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traits and body mass index at
the observational and genetic
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We investigated the association between impulsivity related traits and BMI at the observational and
genetic epidemiology level in a cross-sectional population of healthy young American-European adults.
We studied 998 students and university staff of European ancestry recruited from Chicago (lllinois) and
Athens (Georgia). We measured 14 impulsivity variables using three broad categories: impulsive choice,
action and personality. Weight and height of participants were measured by research assistants. The
single-nucleotide polymorphism (SNP) rs3751812 in the fat mass and obesity-associated (FTO) gene
was genotyped using the lllumina PsychArray BeadChip platform. Within the three broad domains of
impulsivity, 4 parameters (delay discounting of rewards area under the curve and average of k indexes,
Conner’s continuous performance test, and negative urgency) were associated with BMI. The FTO
rs3751812 minor allele T was associated with higher BMI. Of the 14 impulsivity variables, rs3751812

T was associated with more premeditation and perseverance, before and after adjusting for BMI. The
association between FTO rs3751812 and BMI adjusted for premeditation remained significant, but
disappeared after adjusting for perseverance and for both perseverance and premeditation traits. Our
observational and genetic data indicate a complex pattern of association between impulsive behaviors
and BMI in healthy young American-European adults.

Obesity is defined by the World Health Organization as an abnormal or excessive fat accumulation that presents
arisk to health (https://www.who.int/topics/obesity/en/). The world health organization recommends classify-
ing individuals with a body mass index (BMI) >30kg/m? as having obesity. The prevalence of obesity has been
on the rise in the last four decades and is a global health concern'. Its rate is even more alarming in the United
States (US) where adult prevalence of obesity reached 39.8% in 2015-2016, according to the Centers for Disease
Control and Prevention (https://www.cdc.gov/obesity/index.html). Health complications associated with obesity
(e.g. depression, sleep disorders, osteoarthritis, type 2 diabetes, fatty liver, hypertension, coronary artery disease
and certain cancers) result in a decreased quality of life, decreased number of years adjusted for disability, and
increased mortality?*. In the US, the direct medical cost of excess adiposity combined was 5.0% to 10% of national
healthcare spending in 2008*. Despite the availability of several therapeutic options (lifestyle and behavioral mod-
ifications, oral medication, bariatric surgery), obesity remains difficult to treat®. As obesity is a complex multi-
factorial disorder, research on its causes is expected to improve prediction, prevention and care in the long run®.
Obesity results from the interplay of environmental, societal, behavioral and biological, including genetic,
influences’. Several human behaviors and personality traits have been associated with a risk for obesity (e.g. high
neuroticism, low conscientiousness, lack of self-discipline)?, and we and others have recently shown a positive
association between impulsivity and BMI. In psychology, impulsivity is a tendency to act on a whim, displaying
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Variable % (N)/mean & SD (N)
Descriptive characteristics and genotypes
Ethnicity (European ancestry) 100% (998)

Sex (women/men)

61.8% (617)/38.2% (381)

Age 21.67+3.31 (998)
BMI 24.06 £4.61 (993)
Underweight 4.1% (41)

Normal weight

64.3% (639)

Overweight 21.7% (215)
Obesity 9.9% (98)

GG:33.1% (330); GT: 49.1%
FTO1s3751812 (490); TT: 17.8% (178)
Impulsive choice

Delay discounting of rewards single item yes/no

70.77% (702)/29.23% (290)

Task-based delay discounting of rewards area under the curve ($100
delayed reward)

0.56 £0.27 (992)

MCQ-based delay discounting of rewards: average of log transformation
of k index for large, medium, and small items

—2.1040.64 (986)

Impulsive action

Go/No Go Task: inhibition of a prepotent response

6.32+£2.76 (921)

Stop Signal Task: inhibition of a prepotent response errors 14.69+7.36 (936)
Conner’s continuous performance test: inhibition of a prepotent response | 15.43 4 6.89 (949)
Impulsive personality

UPPS-P: negative urgency 2.07+£0.50 (983

UPPS-P: lack of premeditation

1.94+0.42 (983

UPPS-P: lack of perseverance

2.800.55 (983
1.5940.47 (983
22.10+4.30 (991)
16.57+3.52 (991)
22.06+3.84 (991)

UPPS-P: sensation seeking

)
)
1.8640.44 (983)
)
)

UPPS-P: positive urgency

BIS: non-planning

BIS: attentional subscale

BIS: motor subscale

Table 1. Participant characteristics, genotypes and impulsivity parameter. MCQ: Monetary Choice
Questionnaire; UPPS-P: UPPS-P Impulsive Behavior Scales; BIS: Barrett Impulsivity Scales. Data are
mean = standard deviation for continuous traits and numbers and percentages for categorical traits.

