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Abstract

Background

Single nucleotide polymorphisms (SNPs) within the Fat mass and obesity associated (FTO)
gene have been linked with increased body weight. However, the data on an association of
FTO with cardiovascular diseases remains conflicting. Therefore, we ascertained whether
FTO is associated with aortic valve stenosis (AVS), one of the most frequent cardiovascular
diseases in the Western world.

Methods and Findings

In this population-based case-control study the FTO SNP rs9939609 was analyzed in 300
German patients with AVS and 429 German controls of the KORA survey S4, representing
a random population. Blood samples were collected prior to aortic valve replacement in
AVS cases and FTO rs9939609 was genotyped via ARMS-PCR. Genotype frequencies dif-
fered significantly between AVS cases and KORA controls (p = 0.004). Separate gender-
analyses uncovered an association of FTO with AVS exclusively in males; homozygote car-
riers for the risk-allele (A) had a higher risk to develop AVS (p = 0.017, odds ratio (OR)
1.727; 95% confidence interval (Cl) 1.087—2.747, recessive model), whereas heterozygote
carriers for the risk-allele showed a lower risk (o = 0.002, OR 0.565, 95% CI 0.384—-0.828,
overdominant model). After adjustment for multiple co-variables, the odds ratios of hetero-
zygotes remained significant for an association with AVS (p = 0.008, OR 0.565, 95% ClI
0.369-0.861).

Conclusions

This study revealed an association of FTO rs9939609 with AVS. Furthermore, this associa-
tion was restricted to men, with heterozygotes having a significantly lower chance to
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develop AVS. Lastly, the association between FTO and AVS was independent of BMI and
other variables such as diabetes mellitus.

Introduction

Interrelated multifactorial diseases like obesity, cardiovascular diseases, metabolic syndrome,
type 2 diabetes and cancer have emerged as major diseases globally with severe effects on health
care costs. In order to better understand these diseases, genome-wide association studies were
started to unravel these complex diseases by identifying candidate genes. In obesity, common
variants in the Fat mass and obesity associated (FTO) gene were found to have the highest effect
on body weight [1-3]. Homozygote risk-allele carriers (AA) of the FTO single nucleotide poly-
morphism (SNP) rs9939609 showed a 1.67-fold increased risk to develop obesity in compari-
son to non-risk-allele carriers (TT) [2] which could be reproduced for several FTO SNPs in
different ethnic populations [4-6]. Additionally, murine loss and gain of function analyses con-
firmed FTO’s role in body weight regulation [7, 8]. Nevertheless, FTO’s cellular function as a
N6-methyladenosine RNA demethylase [9] remains poorly understood. Despite its ubiquitous
expression in different organs with the greatest expression in the hypothalamus, an area impor-
tant for controlling energy metabolism and food intake [2, 10, 11], data on FTO expression in
relation to experimentally altered nutritional states have been conflicting [10, 12, 13].

Since most GWAS can only detect a locus but not a gene the question arose whether FTO is
“the sole” obesity gene. A potential candidate in close 5’ proximity to FTO would be RPGRIPIL.
Initial studies identified a transcription factor, possibly regulating FTO and RPGRIPIL expres-
sion by binding to SNPs within FTO [14, 15]. However, several other studies could not confirm
an association of FTO SNPs with expression of RPGRIPIL [16, 17] or altered Rpgrip1l expres-
sion in Fto-deficient mice [8]. An interaction of the obesity-associated intronic region of FTO
and the promoter sequence of Irogouis 3 (IRX3) has recently been identified [18]. Furthermore,
FTO SNPs could be associated with expression of IRX3 in human brains, while Irx3-deficient
mice showed a phenotype similar to Ffo-deficient mice. These results suggest that IRX3 could
be a functional long-range target of FTO SNPs. However, analyses in human brain tissues have
been restricted to the cerebellum and have not focused on the hypothalamus. Thus, further
studies are necessary to answer the question if either FTO or IRX3, or both are “the” obesity
gene(s).

Obesity is a major risk factor for the development of cardiovascular diseases. For this very
reason the question arose whether FTO genotype might bear a direct risk for cardiovascular
diseases. First data on this have been inconsistent: showing either a BMI-independent [19, 20]
or a BMI-dependent [21, 22] association of FTO with cardiovascular diseases. Furthermore,
only few studies referred to a specific cardiovascular disease.

