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Objective: To examine whether physical activity attenu-
ates the effect of the FTO rs9939609 polymorphism on body
fat estimates in adolescents.

Design: Cross-sectional study.

Setting: Athens, Greece; Dortmund, Germany; Ghent,
Belgium; Heraklion, Greece; Lille, France; Pécs, Hun-
gary; Rome, Italy; Stockholm, Sweden; Vienna, Austria;
and Zaragoza, Spain, from October 2006 to December 2007.

Participants: Adolescents from the Healthy Lifestyle in
Europe by Nutrition in Adolescence Cross-Sectional Study
(n=752).

Main Exposure: Physical activity.

Main Outcome Measures: The FTO rs9939609 poly-
morphism was genotyped. Physical activity was as-
sessed by accelerometry. We measured weight, height,
waist circumference, and triceps and subscapular skin-
folds; body mass index (BMI [calculated as weight in ki-
lograms divided by height in meters squared]) and body
fat percentage were calculated.

Results: The A allele of the FTO polymorphism was sig-
nificantly associated with higher BMI (�0.42 per risk al-
lele), higher body fat percentage (�1.03% per risk allele),
and higher waist circumference (�0.85 cm per risk al-
lele). We detected significant or borderline gene�physical
activity interactions for the studied body fat estimates (for
interaction, P=.02, .06, and .10 for BMI, body fat percent-
age, and waist circumference, respectively). Indeed, the
effect of the FTO rs9939609 polymorphism on these body
fat parameters was much lower in adolescents who met
thedailyphysical activity recommendations (ie,�60min/d
of moderate to vigorous physical activity) compared with
those who did not: �0.17 vs �0.65 per risk allele in BMI,
respectively; �0.40% vs +1.70% per risk allele in body fat
percentage, respectively; and �0.60 vs �1.15 cm per risk
allele in waist circumference, respectively.

Conclusion: Adolescents meeting the daily physical ac-
tivity recommendations may overcome the effect of the
FTO rs9939609 polymorphism on obesity-related traits.
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T HERE IS COMPELLING EVI-
dence that human obesity
is a multifactorial disorder
where both genes1,2 and
lifestyle factors, including

diet and physical activity,3,4 are impor-
tant contributors. Among the obesity-
related genes, polymorphisms in the fat
mass– and obesity-associated gene (FTO)
are strongly associated with body fat es-
timates in populations of different ethnic
backgrounds or ages.5-10 It was estimated
that each copy of the FTO rs9939609 mi-
nor allele (ie, A allele) corresponds to ap-
proximately 1.5-kg–heavier body weight,
and the prevalence of this risk allele in
white individuals is around 40%.6

Several studies suggested that thedelete-
riouseffectof theFTOpolymorphismcould

beattenuatedbyphysicalactivity,11-13whereas
otherswerenotable toshowsucheffect.14-16

Thesestudiesweremainly focusedonadult
populations and all assessed physical activ-
itybymeansofself-reportedquestionnaires.
One study in 438 adolescents aged 15 years
failed to detect an interaction between the
FTO rs9939609 polymorphism and self-
reported physical activity.16

The US Department of Health and Hu-
man Services recently released physical ac-
tivity guidelines for youth.17 They sug-
gested that children and adolescents should
participate in physical activity for 60 min/d
or longer, and most of the activity should
be of moderate to vigorous intensity.

The goals of our study were to inves-
tigate the interaction between the FTO
rs9939609 polymorphism and physical
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activity objectively assessed by accelerometry on body
mass index (BMI), body fat percentage, and waist
circumference and to assess whether meeting the daily
physical activity recommendations could abolish the
deleterious effect of the FTO rs9939609 polymor-
phism on body fat estimates in a cohort of European
adolescents.

