@’PLOS ‘ ONE

CrossMark

click for updates

E OPEN ACCESS

Citation: Kim H-J, Park J-H, Lee S, Son H-Y, Hwang
J, Chae J, et al. (2015) A Common Variant of NGEF
Is Associated with Abdominal Visceral Fat in Korean
Men. PLoS ONE 10(9): €0137564. doi:10.1371/
journal.pone.0137564

Editor: Marta Letizia Hribal, University of Catanzaro
Magna Graecia, ITALY

Received: March 24, 2015
Accepted: August 17, 2015
Published: September 4, 2015

Copyright: © 2015 Kim et al. This is an open access
article distributed under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information files.

Funding: This research was supported by iPET
(Korea Institute of Planning and Evaluation for
Technology in Food, Agriculture, Forestry and
Fisheries), Ministry for Food, Agriculture, Forestry
and Fisheries, Republic of Korea (Grant No.
113032032HD020) and the National Research
Foundation of Korea (NRF) grant funded by the
Korea government (MSIP) (No.
2012R1A5A2A44671346).

RESEARCH ARTICLE

A Common Variant of NGEF Is Associated
with Abdominal Visceral Fat in Korean Men

Hyun-Jin Kim'®, Jin-Ho Park2®, Seungbok Lee?, Ho-Young Son*, Jinha Hwang®,
Jeesoo Chae®, Jae Moon Yun?, Hyuktae Kwon®, Jong-ll Kim**°#, Belong Cho?*

1 Institute of Health and Environment, School of Public Health, Seoul National University, Seoul, South
Korea, 2 Department of Family Medicine, Seoul National University Hospital, Seoul, South Korea,

3 Genomic Medicine Institute (GMI), Medical Research Center, Seoul National University, Seoul, South
Korea, 4 Department of Biochemistry, Seoul National University College of Medicine, Seoul, South Korea,
5 Department of Biomedical Sciences, Seoul National University Graduate School, Seoul, South Korea,

6 Department of Family Medicine, Healthcare Research Institute, Seoul National University Hospital
Healthcare System Gangnam Center, Seoul, South Korea

@ These authors contributed equally to this work.
* jongil@snu.ac.kr (JK); belong@snu.ac.kr (BC)

Abstract

Central adiposity, rather than body mass index (BMI), is a key pathophysiological feature of
the development of obesity-related diseases. Although genetic studies by anthropometric
measures such as waist circumference have been widely conducted, genetic studies for
abdominal fat deposition measured by computed tomography (CT) have been rarely per-
formed. A total of 1,243 participants who were recruited from two health check-up centers
were included in this study. We selected four and three single-nucleotide polymorphisms
(SNPs) in NGEF and RGS6, respectively, and analyzed the associations between the
seven SNPs and central adiposity measured by CT using an additive, dominant, or reces-
sive model. The participants were generally healthy middle-aged men (50.7 £ 5.3 years). In
the additive model, the rs11678490 A allele of NGEF was significantly associated with total
adipose tissue, visceral adipose tissue (VAT), and subcutaneous adipose tissue (all P <
0.05). The AA genotype of this SNP in the recessive model showed a more significant asso-
ciation with all adiposity traits, and its association with VAT remained significant even after
adjustment for BMI (P = 0.005). In the overall or visceral obesity group analysis, the AA
genotype of rs11678490 showed no association with overall obesity (P = 0.148), whereas it
was significantly associated with visceral obesity both before (P = 0.010) and after (P =
0.029) adjustment for BMI. In particular, an AA genotype effect was conspicuous between
lower and upper groups with 5% extreme VAT phenotypes (OR =9.59, 95% Cl = 1.50—
61.31). However, we found no significant association between SNPs of RGS6 and central
adiposity. We identified a visceral-fat-associated SNP, rs11678490 of NGEF, in Korean
men. This study suggests that the genetic background of central adiposity and BMI is differ-
ent, and that additional efforts should be made to find the unique genetic architecture of
intra-abdominal fat accumulation.
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Introduction

Obesity, which is defined as abnormal or excessive fat accumulation, is a major risk factor for
the development of hypertension, type 2 diabetes mellitus, dyslipidemia, cardiovascular dis-
eases, and cancers [1-5]. These obesity-related diseases are mediated by different regional fat
distributions, such as visceral and subcutaneous adiposity. To date, many studies have shown
that visceral and subcutaneous adiposity play different roles in health outcomes. Visceral adi-
posity has been demonstrated to be causally related to obesity-related metabolic and cardiovas-
cular diseases [6-9], whereas subcutaneous adiposity might have protective effects in these
disorders [10-11]. Although waist circumference (WC) is an alternative easy tool that can be
used for the measurement of general central obesity in clinical practice, it is also unable to dis-
criminate this regional fat distribution. Quantitative measurement of central adiposity by com-
puted tomography (CT) has been found to be the most reliable and useful method for regional
fat assessment and research on obesity-related complications [12,13].