Among cardiovascular diseases aortic valve stenosis (AVS) is one of the most prominent in
the Western world [23]. The probability of developing AVS increases with age and male gender
[24]. In 2013 one third of German cardiac surgical procedures were on heart valves with 72%
due to AVS alone [25]. Severity increases with symptomatic AVS leading to a death rate of
more than 50% when immediate aortic valve replacement is not performed [26]. There are no
medical therapies known to slow down or avert the progression of AVS with molecular mecha-
nisms being poorly understood. Although familial clustering of individuals has been reported
[27], little is known about genetic factors contributing to the development of AVS.

It remains unclear whether increased BMI leads to an association of FTO with cardiovascu-
lar diseases or if FTO has a direct impact. Because AVS is one of the most prominent cardiovas-
cular diseases the aim of this study was to determine a possible association of FTO with AVS. A
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better understanding of how FTO and IRX3 impacts AVS is a first step towards a better treat-
ment of AVS in the future.

Methods
Study Populations

All participants, AVS cases and KORA controls, of this prospective study were of Western
European descent and resided in Germany. Prior to this study, a pilot study was carried out to
determine the appropriate number of cases and controls (S1 File). The study plan was
approved by the ethics committee of the Medical Faculty of the Heinrich-Heine-University
(study number 3428) following the guidelines of the Helsinki Declaration.

During the study period 105 females and 195 males diagnosed with AVS who underwent
heart valve replacement at the Department of Cardiovascular Surgery at the University Hospi-
tal Diisseldorf gave their written informed consent to participate in this study. For enrollment
of patients the primary inclusion criteria was diagnosed AVS. This diagnosis was based on a
triple-secured diagnostic chain: 1) manual chart review and review of medical records of all
pre-admission records, including pre-operative transthoracic echocardiography (TTE), transe-
sophageal echocardiography (TEE) or left heart catheterization; 2) in-house TTE and intrao-
perative TEE; 3) intraoperative macroscopic assessment of the aortic valve by the involved
senior surgeon. Details of the prospective process for identification of patients with AVS are
described in (S1 File). Criteria for exclusion were patients younger than 18, confirmed infection
with HIV or hepatitis, previous surgery on one or more heart valves, mental health disease,
drug addiction, pregnancy and breast feeding.

The control group represents a random population sample provided by the population-
based health survey “KORA-gen” at the Helmholtz Zentrum Miinchen (Germany). KORA
control definition and study design have been described previously [28, 29]. In brief, data of
600,000 participants were collected in four surveys over 17 years, which included standardized
interviews, medical and laboratory examinations and biosamples. In these studies, several car-
diovascular diseases, including cardiac infarction, stroke, angina pectoris, PAD and heart fail-
ure have been examined. In the most recent KORA survey (S4), 2,200 healthy participants
were selected to serve as a control pool for genetic analyses. Several clinical studies were pub-
lished using this control population thus far. Out of these studies, 129 female and 300 male
KORA controls with a median age of 65 years were chosen for this study.

Acquisition of clinical variables is described in detail within (S1 File).

Genotyping

Blood samples were taken from AVS cases before heart valve replacement. DNA was purified
from whole blood samples using a Qiagen blood kit (Gentra Puregene Blood Kit, # 158467,
Qiagen, Hilden, Germany) according to manufacturer’s protocol. FTO rs9939609 was geno-
typed via tetra-primer amplification refractory mutation system polymerase chain reaction
(ARMS-PCR) as described earlier [30], (S1 File and S1 Table). FTO rs8050136 and rs17817449
served as internal genotyping controls being part of the same linkage disequilibrium block as
rs$9939609 [1, 2]. Genotypes of KORA controls were supplied by KORA-gen.

Statistical Analyses

Demographic and clinical data of AVS cases and KORA controls were tested for normal distri-
bution with a Shapiro-Wilk test and for homogeneity of variance with a Levene’s test. Values
are given as mean + standard deviation (SD). AVS cases were compared to KORA controls
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with standard statistical testing methods (Student’s t-Test, Mann-Whitney-U Test and Fish-
er’s-Exact-Test).