METHODS

PARTICIPANTS

Adolescents were part of the Healthy Lifestyle in Europe by Nu-
trition in Adolescence Cross-Sectional Study (HELENA-CSS). The
HELENA-CSS was designed to obtain reliable and comparable data
on nutrition and health-related parameters of a sample of Euro-
pean adolescents.18,19 A total of 3865 adolescents were recruited
between October 2006 and December 2007. Adolescents were ran-
domly selected from schools using a proportional cluster sam-
pling taking into account geographical distribution in each city,
private/public school ratio, and number of classes by school. One-
third of the classes were randomly selected for blood collection,
resulting in a total of 1155 blood samples for the subsequent clini-
cal biochemistry assays and genetic analyses. Among these par-
ticipants, 752 adolescents (413 girls) with data on FTO rs9939609,
BMI, and physical activity were included in this study (namely,
the final sample). The 2 samples (the “blood” sample and the “fi-
nal” sample) were similar in terms of genotype frequencies (TT:
37.9 vs 36.6, respectively; TA: 45.5 vs 47.1, respectively; and AA:
16.7 vs 16.4, respectively; P=.87) and levels of moderate to vig-
orous physical activity (mean [SD], 45.6 [17.7] vs 40.4 [14.0]
min/d, respectively; P=.41),whereas theBMIsweredifferent (mean
[SD], 22.7 [5.6] vs 21.7 [6.8], respectively; P� .001). After re-
ceiving complete information about the aims and methods of the
study, all adolescents and their parents or guardians were fully
informed and signed an informed written consent. All partici-
pants met the general HELENA-CSS inclusion criteria.18,19 The
study was performed following the ethical guidelines of the Dec-
laration of Helsinki 1961 (revision of Edinburgh 2000), Good
Clinical Practice, and legislation about clinical research in hu-
mans in each of the participating countries. The protocol was ap-
proved by the corresponding local human research review com-
mittees of the centers involved.20

ASSESSMENT OF BODY FAT

Weight and height were measured following standard proce-
dures,21 and BMI was calculated as weight in kilograms divided
by height in meters squared. Waist circumference was measured
in triplicate at the midpoint between the superior iliac spine and
the costal edge in the midaxillary line with an anthropometric
unelastic tape (SECA 200; Seca Deutschland, Hamburg, Ger-
many) and was used as a surrogate measure of central body fat.
It was recorded to the nearest 0.1 cm. Skinfold thickness was mea-
sured to the nearest 0.2 mm in triplicate on the left side at the
biceps, triceps, subscapularis, suprailium, thigh, and medial calf
with a Holtain Caliper (Holtain Ltd, Crymmych, Wales).21 Body
fat percentage was calculated from skinfold thicknesses (triceps
and subscapularis) using the equations by Slaughter et al.22

ASSESSMENT OF PUBERTAL STATUS

Pubertal stage was recorded by a trained researcher of the same
sex as the child, according to Tanner and Whitehouse23 and as
described elsewhere.24

ASSESSMENT OF PHYSICAL ACTIVITY

Physicalactivitywasassessedduring7consecutivedayswithauni-
axialaccelerometer(GT1M;ActiGraph,Pensacola,Florida)attached
to the lower back. Adolescents were instructed to wear the accel-
erometerduringall timeawakeandtoremoveitonlyduringwater-
based activities. At least 3 days of recording with a minimum of 8
hoursregisteredperdaywassetasaninclusioncriterion.Thetime-
sampling interval (epoch) was set at 15 seconds.25 We calculated
the time engaged in at least moderate physical activity (�3 meta-
bolic equivalents) based on a standardized cutoff of 2000 counts/
min or more. Moderate to vigorous physical activity was dichoto-
mized into less than 60 min/d and 60 min/d or longer.17,26

GENOTYPING

The FTO rs9939609 genotyping was done by an Illumina sys-
tem (Illumina, Inc, San Diego, California) using the Golden-
Gate technology (GoldenGate Software, Inc, San Francisco, Cali-
fornia). The genotyping success rate was 100%. The genotype
distribution respected Hardy-Weinberg equilibrium (P=.56).

STATISTICAL ANALYSIS

Thegenotypeswerecodedasanordinalvariable(ie,0=TT,1=TA,
2=AA). We analyzed the differences in body fat estimates (BMI,
body fatpercentage, andwaist circumference)between the3FTO
rs9939609genotypeswithanadditivemodelusingamixed-effects
linear regressionmodelwithrandominterceptallowingthecenter
effects to be random and with age and sex as potential confound-
ers (fixed effects). To test for the existence of an interaction be-
tween the FTO rs9939609 polymorphism and moderate to vig-
orous physical activity (�60 min/d and �60 min/d) on body fat
estimates (BMI, body fat percentage, and waist circumference),
we used the same model but added the cross-product term
FTO�physical activity. Finally, we repeated the analyses strati-
fiedbymoderatetovigorousphysicalactivitycategories(�60min/d
and �60 min/d of moderate to vigorous physical activity).

