetic association analysis between the chosen SNPs and 

MetS and its components via an additive model using PLINK software, version 1.07 

[66]. Logistic regression analysis was used to test the association between each SNP 

and MetS risk categorized groups, adjusted using two different methods (model 1: 

age and region of recruitment; model 2: age, region of recruitment, smoking, alcohol, 

and physical activity). A linear regression analysis was conducted to investigate the 

association between chosen SNPs and quantitative MetS risk phenotypes in the whole 

cohort, with adjustment for the same models. A Bonferroni-adjusted P < 0.0029 

(0.05/17 SNPs) was considered significant for the multiple test. For interaction 

analysis, TG level was compared between each genotype among same stratified 

health-related behaviors (Figs. 7 and 8) and between each stratified health-related 

behaviors among same genotype (Figs. 9 and 10) using a t-test. Demographic data 

arrangement and interaction with health-related behaviors were analyzed using IBM 

SPSS Statistics for Windows, version 20 (IBM Corp., Armonk, NY, USA). 
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RESULTS 

 

Population characteristics 
 

Descriptive characteristics of the 254 participants with MetS and 939 control 

participants included in this study are shown in Table 6. As expected, participants 

with MetS showed significantly increased risk levels for all of the MetS component 

variables (Waist circumference, high density lipoprotein, triglyceride, fasting glucose, 

systolic blood pressure and diastolic blood pressure) and BMI (P < 0.001). Of the 

health-related behaviors, participants with MetS showed higher exposure to smoking 

and drinking than controls, but their patterns of physical activity were similar. 
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Genetic associations 

 

A list of genotyped SNPs is provided in Table 7. The association of 18 SNPs 

with MetS and its components was tested using logistic regression analysis. After a 

basic adjustment (model 1), one SNP (rs662799) near APOA5 showed the most 

significant association with increased risk of elevated triglyceride (TG) levels (P = 

3.25  10-6), low levels of high-density lipoprotein (HDL) (P = 7.20  10-4), and MetS 

(P = 2.90  10-4). Another SNP (rs769450) in APOE showed significant association 

(P = 0.0015) with decreased levels of TG (Tables 8-10). 

After model 1 adjustments, linear regression analysis revealed that rs662799 of 

APOA5 was significantly associated with elevated TG levels (P = 1.27  10-6) and 

low levels of HDL (P = 4.22  10-4) (Table 11). APOE rs769450 was found to be 

marginally associated with decreased TG levels, but the association was not 

significant after Bonferroni adjustment. 

The significantly associated TG and HDL levels, and MetS prevalence are 

shown according to the genotype of rs662799 (Fig. 5) and rs769450 (Fig. 6). A 

significantly additive effect of rs662799 is shown for TG and HDL levels, and MetS 

prevalence, because it increased the risk of MetS. A marginal additive effect is shown 

for rs7694450 for decreased TG levels and MetS prevalence. 
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Table 8. The logistic regression results of significant SNPs for MetS and its components. 

Gene 

(Chr) 
SNP Chr Model 

Waist TG HDL BP Glucose MetS 

OR 
P- 

value 
OR 

P- 

value 
OR 

P- 

value 
OR 

P- 

value 
OR 

P- 

value 
OR 

P- 

value 

APOA5 rs662799 11 

Model 1a 0.971 0.7550 1.609 3.25E-06 1.510 7.20E-04 1.033 0.7379 1.042 0.7019 1.498 2.90E-04 

Model 2b 1.009 0.9247 1.726 2.65E-07 1.654 7.04E-05 1.016 0.8766 1.100 0.3927 1.603 3.96E-05 

APOE rs769450 19 

Model 1a 0.894 0.3091 0.674 0.0015 1.072 0.6235 0.869 0.2080 0.994 0.9630 0.759 0.0427 

Model 2b 0.893 0.3130 0.653 7.72E-04 1.016 0.9152 0.896 0.3316 0.979 0.8714 0.757 0.0448 

 

MetS components cut-off: Waist >90 Cm for men, TG > 150 mg/dL, HDL < 40 mg/dL, BP: SBP > 130 mmHg or DBP > 85 mmHg, Glucose > 100 mg/dL 
aModel 1: Adjusted for age and region of recruitment. bModel 2: Further adjusted for smoking, alcohol and physical activity. 

TG: Triglyceride HDL: High density lipoprotein, BP: Blood pressure, MetS: Metabolic syndrome. Bold indicates significance of Bonfferoni adjusted P-value 

(< 0.0027) 
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Table 9. The logistic regression results for MetS and its components (Model 1a). 

Gene 

(Chr) 
SNP Chr 

Waist TG HDL BP Glucose MetS 

OR 
P- 

value 
OR 

P- 

value 
OR 

P- 

value 
OR 

P- 

value 
OR 

P- 

value 
OR 

P- 

value 

APOA5 rs2266788 11 0.954 0.6544 1.365 0.0045 1.118 0.4063 1.165 0.1431 1.101 0.4065 1.381 0.0069 

APOA5 rs662799 11 0.971 0.7550 1.609 3.25E-06 1.510 7.20E-04 1.033 0.7379 1.042 0.7019 1.498 2.90E-04 

APOE rs769450 19 0.894 0.3091 0.674 0.0015 1.072 0.6235 0.869 0.2080 0.994 0.9630 0.759 0.0427 

APOE rs7412 19 1.099 0.6081 1.234 0.2782 0.879 0.6129 0.824 0.3132 0.865 0.4998 0.898 0.6362 

CETP rs1800775 16 1.016 0.8541 1.059 0.5310 1.244 0.0523 1.077 0.3881 0.987 0.8921 1.023 0.8262 

CETP rs708272 16 0.989 0.9037 0.894 0.2227 0.746 0.0109 0.871 0.1108 1.022 0.8232 0.963 0.7135 

GNB3 rs5443 12 0.858 0.0748 0.931 0.4390 1.066 0.5677 1.059 0.5047 1.134 0.1880 0.985 0.8838 

LEPR rs1137101 1 0.861 0.2333 0.882 0.3539 0.758 0.1120 1.053 0.6766 0.999 0.9967 0.822 0.2004 

ADIPOQ rs1501299 3 0.904 0.2759 0.972 0.7723 1.039 0.7519 0.892 0.2217 1.220 0.0518 1.074 0.5109 

ADIPOQ rs2241766 3 0.979 0.8158 0.846 0.0964 0.883 0.3144 0.973 0.7637 0.955 0.6601 0.893 0.3113 

ADIPOQ rs266729 3 1.105 0.2976 1.126 0.2456 1.124 0.3455 1.139 0.1756 1.038 0.7309 1.200 0.1037 

LMNA rs4641 1 1.054 0.6201 1.032 0.7802 0.951 0.7206 0.981 0.8585 1.310 0.0188 1.073 0.5716 

ADRB2 rs1042714 5 1.364 0.0434 0.833 0.2869 0.698 0.1093 1.229 0.1853 1.516 0.0119 1.107 0.5749 

ADRB3 rs4994 8 1.242 0.0652 1.096 0.4667 0.974 0.8685 1.235 0.0739 1.146 0.2970 1.268 0.0799 

PPARGC1A rs8192678 4 1.147 0.1214 1.025 0.7940 1.122 0.3169 0.938 0.4724 1.100 0.3368 1.099 0.3699 

FABP2 rs1799883 4 0.907 0.2842 1.099 0.3311 1.001 0.9959 0.791 0.0112 0.854 0.1257 0.966 0.7498 

ENPP1 rs1044498 6 1.159 0.2873 1.091 0.5525 1.449 0.0248 1.012 0.9327 1.015 0.9239 1.261 0.1447 

 

MetS components cut-off: Waist >90 Cm for men, TG > 150 mg/dL, HDL < 40 mg/dL, BP: SBP > 130 mmHg or DBP > 85 mmHg, Glucose > 100 mg/dL 
aModel 1: Adjusted for age and region of recruitment.  

TG: Triglyceride HDL: High density lipoprotein, BP: Blood pressure, MetS: Metabolic syndrome.  

Bold indicates significance of Bonfferoni adjusted P-value (< 0.0027)  
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Table 10. The logistic regression results for MetS and its components (Model 2a). 

Gene 

(Chr) 
SNP Chr 

Waist TG HDL BP Glucose MetS 

OR 
P- 

value 
OR 

P- 

value 
OR 

P- 

value 
OR 

P- 

value 
OR 

P- 

value 
OR 

P- 

value 

APOA5 rs2266788 11 0.978 0.8394 1.402 0.0027 1.22 0.1488 1.154 0.1826 1.161 0.2119 1.427 0.0036 

APOA5 rs662799 11 1.009 0.9247 1.726 2.65E-07 1.654 7.04E-05 1.016 0.8766 1.100 0.3927 1.603 3.96E-05 

APOE rs769450 19 0.893 0.3130 0.653 7.72E-04 1.016 0.9152 0.896 0.3316 0.979 0.8714 0.757 0.0448 

APOE rs7412 19 1.096 0.6252 1.294 0.1929 0.9377 0.8030 0.793 0.2402 0.879 0.5609 0.943 0.7996 

CETP rs1800775 16 1.023 0.7928 1.041 0.6691 1.279 0.0358 1.094 0.3075 0.978 0.8199 1.018 0.8660 

CETP rs708272 16 0.994 0.9434 0.908 0.3052 0.7085 0.0044 0.867 0.1064 1.049 0.6242 0.969 0.7623 

GNB3 rs5443 12 0.857 0.0781 0.934 0.4683 1.057 0.6366 1.063 0.4860 1.147 0.1663 0.973 0.7962 

LEPR rs1137101 1 0.873 0.2874 0.880 0.3571 0.7438 0.1015 1.027 0.8336 0.986 0.9190 0.805 0.1692 

ADIPOQ rs1501299 3 0.899 0.2602 0.953 0.6391 1.048 0.7062 0.899 0.2723 1.225 0.0553 1.082 0.4782 

ADIPOQ rs2241766 3 1.008 0.9351 0.871 0.1813 0.8677 0.2684 1.001 0.9905 0.960 0.7062 0.913 0.4236 

ADIPOQ rs266729 3 1.075 0.4597 1.081 0.4581 1.102 0.4494 1.129 0.2163 1.037 0.7410 1.162 0.1876 

LMNA rs4641 1 1.085 0.4471 1.061 0.6076 0.9716 0.8437 0.984 0.8836 1.275 0.0410 1.108 0.4189 

ADRB2 rs1042714 5 1.378 0.0396 0.854 0.3640 0.7889 0.2942 1.161 0.3447 1.492 0.0184 1.139 0.4777 

ADRB3 rs4994 8 1.270 0.0472 1.103 0.4517 0.9787 0.8946 1.234 0.0831 1.134 0.3567 1.281 0.0765 

PPARGC1A rs8192678 4 1.136 0.1565 1.011 0.9091 1.14 0.2716 0.922 0.3712 1.079 0.4543 1.076 0.4949 

FABP2 rs1799883 4 0.932 0.4461 1.122 0.2472 1.035 0.7788 0.799 0.0177 0.833 0.0869 0.989 0.9186 

ENPP1 rs1044498 6 1.146 0.3422 1.131 0.4244 1.407 0.05228 1.031 0.8335 1.033 0.8419 1.278 0.1366 

 

MetS components cut-off: Waist >90 Cm for men, TG > 150 mg/dL, HDL < 40 mg/dL, BP: SBP > 130 mmHg or DBP > 85 mmHg, Glucose > 100 mg/dL 
aModel 2: Adjusted for age, region of recruitment, smoking, alcohol and physical activity.  

