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Abstract
Aims/hypothesis Recent reports have suggested that geno-
types at the FTO locus interact with physical activity to
modify levels of obesity-related traits. We tested this
hypothesis in two non-diabetic population-based cohorts, the
first from southern Sweden and the second from the Botnia
region of western Finland.
Methods In total 2,511 Finnish and 15,925 Swedish non-
diabetic middle-aged adults were genotyped for the FTO

rs9939609 variant. Physical activity was assessed by ques-
tionnaires and standard clinical procedures were conducted,
including measures of height and weight and glucose
regulation. Tests of gene×physical activity interaction were
performed using linear interaction effects to determine whether
the effect of this variant on BMI is modified by physical
activity.
Results The minor A allele at rs9939609 was associated with
higher BMI in both cohorts, with the per allele difference in
BMI being about 0.13 and 0.43 kg/m2 in the Swedish and
Finnish cohorts, respectively (p<0.0001). The test of interac-
tion between physical activity and the rs9939609 variant on
BMI was not statistically significant after controlling for age
and sex in either cohort (Sweden: p=0.71, Finland: p=0.18).
Conclusions/interpretation The present report does not
support the notion that physical activity modifies the effects
of the FTO rs9939609 variant on obesity risk in the non-
diabetic Swedish or Finnish adults studied here.
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Abbreviations
MET Metabolic equivalent
MPP Malmö Preventive Project
PPP-Botnia Study Prevalence, Prediction and Prevention

of Diabetes-Botnia Study

Introduction

The realisation that weight-gain is highly heritable [1] has
prompted the search for and subsequent discovery of
several genetic risk factors for common obesity [2, 3], the
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strongest of which localises to the fat mass and obesity
associated gene (FTO) [4]. Each copy of the FTO risk
allele, prevalent at ~40% in whites, corresponds to ~1.5 kg
heavier weight [4]. Thus, the population attributable risk of
obesity associated with the FTO variant is relatively high.
An important question, therefore, is whether the deleterious
effects of some FTO polymorphisms on obesity can be
offset by lifestyle factors that might be open to intervention.

Three recent reports have suggested that physical
activity [5, 6] or lifestyle intervention [7] might offset the
detrimental impact of FTO variants on obesity-related traits.
In the present report we attempted to extend these findings
by assessing the effect of interaction between the FTO
rs9939609 variant and physical activity on BMI in 18,435
non-diabetic Swedish and Finnish adults.

Methods

The Malmö Preventive Project (MPP) was initiated in 1974.
The aim was to screen the adult population of Malmö, a
city in southern Sweden, in order to identify high-risk
individuals for preventive interventions. Participants were
invited to undergo a physical examination including
anthropometry, a self-administered questionnaire on life-
style habits and fasting blood sampling. From 1974 to
1992, 22,444 males and 10,902 females attended the
screening programme (71% participation rate). The major-
ity of participants also underwent a follow-up examination,
which occurred on average 23 years later (see Table 1).
Both data points are included in the analyses. Analyses
were conducted with (n=15,844) and without (n=13,799)
the inclusion of incident diabetic individuals, although this
made no material difference to the results.

The PPP (Prevalence, Prediction and Prevention of
Diabetes)-Botnia Study is a population-based study in the
Botnia region of western Finland that was initiated in 2004
in five research centres (Närpes, Malax-Korsnäs, Korsholm,

Vasa and Jakobstad). The study was designed to determine
the prevalence and risk factors for type 2 diabetes within
the community.

All participants gave written informed consent, and the
studies were approved by the local research ethics commit-
tees of Lund University and Malmö University Hospital
(MPP) and Helsinki University hospital (PPP-Botnia Study).

Clinical measurements The clinical examination included
measurements of height (m) and weight (kg) as previously
described using standardised methods [8, 9]. BMI was
calculated as weight divided by height squared (kg/m2). An
OGTT was performed as previously described [8, 9]. These
measurements, in addition to clinical records, were used to
ensure that all participants in the present report were non-
diabetic at baseline.

Measurement of physical activity Physical activity was
assessed using self-administered questionnaires. The MPP
spanned a number of years, during which the physical
activity questions changed. Therefore, we constructed a
variable where an individual was classified as ‘physically
active’ if they had answered ‘yes’ when responding to one
of the following questions: (1) do you walk or cycle to and
from work; (2) do you walk or cycle for recreation during
weekdays; (3) do you walk or cycle for recreation during
weekend days; (4) do you undertake at least 3 h/week of
structured physical exercise; (5) do you walk to work or do
yard work; or (6) do you perform light structured physical
exercise each week. Conversely, those who answered ‘no’
to these questions were classified as ‘physically inactive’.