behavior characterized by little or no forethought, reflection, or consideration of the consequences!®. Children,
adolescents and adults from diverse ethnic groups displaying more impulse on delay discounting, sustained atten-
tion, and behavioral disinhibition are more likely to have obesity®. There is also evidence for an inherited com-
ponent for impulsivity and obesity traits. For instance, twin studies provide heritability estimates of 69-75% for
BMI and 46-62% for delay discounting'>'?. While genome-wide association studies for delay discounting have
only identified one SNP (rs6528024) in the intron of the gene Glycoprotein M6B so far'?, over 940 polygenic loci
associated with BMI/obesity have been reported in genome-wide association studies literature'®. Among them,
SNPs in intron 1 of the FTO gene are the more strongly associated with polygenic obesity in European, African
and East Asian populations'?. Two studies investigated the association of FTO SNPs with impulsivity traits in
European adult populations, and reported inconsistent findings'>~'”. This prompted us to investigate the associ-
ation of BMI and FTO rs3751812 SNP with 14 traits related to impulsivity in up to 998 healthy young adults of
European ancestry residing in the US.

Results

Characteristics of the population. Table 1 contains a summary of the descriptive characteristics of the
998 students and staff from the University of Chicago and the University of Georgia included in this study. All
participants are of European ancestry. Of these, 617 (61.8%) are women and 381 (38.2%) are men, with a mean
age of 21.67 £ 3.31 years and mean BMI of 24.06 & 4.61 kg/m?. People with underweight, normal weight, over-
weight and obesity represented 4.1%, 64.3%, 21.7% and 9.9% of the sample population, respectively. The genotype
distribution of the FTO rs3751812 SNP is 33.1% GG (N =1330), 49.1% GT (N=490) and 17.8% TT (N=178).
The rs3751812 T allele frequency was 42.4% in our sample, which was similar to the frequency reported in the
European subpopulation of the 1000 Genomes Project (41.4%). A total of 14 impulsivity parameters grouped into
three categories (impulsive choice, impulsive action, and impulsive personality) are outlined in Table 1.

Association of impulsivity traits with BMI. Table 2 presents a summary of the association of 14
impulsivity parameters with BMI, adjusted for sex, age and site. Within the three broad domains of impulsivity
(impulsive choice, impulsive action, impulsive personality traits), 4 parameters were associated with BMI. From
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Variable OR [95% C.L.] (P)/B % SE (P)
Impulsive choice

Delay discounting of rewards single item yes/no 0.470 [0.075-2.942] (0.420)
Task-based delay discounting of rewards area under the curve —0.021+0.009 (0.018)
MCQ-based delay d?scounting ofrewards: average of log transformation of k 0.011 4 0.004 (0.004)

index for large, medium, and small items

Impulsive action

Go/No Go Task: inhibition of a prepotent response 0.000286 4 0.001 (0.745)

Stop Signal Task: inhibition of a prepotent response errors —0.000129 +0.000254 (0.612)
Conner’s continuous performance test: inhibition of a prepotent response 0.0008 £ 0.0004 (0.027)
Impulsive personality

UPPS-P: negative urgency 0.011 £ 0.005 (0.030)
UPPS-P: lack of premeditation —0.002 +-0.006 (0.668)
UPPS-P: lack of perseverance —0.009 4-0.005 (0.093)
UPPS-P: sensation seeking —0.004 +0.004 (0.373)
UPPS-P: positive urgency 0.003 4 0.005 (0.602)

BIS: non-planning —0.00140.001 (0.179)

BIS: attentional subscale —0.000192+0.001 (0.783)
BIS: motor subscale 0.00008 £ 0.001 (0.895)

Table 2. Association of impulsivity traits with BMI. Significant associations are bolded. OR = odds

ratio; CI = confidence interval; B =beta; SE = standard error; MCQ = Monetary Choice Questionnaire;
UPPS-P = UPPS-P Impulsive Behavior Scales; BIS = Barrett Impulsivity Scales. Continuous traits: Data
presented are 3 & SE (P). Binary traits: Data presented are OR [95% C.I.] (P). Data was adjusted for sex, age and
site.

the impulsive choice domain, delay discounting of rewards area under the curve (Beta (B) = —0.021 0.009,
P=0.018), delay discounting of rewards average of log transformation of k index for large, medium, and small
items (B=0.011 £ 0.004, P=0.004) were associated with BMI. From the impulsive action domain, Conner’s con-
tinuous performance test (B=0.0008 & 0.0004, P=0.027), and from the impulsive personality traits domain,
negative urgency (B=0.01140.005, P=0.030) were associated with BMI. As delay discounting of rewards area
under the curve has a reverse relationship to impulsivity, the direction of the effects for the 4 parameters is con-
sistent with a higher BMI being associated with more impulsivity (Table 2).