Genotype frequency of FTO rs9939609 was tested for deviation from Hardy-Weinberg equi-
librium (HWE) using the y” test to exclude possible error rates of SNP genotyping in KORA
controls [31-33] and to identify a possible gene-disease association in AVS cases [34-36]. The
null hypothesis was tested with an overall test (co-dominant model) by applying the Fisher’s-
Exact-Test. Based on the results, the recessive and overdominant model were further analyzed.
The additive model was not analyzed further due to the lack of a linear trend of the risk-allele
when applying the co-dominant model initially. Deviation of genotype frequency between
AVS cases and KORA controls was corrected for age, BMI, diabetes mellitus and hypertension
in logistic regression models. The strength of association was calculated with odds ratio (OR)
and 95% confidence interval (CI), adjusting for the multiple co-variables. The value of each co-
variable of each individual has been used for all logistic regression models. Blood lipid levels
have not been included in logistic regression models, since levels in AVS cases were lower.

Statistical analyses were conducted using SPSS (version 21.0.0.1 SPSS Inc., Chicago, IL,
USA) and R (version 3.1.1, www.r-project.org). Power calculations are further described within
(S1 File).

Results
Baseline Data of AVS Cases and KORA Controls

Demographic and clinical data of AVS cases and KORA controls are summarized in Table 1.
As expected AVS cases were older with increased prevalence for diabetes mellitus and hyper-
tension (all were p<0.001). Nevertheless, AVS cases had significantly lower BMI and blood
lipid levels (BMI and cholesterol levels p<0.001, triglycerides p = 0.005). Similar results were
obtained by others when comparing baseline data of patients with acute coronary syndrome
and controls representing a random population in this study [19]. Appearance of peripheral
artery disease and smoking status did not differ between AVS cases and KORA controls
(p=0.511 and p = 0.381 respectively).

FTO rs9939609 Genotype Frequencies of AVS Cases and KORA
Controls

In the KORA controls, the genotypic frequency of FTO rs9939609 did not deviate from HWE
(p =0.277, S2 Table), whereas a significant deviation was found in the AVS cases (p = 0.001).

The accuracy of genotyping was confirmed with two additional SNPs in linkage disequilib-
rium with FTO rs9939609 (S3 Table). The genotypic distribution of FTO rs9939609 diftered
significantly between AVS cases and KORA controls (p = 0.004; OR 0.614, 95% CI 0.433-0.868
for TA genotype; OR 1.042, 95% CI 0.672-1.614 for AA genotype; Table 2 and S4 Table). AVS
cases showed a higher proportion of the high-risk genotype (AA) compared to KORA controls
(21.7% versus 16.8%, Table 2). However, this difference was not significant in the recessive
model (p = 0.102, Table 2). The TA genotype was associated with a lower risk for developing
AVS and significantly fewer TA individuals were found in the AVS population than in the
KORA control population in the overdominant model (39.3% versus 51.7%, p = 0.001, OR
0.605, 95% CI 0.443-0.824, Table 2 and S4 Table). In a logistic regression controlling for age,
BM]I, diabetes mellitus and hypertension the association of TA with lower risk of developing
AVS remained (p = 0.030, OR 0.675, 95% CI 0.472-0.962, Table 2 and 54 Table), whereas sig-
nificance in the co-dominant model was lost (p = 0.092, Table 2).

PLOS ONE | DOI:10.1371/journal.pone.0139419  October 2, 2015 4/12


http://www.r-project.org/

@'PLOS ‘ ONE

FTO Is Associated with Aortic Valve Stenosis

Table 1. Demographic and Clinical Data of AVS Cases and KORA Controls.

Variables AVS cases KORA controls p-value
Male/female [n] 195/105 300/129 0.171"

(n) (300) (429)

Age [years] 71.3£10.1 64.9+£3.2 <0.0012
(n) (300) (429)

BMI [kg/m?] 27.1+4.1 28.8+4.0 <0.0012
(n) (297) (429)

Cholesterol [mmol/I] 4.0£1.1 6.2+1.1 <0.0013
(n) (282) (425)

LDL [mmol/l] 2.4+0.9 3.9+1.0 <0.001°
(n) (274) (425)

HDL [mmol/I] 1.1£0.4 1.420.4 <0.0012
(n) (274) (425)

Triglycerides [mmol/l] 1.410.7 1.6+1.0 0.005

(n) (282) (418)

Diabetes mellitus n [%] 80 [26.8] 30[7.0] <0.001"
(n) (299) (427)

Hypertension n [%] 222 [74.7] 205 [48.4] <0.001"
(n) (297) (425)

