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Abstract

Objective: Genome-wide association studies have shown that variance in the fat mass- and obesity- associated gene (FTO) is
associated with risk of obesity in Europeans and Asians. Since obesity is associated with an increased risk of cardiovascular
disease (CVD), several studies have investigated the association between variant in the FTO gene and CVD risk, with
inconsistent results. In this study, we performed a meta-analysis to clarify the association of rs9939609 variant (or its proxies
[*>0.90]) in the FTO gene with CVD risk.

Methods: Published literature from PubMed and Embase was retrieved. Pooled odds ratios with 95% confidence intervals
were calculated using the fixed- or random- effects model.

Results: A total of 10 studies (comprising 19,153 CVD cases and 103,720 controls) were included in the meta-analysis. The
results indicated that the rs9939609 variant was significantly associated with CVD risk (odds ratio =1.18, 95% confidence
interval = 1.07-1.30, p=0.001 [Z test], I*=80.6%, p<<0.001 [heterogeneity]), and there was an insignificant change after
adjustment for body mass index (BMI) and other conventional CVD risk factors (odds ratio=1.16, 95% confidence
interval = 1.05-1.27, p=0.003 [Z test], *=75.4%, p<<0.001 [heterogeneity]).

Conclusions: The present meta-analysis confirmed the significant association of the rs9939609 variant in the FTO gene with
CVD risk, which was independent of BMI and other conventional CVD risk factors.
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Introduction

The prevalence of obesity has greatly increased globally [1,2].
Obesity is one of the main risk factors for the development of
hypertension, metabolic syndrome, type 2 diabetes (12D), and
cardiovascular disease (CVD) [3]. Recently, a genome-wide
association study has identified the fat mass- and obesity-
associated gene (F70) associated with higher body mass index
(BMI) and risk of obesity in the Europeans [4]. Since then, the
association has been replicated in other ethnic populations [5,6].
In addition, the original publication also indicated that the F70
gene variant affected T2D through an association with BMI/
obesity [4]. However, the subsequent studies supported the
conclusion that F70O gene variant was associated with risk of
T2D independently of BMI [5,7]. Since obesity is a well
established risk factor for CVD, it is more likely that the FTO
gene, as the BMI/obesity related locus, might confer the risk on
CVD. To date, nine papers have investigated the association
between variance in /70 gene and CVD risk [8-16]. However,
the results have been inconsistent, which might be due to the
differences in statistical power for each included study (the sample

PLOS ONE | www.plosone.org

size in each study varied greatly), recruitment of study population,
genetic and environmental background.

Meta-analysis is a useful method to overcome the disadvantages
of individual studies, thereby increasing the statistical power and
the precision of effect estimates. In this study, we performed a
meta-analysis to clarify the association between F7T0O gene
159939609 variant (or its proxies [*>0.90]) [5] and the risk of
CVD.

Methods

Literature and Search Strategy

We searched literature databases, including PubMed and
Embase. The search strategy was to identify all possible studies
involving the following key words: (fat-mass and obesity-associated
gene or FT0) and (polymorphism or variant or variation or
genotype) and (acute coronary syndromes or myocardial infarction
or coronary artery disease or coronary heart disease or ischemic
heart disease or cardiovascular disease or stroke). The publication
language was restricted to English. The reference lists of retrieved
articles were hand-searched. The literature search was updated on
31 December 2012.
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Articles identified through
database search
{n=126)
‘ . Articles excluded:
l - Obvious irrelevance (h=113)
Articles screened
{n=13)
‘ Articles excluded:
» [ - FTO variant and nisk factors for CVD
l (n=3)

Full-text of the articles
accessed for eligibility
{n=10)

’ Articles excluded:
- Insufficient data (n=1)