In the PPP-Botnia Study, physical activity was assessed
using the validated Kuopio Ischemic Heart Disease ques-
tionnaire [10]. This questionnaire estimates the duration,
frequency, and mean intensity of leisure-time physical
activity during the previous 12 month period. The ques-
tionnaire focuses on the structured and non-structured
activities common to middle-aged Finnish men. In the

Table 1 Participant characteristics

Characteristic MPP PPP-Botnia (n=2,511)

Baseline (n=15,925) Follow-up (n=15,844)

Sex (M/F) 10,330/5,595 10,278/5,566 1,185/1,326

Age (years) 45.5 (6.9) 68.5 (5.6) 46.5 (15.6)

BMI (kg/m2) 24.3 (3.3) 27.1 (4.1) 26.0 (4.2)

Physically active 3,451/12,480 3,430/12,414 573/1,304/634

rs9939609 (TT/TA/AA) 5,557/7,656/2,718 5,528/7,613/2,703 957/1,169/385

Values are n or means (SD). Physical activity in the MPP is coded as ‘sedentary’ or ‘physically active’. Physical activity in the PPP-Botnia Study
is coded as a ‘low’ (<10 MET-h/week), ‘moderate’ (10–40 MET-h/week) or ‘high’ (>40 MET-h/week) level of physical activity

M, male; F, female
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present analyses, total physical activity is expressed as
metabolic equivalent (MET)-hours per week (MET-h/week)
grouped as sedentary (<10 MET-h/week), moderately active
(10–40 MET-h/week) or very active (>40 MET-h/week).
For the three activity levels, the following types of exercise
are included: walking, yard work, fishing or hunting, and
berry or mushroom gathering (low intensity); brisk walk-
ing, skiing, jogging, swimming, bicycling, ball games and
forestry, etc (moderate to high intensity); and skiing, jogging,
ball sports or forestry (vigorous intensity).

The correlation between physical activity and BMI (kg/m2)
was statistically significant in the MPP (r=−0.06; p<0.0001)
and in the PPP-Botnia Study (r=−0.04; p=0.04), indicating
that both measures classified physical activity correctly and
comparably. Although these correlations are low, the correla-
tions between objectively assessed activity levels and these
phenotypes is only moderately stronger [11], suggesting that
the methods used here appropriately classify activity levels.

Genotyping The FTO rs9939609 genotyping was done
using allelic discrimination with a TaqMan assay on the
ABI7900 platform (Applied Biosystems, Foster City, CA,
USA). The genotyping success rate was >99%, in Hardy–
Weinberg equilibrium (p>0.05) and with an error rate <1%
(determined from >7% re-genotyping).

Statistical analysis Statistical analyses were conducted
using SAS software (v9.1; SAS Institute, Cary, NC, USA).
Hardy–Weinberg equilibrium was assessed using Haploview
v4.0 (www.broad.mit.edu/mpg/haploview, accessed 1 No-
vember 2008). The Pearson correlation statistic was used to
assess the relationship between physical activity and BMI.
Generalised linear models were used to test gene×physical
activity interactions for the rs9939609 variant, with BMI as
the continuous dependent variable. Prospective models
included baseline age, sex and BMI, an interaction term
for baseline physical activity×genotype and duration of
follow-up as independent variables, with follow-up BMI as
the dependent variable. Logistic regression was used to test
gene×physical activity interactions on a categorical obesity
variable, defined according to the recommendations of the
WHO [12]. All models were adjusted for age and sex and
assumed an additive mode of genetic inheritance.

Results

Descriptive characteristics of the cohorts are reported in
Table 1.

As reported elsewhere [13], the minor A allele at rs9939609
was associated with increased levels of BMI in the MPP and
the PPP-Botnia Study (p<0.00001). In the MPP cohort the
minor A allele was associated with roughly a 0.13 kg/m2 unit

increase in BMI per allele [13]. In the PPP-Botnia Study, a
stronger association between the A allele and BMI was
observed (TT=25.8 kg/m2, 95% CI 25.5–26.0 kg/m2; TA=
26.0 kg/m2, 95% CI 25.8-26.3 kg/m2; AA=26.6 kg/m2, 95%
CI 26.2–27.0 kg/m2; p<0.00001). The per allele increase in
BMI in the PPP-Botnia Study was roughly 0.43 kg/m2.

The test of interaction between physical activity and the
rs9939609 variant on BMI was not statistically significant
in the MPP (p=0.71) or the PPP-Botnia Study (p=0.18)
(see Fig. 1a, b). Consistently, in models where obesity was
defined using the WHO categorical definitions [12], there
was no evidence of a statistically significant interaction in
either cohort, nor was there evidence of an effect of
interaction on change in BMI from baseline to follow-up
in the MPP with (p=0.27) or without (p=0.49) the
inclusion of incident cases of diabetes (Electronic supple-
mentary material [ESM] Fig. 1).