Numerous family and twin studies have suggested that obesity is strongly influenced by
genetic factors [14]. Therefore, many recent large-scale genome-wide association studies
(GWASs) were aimed at identifying obesity-related genes. However, most of these studies
focused on BMI-associated genes and found only a few common variants with small effect
sizes [15-17]. When considering that central adiposity, as represented by visceral and subcuta-
neous adiposity, is the pathological core phenomenon of obesity-related complications, and
that each obesity type might have different effects on health, genetic studies based on accurate
and direct measurement of adipose tissue compartments by CT are required for understanding
the genetic architecture of obesity. Unfortunately, few GWASs of central adiposity, such as vis-
ceral and subcutaneous fat, have been conducted. In particular, GWASs of adipose tissue
depots in Asian populations have not been reported. In 2009, Norris et al. first carried out a
GWAS and a follow-up analysis of CT-derived phenotypes in Hispanics, and found that two
candidate genes, RGS6 and NGEF, influenced the body fat distribution and amount of fat,
respectively [18]. In 2012, one European ancestry-based GWAS revealed that a novel single-
nucleotide polymorphism (SNP), rs1659258, was associated with visceral adipose tissue (VAT)
in women via sex-specific analyses of body fat distribution [19].

Many genetic studies have failed to replicate the loci identified, for several reasons, such as
discrepancy in minor allele frequency (MAF) and differences in genetic architecture among
populations, thereby emphasizing the necessity of independent replication in other popula-
tions. The genetic study of adiposity traits in Asian populations in particular is essential for
understanding the genetic background of fat distribution in Asians, because Asians are more
likely to have high rates of visceral fat deposition compared with other populations [12,20,21].

This study was aimed at investigating the genetic effects of NGEF and RGS6 on central adi-
posity traits measured by CT in Korean adult men. We assessed the association between candi-
date genes and adiposity traits, and provide the first report of the association between central
adiposity and SNPs in an Asian population.

Materials and Methods
Ethics statement

We obtained written informed consent from all study participants, and this study was
approved by the institutional review board of the Seoul National University Hospital Biomedi-
cal Research Institute (approval number, H-0911-010-299).
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Subjects

Participants were recruited from two health check-up centers (the Seoul National University
Hospital Health Promotion Center and the Seoul National University Hospital Healthcare Sys-
tem Gangnam Center). A total of 1,399 subjects who visited our centers for periodic compre-
hensive health check-ups and expressed interest in the study from December 2009 to
November 2011 were screened by a family physician. In the subsequent detailed interview,
1,243 subjects who met the inclusion criteria (i.e., (1) subjects who did not take any medica-
tions that may affect body weight, such as corticosteroids, antidiabetics, thyroid drugs, and
weight-reduction drugs; (2) subjects who underwent an obesity-related procedure or surgery;
(3) subjects without necessary phenotypic information; and (4) subjects with a qualified DNA
sample) were included in the final analysis (Table 1 and S1 Fig).

Obesity assessment

Anthropometric measurements were performed on participants in an overnight fasting state
who were wearing light clothing. BMI was calculated as weight in kilograms divided by the
square of the height in meters (kg/m®). Central adiposity, including total, visceral, and subcuta-
neous adiposity, was measured by abdominal CT scanning (Somatom Sensation 16 CT scan-
ner, Siemens AG, Erlangen, Germany) using a single-slice image taken at the umbilicus level
measuring 5 mm in thickness, and the cross-sectional surface areas of the abdominal fat com-
partments were calculated using the Rapidia 2.8 CT software (Infinitt, Seoul, Korea) within a
range of -250 to -50 Hounsfield units, as described previously [22]. The VAT and subcutaneous
adipose tissue (SAT) boundaries were defined with a manual tracing method by a cursor. The
VAT area was defined by delineating intra-abdominal fat bound by parietal peritoneum or
tarnsversalis fascia, excluding vertebra and spinal muscles. SAT area was defined as fat tissue
located between inside of dermis and outside of back and abdominal muscle. Total adipose tis-
sue (TAT) is calculated as the sum of VAT and SAT. In addition, we calculated the visceral-to-
subcutaneous ratio (VSR).

SNP genotyping

The procedure used for selecting SNPs is described in S2 Fig. Based on the study reported by
Norris et al., first, we selected eight and 12 SNPs for NGEF and RGS6, respectively. Among
them, SNPs with a MAF < 0.05 in HapMap phase III Asian data (JPT and CHB) were
excluded. Next, we considered the minimum number of SNPs per candidate gene to avoid
redundant SNPs within a gene region for an appropriate multiple-comparison correction.
Thus, we assessed linkage disequilibrium (LD) relations between SNPs using HapMap phase
III Asian data (JPT and CHB), and only the SNPs which were in low LD relationship (pairwise
1> < 0.5) were included for this study. In addition, if the LD level between SNP pairs was mod-
erate or high (pairwise r* > 0.5), only SNPs with the lowest p-values in Norris’s study were
selected. Finally, a total of four and three SNPs in NGEF and RGS6, respectively, were included
in this study. We extracted genomic DNA from whole-blood samples using the QuickGene
DNA whole-blood kit with QuickGene-610L equipment (Fujifilm, Tokyo, Japan), according to
the manufacturer’s standard protocols. All subjects were genotyped by TagMan SNP Genotyp-
ing Assay (Applied Biosystems, Inc., Carlsbad, California, USA); the number of successfully
genotyped samples per SNP is indicated in Table 2.
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Table 1. Characteristics of Study Subjects.