TG: Triglyceride HDL: High density lipoprotein, BP: Blood pressure, MetS: Metabolic syndrome. 

Bold indicates significance of Bonfferoni adjusted P-value (< 0.0027) 
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Table 11. The linear regression results of significant SNPs for quantitative trait of MetS components. 

Gene 

(Chr) 
SNP Chr Model 

Waist TG HDL SBP DBP Glucose 

BETA 
P- 

value 
BETA 

P- 

value 
BETA 

P- 

value 
BETA 

P- 

value 
BETA 

P- 

value 
BETA 

P- 

value 

APOA5 rs662799 11 

Model 1a -0.141 0.6882 19.550 1.27E-06 -1.952 4.22E-04 0.633 0.3097 0.237 0.6219 0.428 0.5795 

Model 2b 0.205 0.6725 21.550 8.39E-08 -2.031 2.35E-04 0.534 0.3965 0.205 0.6725 0.701 0.3659 

APOE rs769450 19 

Model 1a -0.279 0.4849 -12.660 0.0060 0.471 0.4542 -0.856 0.2272 -0.506 0.3556 1.315 0.1331 

Model 2b -0.425 0.4383 -13.030 0.0043 0.729 0.2427 -0.707 0.3205 -0.425 0.4383 1.013 0.2459 

 

TG: Triglyceride HDL: High density lipoprotein, SBP: Systolic Blood pressure, DBP: Diastolic blood pressure 
aModel 1: Adjusted for age and region of recruitment. bModel 2: Further adjusted for smoking, alcohol and physical activity. 

Bold indicates significance of Bonfferoni adjusted P-value (< 0.0027) 
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Figure 5. The additive effect of rs662799. TG, HDL level, and MetS prevalence according 

to the rs662799 genotype. P was adjusted for age and region of recruitment. HDL: high density 

lipoprotein, TG: triglyceride. 
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Figure 6. The additive effect of rs769450. TG, HDL level, and MetS prevalence according 

to the rs769450 genotype. P was adjusted for age and region of recruitment. HDL: high density 

lipoprotein, TG: triglyceride. 
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Health-related behavior and genotype-stratified analysis 

 

We conducted a multivariate regression analysis with two adjustment 

models (model 1: age and region of recruitment; model 2: age, region of recruitment, 

smoking, alcohol and physical activity). We obtained a more significant result after 

health-related behaviors were included in the adjustment (model2) (Table 8). All 

health-related behaviors were significantly associated with TG levels. We analyzed 

the relationship between the two SNPs significantly associated with TG levels within 

stratified levels of health-related behaviors (Figs. 7-10). We compared TG levels 

between major homozygous genotype vs the sum of heterozygous and minor 

homozygous genotypes, because of the lower number of minor homozygous 

genotypes. 
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Smoking status and genotype interaction 

 

First, participants were stratified according to their smoking status. 

Regarding rs662799, the group with the risk allele (AG and GG genotypes) showed 

higher levels of TG than the reference (AA genotype) group did at all levels of 

smoking, especially for ex-smokers (P = 0.0004) and current smokers (P = 0.0041) 

(Figs. 7 and 9). However, we could not find any interaction between smoking and 

the rs662799 genotype. Regarding rs769450, the AA and AG genotype showed a 

protective effect by decreasing the TG levels compare with the reference (GG 

genotype) for all smoking exposure; however, only ex-smokers showed significantly 

different levels of TG (P = 0.023), and a specific interaction between smoking and 

rs769450 was not found (Figs. 8 and 10). 
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Alcohol and genotype interaction 

 

Second, participants were stratified by level of exposure to alcohol. 

Regarding rs662799, AG and GG genotype showed higher TG levels compare with 

the reference (AA genotype), except in moderate drinkers. The reference group (AA 

genotype) exhibited lower TG levels in non- and light drinker, whereas TG levels 

were dramatically increased in moderate drinkers. The group with risk allele (AG and 

GG genotype) showed similar TG levels in non-, light, and moderate drinkers, 

whereas TG levels were increased in heavy drinkers. Regarding rs769450, TG levels 

were decreased in non-, light and moderate drinkers in the group with the AA and AG 

genotype, in contrast to participants in the group with the reference (GG genotype). 

Consequentially, in moderate drinkers, significantly different (P = 4.72  10-5) levels 

of TG were found according to the rs769450 variant. 
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Physical activity and genotype interaction 

 

Third, we evaluated the differences in TG levels according to the genotype 

and stratified physical activity. Regarding rs662799, participants in the group that 

carried the AG and GG genotypes had significantly higher TG levels compared with 

those with reference (AA genotype) in the low (P = 0.0006) and moderate (P = 0.0011) 

physical activity group. However, individuals with the AG and GG genotypes and 

high levels of physical activity showed dramatically decreased levels of TG. 

Regarding rs769450, participants with low physical activity in the group that carried 

the AA and AG genotypes showed similar TG levels compare with those of reference 

(GG genotype). However, a more pronounced decrease in the levels of TG were found 

in the group with the AA and AG genotypes in cases with increased levels of physical 

activity (P = 0.027 and 0.013, moderate and high physical activity, respectively).  
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Figure 7. Rs662799 and their interaction with health-related behaviors. TG levels in 

participants with rs662799 genotype associated with stratified levels of smoking, drinking, 

and physical activity. Asterisks indicate the significance of the differences in TG levels 

between each genotype (*P < 0.05, **P < 0.01, and ***P < 0.001). All error bars represent 

standard errors. Stratified drinking cutoff levels, alcohol (g)/week: nondrinker = 0; light 

drinker <98 g; moderate drinker >98 g but <196 g; and heavy drinker 196 g. PA: physical 

activity, TG: triglyceride. 
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Figure 8. Rs769450 and their interaction with health-related behaviors. TG levels in 

participants with rs769450 genotype associated with stratified levels of smoking, drinking, 

and physical activity. Asterisks indicate the significance of the differences in TG levels 

between each genotype (*P < 0.05, **P < 0.01, and ***P < 0.001). All error bars represent 

standard errors. Stratified drinking cutoff levels, alcohol (g)/week: nondrinker = 0; light 

drinker <98 g; moderate drinker >98 g but <196 g; and heavy drinker 196 g. PA: physical 

activity, TG: triglyceride. 
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Figure 9. TG level difference between rs662799 genotype and health behaviors. The 

comparison of TG level difference between the stratified smoking, drinking and physical 

activity in rs662799 genotype. Asterisk indicates the difference of TG level in each 

categorized health behaviors according to the significance (*P-value < 0.05, **P-value < 0.01, 

***P-value <0.001); All error bars represent standard error. Categorized drinking stage cut-

offs, alcohol(g) / week: Non drinker = 0, light drinker < 98g, moderate drinker < 196g, heavy 

drinker was not shown. PA : Physical Activity 
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Figure 10. TG level difference between rs769450 genotype and health behaviors. The 

comparison of TG level difference between the stratified smoking, drinking and physical 

activity in rs769450 genotype. Asterisk indicates the difference of TG level in each 

categorized health behaviors according to the significance (*P-value < 0.05, **P-value < 0.01, 

***P-value <0.001); All error bars represent standard error. Categorized drinking stage cut-

offs, alcohol(g) / week: Non drinker = 0, light drinker < 98g, moderate drinker < 196g, heavy 

drinker was not shown. PA : Physical Activity 
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DISCUSSION 

 

We have demonstrated that SNPs in APOA5 and APOE were significantly 

associated with MetS and its components in the Korean men who participated in this 

study. We also evaluated the interaction between these SNPs and health-related 

behaviors affecting the levels of TG. 

Generally, SNPs of APOA5 are associated with dyslipidemia, which is a 

component of MetS [52, 67]. Four common SNPs (rs662799, rs2266788, rs3135506, 

and rs2072560) verified in the APOA5 gene, are associated with increased TG levels 

[68]. Among these SNPs, rs662799 is located in the promotor region of APOA5 gene, 

which is strongly associated with elevated TG levels, and confers risk for MetS and 

stroke [69, 70]. In Koreans, there is an association between rs662799, a risk of MetS, 

and increased susceptibility to diabetes mellitus [71, 72]. 

In this study, we found that rs662799, which is located near APOA5, was 

significantly associated with levels of TG, HDL, and the prevalence of MetS in 

Korean men (Table 6). The minor allele frequency (MAF) of rs662799 was 0.293, 

which is similar to that in Koreans (0.302) and Chinese (0.284 and 0.304), but higher 

than the frequency in reported Europeans (0.095) [71, 73, 74]. A study of Koreans 

[71] showed that, among the MetS components, TG and HDL were equally 

significantly associated with rs662799, with a weak association (P = 0.015; odds ratio 

[OR], 1.285) between MetS and rs662799 in men. However, we found more 

significant association (P = 2.9  10-4; OR, 1.498; model 1) between MetS and 
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rs662799 in men (Table 8). 

The APOA5 3-UTR variant, rs2266788, is associated with plasma TG levels 

through downregulation of APOA5 [59]. In the present study, the APOA5 SNP, 

rs2266788, showed marginal association with TG and MetS. After multiple testing 

correction, this SNP was found to be significantly associated with TG, but only in 

adjustment model2 (Tables 9 and 10). 

APOE functions in the catabolism of chylomicron remnants and very low-

density lipoprotein from plasma. Two common SNPs located in APOE exon 4 

(rs429358 and rs7412) encode three APOE isoforms (E2, E3, and E4). These isoforms 

have been studied extensively and found to contribute to MetS, cardiovascular disease, 

hypertriglyceridemia, and ischemic stroke [75-79]. However, other common variants 

have not yet been sufficiently explored. The common APOE intron SNP, rs769450, 

was associated with low-density lipoprotein in Europeans-Americans and African-

Americans [61]. To our knowledge, the association between rs769450 and MetS or 

TG levels has not been reported. 

In the present study, we found that rs769450 of APOE is significantly 

associated with TG levels. A protective effect was shown for rs769450, not only for 

TG levels, but also marginally for MetS (Fig. 6). The MAF of rs769450 was 0.202 

and lower than the frequency in Europeans (0.437) [80]. A number of studies of 

APOE have focused on two common SNPs (rs429358 and rs7412) on exon 4, which 

make three APOE isoforms. These three APOE isoforms show a significant 

association with TG levels and MetS in various populations. In a Japanese study of 

1,788 participants, rs7412 was found to be associated with MetS [81]. However, we 
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could not find any significant association between rs7412 and MetS (P = 0.6362) or 

TG level (P = 0.2782).  

Although it seemed that there was no interaction between cigarette smoking 

and APOA5 rs662799 and APOE rs769450, we found interactions between the 

genotypes and alcohol drinking and physical activity that affected TG levels. The 

difference between TG levels was narrowed for participants with APOA5 rs662799, 

but widened for APOE rs769450 in moderate drinkers, and participants with high 

levels of physical activity. 

Regarding rs662799, participants in the group with the AG and GG 

genotypes had similar levels of TG whether they were non-, light, or moderate 

drinkers. However, moderate drinkers in the group with the AA genotype showed 

significantly increased levels of TG (Fig. 7). The difference in TG level between 

participants with different SNPs was insignificant for moderate drinkers. We 

observed that the levels of TG were dramatically decreased in participants in the 

group with the AG and GG genotypes of rs662799 and high levels of physical activity. 