The MPP is a somewhat leaner population than the
Danish cohort featured in the original report [5]. Therefore,
to test for interaction effects that might also be dependent
on the level of obesity, we restricted our analyses to the
5,705 individuals with BMI >25.0 kg/m2, but this made no
material difference to the cross-sectional baseline (p=0.64)
or prospective (p=0.54) interaction effects.

Discussion

FTO harbours several strongly associated obesity-risk
variants [4]. Two recent reports have suggested that
physical activity modifies the effects of two of these
variants (rs9939609 and rs1861868) on BMI levels [5, 6].
In a third report [7], a 1 year programme of intensive
lifestyle intervention did not influence the effects of the
FTO rs9939609 variant on weight change; however, the
genetic effect on gain in subcutaneous adipose tissue during
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Fig. 1 Absence of an effect of interaction between an FTO single-
nucleotide polymorphism (rs9939609) and physical activity on BMI
in men and women from the baseline examination of the MPP (n=
15,925; pinteraction=0.71) (a) or the PPP-Botnia Study (n=2,511;
pinteraction=0.18) (b). Data are age- and sex-adjusted means (95%
CIs). Genotype groups: black bars, T/T; grey bars T/A; white bars A/A
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this period tended to be attenuated by intensive lifestyle
intervention (p=0.05). These reports are interesting as they
suggest that it may be possible to offset the deleterious
health effects of FTO variants through behavioural changes.
Importantly, however, none of the published results can be
considered as replicating the initial report, owing to
different study designs [7] or loci examined [6]. Moreover,
all three reports emanate from settings of multiple hypoth-
esis testing. Thus, appropriately conducted replication
attempts, such as those reported here, are important.

Here we examined whether physical activity modifies
the effects of the FTO rs9939609 variant on BMI in a
population-based study of 18,442 non-diabetic Swedish and
Finnish adults. The aim of our study was to test the gene×
physical activity interaction hypothesis proposed by
Andreasen et al. [5]. Our study is about fourfold larger
than the original report, meaning that with all else being
equal it has sufficient power to detect the interaction effect
reported previously [5]. Nonetheless, we found no evidence
of an effect of interaction between the FTO variant and
physical activity on levels of BMI.

As reported in other cohorts [4], the FTO variant was
strongly associated with BMI in the present study and, as
expected, physical activity was inversely related to BMI.

It is possible that our inability to replicate the initial
study’s findings is attributable to differences in the physical
activity measures across studies or that the cohorts differ in
other respects. The Danish and MPP cohorts are geograph-
ically proximal, comprising largely white, middle-aged
northern Europeans, and similar physical activity metrics
were used. However, the MPP participants were leaner on
average than those in the Danish study and the effect of the
FTO variant in the MPP is roughly half the effect reported
elsewhere [3], possibly indicating that overall, MPP partic-
ipants had relatively high habitual physical activity levels.
This last point might explain the absence of interaction in the
MPP. However, this is unlikely to explain the lack of a
significant interaction effect in the PPP-Botnia Study, as this
cohort is of comparable mean BMI to the Danish cohort.
Moreover, restricting the MPP sample to people of similar
BMI to the Danish cohort had no bearing on the interaction
between rs9939609 and physical activity.

In conclusion, we were unable to replicate previous
reports of gene×physical activity interactions at the FTO
locus in large population-based cohorts of non-diabetic
Scandinavian adults. The absence of an observable interac-
tion in these cohorts does not necessarily rule out the
possibility that previous observations of interaction are true,
as there are several key distinctions between the cohorts
studied here and those examined elsewhere [5]. One key
distinction is that the Malmö cohort is relatively lean,
which suggests absolute activity levels may be higher here
than in other cohorts. This may impede the detection of the

interaction effect. A relatively weak overall effect of the
rs9939609 variant on BMI in this cohort supports this
possibility. Ultimately an appropriate synthesis of available
data including a range of activity levels and BMIs from a
variety of cohorts should be feasible within the near
future; this should allow one to reliably draw conclusions
on whether physical activity attenuates the obesity-
predisposing effects of the FTO rs9939609 variant. An
important additional question that observational studies
cannot address is whether lifestyle interventions modify
genetic risk. Thus, a summary of evidence from relevant
clinical trials, which to date include only two published
studies [7, 14], should be undertaken when more become
available. Finally, studies that examine whether other FTO
variants interact with lifestyle behaviours may also be
necessary to determine the extent to which the effects of
FTO might be reduced or enhanced by specific behaviours.
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