Site A of recruitment

(n=777)

Characteristics Mean SD
Age (years) 50.7 5.3
Weight (kg) 70.9 9.5
BMI (kg/m?) 24.4 2.7
TAT (cm?) 261.5 93.0
VAT (cm?) 125.5 51.8
SAT (cm?) 136.0 52.2
VSR 0.95 0.3

Site B of recruitment
(n = 466)

Mean

49.9
72.2
24.7
277.7
139.7
137.9

1.05

SD

5.3
8.7
2.6
89.1
50.7
49.0
0.3

Total (n = 1,243)

Mean SD P-value®
50.4 5.3 0.022

71.4 9.2 0.014

24.5 2.7 0.122

267.5 91.9 0.003
130.8 51.8 <0.001
136.7 51.0 0.530
0.99 0.3 <0.001

Abbreviations: BMI, body mass index; TAT, total adipose tissue; VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue; SD, standard deviation

&The calculated P-value was obtained by independent samples t-test (two-side P-value).

doi:10.1371/journal.pone.0137564.t1001

Statistical analysis

To meet the test’s normality assumptions, we checked the distribution of our adiposity traits
before analyses. Because all traits followed a non-normal distribution, the best transformation
approaches for normality were considered. First, we used natural log and square root transfor-
mation methods; however, the transformed traits were still not normally distributed (Shapiro-
Wilk P < 0.05). Therefore, we applied a rank-based inverse normal transformation to our
traits, which is robust to deviations from normality and to outliers. To compare the distribu-
tion of each trait between two sample-recruitment sites, we used an independent samples t-
test. The Hardy-Weinberg equilibrium (HWE) test for each SNP was performed using PLINK
software (version 1.9) [23], and all seven SNP met a criterion for HWE (all P > 0.05) (Table 2).
We carried out multiple linear regression analyses to identify associations between quantitative
adiposity traits and three different genetic models: additive, dominant, and recessive models.
These results were adjusted for age and site of recruitment. To assess statistical significance, we
considered both the nominal threshold value (P < 0.05) and Bonferroni correction for multiple
testing (P < 0.05/7 = 0.007). A logistic regression analysis of rs11678490 of NGEF in binary
groups with overall obesity (BMI > 25 kg/m?) and visceral obesity (VAT > 136 cm?) by trans-
forming quantitative continuous traits to binary traits in total subjects (n = 1,243) was also per-
formed using the three different genetic models. In addition, we used an exact logistic

Table 2. The list of selected seven SNPs.

population of reference  Gene (Chr) SNP Position® Type Allele Minor allele (MAF) NP  Genotype count HWE P-value
Hispanic Americans NGEF (2937) rs11678490 233830950 Intron A, G A (0.32) 1,222 129/529/564 0.793
rs6745724 233854241 Intron A, G A (0.07) 1,228 8/147/1073 0.243
rs884089 233866029 Intron G, C C (0.37) 1,182 165/549/468 0.852
rs1104953 233870366 Intron G,C G (0.16) 1,167 32/303/832 0.507
RGS6 (14924)  rs847354 72781929 Intron A, G A (0.32) 1,156 116/514/526 0.591
rs7147236 72788246 Intron A, G G (0.17) 1,227 31/363/833 0.274
rs6574069 72839100 Intron C, T C (0.50) 1,188 277/624/287 0.092
Abbreviations: Chr, chromosome; SNP, single nucleotide polymorphism; MAF, minor allele frequency; HWE, Hardy-Weinberg equilibrium
&SNP positions are based on Genome Reference Consortium Human Build 37 (GRCh37).
PN is the number of adult samples that were finally genotyped in this study.
doi:10.1371/journal.pone.0137564.1002
4/11
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regression model for small sample size for the extreme groups of VAT phenotype, 5% (n = 62)
and 10% (n = 124). For all statistical analyses, SAS software (version 9.3) was used.

Results
Demographic and anthropometric characteristics

The demographic and anthropometric characteristics of the study subjects who met all inclu-
sion criteria are summarized in Table 1 according to recruitment center and as the combined
total group. A total of 1,243 subjects from site A (n = 777) and site B (n = 466) were included in
the final analysis. The participants were predominantly middle-aged men (50.4 + 5.3 years),
and subject age in site A (50.7 £ 5.3 years) was somewhat higher than that in site B (49.9 + 5.3
years) (P = 0.022). The BMI distribution was similar between the two recruitment sites (P for
BMI = 0.122), and the mean value of BMI in the total sample was 24.5. The mean values of
SAT were not significantly different between sites A (136.0 + 52.2) and B (137.9 + 49.0)

(P =0.530), whereas the mean value of VAT in site B (139.7 + 50.7) was much higher than that
in site A (125.5 £ 51.8) (P < 0.001).

Candidate SNPs and adiposity-related traits

The genetic characteristics of the seven candidate SNPs are shown in Table 2. The expected
genotype frequencies of all seven candidate SNPs were in Hardy-Weinberg equilibrium (all

P > 0.05). A multiple linear regression analysis after adjustment for recruitment site and age
was performed to assess the genetic association between adiposity-related traits and the seven
SNPs (Tables 3 and 4). Among the four intronic SNPs in NGEF, only rs11678490’s A allele was
significantly associated with TAT, VAT, and SAT except for VSR in the additive genetic model
(all P < 0.05) (Table 3). In the recessive model, rs11678490’s AA genotype was significantly
associated with all central adiposity traits (all P < 0.05), and passed the conservative Bonferroni
significance threshold of 0.007 (= 0.05/7), which corrected for multiple comparison testing (all
P < 0.007). We also evaluated associations with VAT after adjusting for BMI, to check whether
NGEF is a visceral-fat-specific gene after controlling for the degree of overall adiposity. As a
result, the significant effect of rs11678490 for VAT in the additive model disappeared

(P =0.084), whereas the association signal observed for VAT in the recessive model remained
significant (P = 0.005). We also checked the association between this SNP and SAT after adjust-
ing for BMI, but found no significant associations in any of the genetic models (data not
shown). Similarly, we investigated the genetic effects of the three SNPs located in the intronic
region of RGS6 on adiposity-related traits (Table 4). None of the SNPs showed significant
effects on those traits.