Regarding rs769450, the AA and AG genotypes had a protective effect in 

non-, light, and moderate drinkers, who showed marginally decreased TG levels. 

High levels of physical activity had more benefit in decreasing TG levels in 

participants with the AA and AG genotypes than in those without them. This finding 

regarding physical activity is consistent with clinical guidelines, which recommend 

physical activity to reduce cardiovascular diseases, and indicate that high levels of 

physical activity should be emphasized in general. We found that variants of rs769450 

had more benefit in decreasing TG levels in those participants who drank moderately 
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and had high levels of physical activity, than in those without this variant. 

Although moderate drinking and high physical activity could be 

recommended in general, we can assume that these behaviors are of greater benefit 

in people with specific genotypes. In this study, participants with variant SNPs of 

APOA5 and APOE showed a greater decrease in TG levels when they exhibited these 

behaviors. Therefore, tailored consultation for health-related behaviors should be 

considered if genetic information is available in clinical situations. 

Together, our findings show that rs667799 and rs769450 are significantly 

associated with elevated or decreased levels of TG, respectively, and MetS in Korean 

men. In Koreans, the MAF of the risk SNP (rs662799) is higher, and the MAF of the 

protective SNP (rs769450) is lower than in Europeans. Consequently, East Asians, 

including Koreans, are more exposed to the risk of MetS than Europeans. Thus, in 

Korean men, a tailored approach that addresses environmental factors is important in 

order to overcome the unfavorable genetic predisposition. 

Despite variants of APOA5 and APOE revealing an increase in the risk of 

MetS in Koreans, other SNPs that are associated with MetS in other populations were 

not shown to be significantly associated with MetS or its components in Koreans after 

multiple test correction. These findings suggest that susceptibility to MetS is different 

in various populations according to their genotypes. Therefore, effective strategies 

for the prevention and treatment of MetS may differ according to the genotype and 

environmental factors in each population. 

A limitation of this study was that we only tested the associations in men. 

According to the study design, we could not evaluate the same association in the 
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general population or only in women. Further studies with more participants, 

including women, are warranted to validate our results. Recall bias should also be 

considered, because data on health-related behavior were collected via a self-

administered questionnaire. In addition, we could not infer temporary relationship 

because this study was cross-sectional study, so that causality could not be confirmed. 

And other potential confounders related to MetS such as nutritional information 

including nutriceuticals, were not available, we could not include such variables in 

analysis. 

In conclusion, rs662799 of APOA5 and rs769450 of APOE were 

significantly associated with regulated TG levels and MetS in the Korean men we 

studied. These SNPs appeared to interact with alcohol drinking and physical activity, 

thereby affecting TG levels. Because East Asians, including Koreans, more 

frequently have these risk SNPs than Europeans, strategies for the prevention of MetS 

and its treatment should be tailored to personal genotype and health-related behaviors. 
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CHAPTOR 3 

 

The Association study of human salivary amylase 

gene copy number variation and complex traits in 

Northeast Asian population   
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INTRODUCTION  

 

Copy number variations (CNVs) have recently been considered as 

important human genomic variant, which associated with phenotypic difference and 

disorder. The copy number of salivary amylase gene (AMY1) have shown to be 

related with ethnic difference of starch diet [82]. In a recent paper, Falchi and 

colleagues reported that low copy number of salivary amylase (AMY1) gene was 

associated with increased body mass index (BMI) and obesity risk [83]. However, 

this study has evoked a lot of controversy in many aspects. Firstly, it showed 

interesting but unexpected finding in evolutionary and biological aspects. During 

nearly whole course of human evolution, human had been constantly exposed to 

famine until recent industrialized period. The threat of starvation had driven human 

to store as much fat as possible from any excessive food to avoid starving to death 

[84]. In agricultural society, starch has been the main source of energy intake and 

amylase is essential for breaking down starch and facilitate its absorption. 

Therefore, high copy number of amylase gene has been thought to be beneficial for 

efficient energy intake leading to more fat storage. There are several supportive 

studies. One study showed populations with high-starch diet have significantly 

higher copy number of salivary amylase gene [82]. Other study demonstrated AMY1 

copy number of domesticated dogs compared to that of ancient wolves had 

substantially increased through generations for adaptation to starch rich diet [85]. 
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Therefore, positive or at least null association between AMY1 copy number and 

obesity rather than negative association shown by the study above would be more 

plausible and acceptable. Secondly, to see the effect of amylase copy number 

variation (CNV) on obesity, the target population should be high-starch diet 

population whose main energy source is starch rather than protein or fat, so that we 

can clearly see the primary effect of AMY1 CNV on obesity by minimizing energy 

intake bias from protein and fat. Main subjects of the above study were Caucasians 

who had historically diverse living styles such as agriculture, hunting and 

pastoralism. Thirdly, they used BMI as an index of adiposity. BMI is well known 

for its inaccuracy to distinguish lean from fat body mass [86]. Quantitative 

measurement of central adiposity by computed tomography (CT) has been found to 

be the most reliable and accurate method for regional fat assessment and research 

on the obesity-related problems [87]. From this reason, further well-designed 

studies which fully address above-mentioned requirements are needed to clarity the 

real association between AMY1 CNV and fat storage amount. 
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MATERIAL AND METHODS 

 

Study subjects of SNUH-HPC 

 

Eligible subjects were generally healthy 30 to 60 years old Korean men (49.2 

± 7.1 years) who underwent routine comprehensive health check-ups at Seoul 

National University Hospital Health Promotion Center (SNUH-HPC) from 

December 2009 to November 2011. All the subjects were requested to complete 

structured self-questionnaire to get information about past and current medical 

conditions, medications, operations, recent weight change, and life styles including 

alcohol consumption, smoking, and physical activities. A primary care physician 

conducted an in-depth interview with each participant to confirm self-completed 

questionnaire information and get more exact information about weigh change-

related medications, medical conditions, and operations. Subjects who were taking 

any medications that might affect body weight such as corticosteroids, antidiabetics, 

thyroid drugs, and weight-loss drugs were excluded. Subjects who had history of 

cancer or major illness such as coronary heart disease and stroke within one year were 

also excluded. Finally, 2,049 Subjects were included for blood sampling and 

genotyping. This study was approved by Seoul National University Hospital’s 

Institutional Review Board (Approval number, H-0911-010-299) and written 

informed consents were obtained from all participants.  
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Study subjects of GENDISCAN study 

 

As part of the GENDISCAN (GENe DIScovery for Complex traits in 

isolated large families of Asian of Northeast) study [20], a total of 1,328 and 2,008 

participants were recruited in Orkhontull (MNO) and Dashbalbar (MND) regions in 

Mongolia, from April in 2004 to June in 2006. MNO participants were composed of 

80.5% of Khalkh which is major ethnic of Mongolia. MND participants were 

composed of 88.7% of Buryat ethnics. For this study, we selected 400 and 411 

unrelated subjects, MNO and MND, respectively.  

As part of the GENDISCAN-KR, generally healthy 2,085 participants from 

716 families were recruited in Ansan city located on the west coast of South Korea, 

from August 2005 to July in 2008. For this study, we selected 1,039 unrelated subjects 

aged ≥ 25 years. 

 Questionnaires, anthropometric measurements data and blood samples 

were obtained as described in the previous study [88]. The study was approved by the 

Institutional Review Board of Seoul National University (Approval number, H-0307-

105-002). Written informed consents were obtained from all participants.  
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Study subjects of Japanese and Chinese 

 

Lymphoblastoid cell lines from 50 Chinese and 46 Japanese were obtained 

from the Coriell Institute (Coriell Cell Repositories, Camden, NJ).  

  



 

67 

 

 

 

Anthropometric measurement 

 

All the measurements were done in overnight fasting state. Weight, height, 

and waist circumference were measured by a trained examiner using standard 

protocol. BMI was calculated as weight in kilograms divided by the square of the 

height in meters (kg/m2). Visceral, subcutaneous, and total adiposities were estimated 

by abdominal CT scanning (Somatom Sensation 16 CT scanner, Siemens AG, 

Erlangen, Germany) using a single slice image at the umbilicus level measuring 5 

mm in thickness and the cross-sectional surface areas of the abdominal fat 

compartments were calculated using the Rapidia 2.8 CT software (Infinitt, Seoul, 

South Korea). CT measured adiposities were only conducted in SNUH-HPC cohort. 

The descriptive characteristics of the participants were shown in Table 12. 
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Table 12. Descriptive characteristics of the Korean participants. 

Cohort Total 
SNUH-HPC  GENDISCAN-KR 

Male  Male Female 

Number 3084 2049  422 613 

Age (years) 47.5 ± 8.7 49.2 ± 7.1  45.4 ± 10.5 43.6 ± 10.6 

AMY1  

copy number 
6.28 ± 2.88 6.27 ± 2.83  6.38 ± 2.92 6.22 ± 3.01 

BMI (kg/m2) 24.53 ± 2.90 24.68 ± 2.77  24.74 ± 2.89 23.84 ± 3.24 

WC (cm) 87.58 ± 8.10 88.47 ± 7.71  89.65 ± 6.91 83.16 ± 8.57 

VAT (cm2) 130.50 ± 53.34 130.50 ± 53.34  - - 

 

BMI: Body mass index, WC: Waist circumference, VAT: Visceral adipose tissue. 
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Copy number estimation 

 

In order to estimate the copy number of AMY1 gene, duplex quantitative 

polymerase chain reaction (qPCR) was performed on the Applied Biosystems 

7900HT instrument with primers and TaqMan probes (Applied Biosystems, CA, USA) 

specific for AMY1 (Hs07226362_cn) and the reference (RNaseP). The copy number 

values were estimated using CopyCaller v1.0 software (Applied Biosystems) by 

ΔΔCt method with the reference DNA sample NA18998 (Coriell Cell Repositories, 

Camden, NJ), which was reported to have 7 copies of AMY1 gene in the previous 

study [82]. 
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SNP genotyping and imputation 

 

Samples from SNUH-HPC cohort were genotyped using an Illunina 

HumanCore BeadChip kit (San Diego, CA). In order to minimize possible genotyping 

errors, SNPs were excluded by the criteria defined by Hardy-Weinberg equilibrium 

(P < 1×10-6), call rate (< 95%) and minor allele frequency (< 1%). After strand 

alignment with PLINK v1.07 and phasing with SHAPEIT2, we imputed the 

remaining 264,283 SNPs to the 1000 Genomes ASN Phase I reference panel 

(integrated variant set release in NCBI build 37, hg19) using IMPUTE2 software. For 

imputation quality control, only variants with Info Score < 0.9, Hardy-Weinberg 

equilibrium P < 1×10-6 or call rate < 95% were excluded. This resulted in a total of 

4,653,588 SNPs that were either genotyped or imputed with high confidence. 