PAD n [%] 30 [10.1] 35[8.5] 0.511"

(n) (297) (410)

Smoking n [%] 32[10.8] 47 [11.0] 0.381"

Smoked formerly n [%] 103 [34.7] 196 [45.8]

(n) (297) (428)

Two-sided p-values were calculated using

'Fisher's-Exact-Test

2Mann-Whitney-U Test and

3Student’s t-Test. Values are mean+SD. PAD, peripheral artery disease.

doi:10.1371/journal.pone.0139419.t001

FTO rs9939609 Genotype Frequencies of Male and Female AVS Cases
and KORA Controls

FTO rs9939609 genotype frequencies of males and females were analyzed separately due to
known gender differences for developing cardiovascular diseases, especially for AVS. A signifi-
cant deviation from HWE in genotypic frequencies of FTO rs9939609 persisted in male AVS
cases, but was not observed in female AVS cases (p = 0.001 and p = 0.516 respectively, S2
Table).

The genotypic frequency of FTO rs9939609 differed significantly in males (p = 0.005; OR
0.631, 95% CI 0.407-0.976 for TA genotype; OR 1.327, 95% CI 0.784-2.250 for AA genotype;
not adjusted for age, BMI, diabetes mellitus and hypertension; Tables 2 and 3) likewise after
adjustment for these factors (p = 0.030; OR 0.578, 95% CI 0.357-0.930 for TA genotype; OR
1.058,95% CI 0.598-1.867 for AA genotype), but not in females (p = 0.170, Table 2). The per-
centage of the AA genotype in male AVS cases was elevated compared to KORA controls in
the recessive model (26.2% versus 17.0%, p = 0.017, OR 1.727, 95% CI 1.087-2.747, Tables 2
and 3). However, results were non-significant after adjustment for co-variables (p = 0.157, OR
1.438, 95% CI 0.867-2.379). Evidence of heterozygote advantage persisted in male AVS cases
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Table 2. FTO rs9939609 Genotype Frequencies in AVS Cases and KORA Controls.
Genotype distribution AVS cases n [%]
KORA controls n [%]

Gender TT TA AA

All 117 [39.0] 118 [39.3] 65 [21.7]
(n =729) 135 [31.5] 222 [51.7] 72 [16.8]
Male 70 [35.9] 74 [37.9] 51 [26.2]
(n = 495) 93 [31.0] 156 [52.0] 51 [17.0]
Female 47 [44.8] 44 [41.9] 14 [13.3]
(n =234) 42 [32.6] 66 [51.2] 21 [16.3]

"Two-sided p-values were calculated with the Fisher's-Exact-Test.

Unadjusted'/adjusted?

p-value of genetic model

Co-dominant Recessive Overdominant
0.004/0.092 0.102/0.224 0.001/0.030
0.005/0.030 0.017/0.157 0.002/0.008
0.170/0.940 0.584/0.964 0.188/0.766

2By using logistic regression models p-values were adjusted for age, BMI, diabetes mellitus and hypertension.

doi:10.1371/journal.pone.0139419.1002

in the adjusted overdominant model (37.9% versus 52.0%, p = 0.008, OR 0.565, 95% CI 0.369-

0.861).

FTO rs9939609 Genotype Frequencies of 50 to 70-Year-Old Men

AVS is a cardiovascular disease that increases with age. Therefore it is not surprising that AVS
cases of this study showed a higher mean age than KORA controls (71.2 years versus 64.9
years, Table 1). To exclude the effect of age on AVS FTO rs9939609 genotypic frequencies of
male AVS cases and KORA controls, individuals between 50-70 years were analyzed

separately.

In these analyses the AA genotype was significantly associated with higher risk to develop
AVS in the unadjusted recessive model (p = 0.002, OR 2.059, 95% CI 1.090-3.820, S5 Table),
but was not significant after adjustment for co-variables (p = 0.062, OR 1.839, 95% CI 0.958-
3.463). Nevertheless, the presence of heterozygote advantage persisted in male AVS cases after
adjustment for co-variables (p = 0.002, OR 0.395, 95% CI 0.216-0.702).

Discussion

With this case-control study of participants residing in Germany, we demonstrate for the first

time an association between FTO rs9939609 and AVS, exclusively restricted to men. Strong

Table 3. Odds Ratios (OR) and 95% Confidence Intervals (Cl) of FTO rs9939609 Between Male AVS Cases and KORA Controls.