Analyses were performed using SPSS version 16.0 statisti-
cal software for Windows (SPSS Inc, Chicago, Illinois). The level
of significance was set to .05 for all but the interaction effect,
which was considered to .10.

RESULTS

Characteristics of the study sample are shown in the
Table. Genotype frequencies were 275 (0.37%), 354

Table. Characteristics of the Study Cohort

Characteristic

Boys Girls

No. Mean (SD) No. Mean (SD)

Age, y 339 14.5 (1.4) 413 14.4 (1.3)
BMI 339 20.6 (3.3) 410 21.1 (3.4)
Body fat, % 330 19.3 (10.6) 408 26.0 (7.2)
Waist circumference, cm 313 72.7 (7.9) 378 70.6 (8.0)
Moderate to vigorous PA,

min/d
339 68.1 (25.2) 413 51.2 (20.1)

Adolescents achieving
the recommended daily
PA level, %a

200/339 59 111/413 27

Abbreviations: BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared); PA, physical activity.

aAt least 60 min/d of moderate to vigorous PA.17,26
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(0.47%), and 123 (0.16%) for the TT, TA, and AA geno-
types, respectively.

ASSOCIATION BETWEEN THE FTO rs9939609
POLYMORPHISM AND BODY FAT ESTIMATES

We observed that the minor A allele of the FTO polymor-
phism was significantly associated with higher BMI (�0.42
per risk allele; 95% confidence interval [CI], 0.10 to 0.75;
P=.01), higher body fat percentage (�1.03% per risk al-
lele; 95% CI, 0.19 to 1.88; P=.02), and higher waist cir-
cumference (�0.85 cm per risk allele; 95% CI, 0.04 to 1.66;
P=.04) after adjusting for age, sex, and center (Figure1).

INTERACTION BETWEEN THE FTO rs9939609
POLYMORPHISM AND PHYSICAL ACTIVITY

We did not observe significant differences among the
FTO genotypes in time spent participating in moderate

to vigorous physical activity (mean [SD], 61.2 [24.1],
57.1 [23.2], and 60.1 [24.3] min/d for the TT, TA, and
AA genotypes, respectively; P=.54). We observed sig-
nificant interactions between the FTO polymorphism
and physical activity (�60 and �60 min/d of moderate
to vigorous physical activity) when considering BMI
(for interaction, P=.02), body fat percentage (for inter-
action, P=.06), or waist circumference (for interaction,
P= .10). Indeed, in those adolescents who spent less
than 60 min/d participating in moderate to vigorous
physical activity (n=441 [59%]), the A allele of the FTO
polymorphism was significantly associated with higher
BMI (�0.65 per risk allele; 95% CI, 0.21 to 1.10;
P=.005), higher body fat percentage (�1.70% per risk
allele; 95% CI, 0.58 to 2.81; P=.003), and higher waist
circumference (�1.15 cm per risk allele; 95% CI, 0.04
to 2.26; P=.04) after adjusting for center, sex, and age
(Figure 2). In contrast, in those adolescents who
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Figure 1. Association between the FTO polymorphism rs9939609 and mean
body mass index (calculated as weight in kilograms divided by height in
meters squared), body fat percentage, and waist circumference. Error bars
indicate 95% confidence intervals. Values are adjusted for center, sex, and age.
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Figure 2. Interaction effect between the FTO polymorphism rs9939609 and lev-
els of moderate to vigorous physical activity (MVPA) (�60 min/d vs �60 min/d)
on mean body mass index (calculated as weight in kilograms divided by height
in meters squared), body fat percentage, and waist circumference. Error bars
indicate 95% confidence intervals. Values are adjusted for center, sex, and age.
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spent at least 60 min/d participating in moderate to vig-
orous physical activity (n=311), the A allele of the FTO
polymorphism was not associated with higher BMI
(�0.17 per risk allele; 95% CI, −0.31 to 0.66; P=.48),
body fat percentage (�0.40% per risk allele; 95% CI,
−0.92 to 1.73; P=.56), or waist circumference (�0.60

cm per risk allele; 95% CI, −0.63 to 1.82; P=.34) after
adjusting for center, sex, and age (Figure 2).

The results were similar in boys and girls and were
similar when we adjusted for pubertal status instead of
age (data not shown). Likewise, the results did not change
after further adjusting for height squared in those mod-
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els where waist circumference was involved (data not
shown).