We obtained the Japanese SNP genotyping data from Phase III International 

HapMap database consisted with 56 individuals. For this study, 108 SNPs within 

AMY1 region from 42 samples were included. 
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Linkage disequilibrium (LD) analysis in the AMY1 region 
 

Falchi et al. ascribed the failure in detection of association between 

adiposity and AMY1 region in SNP-based GWAS to the negligible LD between 

AMY1 CNV and nearby SNPs in TwinUK cohort. They estimated r2 between SNPs 

and AMY1 CNV using three different methods (CNV defined as estimated copy 

number, binary and quartile). We used the same three methods to estimate r2 

between SNPs and AMY1 CNV in Korean and Japanese populations, and showed 

the results in Supplementary Table 5 and Supplementary Figure 3. Unlike Falchi’s 

results, the SNPs of Korean and Japanese showed stronger correlation (r2 > 0.2) 

with the AMY1 copy number, which implied that genomic architectures might not 

be same in different ethnic groups. 
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RESULTS AND DISCUSSION 

 

In this study, we conducted a study to evaluate the association of AMY1 

CNV and obesity phenotypes in 3,084 Koreans and 811 Mongolians. Our study 

have nearly fully addressed previous study’s limitations. Firstly, we targeted 

Koreans, who have traditionally been based on an agricultural society, thereby 

predominantly have had high starch diet (65.6% of the total energy intake are 

carbohydrate; https://knhanes.cdc.go.kr) and are highly homogenous population 

[90]. Secondly, we adopted CT-measured central adiposity as an obesity index, 

which enabled us to see more accurate association between AMY1 CNV and fat 

storage amount.  

 

  



 

73 

 

 

 

Comparison of AMY1 copy number for each population 

 

We measured AMY1 copy number of Korean (N = 3,084), MNO (N = 

400), MND (N = 411) participants and additionally Japanese (N = 46) and Chinese 

(N = 50) of HapMap samples. We have presented estimated AMY1 copy number of 

other ethnicity from two previous studies [82, 83] along with our data (Figs. 11 and 

12). The AMY1copy number was similar among Korean, Chinese and Japanese 

whose staple food is rice. In Mongolian population, MNO showed similar copy 

number compare with those of Koreans. However, MND show significantly low 

copy number which was composed of 88.7% of Buryat ethnics. Buryat have 

geographical similarity with Yakut ethnic group which have been previously as 

reported low starch diet population with AMY1 low copy. Two European 

populations from Falchi’s study showed rather smaller AMY1 copy number than 

Perry’s European data, which implies heterogeneity of European population and/or 

existence of experimental differences. 
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Comparison of copy number estimation accuracy 

 

Among 46 Japanese HapMap samples used in current study, 40 samples 

were included in the previous study by Perry et al. [82]. For assuring the accuracy of 

our analysis, we compared AMY1 copy numbers of those 40 samples from our study 

with the result from the previous study. 11 samples showed the same copy number in 

both studies while 14 samples showed one copy difference and 15 samples showed 

two or more copy difference. The gaps between two studies shown in some samples 

might have arisen from experimental method. Perry et al. used general qPCR method 

while we used TaqMan duplex qPCR, which is known as the more accurate method 

for estimation of CNV [89]. The reference genes for normalization of qPCR result 

were also different; TP53 and RNaseP in Perry et al’s and our study, respectively. The 

difference was not statistically significant (Perry et al: 6.52 ± 2.12, this study: 6.57 ± 

3.30, paired t-test, P = 0.850). 
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Figure 11. Comparison of AMY1 copy number for each population in this study and 

previous reports. CHB ; China Beijing, JPT ; Japan Tokyo, KRAS : Korea Ansan and Sihwa 

(GENDISCAN-KR), KRFM : Korea family medicine (SNUH-HPC), EUR ; European-

American, TwinsUK ; U.K., DESIR ; French Data from the Epidemiological Study on the 

Insulin Resistance syndrome, Blue bar ; Perry et al., Green bar ; Falchi et al. All error bars 

represent standard error.  
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Figure 12. Comparison of average AMY1 copy number in East Asian population. 

  



 

77 

 

 

 

Association of AMY1 copy number with obesity in Korean 

population 

 

We investigated whether AMY1 CNV has any impact on fat storage level 

using three obesity indices; BMI, waist circumference (WC) and visceral adipose 

tissue (VAT) in Korean population (Table 12). Firstly, we saw if the increase of 

AMY1 copy number is associated with different obesity level in three obesity 

parameters (Figs. 13, 14 and Table 13). Contrary to Falchi’s report, BMI showed 

no significant association with AMY1 copy number. Actually all the obesity 

parameters showed increasing trend of AMY1 copy number in multivariate 

regression analysis. Secondly, we evaluated whether estimated copy number 

distribution is different between non-obese and obese group defined by BMI, WC 

and VAT (Figs. 15 and 16). Obese group showed marginally higher AMY1 copy 

number than that of non-obese group, but it was not significantly associated. The 

similar findings were observed even when different cut-off values were used for 

each obesity indices (Table 14). Thirdly, we classified AMY1 copy number group 

into quartiles and saw if obesity level was different between first (≤4) and fourth 

(≥8) quartile group (Fig. 17 and Table 15). The result showed not significant 

association, but high AMY1 copy number group showed increased levels of obesity 

defined by BMI, WC, total fat and VAT. Although we used more accurate obesity 

index from BMI to VAT, the positive association with AMY1 copy number was not 

became prominent.  
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Table 13. Association of estimate AMY1 copy number with obesity index 

in Korean population. 

 

Phenotype N (Male) Average β (SE) P-value 

BMI (kg/m2) 
3084 (2741) 24.53 ± 2.90 0.013 (0.018) 0.457* 

WC (cm) 
3084 (2741) 87.58 ± 8.10 0.029 (0.049) 0.558* 

VAT (cm2) 
2039 (2039) 130.50 ± 53.34 0.198 (0.414) 0.633** 

 

*Age, Sex adjusted. ** Age adjusted 

BMI: Body mass index, SE: Standard error, WC: Waist circumference, VAT: Visceral adipose 

tissue. 
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Table 14. Case-control analysis using various obesity cut-off in Korean population. 

Standard 
Case  Control 

β (SE) P-value OR (95% CI) 
Criterion N copy number  Criterion N copy number 

Korean 

BMI cut-off  
≥ 25kg/m2 1262 6.28 ± 2.85  <23kg/m2 919 6.27 ± 2.93 0.004 (0.015) 0.792* 

1.004 

(0.974 - 1.035) 

Singapore 

BMI cut-off  
≥ 28kg/m2 345 6.55 ± 2.91  <23kg/m2 919 6.27 ± 2.93 0.035 (0.021) 0.102* 

1.036  

(0.993 - 1.080) 

European 

BMI cut-off  
≥ 30kg/m2 76 6.43 ± 2.78  <25kg/m2 1797 6.26 ± 2.90 0.020 (0.032) 0.545* 

1.020 

 (0.957 - 1.087) 

Asian 

WC cut-off  

Male ≥ 90 cm, 

Female ≥ 85 cm 
938 6.26 ± 2.79  Male < 90 cm, 

Female < 85 cm 
1848 6.29 ± 2.94 -0.004 (0.013) 0.743* 

0.996 

 (0.971 - 1.021) 

Japanese 

VAT cut-off  
≥ 100 cm2 1454 6.30 ± 2.85  < 100 cm2 585 6.24 ± 2.78 0.007 (0.018) 0.707** 

1.007  

(0.973 - 1.042) 

Korean 

VAT cut-off  
≥ 103.8 cm2 845 6.32 ± 2.87  < 103.8 cm2 647 6.19 ± 2.74 0.015 (0.017) 0.382** 

1.015  

(0.982 - 1.050 

European 

VAT cut-off  
≥ 110 cm2 790 6.33 ± 2.86  < 110 cm2 746 6.20 ± 2.77 0.016 (0.017) 0.334** 

1.016  

(0.984 - 1.050) 

 

*Age, Sex adjusted. **Age adjusted.  

BMI: Body mass index, WC: Waist circumference, VAT: Visceral adipose tissue 
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Table 15. Comparison of obesity levels between extreme AMY1 copy 

number groups in Korean population. 

 

 Phenotype 

High copy group 

(AMY1 copy number ≥ 8) 
  

Low copy group 

(AMY1 copy number ≤ 4)  p-

value 

N Average  N Average 

BMI (kg/m2) 884 24.60 ± 2.98  1024 24.42 ± 2.89 0.240* 

WC (cm) 891 87.95 ± 8.09  1028 87.32 ± 8.28 0.135* 

Total Fat (cm2) 601 275.75 ± 97.14  681 273.73 ± 95.25 0.707** 

Visceral Fat 

(cm2) 
601 132.49 ± 53.60  681 130.83 ± 52.04 0.581** 

Subcutaneous 

 Fat (cm2) 
601 143.26 ± 56.24  681 142.91 ± 55.80 0.902** 

Visceral-

subcutaneous Fat 

Ratio 

601 0.970 ± 0.355  681 0.958 ± 0.350 0.534** 

 

*Age, Sex adjusted. **Age adjusted. BMI: Body mass index, WC: Waist circumference 
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Figure 13. Scatter plots for association of AMY1 copy number with obesity in Korean 

population. Scatter plots of qPCR intensity (ΔΔCt) against three obesity indices; BMI, waist 

circumference (WC) and visceral adipose tissue (VAT). NA18998 sample, which was 

previously reported 7 copies, was used as a reference. (For example, ΔΔCt value 0 means 7 

copies, 1 means 3.5 copies, and -1 means 14 copies.) 
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a                       b 

 

Figure 14. Effect of AMY1 copy number on BMI in Korean population. (a) Average AMY1 

Copy Number according to BMI categories. Korean BMI classification: Normal <22.99 kg/m2; 

Pre-obese, 23.00–24.99 kg/m2; Obesity class I, 25.00–26.99 kg/m2; Obesity class II, 27.00–

29.99 kg/m2; Obesity class III > 30.00 kg/m2. (b) BMI according to estimated AMY1 copy 

number. Estimated copy number greater than 13 were collapsed together into a single category. 

All error bars represent standard error. 
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Figure 15. AMY1 copy number distribution with obesity phenotypes in Korean 

population. AMY1 copy number distribution in normal and obesity group. The BMI obesity 

group was defined by BMI ≥ 25 Kg/m2, WC ≥ 90 cm in male and ≥ 85 cm in female, VAT ≥ 

103.8 Cm2. Estimated copy numbers greater than 13 were collapsed together into a single 

category. 
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Figure 16. Comparison of AMY1 ΔΔCt with obesity criteria in Korean population. Box 

plot of ΔΔCt in normal and obesity group according to BMI, WC and VAT criteria. The BMI 

obesity group was defined by BMI ≥ 25 Kg/m2, WC ≥ 90 cm in male and ≥ 85 cm in female, 

VAT ≥ 103.8 Cm2. 
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Figure 17. Comparison of obesity levels between extreme AMY1 copy number groups in 

Korean population. Comparison of BMI, WC and VAT levels between first (≤ 4) and fourth 

(≥ 8) quartile groups of AMY1 copy number. Error bars represent standard error. 
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Association of AMY1 copy number with obesity in Mongolian 

population 

 

We also investigated a same association test to evaluate the association of 

AMY1 CNV and obesity indexes in 811 Mongolians. Contrary to the results of Korean, 

decrease of AMY1 copy number was associated with obesity level (Figs. 18 and 19). 

Obese group defined by BMI and WC showed significantly lower AMY1 copy 

number (P-value: 0.019 and 0.030, respectively) than that of non-obese group (Figs. 

20, 21 and Table 16). We classified AMY1 copy number group into quartiles and saw 

if obesity level was different between first (≤4) and fourth (≥8) quartile group (Fig. 

22 and Table 17). The result was not significant, but low AMY1 copy number group 

showed increased levels of obesity defined by BMI, WC (P-value = 0.163 and 0.098, 

respectively). 
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Table 16. Case-control analysis using various obesity cut-off in Mongolia population. 