Unadjusted Adjusted’

Genetic model Genotype OR [95% CI] OR [95% CI]
Co-dominant TT 1 1

TA 0.631 [0.407-0.976] 0.578 [0.357-0.930]

AA 1.327 [0.784-2.250] 1.058 [0.598-1.867]
Recessive TT+TA 1 1

AA 1.727 [1.087-2.747] 1.438 [0.867-2.379]
Overdominant TT+AA 1 1

TA 0.565 [0.384-0.828] 0.565 [0.369-0.861]

"Values were adjusted for age, BMI, diabetes mellitus and hypertension.

doi:10.1371/journal.pone.0139419.1003
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association of FTO with AVS was found in the overdominant model, with lower risk of devel-
oping AVS in TA heterozygotes. This effect was significantly higher than the association in AA
carriers independent of age, BMI, diabetes mellitus and hypertension.

With three different approaches we minimized possibilities for false positive and negative
results of an association of FTO with AVS. First, KORA controls were in HWE. Second, the
power of the study was sufficient. Third, genotyping mistakes have been excluded via genotyp-
ing with two additional SNPs in linkage disequilibrium with FTO rs9939609, namely
rs8050136 and rs17817449 [1, 2]. Furthermore, multiple association studies used the test of
HWE to exclude possible error rates of SNP genotyping for the cases. In contrast Lee proposed
screening the genome for disease-susceptibility genes by testing deviation from HWE in a gene
bank of any disease [37] as supported by others [34-36]. Therefore we argue that association of
FTO with AVS is evident by significant deviation from HWE in AVS cases.

Of all AVS study participants, 65% were male, which reflects the gender-specific propor-
tions observed in the largest German national database for surgical and interventional proce-
dures on the aortic valve and underlines the higher risk of AVS for men in comparison to
women [38]. Surprisingly, the association of FTO with AVS was restricted to men. Such gender
differences in FTO association studies have been reported previously. For example, variation at
the SNP rs9939609 was associated with BMI in females, but not males, affecting children, ado-
lescents and adults of different ethnic origin [39-42]. A study on FTO rs17817449 revealed an
interaction between SNP and physical activity on BMI in males but not females [43]. Differ-
ences in hormone levels, fat mass storage or physical activity could contribute to the differences
in association studies for FTO. Due to these results we propose to identify gender differences
by first analyzing both genders together and then separately in association studies for FTO.
With this approach missing a significant effect of FTO due to analyses of non-affected gender
by chance could be avoided. These considerations could further explain previous conflicting
results on an association of FTO with cardiovascular diseases in which separate gender analyses
were intentionally not performed [19, 21, 44]. Nevertheless, we were able to reveal a gender
specific role of FTO in the context of therapeutically relevant AVS.

An association of FTO with AVS resulted in a reduced risk for developing AVS in men
assuming the overdominant model. To our knowledge, this finding has not been discussed in
any other genetic association study of FTO with cardiovascular diseases. The most prominent
example of heterozygote advantage is a protection from severe symptoms of malaria in hetero-
zygote carriers of sickle-cell anemia whereas carriers of the homozygote risk-allele suffer from
severe symptoms due to sickle-cell disease [45]. So far, three other FTO association studies
have found an effect of heterosis. One study analyzed the effect of FTO genotype with fat-
related traits in an experimental pig population [46]. Fat weight, fat depth and fat area of differ-
ent fat storages were associated with the SNP in heterozygotes. In a second study, rs9939609
was associated with BMI in European girls but not boys, whereas heterozygote boys profited
from lower BMI and other obesity-related traits [39]. The third study identified an association
0f rs9939609 with cardiovascular diseases in males [20]. Taking a closer look at the results
reveals a positive effect of heterosis with higher significance in different adjusted models than
the association of the homozygote risk-allele genotype, although this was not discussed in the
publication. The importance of the specific type of cardiovascular disease analyzed for an asso-
ciation with FTO should not be underestimated. According to the study [20], it was unclear
whether study participants suffered from cardiovascular diseases similar in their etiology to
AVS or whether they specifically suffered from AVS. Moreover, the proportion of the respec-
tive subgroups were not reported.