COMMENT

As expected, the minor A allele of rs9939609 was associ-
ated with higher levels of BMI, body fat percentage, and
waist circumference in our adolescent population. We ob-
served a gene�physical activity interaction for all of the
study’s body fat estimates, and the stratified analyses (�60
and �60 min/d of moderate to vigorous physical activ-
ity) revealed that the minor A allele was not associated with
BMI, body fat percentage, or waist circumference in those
adolescents who spent at least 60 min/d participating in
moderate to vigorous physical activity. These findings have
important public health implications and indicate that meet-
ing the physical activity recommendations may offset the
genetic predisposition to obesity associated with the FTO
polymorphism in adolescents.

The results of this study are consistent with the find-
ings of previous studies showing an association be-
tween FTO polymorphisms and obesity-related traits in
different ethnic populations in adults, adolescents, or chil-
dren.5-10 Further, we confirm that the association be-
tween the FTO rs9939609 polymorphism and adiposity
estimates was attenuated once we took into account the
levels of physical activity assessed by accelerometry.

To our knowledge, our study is the first to report an
interaction between the FTO rs9939609 polymorphism and
physical activity level on adiposity indices using objectively
assessed physical activity in adolescents. Indeed, this study
replicates previous findings of gene�physical activity in-
teraction in adults.11-13 Vimaleswaran et al11 reported an
interaction between the FTO rs1121980 polymorphism and
self-reported physical activity on BMI (P=.004) and waist
circumference (P=.02) in 20 374 adults from the Euro-
pean Prospective Investigation Into Cancer and Nutrition–
Norfolk Study. They showed a reduced but still signifi-
cant (P� .001) effect of the FTO rs1121980 polymorphism
on both BMI (�0.25 per risk allele) and waist circumfer-
ence (�0.64 cm per risk allele) in physically active indi-
viduals compared with the inactive group (BMI, �0.44 per
risk allele; waist circumference, �1.04 cm per risk al-
lele). A similar effect size was observed in the Inter99 study
composed of 5554 middle-aged Danish individuals.12 An-
dreasen et al12 also found an interaction between the FTO
rs9939609 polymorphism and self-reported physical ac-
tivity (for interaction, P=.007). Rampersaud et al13 ob-
served an interaction between the FTO rs1861868 poly-
morphism and objectively assessed physical activity (for
interaction, P=.01) in 704 Old Order Amish individuals.
They reported that the increase per risk allele in BMI was
attenuated in individuals in the upper half of the physical
activity distribution (�0.30 per risk allele) compared with
individuals within the lower half of the physical activity
distribution (�1.12 per risk allele). Despite participants’
differences in age and ethnicity, the effect sizes observed
in our study are similar to those reported previously.

Our findings do not concur, however, with other stud-
ies that failed to observe an interaction between the FTO
polymorphism and physical activity.14-16 For example,

Hakanen et al16 found no interaction between the FTO
rs9939609 polymorphism and leisure-time physical ac-
tivity in 438 Finnish adolescents aged 15 years. It is worth
noting that most of the earlier-mentioned studies11-16 as-
sessed physical activity by a self-reported questionnaire,
whereasweassessedphysicalactivitybyanobjectivemethod
(ie,accelerometry). It isknownthattheassessmentofphysi-
cal activity by questionnaire may have lower accuracy,
especially in young people.27,28 In epidemiologic research,
self-reported questionnaires are common tools to assess
physical activity level because they are easy to use and in-
expensive. However, the sporadic nature of youths’ physi-
cal activity makes these activities difficult to recall, quan-
tify, and categorize. Also, youths have a lesser ability to
accurately recall intensity, frequency, and especially du-
ration of the activities.27

Findings from our study should be taken with caution
owing to its cross-sectional nature. Lifestyle intervention
studies in adolescents are needed to determine to what ex-
tent the effect of FTO on obesity-related traits can be modi-
fied, especially in genetically predisposed individuals. Find-
ings from lifestyle intervention studies in adults are
promising. Franks et al29 reported that the genetic (FTO
rs9939609 polymorphism) effect on subcutaneous adi-
pose tissue gain tended to be attenuated (P=.05) after a
1-year program of intensive lifestyle intervention.

In conclusion, our results suggest that physical activ-
ity can ameliorate the deleterious effect of the FTO
rs9939609 polymorphism on body fat estimates in ado-
lescents. Indeed, adolescents meeting the daily physical
activity recommendations may overcome the effect of this
gene on obesity-related traits.
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