Standard 
Case  Control 

β (SE) P-value OR 
Criterion N copy number  Criterion N copy number 

Korean 

BMI cut-off  
≥ 25kg/m2 340 5.70 ± 2.96  <23kg/m2 295 6.15 ± 3.23 -0.048 (0.027) 0.074 0.953 

Singapore 

BMI cut-off  
≥ 28kg/m2 192 5.71 ± 3.05  <23kg/m2 295 6.15 ± 3.23 -0.047 (0.031) 0.133 0.954  

European 

BMI cut-off  
≥ 30kg/m2 105 5.55 ± 2.84  <25kg/m2 467 6.22 ± 3.22 -0.077 (0.039) 0.046 0.926 

Asian 

WC cut-off  

Male ≥ 90 cm, 

Female ≥ 85 cm 
223 5.61 ± 3.04  Male < 90 cm, 

Female < 85 cm 
583 6.15 ± 3.14 -0.060 (0.028) 0.032 0.942 

 

Age, Sex adjusted. BMI: Body mass index, WC: Waist circumference. 
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Table 17. Comparison of obesity levels between extreme AMY1 copy 

number groups in Mongolia population. 

 

 Phenotype 

High copy group 

(AMY1 copy number ≥ 8) 
  

Low copy group 

(AMY1 copy number ≤ 4)  p-

value 

N Average  N Average 

BMI (kg/m2) 207 24.73 ± 3.97  315 25.33 ± 4.56 0.163 

WC (cm) 207 80.40 ± 10.99  315 82.12 ± 12.23 0.098 

 

*Age, Sex adjusted. BMI: Body mass index, WC: Waist circumference 
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Figure 18. Scatter plots for association of AMY1 copy number with obesity in Mongolia 

population. Scatter plots of qPCR intensity (ΔΔCt) against three obesity indices; BMI and 

waist circumference (WC). NA18998 sample, which was previously reported 7 copies, was 

used as a reference. (For example, ΔΔCt value 0 means 7 copies, 1 means 3.5 copies, and -1 

means 14 copies.) 
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Figure 19. Effect of AMY1 copy number on BMI in Mongolia population. Average AMY1 

Copy Number according to BMI categories. BMI classification: Normal <22.99 kg/m2; Pre-

obese, 23.00–24.99 kg/m2; Obesity class I, 25.00–26.99 kg/m2; Obesity class II, 27.00–29.99 

kg/m2; Obesity class III > 30.00 kg/m2. BMI according to estimated AMY1 copy number. 

Estimated copy number greater than 13 were collapsed together into a single category. All 

error bars represent standard error. 
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Figure 20. AMY1 copy number distribution with BMI in Mongolia population. AMY1 

copy number distribution in normal and obesity group. The obesity group was defined by BMI 

≥ 25 Kg/m2. Estimated copy numbers greater than 13 were collapsed together into a single 

category. 
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Figure 21. Comparison of AMY1 ΔΔCt with obesity criteria in Mongolia population. Box 

plot of ΔΔCt in normal and obesity group according to BMI and WC criteria. The obesity was 

defined by BMI ≥ 25 Kg/m2, WC ≥ 90 cm in male and ≥ 85 cm in female. 
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Figure 22. Comparison of obesity levels between extreme AMY1 copy number groups in 

Mongolia population. Comparison of BMI, WC and VAT levels between first (≤ 4) and fourth 

(≥ 8) quartile groups of AMY1 copy number. Error bars represent standard error. 
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SNP-AMY1 copy number correlation 

 

Falchi group reported that there was no linkage disequilibrium (LD) 

between AMY1 CNV and neighboring single nucleotide polymorphisms (SNPs) in 

TwinUK cohort, which explained the discrepancy between their data and null 

findings in this region from SNP-based large scale genome wide association studies 

for obesity. We were able to find stronger SNP-CNV correlation in both Korean and 

Japanese populations than shown in TwinUK data from Falchi’s study (Fig. 23 and 

Table 18). These findings suggest that genomic architecture might be quite 

different among each ethnic groups. 

All above findings demonstrated that AMY1 copy number are not associated 

with obesity, but had weak and positive trend in Korean population. In Mongolian 

population, AMY1 copy number had weak but negative association with obesity 

phenotype. In our opinion, these opposite findings might result from different 

dependence on starch by study population or different genetic architecture among 

populations. Further studies including homogenous agricultural population with 

individual starch diet data are required to understand evolutionary AMY1 copy 

number change and its effect on human fat storage amount across ethnicity. 
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Table 18. Correlations of the SNP-AMY1 copy number in three populations. 

 

Chr SNP Postion 

Korean Japanease TwinUK 

AMY1a 

 

r2 

AMY1 AMY1 AMY1a 

 

r2 

AMY1 AMY1 AMY1a 

 

r2 

AMY1 AMY1 

binaryb 

r2 

quartilec 

r2 

binaryb 

r2 

quartilec 

r2 

binaryb 

r2 

quartilec 

r2 

1 rs1060309 104094998 0.220 0.177 0.259 0.251 0.276 0.272 - - - 

1 rs11184430 104096692 0.220 0.177 0.259 0.277 0.289 0.298 - - - 

1 rs17014913 104105635 0.092 0.073 0.107 0.126 0.171 0.164 - - - 

1 rs10159229 104109958 0.212 0.168 0.250 - - - 0.02 0.02 0.02 

1 rs12132911 104113158 0.071 0.059 0.086 0.164 0.136 0.151 - - - 

1 rs12085609 104122556 0.220 0.177 0.259 0.277 0.289 0.298 0.02 0.02 0.02 

1 rs17467099 104123531 0.071 0.059 0.086 0.164 0.136 0.151 - - - 

1 rs4847151 104123662 0.220 0.177 0.259 0.277 0.289 0.298 0.02 0.02 0.02 

1 rs6661612 104128618 0.220 0.177 0.259 0.277 0.289 0.298 0.02 0.02 0.02 

1 rs2646249 104309132 0.227 0.179 0.263 0.271 0.253 0.289 - - - 

1 rs12130703 104310458 0.227 0.180 0.262 0.271 0.253 0.289 - - - 

1 rs1999478 104311712 0.068 0.056 0.080 0.152 0.099 0.136 0.02 0.02 0.02 

1 rs504877 104315497 0.227 0.180 0.262 0.271 0.253 0.289 0 0 0 

1 rs7515323 104318414 0.227 0.180 0.262 0.288 0.258 0.336 0 0 0 

1 rs550437 104319480 0.227 0.180 0.262 0.271 0.253 0.289 0 0 0 

1 rs1930213 104324720 0.227 0.180 0.262 - - - 0 0 0 

1 rs1930212 104324819 0.101 0.079 0.114 0.126 0.171 0.164 0.03 0.03 0.03 

1 rs1930211 104342898 0.228 0.181 0.264 0.265 0.219 0.281 0 0 0 
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1 rs10881476 104350777 0.228 0.181 0.263 0.265 0.219 0.281 0 0 0 

1 rs9628996 104350971 0.227 0.181 0.262 - - - 0 0 0 

1 rs7525453 104351566 0.226 0.181 0.261 0.265 0.219 0.281 - - - 

1 rs10881479 104357400 0.225 0.183 0.257 0.265 0.219 0.281 - - - 

1 rs1930184 104367898 0.231 0.190 0.262 0.254 0.189 0.289 - - - 

1 rs11185197 104374231 0.051 0.037 0.047 0.022 0.054 0.034 - - - 

1 rs9661571 104376166 0.051 0.037 0.047 0.022 0.054 0.034 - - - 

1 rs1930199 104383975 0.046 0.033 0.043 0.022 0.054 0.034 - - - 

1 rs4491067 104390274 0.046 0.033 0.043 0.022 0.054 0.034 - - - 

1 rs7412648 104390515 0.046 0.033 0.043 0.022 0.054 0.034 - - - 

1 rs12136807 104401489 0.023 0.029 0.013 0.000 0.001 0.008 0 0 0 

1 rs1579026 104405855 0.023 0.029 0.013 - - - 0 0 0 

1 rs1930192 104408821 0.023 0.029 0.013 0.005 0.010 0.002 0 0 0 

1 rs1930194 104409499 0.023 0.029 0.013 - - - 0 0 0 

1 rs1999480 104419830 0.023 0.029 0.014 0.000 0.003 0.010 0 0 0 

1 rs1182598 104429480 0.023 0.029 0.014 0.000 0.003 0.010 0 0 0 

1 rs12143917 104433984 0.048 0.035 0.045 0.014 0.054 0.009 0 0 0 

1 rs1182591 104435039 0.024 0.029 0.014 - - - 0 0 0 

1 rs7531107 104436329 0.024 0.029 0.014 - - - 0 0 0 

1 rs1182587 104437902 0.024 0.029 0.014 0.000 0.003 0.010 0 0 0 

1 rs17015789 104469208 0.000 0.000 0.000 0.000 0.000 0.000 - - - 

1 rs1475190 104470622 0.013 0.008 0.010 0.034 0.000 0.015 0 0 0 

1 rs4847149 104471490 0.013 0.009 0.010 0.034 0.000 0.015 - - - 

1 rs4141897 104472384 0.000 0.002 0.002 0.013 0.003 0.036 - - - 

1 rs12142090 104472651 0.013 0.009 0.010 0.034 0.000 0.015 - - - 

1 rs11185337 104476678 0.013 0.009 0.010 0.034 0.000 0.015 - - - 



 

97 

 

 

1 rs12731458 104480469 0.013 0.009 0.010 0.034 0.000 0.015 - - - 

1 rs4434842 104492118 0.002 0.001 0.010 0.001 0.001 0.003 - - - 

1 rs1330388 104492281 0.012 0.012 0.013 0.163 0.075 0.169 0 0 0 

1 rs12028938 104493689 0.003 0.001 0.010 0.000 0.012 0.006 - - - 

1 rs17016335 104494632 0.002 0.005 0.001 0.001 0.010 0.008 - - - 

1 rs1576516 104498943 0.011 0.011 0.013 0.163 0.075 0.169 - - - 

1 rs11185345 104502333 0.027 0.022 0.045 - - - 0 0 0 

1 rs4847053 104503460 0.027 0.022 0.045 0.183 0.040 0.237 - - - 

1 rs6694128 104505231 0.027 0.022 0.045 0.183 0.040 0.237 0 0 0 

1 rs12731649 104505419 0.012 0.011 0.013 0.163 0.075 0.169 - - - 

1 rs6700491 104506202 0.012 0.011 0.013 0.163 0.075 0.169 - - - 

1 rs546288 104506683 0.027 0.022 0.045 0.183 0.040 0.237 - - - 

1 rs12725332 104509012 0.024 0.030 0.022 0.225 0.102 0.176 - - - 

1 rs2208963 104529736 0.024 0.023 0.039 0.019 0.008 0.024 0 0 0 

1 rs519975 104536508 0.024 0.023 0.038 0.140 0.027 0.236 0 0 0 

1 rs508464 104540638 0.024 0.023 0.038 - - - 0 0 0 

1 rs750236 104544187 0.023 0.021 0.036 - - - 0 0 0 

1 rs750237 104544302 0.023 0.021 0.036 - - - 0 0 0 

1 rs11185353 104545275 0.023 0.021 0.036 - - - 0 0 0 

1 rs7546635 104545772 0.023 0.021 0.036 - - - 0 0 0 

1 rs2181446 104546362 0.023 0.021 0.036 - - - 0 0 0 

1 rs10881526 104546516 0.023 0.021 0.036 - - - 0 0 0 

1 rs1330408 104546820 0.023 0.021 0.036 0.134 0.020 0.215 0 0 0 

1 rs1330407 104546881 0.023 0.021 0.036 - - - 0 0 0 

1 rs11185354 104547208 0.023 0.021 0.036 - - - 0 0 0 

1 rs4141899 104547617 0.023 0.021 0.036 - - - 0 0 0 
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1 rs10785851 104553603 0.023 0.021 0.036 0.134 0.020 0.215 - - - 

1 rs11185362 104561488 0.029 0.026 0.042 0.121 0.024 0.205 0 0 0 

1 rs7534118 104562298 0.029 0.026 0.042 0.121 0.024 0.205 - - - 

1 rs12026645 104562381 0.029 0.026 0.042 0.121 0.024 0.205 - - - 

1 rs681862 104570239 0.022 0.021 0.035 0.109 0.027 0.176 - - - 

1 rs942096 104573592 0.023 0.022 0.035 0.078 0.006 0.065 - - - 

1 rs12759387 104573697 0.001 0.000 0.000 0.056 0.030 0.023 - - - 

 

aEstimated AMY1 copy number, bAMY1 copy number code to 0, 1 corresponding to median (≤6 copy)  

cAMY1 copy number code to 0,1,2 according to top 25%, middle 50%, low 25%.  