Whether TA carriers are at lower risk for AVS due to a broader range of FT'O expression
in different cells or tissues in comparison to homozygotes remains unclear. One possible

PLOS ONE | DOI:10.1371/journal.pone.0139419  October 2, 2015 7/12



@’PLOS ‘ ONE

FTO Is Associated with Aortic Valve Stenosis

explanation could be a deleterious effect of too little or too much FTO expression within the
heart or aortic valve leaflets. So far, differences of FTO expression, dependent on the risk-allele
genotype, were found in unspliced nuclear RNA of human fibroblasts [16]. In these studies,
FTO expression for the risk-allele was elevated compared to the non-risk-allele; whether FTO
SNPs are directly connected to FTO expression and if this is the case in aortic valve leaflets
remains unknown. A third explanation for heterozygote advantage could be even the involve-
ment of an additional factor [47, 48] or an interaction of the IRX3 promoter with the obesity-
associated SNP region of FTO [18]. In this study, array expression data revealed that IRX3 was
highly expressed within the heart at levels approximately 8-fold higher than the median expres-
sion across several human tissues. In comparison IRX3 expression within the cerebellum was
approximately 50% lower than the median expression. Thus, a role of IRX3 in altering the
development of AVS should be considered for future molecular analyses. In terms of function,
IRX3 has been shown to be a direct repressor of transcription of Connexin 43 (CX43) in
human hearts [49]. Based on these findings, an impact of FTO SNPs on CX43 may be suggested
which goes beyond the altered expression of CX43 found in left ventricular hypertrophy in
AVS patients [50]. Furthermore, gender specific differences in expression of IRX3 and CX43
have been described [51]. Thus, we suggest that IRX3 as a target of FTO SNPs may lead to
altered CX43 expression, influencing progression of AVS. Nevertheless, further experiments
are needed to test these predictions.

Although, rs9939609 was associated with AVS for all genetic models applied in males (espe-
cially in the subpopulation of 50-70 year old AVS cases and KORA controls), after logistic
regression, the AA genotype failed to be associated with a higher risk of developing AVS. Sensi-
tivity analyses revealed an impact of diabetes mellitus on the risk of AA carriers to develop
AVS, supporting the effect of diabetes on the progression of AVS as previously suggested [52-
54]. However, heterozygous males profited from a reduced risk of developing AVS, despite the
considerable number of other risk factors identified so far. Interestingly, heterozygote advan-
tage in European boys, uncovered by Jacobsson et al., was not only restricted to the BMIL. Male
individuals of the TA genotype showed decreased fasting serum insulin levels and an increased
insulin sensitivity, whereas the SNP rs9939609 was associated with higher plasma glucose levels
in girls [39].

With different approaches we minimized the chance for false results of an association of
FTO with AVS. Nevertheless, an important limitation of this study is the lack of a second case
cohort. Thus, false positive and negative results cannot be completely eliminated. Furthermore,
we used a random control population where we cannot exclude the appearance of asymptom-
atic AVS in a few KORA controls due to the lack of routine echocardiography. Up to 2.8% of
KORA controls could suffer from undetected AVS [55]. However, the effect of heterozygote
advantage with a reduced risk to develop AVS should be even more pronounced with “true”
controls. To test this and to overcome the limitation of a missing second case cohort, additional
clinical studies with large cohorts of different ethnic origin who underwent routine echocardi-
ography are needed. Further, an extended evaluation of the metabolic status, e.g. by standard-
ized oral glucose tolerance test, due to observations in European boys [39] would more clearly
delineate the disease etiology. Finally, in this study the primary inclusion criteria was the pres-
ence of AVS at the time of admission to the hospital for cardiac surgery on the aortic valve.
Hence, patients with bicuspid aortic valve disease (n = 24) and patients with rheumatic valvular
disease (n = 2) have been included in this study. Despite the prospective nature of this study,
reliable longitudinal data are missing, making a detailed analysis with a focus on these sub-
cohorts difficult.

In summary, in our case-control study we showed a gender specific association of FTO with
AVS independent of BMI, diabetes mellitus and other co-variables. Heterozygote risk-allele
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carriers profit from a reduced risk to develop AVS. So far, not much is known about the genet-
ics causing severe symptomatic AVS leading to urgent aortic valve replacement. We suggest
that “a bit” of the FTO risk-allele is important to keep the balance of a relatively healthy aortic
valve presumably through altered expression of IRX3 within the heart. This study provides a
first step towards an understanding of the genetics basis of AVS and the complexity of action
of FTO variants on different diseases.
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