Associations of rs11678490 in the visceral obesity group

In Table 3, we demonstrate the contribution of rs11678490’s A allele (NGEF) to visceral fat
mass, especially in the recessive genetic model. We also assessed the association between
rs11678490 and the ‘general’ obesity group (case n = 489, control n = 754), which was defined
as subjects with a BMI > 25 kg/m?, and the ‘visceral” obesity group (case n = 559, control

n = 684), which was defined as subjects with VAT > 136 cm?, which is an optimal cut-off crite-
rion in Korean men (Table 5) [24]. We found no significant association between the overall
obesity group and the rs11678490 SNP. However, in the recessive model, rs11678490’s AA
genotype was associated with an increased risk of visceral obesity (odds ratio (OR) = 1.63, 95%
CI =1.13-2.37; P = 0.010). After adjusting for BMI, rs11678490 retained a statistically signifi-
cant effect on the visceral obesity group (OR = 1.59, 95% CI = 1.05-2.40; P = 0.029).
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Table 3. Associations of NGEF gene variants with obesity-related index: multivariate linear regression analysis.

BMI TAT VAT SAT VSR BMI-adj VAT
SNP Genetic B (SE) P- B (SE) P- B (SE) P- B (SE) P- B (SE) P- B (SE) P-

model value value value value value value

rs11678490 additive 0.06 0.152 0.09 0.035 0.09 0.034 0.09 0.047 0.02 0.640 0.05 0.084
(0.04) (0.04) (0.04) (0.04) (0.04) (0.03)

dominant 0.03 0.639 0.03 0.579 0.03 0.570 0.05 0.372 -0.01 0.879 0.02 0.576
(0.06) (0.06) (0.06) (0.06) (0.06) (0.04)

recessive 0.22 0.020 0.34 0.0003 0.34 0.0002 0.26 0.005 0.11 0.209 0.19 0.005
(0.09) (0.09) (0.09) (0.09) (0.09) (0.07)

rs6745724 additive 0.03 0.697 0.06 0.436 0.03 0.735 0.07 0.394 -0.07 0.359 0.01 0.886
(0.08) (0.08) (0.08) (0.08) (0.08) (0.06)

dominant 0.04 0.650 0.07 0.385 0.04 0.664 0.08 0.343 -0.07 0.375 0.01 0.844
(0.09) (0.09) (0.08) (0.09) (0.08) (0.06)

recessive -0.05 0.888 -0.04 0.904 -0.10 0.772 -0.05 0.900 -0.14 0.678 -0.04 0.864
(0.35) (0.35) (0.35) (0.35) (0.35) (0.26)

rs884089 additive 0.02 0.647 -0.00 0.920 -0.02 0.620 0.02 0.699 -0.03 0.467 -0.03 0.288
(0.04) (0.04) (0.04) (0.04) (0.04) (0.03)

dominant 0.04 0.552 -0.00 0.951 -0.04 0.534 0.03 0.655 -0.05 0.369 -0.06 0.154
(0.06) (0.06) (0.06) (0.06) (0.06) (0.04)

recessive 0.01 0.948 -0.01 0.910 -0.01 0.919 0.01 0.894 -0.01 0.865 -0.01 0.927
(0.08) (0.08) (0.08) (0.08) (0.08) (0.06)

rs1104953 additive 0.03 0.628 0.03 0.601 0.02 0.775 0.03 0.560 -0.04 0.465 0.00 0.971
(0.06) (0.06) (0.06) (0.06) (0.05) (0.04)

dominant 0.02 0.699 0.04 0.515 0.02 0.716 0.05 0.456 -0.05 0.458 0.01 0.808
(0.06) (0.06) (0.06) (0.06) (0.06) (0.05)

recessive 0.08 0.636 -0.02 0.891 -0.02 0.921 -0.04 0.838 -0.05 0.787 -0.07 0.579
(0.18) (0.18) (0.18) (0.18) (0.18) (0.13)

Abbreviations: BMI, body mass index; TAT, total adipose tissue; VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue; VSR, visceral-to-
subcutaneous ratio; SNP, single nucleotide polymorphism; SE, standard error

These results were adjusted for age and site of recruitment.

The tested allele is minor allele of each SNP.

Nominally significant results are indicated in bold (P < 0.05).

doi:10.1371/journal.pone.0137564.t003

Consequently, in the visceral obesity group, we reconfirmed that NGEF contributes to abdomi-
nal visceral fat, independently of BMI.

rs11678490 variant and extreme visceral adiposity

We also performed a case-control association study of the rs11678490 variant and extreme vis-
ceral adiposity group defined as subjects within upper and lower 5% visceral adiposity area

(n =62) and 10% (total n = 124) of total sample, respectively (Table 6). The mean VAT of the
lower and upper groups in the 10% extreme group were 34.2 + 11.2 and 247.4 £ 31.1, respec-
tively, and the mean values of each group in the 5% group were 24.5 + 6.3 and 267.4 + 33.9,
respectively (data not shown). Compared to the allele frequency (AF) of total sample

(AF = 0.32), the risk AFs of rs11678490 (A allele) increased in both 5% (AF = 0.45) and 10%
extreme upper groups (AF = 0.37) (data not shown). In the 10% extreme group, the risk of vis-
ceral obesity in subjects with the AA genotype increased 3-fold compared with those with the
AG or GG genotype (OR =3.33,95% CI = 1.12-9.90; P = 0.031). This genetic association
remained significant after adjusting for BMI (OR = 7.79, 95% CI = 1.50-40.47; P = 0.015). In
addition, we investigated the effect of the association in the 5% extreme group among the total
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Table 4. Associations of RGS6 gene variants with obesity-related index: multivariate linear regression analysis.