Association of FTOrs3751812 with BMI.  The rs3751812 minor allele T was associated with a higher BMI
(B=0.007 £ 0.003, P=0.03) in the young adult population.

Association of FTO rs3751812 with impulsivity traits. Table 3 contains a summary of the association
of rs3751812 SNP with 14 impulsivity traits adjusted for sex, age, and site. The same analysis adjusted for BMI
was performed to test if BMI drives the association between FTO and impulsivity traits. The rs3751812 minor
allele T was associated with 2 traits in the impulsive personality domain. These include lack of premeditation
and lack of perseverance. When not adjusted for BMI, the P values were 0.009 (B=—0.05040.019) and 0.010
(B=—0.052 £ 0.020), respectively. When adjusted for BMI, the P values were 0.009 (B=—0.050 £ 0.019) and
0.017 (B=—0.0481-0.020), respectively. The direction of the effect was negative for both traits, meaning that the
obesity risk allele is associated with more premeditation and more perseverance (Table 3). No association was
found between rs3751812 and the remaining 12 traits, before and after adjusting for BMI.

Relationships between FTO rs3751812, impulsivity traits and BMI.  We adjusted the association
test between FTO rs3751812 and BMI for sex, age, site, lack of premeditation and lack of perseverance, separately
and together. The aforementioned association between rs3751812 and BMI unadjusted for impulsive personality
traits was B=0.007 £ 0.003 (P = 0.03). The association between rs3751812 and BMI survived after adjusting for
lack of premeditation (B=0.007 £ 0.003, P=0.04), but not for lack of perseverance (B=0.007 £ 0.003, P=0.06).
The association did not remain significant after simultaneously adjusting for the two impulsive personality traits
(B=0.0074+0.003, P=10.05).

Discussion

In this study, we show that 4 out of 14 parameters of impulsive behaviors were significantly associated with BMI.
These include parameters from all three major domains: impulsive choice, impulsive action, and impulsive per-
sonality traits. Associations were detected with delay discounting of future rewards, behavioral inhibition meas-
ured by Conner’s continuous performance test, and negative urgency, reflecting a person’s proneness to act out
during periods of negative affect. All parameters were related to BMI such that more impulsivity was associ-
ated with higher BMI. We also show that the FTO rs3751812 minor allele T is positively associated with BMI
and negatively associated with 2 impulsive personality traits (lack of premeditation and lack of perseverance),
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Variable B = SE (adjusted P)/3 & SE (unadjusted P)
Impulsive choice

Delay discounting of rewards single item yes/no 0.939+0.102 (0.535)/0.939 £ 0.101 (0.533)
Task-based delay discounting of rewards area under the curve 0.006 +0.013 (0.626)/0.005 £ 0.013 (0.666)
MCQ-based delay d?scounting ofrewards: average of log transformation of k 0.001 40029 (0.977)/0.002 - 0.029 (0.933)

index for large, medium, and small items

Impulsive action

Go/No Go Task: inhibition of a prepotent response —0.15140.133 (0.255)/—0.144 £ 0.132 (0.276)
Stop Signal Task: inhibition of a prepotent response errors 0.08540.453 (0.851)/0.131 £ 0.451 (0.772)
Conner’s continuous performance test: inhibition of a prepotent response —0.44940.316 (0.155)/—0.346 £ 0.315 (0.272)
Impulsive personality

UPPS-P: negative urgency —0.027 +0.023 (0.226)/—0.021 £ 0.023 (0.359)
UPPS-P: lack of premeditation —0.050 £ 0.019 (0.009)/—0.050 £ 0.019 (0.009)
UPPS-P: lack of perseverance —0.048 £-0.020 (0.017)/—0.052 £ 0.020 (0.010)
UPPS-P: sensation seeking —0.02140.025 (0.397)/—0.021 £ 0.025 (0.394)
UPPS-P: positive urgency —0.004 4 0.021 (0.859)/0.003 £ 0.021 (0.902)
BIS: non-planning —0.37040.199 (0.064)/—0.370 + 0.198 (0.063)
BIS: attentional subscale —0.11940.159 (0.455)/—0.100 £ 0.159 (0.530)
BIS: motor subscale —0.18940.176 (0.284)/—0.1824+0.175 (0.298)

Table 3. Association of FTO rs3751812 with impulsivity traits adjusted and unadjusted for BMI.
Significant associations are bolded. B =beta; SE = standard error; MCQ = Monetary Choice Questionnaire;
UPPS-P = UPPS-P Impulsive Behavior Scales; BIS = Barrett Impulsivity Scales. Data presented are 3 & SE
(adjusted P)/B & SE (unadjusted P). Data was adjusted for sex, age, site and BMI in certain analyses.

independently of BMI. The association between rs3751812 and BMI survives after adjusting for lack of premedi-
tation, but not for lack of perseverance or both for lack of perseverance and lack of premeditation.