9 articles included in the meta-analysis

with a total of 10 studies*

Figure 1. Flow chart of meta-analysis for exclusion/inclusion of individual articles (or studies). " One article (Lappalainen et al, 2011)

contained two studies.
doi:10.1371/journal.pone.0071901.g001

Inclusion Criteria and Data Extraction

The studies were included in the meta-analysis only if they met
all the following inclusion criteria: (1) evaluation of the association
of FTO 1s9939609 polymorphism (or its proxies [*>0.90]) with
risk of CVD; (2) use of a case—control or cohort design; and (3)
provision of an odds ratio (OR) with 95% confidence interval (CI)
under an additive model with or without adjustment for BMI and
other conventional CVD risk factors (e.g., age, sex, alcohol use,
caloric intake, saturated fat and fiber intake, smoking, and obesity).
The following information was extracted from each study: (1)
name of the first author; (2) year of publication; (3) country of
origin; (4) ethnicity of the studied population; (5) number of cases
and controls; (6) endpoint; (7) frequency of men and the mean
ages; (8) mean BMI; and (9) studied SNP. Two authors
independently reviewed the articles for compliance with the
inclusion/exclusion criteria, resolved disagreements and reached a
consistent decision. All participants of the included studies
provided informed consent and the studies were approved by
the ethics committees of the participating institutions.

Statistical Analysis

The association of #70 polymorphism with CVD was estimated
by calculating the pooled OR and 95% CI. The significance of the
OR was determined by the ( test (p<<0.05 was considered
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statistically significant). Cochrane’s Q test was performed to test
the between-study heterogeneity [17,18]. I represents the range
for the existence or no of heterogeneity. Usually, >50%
represents the existence of heterogeneity. A random-effects
(DerSimonian—Laird [17]) or fixed-effects (Mantel-Haenszel
[18]) model was used to calculate the pooled OR in the presence
(p=0.10) or absence ($>0.10) of heterogeneity, respectively. To
evaluate the stability of the results, we performed a sensitivity
analysis by removing one study at a time. Publication bias was
assessed by Begg’s test [19] ($p<<0.05 was considered statistically
significant). Data were analysed using STATA version 11.0
(StataCorp LP, College Station, TX, USA).

Results

Characteristics of the Studies

A flow chart describing the process of inclusion/exclusion of
studies is presented in Fig. 1. The literature search identified a
total of 126 potentially relevant articles. Of these, 113 were
excluded after reading the title or abstract because of obvious
irrelevance. In addition, three articles were excluded as they
investigated the association between the F70 polymorphism and
risk factors for CVD, e.g., obesity, hypertension, diabetes and
insulin resistance [20-22]. Therefore, 10 articles met the primary
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Study %
SNP ]

ID OR (95% CI) Weight
i

Doney,2009 159939609 (A/T) ; - 2.36(1.49,3.74)  3.64
1

Ahmad,2010 138050136 (A/C) fer 1.11(0.99,1.24) 1453
1

He,2010 rs9939609 (A/T) —_— 132(1.07,1.63)  9.85

Hubacek,2010 rs17817449 (G/T) —:+— 1.22 (1.04,1.42) 12.38
1

Lappalainen, 2011 59939609 (A/T) : + 168(1.04,2.70) 343
1

Winter,2011 159937053 (A/T) B 114 (0.91,142)  9.35
1

Berzuini,2012 159939609 (A/T) im— 1.31(1.15,154)  12.86
1

Borglykke, 2012 158050136 (A/C) -ol- i 0.97 (0.92, 1.03) 16.79
]

Nordestgaard,2012 159939609 (A/T) = 1.02(0.97,1.07)  17.18

Overall (--squared = 80.6%, p = 0.000) @ 1.18(1.07,1.30)  100.00
i
1

NOTE: Weights are from random effects analysis ;

| } T

267 1
Decreased risk

3.74

Increased risk

Figure 2. Meta-analysis of the association between rs9939609 (or its proxies) polymorphism in the FTO gene and cardiovascular
disease risk. OR is reported to increased CVD risk; weights are calculated from the inverse of their variance.