BMI TAT VAT SAT VSR BMI-adj VAT
SNP Genetic B (SE) P- B (SE) P- B (SE) P- B (SE) P- B (SE) P- B (SE) P-

model value value value value value value

rs847354 additive 0.05 0.242 0.05 0.273 0.05 0.279 0.03 0.530 0.03 0.518 0.01 0.660
(0.04) (0.04) (0.04) (0.04) (0.04) (0.03)

dominant 0.05 0.427 0.04 0.494 0.04 0.466 0.02 0.798 0.03 0.592 0.01 0.769
(0.06) (0.06) (0.06) (0.06) (0.06) (0.04)

recessive 0.12 0.217 0.12 0.208 0.11 0.249 0.09 0.344 0.05 0.601 0.03 0.636
(0.10) (0.10) (0.10) (0.10) (0.10) (0.07)

rs7147236 additive -0.07 0.188 -0.05 0.375 -0.03 0.528 -0.05 0.320 0.00 0.922 0.01 0.729
(0.05) (0.05) (0.05) (0.05) (0.05) (0.04)

dominant -0.08 0.182 -0.08 0.216 -0.05 0.388 -0.09 0.148 0.01 0.840 0.00 0.989
(0.06) (0.06) (0.06) (0.06) (0.06) (0.04)

recessive -0.08 0.659 0.13 0.483 0.08 0.653 0.18 0.334 -0.05 0.786 0.15 0.263
(0.18) (0.18) (0.18) (0.18) (0.18) (0.13)

rs6574069 additive -0.01 0.818 0.01 0.822 0.01 0.875 0.02 0.653 0.01 0.843 0.02 0.536
(0.04) (0.04) (0.04) (0.04) (0.04) (0.03)

dominant -0.03 0.707 0.01 0.878 0.00 0.961 0.02 0.718 0.01 0.912 0.03 0.568
(0.07) (0.07) (0.07) (0.07) (0.07) (0.05)

recessive 0.00 0.996 0.01 0.832 0.01 0.837 0.03 0.714 0.01 0.833 0.02 0.667
(0.07) (0.07) (0.07) (0.07) (0.07) (0.05)

Abbreviations: BMI, body mass index; TAT, total adipose tissue; VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue; VSR, visceral-to-
subcutaneous ratio; SNP, single nucleotide polymorphism; SE, standard error

These results were adjusted for age and site of recruitment.

The tested allele is minor allele of each SNP.

doi:10.1371/journal.pone.0137564.t004

Table 5. rs11678490 variant and its association with both overall and visceral adiposity group: multivariate logistic regression analysis.

Overall obesity group (case visceral adiposity group (case n = 559, control n = 684)
n = 489, control n = 754)
BMI > 25kg/m? VAT > 136cm?® BMI group-adjVAT > 136cm??
Gene SNP Genetic B (SE) OR (95% CI) P- B (SE) OR (95% CI) P- B (SE) OR (95% Cl) P-
model value value value
NGEF rs11678490 additive 0.09 1.10 (0.92— 0.307 0.14 1.15 (0.97— 0.117 0.12 1.13 (0.93- 0.212
(0.09) 1.30) (0.09) 1.36) (0.10) 1.37)
dominant 0.05 1.06 (0.84— 0.641 0.06 1.06 (0.84— 0.629 0.04 1.04 (0.81— 0.753
(0.12) 1.33) (0.12) 1.33) (0.13) 1.34)
recessive 0.27 1.31 (0.91- 0.148 0.49 1.63 (1.13— 0.010 0.46 1.59 (1.05— 0.029
(0.19) 1.90) (0.19) 2.37) (0.21) 2.40)

Abbreviations: BMI, body mass index; VAT, visceral adipose tissue; SNP, single nucleotide polymorphism; SE, standard error; OR, odds ratio; Cl,
confidence interval

These results were adjusted for age and site of recruitment.

The tested allele is minor allele of each SNP.

Significant results are indicated in bold (P < 0.05).

&This value is optimal cut-off in Korean men.

doi:10.1371/journal.pone.0137564.t005
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Table 6. Recessive model results of rs11678490 for 5% and 10% extreme group of visceral adiposity distribution.