The associations between several impulsivity domains and BMI have been previously reported in the litera-
ture. Amlung and colleagues reported a meta-analysis of 39 independent studies showing a positive association
between delay discounting of food and money and obesity®. Furthermore, cross-sectional and longitudinal stud-
ies linking BMI and reward responsiveness, sensation seeking, lack of perseverance, lack of premeditation, posi-
tive and negative urgency have been reported in children and adults from Europe and the US*!8-21,

Factors such as age, sex, food addiction, and genetics have been shown to mitigate the association between
impulsivity and BMI®*'*1%2°_ Our study reports an association between rs3751812 and BMI in US university
students of European ancestry. This association is plausible, as (i) Universities in North America represent an
obesity-prone environment for young adults?’; (ii) SNPs in FTO are strongly associated with polygenic obesity in
children and adults of European descent?; (iii) SNPs in FTO interact with obesity-prone environments to pro-
mote obesity**; (iv) an association between weight gain and FTO rs9939609 SNP (in strong linkage disequilibrium
with rs3751812 in populations of European ancestry) has been previously reported in university students from
the United Kingdom?.

The FTO rs3751812 obesity risk T allele is also negatively associated with lack of premeditation and lack
of perseverance in our study. In 697 US adults of European ancestry followed for up to 23 years, rs1421085 C
minor allele showed an association with increased BMI and reduced medial prefrontal cortical function during
aging'®. Consistent with reduced brain function in regions intrinsic to impulse control and taste responsiveness,
rs1421085 C allele carriers exhibited increased excitement seeking and intake of fatty foods'®. Of note, rs1421085
is in perfect linkage disequilibrium with rs3751812 in the five ethnic groups from the 1000 Genomes Project. In
contrast, Jonassaint and colleagues did not find any association between FTO SNPs and the cognitive, motor and
non-planning components of the Barratt impulsivity scales in 1 085 and 677 females of European descent with
anorexia nervosa and healthy weight control, respectively'>. While more studies are needed to understand the
precise contribution of FTO SNPs to impulsive behaviors, additional lines of evidences in the literature make the
association biologically relevant. SNPs in intron 1 of FTO have been associated with differences of methylation
and expression of FTO in blood and neurons, respectively’®?. FTO is a nucleic acid demethylase and is highly
expressed in the brain®. Loss-of-function mutations in FTO result in an autosomal-recessive lethal syndrome
characterized by growth retardation, microcephaly, severe psychomotor delay, functional brain deficits, and facial
dysmorphism®. BMI-increasing alleles in FTO have been associated with lower brain, cortical gray matter, and
nucleus accumbens volumes, reduced activity in brain areas important for emotion, impulse control and reward
responsiveness, structural brain atrophy, reduced verbal fluency, increased loss of control episodes over eating,
and decreased risk of stress/nervousness, alcohol dependence, depression, and suicide®®. SNPs in intron 1 of FTO
also regulate the expression of other important genes in the regulation of body weight (e.g. RPGRIPIL, IRX3) in
neurons®**1-33, Considering the important role of RPGRIP1L in cilium function®**!, and the critical link between
cilium function, hyperphagic obesity and cognition (e.g. Bardet-Biedl syndrome)*, it is tempting to speculate that
changes in brain expression of RPGRIP1L induced by FTO SNPs may also have an impact on impulsive behaviors.

Adjustment for BMI did not remove the association between rs3751812 and lack of perseverance and pre-
meditation, suggesting that the SNP may directly influence impulsive behaviors independent of BMI. In con-
trast, the association between rs3751812 and BMI disappeared after adjusting for lack of perseverance or lack of
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perseverance and premeditation parameters together. These results suggest that the association between FTO and
BMI may involve changes in impulsive behaviors.