This SNP-copy number correlation test methods are from Falchi et al.  

Original genotyped SNPs are represented bold, and the rest are imputed SNPs.  

r2 > 0.05 represented bold, SNP positions are based on GRCh37/hg19 
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Figure 23. SNP-AMY1 copy number correlation in three populations. The X axis 

represents the physical position of SNP near AMY1 region. Y axis shows the r2 values of SNP 

and estimated AMY1 copy number. LD block presented with original genotyped SNPs of 

Korean using Haploview. 
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TOTAL SUMMARY 

 

We investigated genetic association with three complex trait; pulmonary 

function, metabolic syndrome and obesity. We used two different population in 

northeast Asia, compared genetic determinants were different in these population or 

previous reported Europeans data. 

In a study of pulmonary function, we found novel candidate genes 

(TMEM132C, UNC93A and TTLL2) in two different loci which had been reported 

associated with pulmonary function in Caucasians. Although, associated SNPs of 

Mongolian and Korean population were located nearby same genes, each SNP was 

not replicated in another population. These SNPs might have a separate effect on 

phenotype, functional studies will be required to identify whether these SNPs affect 

to different ethnic or general population. 

 In a study of metabolic syndrome, we aimed to evaluate the association 

between previously studied SNPs of European. A total of 17 SNPs were selected to 

test associations with MetS and its components. Among them, only two SNPs showed 

association in Korean population. The MAF of rs662799 (APOA5) was 0.293, which 

is similar to that of Chinese, but higher than the frequency in reported Europeans 

(0.0095). The MAF of rs769450 (APOE) was 0.202, which is lower than the 

frequency of Europeans (0.437) and showed protective effect. Consequently, East 
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Asians, including Koreans, are more exposed to the risk of MetS than Europeans in 

these two SNPs. However, other 15 SNPs were not shown to be associated or 

marginally associated with MetS in Koreans. These findings suggest that 

susceptibility to MetS is different in various populations according to their genotypes. 

Therefore, effective strategies for the prevention and treatment of MetS may differ 

according to the genotype and environmental factors in each population. 

 In a study of AMY1 CNV and obesity, the average AMY1 copy number was 

similar among Korean, Chinese and Japanese whose staple food is rice, similar with 

previously reported Europeans data. In Mongolian population, Khalkh (MNO) 

showed similar copy number compare with those of Koreans. However, MND show 

significantly low copy number which was composed of 88.7% of Buryat ethnics. 

Buryat have geographical similarity with Yakut ethnic group which have been 

previously as reported low starch diet population with AMY1 low copy. We 

investigated whether AMY1 CNV has associated with obesity. In Korean population, 

AMY1 copy number are not associated with obesity. However, AMY1 copy number 

showed weak but negative association with obesity phenotype in Mongolian 

population. These opposite findings might result from different dependence on starch 

by study population or different genetic architecture among populations. The 

association result between AMY1 CNV and obesity in Europeans also showed 

opposite results, further studies including homogenous population with individual 

starch diet data are required to understand evolutionary AMY1 copy number change 

and its effect on obesity across ethnicity. 

 Most previous genetic association studies include complex traits have 
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focused on populations of European ancestry and not on those of Asian ancestry. The 

genetic architecture including SNP allele frequency or susceptibility to specific 

disease are quite different between Asian and European. Therefore, effective 

strategies for the prevention and treatment may differ according to the genotype and 

environmental factors in each population. We propose that these results provide more 

insight into genetic factors in the era of personalised medicine in complex diseases. 

   



 

103 

 

 

 

REFERENCES 

 

1. Wilk JB, Djousse L, Arnett DK, Rich SS, Province MA, et al. (2000) Evidence for 

major genes influencing pulmonary function in the NHLBI family heart study. 

Genet Epidemiol 19: 81-94. 

 

2. Strachan DP (1992) Ventilatory function, height, and mortality among lifelong non-

smokers. J Epidemiol Community Health 46: 66-70. 

 

3. Hole DJ, Watt GC, Davey-Smith G, Hart CL, Gillis CR, et al. (1996) Impaired lung 

function and mortality risk in men and women: findings from the Renfrew 

and Paisley prospective population study. BMJ 313: 711-715; discussion 

715-716. 

 

4. Young RP, Hopkins R, Eaton TE (2007) Forced expiratory volume in one second: 

not just a lung function test but a marker of premature death from all causes. 

Eur Respir J 30: 616-622. 

 

5. Pauwels RA, Buist AS, Calverley PM, Jenkins CR, Hurd SS (2001) Global strategy 

for the diagnosis, management, and prevention of chronic obstructive 



 

104 

 

 

pulmonary disease. NHLBI/WHO Global Initiative for Chronic Obstructive 

Lung Disease (GOLD) Workshop summary. Am J Respir Crit Care Med 163: 

1256-1276. 

 

6. Silverman EK, Chapman HA, Drazen JM, Weiss ST, Rosner B, et al. (1998) 

Genetic epidemiology of severe, early-onset chronic obstructive pulmonary 

disease. Risk to relatives for airflow obstruction and chronic bronchitis. Am 

J Respir Crit Care Med 157: 1770-1778. 

 

7. Palmer LJ, Knuiman MW, Divitini ML, Burton PR, James AL, et al. (2001) 

Familial aggregation and heritability of adult lung function: results from the 

Busselton Health Study. Eur Respir J 17: 696-702. 

 

8. Silverman EK, Palmer LJ, Mosley JD, Barth M, Senter JM, et al. (2002) 

Genomewide linkage analysis of quantitative spirometric phenotypes in 

severe early-onset chronic obstructive pulmonary disease. Am J Hum Genet 

70: 1229-1239. 

 

9. Demeo DL, Mariani TJ, Lange C, Srisuma S, Litonjua AA, et al. (2006) The 

SERPINE2 gene is associated with chronic obstructive pulmonary disease. 

Am J Hum Genet 78: 253-264. 

 

10. Joost O, Wilk JB, Cupples LA, Harmon M, Shearman AM, et al. (2002) Genetic 



 

105 

 

 

loci influencing lung function: a genome-wide scan in the Framingham Study. 

Am J Respir Crit Care Med 165: 795-799. 

 

11. Wilk JB, DeStefano AL, Joost O, Myers RH, Cupples LA, et al. (2003) Linkage 

and association with pulmonary function measures on chromosome 6q27 in 

the Framingham Heart Study. Hum Mol Genet 12: 2745-2751. 

 

12. Wilk JB, Chen TH, Gottlieb DJ, Walter RE, Nagle MW, et al. (2009) A genome-

wide association study of pulmonary function measures in the Framingham 

Heart Study. PLoS Genet 5: e1000429. 

 

13. Wilk JB, Walter RE, Laramie JM, Gottlieb DJ, O'Connor GT (2007) Framingham 

Heart Study genome-wide association: results for pulmonary function 

measures. BMC Med Genet 8 Suppl 1: S8. 

 

14. Repapi E, Sayers I, Wain LV, Burton PR, Johnson T, et al. (2010) Genome-wide 

association study identifies five loci associated with lung function. Nat Genet 

42: 36-44. 

 

15. Hancock DB, Eijgelsheim M, Wilk JB, Gharib SA, Loehr LR, et al. (2010) Meta-

analyses of genome-wide association studies identify multiple loci associated 

with pulmonary function. Nat Genet 42: 45-52. 

 



 

106 

 

 

16. Soler Artigas M, Loth DW, Wain LV, Gharib SA, Obeidat M, et al. (2011) 

Genome-wide association and large-scale follow up identifies 16 new loci 

influencing lung function. Nat Genet 43: 1082-1090. 

 

17. Soler Artigas M, Wain LV, Tobin MD (2012) Genome-wide association studies in 

lung disease. Thorax 67: 271-273, 280. 

 

18. Paik SH, Kim HJ, Son HY, Lee S, Im SW, et al. (2011) Gene mapping study for 

constitutive skin color in an isolated Mongolian population. Exp Mol Med 

44: 241-249. 

 

19. Lee MK, Cho SI, Kim H, Song YM, Lee K, et al. (2012) Epidemiologic 

characteristics of intraocular pressure in the Korean and Mongolian 

populations: the Healthy Twin and the GENDISCAN study. Ophthalmology 

119: 450-457. 

 

20. Park H, Kim HJ, Lee S, Yoo YJ, Ju YS, et al. (2013) A family-based association 

study after genome-wide linkage analysis identified two genetic loci for renal 

function in a Mongolian population. Kidney Int 83: 285-292. 

 

21. Im SW, Kim HJ, Lee MK, Yi JH, Jargal G, et al. (2010) Genome-wide linkage 

analysis for ocular and nasal anthropometric traits in a Mongolian population. 

Exp Mol Med 42: 799-804. 



 

107 

 

 

 

22. (1995) Standardization of Spirometry, 1994 Update. American Thoracic Society. 

Am J Respir Crit Care Med 152: 1107-1136. 

 

23. Crapo RO, Casaburi R, Coates AL, Enright PL, Hankinson JL, et al. (2000) 

Guidelines for methacholine and exercise challenge testing-1999. This 

official statement of the American Thoracic Society was adopted by the ATS 

Board of Directors, July 1999. Am J Respir Crit Care Med 161: 309-329. 

 

24. Morris JF, Koski A, Johnson LC (1971) Spirometric standards for healthy 

nonsmoking adults. Am Rev Respir Dis 103: 57-67. 

 

25. Park H, Lee S, Kim HJ, Ju YS, Shin JY, et al. (2012) Comprehensive genomic 

analyses associate UGT8 variants with musical ability in a Mongolian 

population. J Med Genet 49: 747-752. 

 

26. Almasy L, Blangero J (1998) Multipoint quantitative-trait linkage analysis in 

general pedigrees. Am J Hum Genet 62: 1198-1211. 

 

27. Horvath S, Xu X, Laird NM (2001) The family based association test method: 

strategies for studying general genotype--phenotype associations. Eur J Hum 

Genet 9: 301-306. 