Count n (%) logistic results of VAT extreme BMI group-adj logistic results of VAT
group extreme group
The cut-off % of The lower VAT The upper VAT B (SE) OR (95% Cl) P- B (SE) OR (95% Cl) P-
Extreme group group value value
5% (Total n = 62)
AG or GG 30 (96.8) 21 (67.7) 2.26 9.59 (1.50— 0.017 4.30 73.46 (1.76 — 0.024
(0.95) 61.31) (1.90) >999.99)
AA 1(3.2) 10 (32.3)
Total 31 (100.0) 31 (100.0)
10% (Total n = 124)
AG or GG 57 (91.9) 48 (77.4) 1.20 3.33 (1.12- 0.031 2.05 7.79 (1.50-40.47) 0.015
(0.56) 9.90) (0.84)
AA 5(8.1) 14 (22.6)
Total 62 (100.0) 62 (100.0)

Abbreviations: VAT, visceral adipose tissue; BMI, body mass index; SE, standard error; OR, odds ratio; Cl, confidence interval
These exact logistic results were adjusted for age and site of recruitment.

The tested allele is minor allele of each SNP.

Significant results are indicated in bold (P < 0.05).

doi:10.1371/journal.pone.0137564.1006

sample. Compared with the 10% extreme group, the effect size of the AA genotype in the 5%
extreme group was larger (OR = 9.59, 95% CI = 1.50-61.31; P = 0.017).

Discussion

This study was performed to assess the genetic effects of NGEF and RGS6 on central adiposity
traits, including visceral fat, in an Asian population. We measured TAT, VAT, and SAT area
using CT, as well as BMI, in Korean adult men, and assessed the genetic associations between
NGEF and RGS6 and central adiposity traits using four and three SNPs in the NGEF and RGS6
genes, respectively. We found that the A allele of the intronic SNP rs11678490 of NGEF was asso-
ciated with TAT, VAT, and SAT in the additive model (all P < 0.05) and with all adiposity-
related traits in the recessive model (all P < 0.05). After adjusting for BMI, the genetic effect of
this SNP regarding VAT in the recessive model remained significant, suggesting the possibility of
an abdominal visceral-fat-specific gene. Interestingly, that effect was conspicuous between lower
and upper groups with 5% extreme VAT phenotypes (OR = 9.59, 95% CI = 1.50-61.31). In con-
trast, we found no significant associations between central adiposity traits and SNPs in RGS6.

Reports of visceral fat distribution vary according to ethnicity and sex. Asian populations
generally have greater VAT levels than do other populations under conditions such as the
same age and WC, despite the presence of substantially lower levels of overall obesity
[12,20,21]. In addition, the abdominal VAT level is much higher in men than in women
because women tend to store fat in the hips or thighs as opposed to abdominal in men [19]. In
the study performed by Norris et al., which was based on Hispanic Americans, the mean VAT
of the entire cohort was 114.7 [18], whereas the mean value of VAT in this study, which
included only men, was 130.8. We showed a higher prevalence of intra-abdominal obesity;
however, the mean age of subjects in Norris et al.’s study (mean age = 42.8) has a little younger
than in our study (mean age = 50.4), and the proportion of women was over 50%. For this rea-
son, this inconsistency regarding visceral fat deposition between the two studies is thought to
be the result of age, sex proportion, and ethnic differences.
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We identified a significant genetic association between VAT and rs11678490 of NGEF,
which plays a critical role in the formation of neuronal connections. In the additive genetic
model, our results for NGEF were consistent with those of Norris et al., raising the possibility
of the existence of a total fat-contributing gene. However, in the recessive genetic model, the
effect of the SNP on VAT after controlling for BMI remained (P < 0.007). This result suggests
a new hypothesis: that NGEF contributes to abdominal visceral fat, as well as to overall adipos-
ity. Interestingly, this possibility was also identified in further association analysis of the vis-
ceral obesity group, or groups with 5% and 10% extreme values of VAT distribution. In
particular, the effect size of rs11678490, despite the fact that this is a common variant,
increased remarkably in the group with extreme values of VAT phenotype. Compared with the
results of Norris et al., our distinctive results for NGEF can be explained by several possible fac-
tors. First, the assumed genetic model in each study was different. The associations of this SNP
in Norris et al.’s study were tested by an additive genetic model [18], whereas we used all possi-
ble genetic models, i.e., additive, dominant, and recessive models. As a result, we found a stron-
ger genetic effect of rs11678490 in the recessive model. Second, this may be because of a
discrepancy in MAF between the two populations. The MAF of rs11678490 in our study
(MAF = 0.32) was greater than that reported in Hispanic Americans (MAF = 0.19) [18]. There-
fore, this variant may be an Asian-specific SNP that influences visceral fat deposition, indepen-
dently of overall obesity estimated by BMI. This SNP may explain, to some extent, the greater
VAT levels observed in Asian populations. In addition, this may indicate a sex-specific effect of
rs11678490 on VAT.

The present study had several new aspects. First, we provided a significant replication result
of NGEF for adiposity phenotypes using CT data. Most genetic studies of overall or abdominal
obesity have used nonspecific anthropometric traits, such as BMI and WC, rather than CT
measures, which are associated with a high cost. In this sense, our more precise and refined
traits for body fat distribution, including VAT and SAT, may enable the significant replication
of the effect of NGEF, despite the relatively smaller sample size compared with those of large-
scale GWASs. Moreover, we performed comprehensive genetic analyses of visceral fat for the
first time in an Asian population, the results of which suggest the new possibility that a variant
of NGEF in the recessive genetic model contributes to the distribution of adiposity, particularly
VAT. However, we were unable to identify these associations in women, as only men were
included in this study. In 2012, one association study reported a sex-specific genetic effect on
visceral fat [19]. They performed a GWAS of the distribution of fat among people with Euro-
pean ancestry, and found that a novel variant, rs1659258, which is located on chromosome 2,
was related to visceral fat in women, but not in men. This may be because of the known sex dif-
ferences in the distribution of abdominal fat. To determine the sex-specific effect of our NGEF
SNP on VAT, further genetic association studies in women are needed.