doi:10.1371/journal.pone.0071901.9002

inclusion criteria, of which one article was excluded because it did
not provide the sufficient data for calculation of an OR with 95%
CI [23]. In addition, the two studies included in the paper by
Lappalainen et al. [12] were considered as separate studies in the
following data analysis. The variant rs9939609 is known to be in
high linkage disequilibrium with proxies including rs8050136,
rs17817449 and 159937053 (All *>0.90). A total of 10 studies
(comprising 19,153 CVD cases and 103,720 controls) for
rs9939609 polymorphism (or its proxies) were included in the
meta-analysis [8—16]. All studies were conducted in the European
populations. The genotype frequency in controls was in Hardy—
Weinberg equilibrium for all included studies (p>0.05). All studies
(except for one study in the paper by Lappalainen et al. [12])
provided the crude and adjusted (adjusted for BMI and other
conventional CVD risk factors calculated by multiple logistic
regression model for each study) ORs with 95% ClIs, and the
majority provided OR with 95% CI under an additive genetic
model, hence we calculated the summary estimate under this
model only. All included studies were conducted in European
population. The characteristics of the included studies are listed in
Table 1.

PLOS ONE | www.plosone.org

Meta-analysis Results

The results indicated a significant association of the rs9939609
polymorphism in the 70 gene with the risk of CVD (OR =1.18,
95% CI=1.07-1.30, p=0.001 [Z test], F#=80.6%, p<0.001
[heterogeneity]|, Fig. 2), which did not substantially change after
adjustment for BMI and other conventional CVD risk factors
(OR=1.16, 95% CI=1.05-1.27, p=0.003 [Z test], I*=75.4%,
$<<0.001 [heterogeneity], Fig. 3).

Source of Heterogeneity

Meta-regress was conducted to examine the source of hetero-
geneity. Publication year, country, design, number of cases and
controls were considered as independent variables. However, these
variables can’t explain the source of heterogeneity (all p>0.05).
Galbraith figure was drawn to identify outliers of the source of
heterogeneity. In the model unadjusted for BMI, four studies
[8,10,14,15] were the outliers (Figure S1). In the model adjusted
for BMI, five studies [8,10,11,12,14] were the outliers (Figure S2).

Sensitivity Analysis

Sensitivity analysis was performed by excluding one study at a
time. The results confirmed the significant association between the
1rs9939609 polymorphism in the F70 gene and the risk of CVD,
with ORs and 95% CIs ranging from 1.13 (1.04, 1.24) to 1.23
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Study %

ID SNP OR (95% CI) Weight
i

Doney,2009 19939609 (A/T) i + 2.01(1.18,3.45) 2.76

Ahmad,2010 158050136 (A/C) —0-;— 1.09 (0.97, 1.23) 14.83

He,2010 159939609 (A/T) 1E—+— 142(1.13,1.79) 9.15

Hubacek,2010 117817449 (G/T) —5—0-— 1.31(1.08, 1.60) 10.65

Lappalainen,2011 159939609 (A/T) E - 2.09(1.17,373) 241

Lappalainen,2011 159939609 (AT =§ 1.12 (0.69, 1.82) 3.27

Winter,2011 159937053 (A/T) ——H:— 1.11 (0.85, 1.44) 7.86

Berzuini,2012 159939609 (A/T) —?*— 1.23 (1.06, 1.43) 13.09

Borglykke, 2012 139939609 (A/T) o i 0.97(0.92,1.04)  17.77

Nordestgaard,2012 139939609 (A/T) -l- i 1.00 (0.95,1.05)  18.21

Overall (I-squared = 75.4%, p = 0.000) @ 1.16 (1.05, 1.27) 100.00
i

NOTE: Weights are from random effects analysis i

.2|63 ; 3.I73

Decreased risk

Increased risk

Figure 3. Meta-analysis of the association between rs9939609 (or its proxies) polymorphism in the F7O gene and cardiovascular
disease risk after adjustment for BMI and other conventional CVD risk factors. OR is reported to increased CVD risk; weights are calculated

from the inverse of their variance.
doi:10.1371/journal.pone.0071901.g003

(1.09, 1.39) (Table S1), and from 1.12 (1.02, 1.23) to 1.22 (1.07,
1.39) after adjustment for BMI and other conventional CVD risk
factors (Table S2).