 



 

108 

 

 

28. Sung J, Cho SI, Lee K, Ha M, Choi EY, et al. (2006) Healthy Twin: a twin-family 

study of Korea--protocols and current status. Twin Res Hum Genet 9: 844-

848. 

 

29. Gombojav B, Song YM, Lee K, Yang S, Kho M, et al. (2013) The Healthy Twin 

Study, Korea updates: resources for omics and genome epidemiology studies. 

Twin Res Hum Genet 16: 241-245. 

 

30. Wilk JB, Herbert A, Shoemaker CM, Gottlieb DJ, Karamohamed S (2007) 

Secreted modular calcium-binding protein 2 haplotypes are associated with 

pulmonary function. Am J Respir Crit Care Med 175: 554-560. 

 

31. Levin JZ, Horvitz HR (1992) The Caenorhabditis elegans unc-93 gene encodes a 

putative transmembrane protein that regulates muscle contraction. J Cell Biol 

117: 143-155. 

 

32. Arnlov J, Sundstrom J, Lind L, Andren B, Andersson M, et al. (2005) hUNC-

93B1, a novel gene mainly expressed in the heart, is related to left ventricular 

diastolic function, heart failure morbidity and mortality in elderly men. Eur J 

Heart Fail 7: 958-965. 

 

33. Tabeta K, Hoebe K, Janssen EM, Du X, Georgel P, et al. (2006) The Unc93b1 

mutation 3d disrupts exogenous antigen presentation and signaling via Toll-



 

109 

 

 

like receptors 3, 7 and 9. Nat Immunol 7: 156-164. 

 

34. Ikegami K, Sato S, Nakamura K, Ostrowski LE, Setou M (2010) Tubulin 

polyglutamylation is essential for airway ciliary function through the 

regulation of beating asymmetry. Proc Natl Acad Sci U S A 107: 10490-

10495. 

 

35. Vogel P, Hansen G, Fontenot G, Read R (2010) Tubulin tyrosine ligase-like 1 

deficiency results in chronic rhinosinusitis and abnormal development of 

spermatid flagella in mice. Vet Pathol 47: 703-712. 

 

36. Shao C, Suzuki Y, Kamada F, Kanno K, Tamari M, et al. (2004) Linkage and 

association of childhood asthma with the chromosome 12 genes. J Hum 

Genet 49: 115-122. 

 

37. Ferreira MA, O'Gorman L, Le Souef P, Burton PR, Toelle BG, et al. (2005) Robust 

estimation of experimentwise P values applied to a genome scan of multiple 

asthma traits identifies a new region of significant linkage on chromosome 

20q13. Am J Hum Genet 77: 1075-1085. 

 

38. Brasch-Andersen C, Tan Q, Borglum AD, Haagerup A, Larsen TR, et al. (2006) 

Significant linkage to chromosome 12q24.32-q24.33 and identification of 

SFRS8 as a possible asthma susceptibility gene. Thorax 61: 874-879. 



 

110 

 

 

 

39. Hansel NN, Ruczinski I, Rafaels N, Sin DD, Daley D, et al. (2013) Genome-wide 

study identifies two loci associated with lung function decline in mild to 

moderate COPD. Hum Genet 132: 79-90. 

 

40. Neale BM, Sham PC (2004) The future of association studies: gene-based analysis 

and replication. Am J Hum Genet 75: 353-362. 

 

41. Kristiansson K, Naukkarinen J, Peltonen L (2008) Isolated populations and 

complex disease gene identification. Genome Biol 9: 109. 

 

42. Arcos-Burgos M, Muenke M (2002) Genetics of population isolates. Clin Genet 

61: 233-247. 

 

43. Kim WJ, Lee MK, Shin C, Cho NH, Lee SD, et al. (2014) Genome-wide 

association studies identify locus on 6p21 influencing lung function in the 

Korean population. Respirology 19: 360-368. 

 

44. Alwan A (2011) Global status report on noncommunicable diseases 2010: World 

Health Organization. 

 

45. Grundy SM, Brewer HB, Cleeman JI, Smith SC, Lenfant C (2004) Definition of 

metabolic syndrome report of the National Heart, Lung, and Blood 



 

111 

 

 

Institute/American Heart Association Conference on scientific issues related 

to definition. Circulation 109: 433-438. 

 

46. Lim S, Shin H, Song JH, Kwak SH, Kang SM, et al. (2011) Increasing Prevalence 

of Metabolic Syndrome in Korea The Korean National Health and Nutrition 

Examination Survey for 1998–2007. Diabetes Care 34: 1323-1328. 

 

47. Isomaa B, Almgren P, Tuomi T, Forsén B, Lahti K, et al. (2001) Cardiovascular 

morbidity and mortality associated with the metabolic syndrome. Diabetes 

care 24: 683-689. 

 

48. Hu G, Qiao Q, Tuomilehto J, Balkau B, Borch-Johnsen K, et al. (2004) Prevalence 

of the metabolic syndrome and its relation to all-cause and cardiovascular 

mortality in nondiabetic European men and women. Archives of internal 

medicine 164: 1066-1076. 

 

49. Ford ES (2005) Risks for all-cause mortality, cardiovascular disease, and diabetes 

associated with the metabolic syndrome a summary of the evidence. Diabetes 

care 28: 1769-1778. 

 

50. Wijndaele K, Duvigneaud N, Matton L, Duquet W, Delecluse C, et al. (2007) 

Sedentary behaviour, physical activity and a continuous metabolic syndrome 

risk score in adults. European journal of clinical nutrition 63: 421-429. 



 

112 

 

 

 

51. Bosy-Westphal A, Onur S, Geisler C, Wolf A, Korth O, et al. (2006) Common 

familial influences on clustering of metabolic syndrome traits with central 

obesity and insulin resistance: the Kiel obesity prevention study. International 

journal of obesity 31: 784-790. 

 

52. Povel C, Boer J, Reiling E, Feskens E (2011) Genetic variants and the metabolic 

syndrome: a systematic review. Obesity Reviews 12: 952-967. 

 

53. Alberti K, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, et al. (2009) 

Harmonizing the Metabolic Syndrome A Joint Interim Statement of the 

International Diabetes Federation Task Force on Epidemiology and 

Prevention; National Heart, Lung, and Blood Institute; American Heart 

Association; World Heart Federation; International Atherosclerosis Society; 

and International Association for the Study of Obesity. Circulation 120: 

1640-1645. 

 

54. Lee S, Park H, Kim S, Kwon H, Kim D, et al. (2006) Cut-off points of waist 

circumference for defining abdominal obesity in the Korean population. 

Korean J Obes 15: 1-9. 

 

55. Oh JY, Yang YJ, Kim BS, Kang JH (2007) Validity and reliability of Korean 

version of International Physical Activity Questionnaire (IPAQ) short form. 



 

113 

 

 

Journal of the Korean Academy of Family Medicine 28: 532-541. 

 

56. Committee IR (2005) Guidelines for data processing and analysis of the 

international physical activity questionnaire (IPAQ)—Short and long forms. 

Retrieved September 17: 2008. 

 

57. Liu Y, Wu G, Han L, Zhao K, Qu Y, et al. (2014) Association of the FABP2 

Ala54Thr polymorphism with type 2 diabetes, obesity, and metabolic 

syndrome: a population-based case-control study and a systematic meta-

analysis. Genetics and molecular research: GMR 14: 1155-1168. 

 

58. Tanyolaç S, Bremer AA, Hodoglugil U, Movsesyan I, Pullinger CR, et al. (2009) 

Genetic variants of the ENPP1/PC-1 gene are associated with 

hypertriglyceridemia in male subjects. Metabolic syndrome and related 

disorders 7: 543-548. 

 

59. Caussy C, Charriere S, Marcais C, Di Filippo M, Sassolas A, et al. (2014) An 

APOA5 3' UTR variant associated with plasma triglycerides triggers APOA5 

downregulation by creating a functional miR-485-5p binding site. Am J Hum 

Genet 94: 129-134. 

 

60. Kathiresan S, Melander O, Guiducci C, Surti A, Burtt NP, et al. (2008) Six new 

loci associated with blood low-density lipoprotein cholesterol, high-density 



 

114 

 

 

lipoprotein cholesterol or triglycerides in humans. Nat Genet 40: 189-197. 

 

61. Musunuru K, Romaine SP, Lettre G, Wilson JG, Volcik KA, et al. (2012) Multi-

ethnic analysis of lipid-associated loci: the NHLBI CARe project. PLoS One 

7: e36473. 

 

62. Owen KR, Groves CJ, Hanson RL, Knowler WC, Shuldiner AR, et al. (2007) 

Common Variation in the LMNA Gene (Encoding Lamin A/C) and Type 2 

Diabetes Association Analyses in 9,518 Subjects. Diabetes 56: 879-883. 

 

63. Enns JE, Taylor CG, Zahradka P (2011) Variations in adipokine genes AdipoQ, 

Lep, and LepR are associated with risk for obesity-related metabolic disease: 

the modulatory role of gene-nutrient interactions. Journal of obesity 2011. 

 

64. Fava C, Montagnana M, Guerriero M, Almgren P, von Wowern F, et al. (2009) 

Chromosome 2q12, the ADRA2B I/D polymorphism and metabolic 

syndrome. Journal of hypertension 27: 1794-1803. 

 

65. Mirrakhimov AE, Kerimkulova AS, Lunegova OS, Moldokeeva CB, Zalesskaya 

YV, et al. (2011) An association between TRP64ARG polymorphism of the 

B3 adrenoreceptor gene and some metabolic disturbances. Cardiovasc 

Diabetol 10: 89. 

 



 

115 

 

 

66. Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MA, et al. (2007) PLINK: 

a tool set for whole-genome association and population-based linkage 

analyses. Am J Hum Genet 81: 559-575. 

 

67. Maasz A, Kisfali P, Horvatovich K, Mohas M, Marko L, et al. (2007) 

Apolipoprotein A5 T-1131C variant confers risk for metabolic syndrome. 

Pathol Oncol Res 13: 243-247. 

 

68. Melegh BI, Duga B, Sumegi K, Kisfali P, Maasz A, et al. (2012) Mutations of the 

apolipoprotein A5 gene with inherited hypertriglyceridaemia: review of the 

current literature. Curr Med Chem 19: 6163-6170. 

 

69. Havasi V, Szolnoki Z, Talian G, Bene J, Komlosi K, et al. (2006) Apolipoprotein 

A5 gene promoter region T-1131C polymorphism associates with elevated 

circulating triglyceride levels and confers susceptibility for development of 

ischemic stroke. J Mol Neurosci 29: 177-183. 

 

70. Kisfali P, Mohas M, Maasz A, Polgar N, Hadarits F, et al. (2010) Haplotype 

analysis of the apolipoprotein A5 gene in patients with the metabolic 

syndrome. Nutr Metab Cardiovasc Dis 20: 505-511. 

 

71. Song KH, Cha S, Yu SG, Yu H, Oh SA, et al. (2013) Association of apolipoprotein 

A5 gene -1131T>C polymorphism with the risk of metabolic syndrome in 



 

116 

 

 

Korean subjects. Biomed Res Int 2013: 585134. 

 

72. Lee KH, Kim OY, Lim HH, Lee YJ, Jang Y, et al. (2010) Contribution of APOA5-

1131C allele to the increased susceptibility of diabetes mellitus in association 

with higher triglyceride in Korean women. Metabolism 59: 1583-1590. 