In conclusion, we aimed to investigate the genetic effects of central adiposity with 7 SNPs of
two candidate genes in a Korean population. We identified that VAT is associated with SNP
rs11678490 of NGEF in Korean men.

Supporting Information

S1 Fig. The selection of study subjects for this study.
(DOCX)

S2 Fig. The Selection of SNPs for NGEF and RGS6 gene.
(DOCX)

PLOS ONE | DOI:10.1371/journal.pone.0137564 September 4, 2015 9/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0137564.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0137564.s002

@’PLOS ‘ ONE

Effect of NGEF on Central Adiposity in Korean Men

Author Contributions

Conceived and designed the experiments: J-IK BC J-HP JMY HK. Performed the experiments:
H-JK SL H-YS JH JC. Analyzed the data: H-JK J-HP. Contributed reagents/materials/analysis
tools: H-JK J-HP. Wrote the paper: H-JK J-HP. Finally reviewed the manuscript: J-IK BC.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, Donato KA, et al. (2014) 2013 AHA/ACC/
TOS guideline for the management of overweight and obesity in adults: a report of the American Col-
lege of Cardiology/American Heart Association Task Force on Practice Guidelines and The Obesity
Society. J Am Coll Cardiol 63:2985-3023. doi: 10.1016/j.jacc.2013.11.004 PMID: 24239920

Chrostowska M, Szyndler A, Hoffmann M, Narkiewicz K. (2013) Impact of obesity on cardiovascular
health. Best Pract Res Clin Endocrinol Metab 27: 147—156. doi: 10.1016/j.beem.2013.01.004 PMID:
23731877

De Pergola G, Silvestris F. (2013) Obesity as a major risk factor for cancer. J Obes 2013: 291546. doi:
10.1155/2013/291546 PMID: 24073332

Guh DP, Zhang W, Bansback N, Amarsi Z, Birmingham CL, Anis AH. (2009) The incidence of co-mor-
bidities related to obesity and overweight: a systematic review and meta-analysis. BMC Public Health
9: 88. doi: 10.1186/1471-2458-9-88 PMID: 19320986

Song YM, Sung J, Smith GD, Ebrahim S. (2004) Body mass index and ischemic and hemorrhagic
stroke—A prospective study in Korean men. Stroke 35: 831-836. PMID: 15001798

Britton KA, Massaro JM, Murabito JM, Kreger BE, Hoffmann U, Fox CS. (2013) Body Fat Distribution,
Incident Cardiovascular Disease, Cancer, and All-Cause Mortality. Journal of the American College of
Cardiology 62:921-925. doi: 10.1016/j.jacc.2013.06.027 PMID: 23850922

Despres JP, Lemieux |. (2006) Abdominal obesity and metabolic syndrome. Nature 444:881-887.
PMID: 17167477

Despres JP, Lemieux |, Bergeron J, Pibarot P, Mathieu P, Larose E, et al. (2008) Abdominal obesity
and the metabolic syndrome: Contribution to global cardiometabolic risk. Arterioscl Throm Vas 28:
1039-1049.

Lear SA, Humphries KH, Kohli S, Frohlich JJ, Birmingham CL, Mancini GBJ. (2007) Visceral adipose
tissue, a potential risk factor for carotid atherosclerosis—Results of the multicultural community health
assessment trial (M-CHAT). Stroke 38:2422-2429. PMID: 17673711

Fox CS, Massaro JM, Hoffmann U, Pou KM, Maurovich-Horvat P, Liu CY, et al. (2007) Abdominal vis-
ceral and subcutaneous adipose tissue compartments—Association with metabolic risk factors in the
Framingham Heart Study. Circulation 116: 39—48. PMID: 17576866

Porter SA, Massaro JM, Hoffmann U, Vasan RS, O'Donnel CJ, Fox CS. (2009) Abdominal Subcutane-
ous Adipose Tissue: A Protective Fat Depot? Diabetes Care 32: 1068—1075. doi: 10.2337/dc08-2280
PMID: 19244087

Cornier MA, Despres JP, Davis N, Grossniklaus DA, Klein S, Lamarche B, et al. (2011) Assessing Adi-
posity A Scientific Statement From the American Heart Association. Circulation 124: 1996—2019. doi:
10.1161/CIR.0b013e318233bc6a PMID: 21947291

Yoshizumi T, Nakamura T, Yamane M, Islam AHMW, Menju M, Yamasaki K, et al. (1999) Abdominal
fat: Standardized technique for measurement at CT. Radiology 211: 283-286. PMID: 10189485

Xia QH, Grant SFA. (2013) The genetics of human obesity. Ann Ny Acad Sci 1281: 178-190. doi: 10.
1111/nyas.12020 PMID: 23360386

Speliotes EK, Willer CJ, Berndt Sl, Monda KL, Thorleifsson G, Jackson AU, et al. (2010) Association
analyses of 249,796 individuals reveal 18 new loci associated with body mass index. Nat Genet 42:
937-948. doi: 10.1038/ng.686 PMID: 20935630

Wen WQ, Cho YS, Zheng W, Dorajoo R, Kato N, Qi L, et al. (2012) Meta-analysis identifies common

variants associated with body mass index in east Asians. Nat Genet 44: 307-311. doi: 10.1038/ng.
1087 PMID: 22344219