Publication Bias

No publication bias was observed for the association between
rs9939609 polymorphism and CVD risk without (p = 0.118, Figure
S3) or with (p=0.152, Figure S4) adjustment for BMI other
conventional CVD risk factors.

Discussion

To our knowledge, this is the first meta-analysis investigating the
association between the F70 gene variant and CVD risk. Our
meta-analysis with 19,383 CVD cases and 103,490 controls
indicated that the F70 gene rs9939609 variant was significantly
associated with an increased risk of CVD and the association did
not substantially alter even after adjustment for BMI and other
conventional CVD risk factors.

In 2007, Frayling et al. [4] initially reported that the F70 gene
rs9939609 variant was significantly associated with T2D in
Europeans, which was completely explained by the effect of the

PLOS ONE | www.plosone.org

FTO gene variant on BMI. However, the recent two meta-analyses
suggested that the F70 gene variant influenced the risk of
T2D independently of BMI in both Europeans and East Asians
[5,7]. Regarding for the association between F70 gene and CVD
risk, Doney et al. [8] firstly demonstrated that the A allele of
rs9939609 in the F70 gene increased the risk of myocardial
infarction in 4,897 patients with T2D in the prospective study,
which was independently of BMI, glycohemoglobin, mean
arterial pressure, HDL-C, triglycerides, and total cholesterol.
However, the subsequent eight papers revealed conflicting
conclusions [9-16]. Pooling all the studies together, we found
the significant association between the F70 gene variant and
CVD risk independent of BMI and other conventional CVD risk
factors.

The mechanism underlying the association of the F70 variant
with CVD risk remains unclear. As is known, FTO protein is
highly expressed in the central nervous system, which regulates
energy metabolism [24]. Indeed, the /70 gene variant is found to
influence energy-dense food intake instead of regulation of energy
expenditure [25]. In addition, the F7TO variant is associated with
diabetes-related metabolic traits (including higher fasting insulin,
glucose and triglycerides, and lower HDL cholesterol), although
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the association disappeared after adjustment for BMI [26]. Other
studies have indicated that F7TO variant is associated with
increased risk for hypertension through the regulation of
sympathetic modulation of vasomotor tone [27]. Notably,
Hubacek et al. [11] believed that the #70 variant could increase
the risk of CVD through another mechanism, namely through
its possible effect on DNA methylation. In other words, the
FTO gene variant could interact with an unhealthy lifestyle (such
as high fat diet and lack of physical activity), and affect the
epigenetic status [11] and ultimately contribute to the develop-
ment of CVD.

Our study is subject to several limitations. First, the individual
studies are not homogeneous in the subject cases that might have
an effect in the meta-analysis (Table 1). Only five studies provided
the specific endpoint (two were on myocardial infarction, one was
on acute coronary syndrome, one was on stroke and one was on
ischemic heart disease) and the remaining five studies indicated
CVD only. Thus, we were unable to perform the subgroup
analysis to observe the effect of different endpoints on the
assoclation. Second, we only calculated the pooled OR under an
additive model since most studies provided OR with 95%CI under
this model only. In other word, the insufficient data under
dominant and recessive models impeded us for further analysis.
Third, the genotyping methods are different among the included
studies, which may influence the association between FT0O gene
variant and CVD risk.

In conclusion, our meta-analysis confirmed that the 70 gene
rs9939609 variant is significantly associated with an increased risk
of CVD in the Europeans and the genetic effect is not mediated by
the changes in BMI and other conventional GVD risk factors. The
observed association remains to be replicated in the non-European
populations. Further studies should be conducted to investigate
the mechanism underlying the link between F70 gene and CVD
risk.
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