 

73. Martinelli N, Trabetti E, Bassi A, Girelli D, Friso S, et al. (2007) The -1131 T>C 

and S19W APOA5 gene polymorphisms are associated with high levels of 

triglycerides and apolipoprotein C-III, but not with coronary artery disease: 

an angiographic study. Atherosclerosis 191: 409-417. 

 

74. Li YY, Yin RX, Lai CQ, Li M, Long XJ, et al. (2011) Association of 

apolipoprotein A5 gene polymorphisms and serum lipid levels. Nutr Metab 

Cardiovasc Dis 21: 947-956. 

 

75. Dallongeville J, Lussier-Cacan S, Davignon J (1992) Modulation of plasma 

triglyceride levels by apoE phenotype: a meta-analysis. J Lipid Res 33: 447-

454. 

 

76. Heller DA, de Faire U, Pedersen NL, Dahlen G, McClearn GE (1993) Genetic 

and environmental influences on serum lipid levels in twins. N Engl J Med 

328: 1150-1156. 

 



 

117 

 

 

77. Eichner JE, Dunn ST, Perveen G, Thompson DM, Stewart KE, et al. (2002) 

Apolipoprotein E polymorphism and cardiovascular disease: a HuGE review. 

Am J Epidemiol 155: 487-495. 

 

78. McCarron MO, Delong D, Alberts MJ (1999) APOE genotype as a risk factor for 

ischemic cerebrovascular disease: a meta-analysis. Neurology 53: 1308-1311. 

 

79. Sima A, Iordan A, Stancu C (2007) Apolipoprotein E polymorphism--a risk factor 

for metabolic syndrome. Clin Chem Lab Med 45: 1149-1153. 

 

80. He LN, Recker RR, Deng HW, Dvornyk V (2009) A polymorphism of 

apolipoprotein E (APOE) gene is associated with age at natural menopause 

in Caucasian females. Maturitas 62: 37-41. 

 

81. Yamada Y, Kato K, Hibino T, Yokoi K, Matsuo H, et al. (2007) Prediction of 

genetic risk for metabolic syndrome. Atherosclerosis 191: 298-304. 

 

82. Perry GH, Dominy NJ, Claw KG, Lee AS, Fiegler H, et al. (2007) Diet and the 

evolution of human amylase gene copy number variation. Nat Genet 39: 

1256-1260. 

 

83. Falchi M, El-Sayed Moustafa JS, Takousis P, Pesce F, Bonnefond A, et al. (2014) 

Low copy number of the salivary amylase gene predisposes to obesity. Nat 



 

118 

 

 

Genet 46: 492-497. 

 

84. Genne-Bacon EA (2014) Thinking evolutionarily about obesity. Yale J Biol Med 

87: 99-112. 

 

85. Axelsson E, Ratnakumar A, Arendt ML, Maqbool K, Webster MT, et al. (2013) 

The genomic signature of dog domestication reveals adaptation to a starch-

rich diet. Nature 495: 360-364. 

 

86. Romero-Corral A, Somers VK, Sierra-Johnson J, Thomas RJ, Collazo-Clavell 

ML, et al. (2008) Accuracy of body mass index in diagnosing obesity in the 

adult general population. Int J Obes (Lond) 32: 959-966. 

 

87. Cornier MA, Despres JP, Davis N, Grossniklaus DA, Klein S, et al. (2011) 

Assessing adiposity: a scientific statement from the American Heart 

Association. Circulation 124: 1996-2019. 

 

88. Pak YS, Oh A, Kho YL, Paek D (2012) Lung function decline and blood lead 

among residents nearby to industrial complex. Int Arch Occup Environ 

Health. 

 

89. Mayo P, Hartshorne T, Li K, McMunn-Gibson C, Spencer K, et al. (2010) CNV 

analysis using TaqMan copy number assays. Curr Protoc Hum Genet Chapter 



 

119 

 

 

2: Unit2 13. 

 

90. Consortium HP-AS, Abdulla MA, Ahmed I, Assawamakin A, Bhak J, et al. (2009) 

Mapping human genetic diversity in Asia. Science 326: 1541-1545. 

  



 

120 

 

 

 

국문초록 

 

동북아시아 민족에서 폐 기능, 대사증후군, 

비만에 대한 유전적 관련성 연구 

 

서울대학교 대학원 의학과 생화학 전공 

손 호 영 

 

전장 유전체 분석연구 (genome-wide association study, GWAS)

를 포함한 유전 연구는 복합질환과 관련된 유전적 변이들을 발굴하는데 

광범위하게 사용되었으나, 대부분의 연구는 아시아인이 아닌 민족들에서 

수행되었다. 이 연구에서는 여러 복합질환과 관련된 유전변이와의 연관성

을 동북아시아 민족에서 평가하는 것에 초점을 두었다. 

이 연구의 첫 번째 파트에서는, 동북아 민족에서 폐기능에 관련된 

유전적 증거를 찾는 것에 집중했다. 폐활량 측정치인 1초 동안의 호기량 

(forced expiratory volume in one second, FEV1)은 유전적인 형질로 폐

와 기도의 생리적인 상태를 반영한다. 우리는 72개의 몽골인 가정으로 
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구성된 706명의 GENDISCAN 연구 참여자를 이용하여 가계 중심의 연

관성 연구 (family-based association test)를 수행하여 폐기능을 결정

하는 후보 유전인자를 발굴하였다. 반복 연구를 통해, 5개의 유전자 자리 

위에 7개의 단일 염기 다형성 (single nucleotide polymorphism, SNP)

을 선택하고, 주변에 있는 1062개의 SNP을 2729명의 한국인 쌍둥이 

연구 참여자로 FEV1과의 연관성을 분석하였다. 우리는 이전 연구에서 천

식 및 폐활량과 관련되어 있다고 알려진 12q24.3 유전자 자리에서 잠재

적 후보 유전자인 TMEM132C 를 확인하였다. 또한 우리는 이전에 프래

밍험 코호트 연구에서 폐 기능과의 연관성이 알려진 6q27 유전자 자리

에서 두 개의 인접한 후보 유전자 (UNC93A와 TTLL2)를 발견하였다. 

이 연구는 두 개의 다른 유전자 자리에서 발견된 새로운 후보 유전자 

(TMEM132C, UNC93A, TTLL2)가 동북아 민족에서 폐 기능과 관련되

어 있음을 제안한다. 

이 연구의 두 번째 파트에서는, 한국인 남성에서 이전에 보고된 

SNP에 대하여 대사증후군과의 관련성을 평가하고, 건강 관련 행동과의 

상호작용을 살펴보았다. 서울대학교 병원에 등록된 1193명의 참여자에 

대해 17개의 SNP의 유전자형을 알아내고, 대사증후군 및 그 요소들과의 

관련성을 연구하였다. 우리는 APOA5 유전자 주변의 rs662799와 

APOE 유전자 위에 있는 rs769450이 대사증후군 및 그 요소들과의 유

의한 관련성을 확인하였다. Rs662799 SNP은 대사증후군의 위험성을 증
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가시키고, 중성 지방을 증가시키며, 고밀도 지단백질 (high-density 

lipoprotein, HDL)을 낮추는 것에 관련되어 있었고, 반면 rs769450 

SNP은 중성지방의 위험성을 낮추는 것에 관련되어 있었다. 이 두 SNP

의 위험 대립유전자의 비율은 서양인에 비하여 한국인에서 높게 나타났

다. 이러한 SNP들은 한국인 남성에서 중성지방을 통해 음주와 흡연과 

상호작용을 하는 것으로 확인되었다. 결론적으로, 우리는 한국인 남성에

서 대사증후군과 관련된 유전적 연관성과 환경요소와의 상호작용을 확인

하였다. 이 결과를 통하여, 대사증후군의 예방과 치료의 전략이 개인의 

유전자형과 인종에 따라 맞춤형으로 제시될 수 있음을 제안한다. 

이 연구의 세 번째 파트에서는, 타액 아밀레이즈 유전자 (salivary 

amylase gene, AMY1)의 복제수 변이 (copy number variation, CNV)와 

비만과의 관련성을 두 그룹의 한국인(KRSA 1035명과 KRFM 2049명)

과 두 그룹의 몽골인 (MND 411명과 MON 400명)에서 살펴보았다. 최

근에 복제수 변이는 형질의 변화와 질병과 관련된 중요한 인간 유전체 

변이로 알려져 있다. AMY1의 복제수는 인종의 녹말 섭취에 따라 다르다

고 알려져 있다. 우리는 2중 TaqMan 실시간 중합 연쇄반응 (real-time 

polymerase chain reaction, PCR) 방법을 이용하여 복제수 변이를 측정

하였다. 복제수 변이의 평균값은 한국인에서 각각 6.29와 6.27이었고, 

몽골인에서는 각각 5.78과 6.23 이었다. 다른 민족에 비하여 유의하게 

낮은 복제수 변이 (평균값 5.78)를 나타낸 몽골 다시발브르 (MND) 민
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족은 88.7%의 부리야트 민족으로 구성되어 있다. 부리야트 민족은 이전 

연구에서 AMY1의 낮은 복제수 및 적은 녹말 섭취를 하는 것으로 알려

진 야쿠트 민족과 지리적으로 거주지역이 유사하다. AMY1의 복제수와 

비만 형질과의 관련성 연구를 살펴보면, 한국인에서는 AMY1의 복제수

와 비만이 관련이 없는 것으로 나타났지만, 약하게 양의 경향성을 나타내

었다. 몽골인에서는 AMY1의 복제수는 비만과 관련된 형질들에서 약하

게 음의 상관관계를 갖는 것을 확인하였다. 두 민족 간의 이러한 결과의 

차이는, 녹말 섭취에 대한 다른 의존성과 민족에 따라 다른 유전변이가 

상호 작용하여 다른 패턴의 비만 형질을 나타내는 것으로 보인다. AMY1

의 복제수 변이와 비만과의 관련성을 알아보기 위하여 좀 더 다양한 집

단에서의 추가 연구가 필요할 것으로 예상한다.  

SNP과 CNV를 포함하는 많은 인간 유전체 변이들은 인구집단에 

따라 많은 차이가 나타나고, 이는 여러 형질과 질환에도 영향을 줄 수 있

다. 한국인을 포함한 동북아시아인들은 서양인과 다른 유전적 구조를 가

지고 있고, 질환에 대한 유전적 감수성도 상당히 다른 것으로 보인다. 또

한 같은 동북아시아 민족에 속하는 한국인과 몽골인에서도 이러한 유전

적인 차이점이 발견된다. 하지만, 다수의 복합질환을 포함하는 유전적 연

관성 연구들이 서양인을 대상으로 수행되었고, 아시아인에 대한 연구는 

아직도 많이 부족한 상태이다. 다가오는 맞춤형 의료의 시대에 한국인을 

포함하는 아시아의 여러 인종에 대한 유전적인 이해가 다양한 질환들의 
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효과적인 예방과 치료를 위하여 필요할 것으로 예상한다. 

---------------------------------------------------------------------------------------------- 

 

* 본 내용은 “Family-Based Association Study of Pulmonary 

Function in a Population in Northeast Asia. PlosOne. 2015. 

October”와 “Genetic association of APOA5 and APOE with 

metabolic syndrome and their interaction with health-related 

behavior in Korean men. Lipid in Health and Disease. 2015. 

September”에 출판 완료된 내용임 
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