Willer CJ, Speliotes EK, Loos RJF, Li SX, Lindgren CM, Heid IM, et al. (2009) Six new loci associated
with body mass index highlight a neuronal influence on body weight regulation. Nat Genet 41: 25-34
doi: 10.1038/ng.287 PMID: 19079261

Norris JM, Langefeld CD, Talbert ME, Wing MR, Haritunians T, Fingerlin TE, et al. (2009) Genome-
wide Association Study and Follow-up Analysis of Adiposity Traits in Hispanic Americans: The IRAS
Family Study. Obesity 17: 1932—-1941. doi: 10.1038/0by.2009.143 PMID: 19461586

PLOS ONE | DOI:10.1371/journal.pone.0137564 September 4, 2015 10/ 11


http://dx.doi.org/10.1016/j.jacc.2013.11.004
http://www.ncbi.nlm.nih.gov/pubmed/24239920
http://dx.doi.org/10.1016/j.beem.2013.01.004
http://www.ncbi.nlm.nih.gov/pubmed/23731877
http://dx.doi.org/10.1155/2013/291546
http://www.ncbi.nlm.nih.gov/pubmed/24073332
http://dx.doi.org/10.1186/1471-2458-9-88
http://www.ncbi.nlm.nih.gov/pubmed/19320986
http://www.ncbi.nlm.nih.gov/pubmed/15001798
http://dx.doi.org/10.1016/j.jacc.2013.06.027
http://www.ncbi.nlm.nih.gov/pubmed/23850922
http://www.ncbi.nlm.nih.gov/pubmed/17167477
http://www.ncbi.nlm.nih.gov/pubmed/17673711
http://www.ncbi.nlm.nih.gov/pubmed/17576866
http://dx.doi.org/10.2337/dc08-2280
http://www.ncbi.nlm.nih.gov/pubmed/19244087
http://dx.doi.org/10.1161/CIR.0b013e318233bc6a
http://www.ncbi.nlm.nih.gov/pubmed/21947291
http://www.ncbi.nlm.nih.gov/pubmed/10189485
http://dx.doi.org/10.1111/nyas.12020
http://dx.doi.org/10.1111/nyas.12020
http://www.ncbi.nlm.nih.gov/pubmed/23360386
http://dx.doi.org/10.1038/ng.686
http://www.ncbi.nlm.nih.gov/pubmed/20935630
http://dx.doi.org/10.1038/ng.1087
http://dx.doi.org/10.1038/ng.1087
http://www.ncbi.nlm.nih.gov/pubmed/22344219
http://dx.doi.org/10.1038/ng.287
http://www.ncbi.nlm.nih.gov/pubmed/19079261
http://dx.doi.org/10.1038/oby.2009.143
http://www.ncbi.nlm.nih.gov/pubmed/19461586

@’PLOS ‘ ONE

Effect of NGEF on Central Adiposity in Korean Men

19.

20.

21.

22,

23.

24.

Fox CS, Liu YM, White CC, Feitosa M, Smith AV, Heard-Costa N, et al. (2012) Genome-Wide Associa-
tion for Abdominal Subcutaneous and Visceral Adipose Reveals a Novel Locus for Visceral Fat in
Women. Plos Genet 8: €1002695. doi: 10.1371/journal.pgen.1002695 PMID: 22589738

Kadowaki T, Sekikawa A, Murata K, Maegawa H, Takamiya T, Okamura T, et al. (2006) Japanese men
have larger areas of visceral adipose tissue than Caucasian men in the same levels of waist circumfer-
ence in a population-based study. Int J Obesity 30: 1163—1165.

Park YW, Allison DB, Heymsfield SB, Gallagher D. (2001) Larger amounts of visceral adipose tissue in
Asian Americans. Obes Res 9: 381-387. PMID: 11445659

Chung SJ, Kim D, Park MJ, Kim YS, Kim JS, Jung HC, et al. (2008) Metabolic syndrome and visceral
obesity as risk factors for reflux oesophagitis: a cross-sectional case-control study of 7078 Koreans
undergoing health check-ups. Gut 57: 1360-1365. doi: 10.1136/gut.2007.147090 PMID: 18441006

Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MA, Bender D, et al. (2007) PLINK: a tool set for
whole-genome association and population-based linkage analyses. Am J Hum Genet 81: 559-575.
PMID: 17701901

Kim HI, Kim JT, Yu SH, Kwak SH, Jang HC, Park KS, et al. (2011) Gender Differences in Diagnostic
Values of Visceral Fat Area and Waist Circumference for Predicting Metabolic Syndrome in Koreans. J
Korean Med Sci 26: 906-913. doi: 10.3346/jkms.2011.26.7.906 PMID: 21738344

PLOS ONE | DOI:10.1371/journal.pone.0137564 September 4, 2015 11/11


http://dx.doi.org/10.1371/journal.pgen.1002695
http://www.ncbi.nlm.nih.gov/pubmed/22589738
http://www.ncbi.nlm.nih.gov/pubmed/11445659
http://dx.doi.org/10.1136/gut.2007.147090
http://www.ncbi.nlm.nih.gov/pubmed/18441006
http://www.ncbi.nlm.nih.gov/pubmed/17701901
http://dx.doi.org/10.3346/jkms.2011.26.7.906
http://www.ncbi.nlm.nih.gov/pubmed/21738344