It is important to note that the 4 impulsivity traits associated with BMI differ from the two impulsive per-
sonality traits associated with rs3751812 SNP in our study. Moreover, impulsivity traits are positively associated
with BMI, whereas rs3751812 T allele is associated with decreased impulsivity and increased BMI. A possible
explanation for these counterintuitive observations is because FTO is involved in a specific molecular pathway?,
while the association between BMI and impulsivity is an integration of all genetic and environmental influences
linking both traits. Consistent with this view is the recent demonstration that the impulsivity trait delay dis-
counting shares a substantial genetic overlap with BMI in populations of European ancestry (r,=0.18 £ 0.08,
P =8.9 x 107°)'%. These data suggest the involvement of multiple genes in linking impulsive behaviors to obesity.
SNPs in FTO account for 1% of BMI variation in European populations®, and may represent as such one of the
many genetic determinants linking the association between impulsivity traits and BMI®*?%*%. Our data suggests
that FTO SNPs may have a pleiotropic/BMI-independent association with two impulsivity traits (lack of persever-
ance and lack of premeditation). Supporting this hypothesis is recent evidence of a BMI-independent association
between FTO SNPs and brain aging markers®®3.

This study has several strengths. It addresses a controversy caused by two inconsistent studies that have inves-
tigated the association of FTO SNPs with impulsivity'>!®. In addition, we provide accurate measurements of BMI
and very detailed assessments of the multidimensional construct of impulsivity. Finally, our study includes orig-
inal analyses to model the pattern of association between FTO SNP, impulsivity and BMI. We also acknowledge
that the current research has limitations. Our sample is modest by the standards of genetic association studies
and focuses predominantly on US university students of European descent, limiting our ability to generalize our
results to other populations. Another limitation is that our study is not longitudinal. The cross-sectional nature
of this study precludes causal inferences to be made about the association between impulsivity traits and BML
Finally, only one obesity SNP (FTO rs3751812) was studied, but there are now more than 940 independent SNPs
that have been convincingly associated with BMI/obesity in recent literature!'*. Studying the association of a poly-
genic obesity risk score with impulsivity traits represents an exciting direction of research.

In conclusion, our observational and genetic data indicate a complex pattern of association between impulsive
behaviors and BMI in healthy young American-European adults. More research is needed to precise the contri-
bution of SNPs in FTO and other obesity genes to impulsive behaviors in diverse ethnicities. Mendelian random-
ization studies are also warranted to evidence the causal nature of the association between impulsive behaviors
and susceptibility to obesity.

Methods

Participants. Participants were recruited from the general community at the University of Chicago and the
University of Georgia and from undergraduate programs at the University of Georgia. Participants were between
18 and 30 years old. They were excluded if they had positive breath alcohol tests or urine drug screen, or scores
over 12 on the Alcohol Use Disorder Identification Test and Drug Use Disorder Identification Test, as previ-
ously reported”. The rationale for the drug-related eligibility was to avoid impulsivity phenotypes that could be a
result of recent or significant habitual substance use®. Nine-hundred and ninety-eight unrelated young adults of
European ancestry were included in the present analysis. Self-reported ethnicity was confirmed using ancestral
informative markers in the principal component analysis EIGENSTRAT?. Additional details of participants can
be found in a previous publication®. The study protocol was approved by the institutional review boards of the
University of Chicago and the University of Georgia. Written informed consent was obtained from each subject
prior to enrolment into the study. All procedures were conducted in accordance with the relevant guidelines and
regulations of the Declaration of Helsinki.

Phenotyping. Weight (without shoes) and height of participants were measured by research assistants using
the Taylor body fat scale (Taylor Precision Products, Las Cruces, New Mexico, USA). BMI was calculated as
weight (kg) divided by height squared (m). Underweight, normal weight, overweight and obesity categories were
defined according to the World Health Organization.

Impulsivity was measured using tasks from three broad categories®”: (1) impulsive choice, also referred to
as discounting of delayed rewards, was assessed via a monetary choice questionnaire*! and a delay discounting
task*’; (2) impulsive action, measuring the inhibition of a prepotent response, was assessed via a go/nogo task*®,
a stop signal task** and a Conner’s continuous performance test*’; and (3) impulsive personality was assessed
by the UPPS-P Impulsive Scale*®*” for sensation seeking, lack of perseverance, lack of premeditation, positive
urgency, negative urgency, and by the Barratt Impulsiveness Scale version 11*® for non-planning, attentional and
motor traits. For the discounting of delayed rewards assessments, a criterion of 80% correct on the control items
was used to define valid performance. For the behavioral inhibition tasks, invalid performance was defined as
<80% accuracy on Go trials or >90% inhibitory errors, putatively reflecting misunderstanding of the correct
response keys or very low task effort. Of note, the monetary delay discounting tasks were consequated for partici-
pants to receive the actual outcome of one of their choice using the approach developed for the Monetary Choice
Questionnaire*!. Additional details on the measurements of impulsivity can be found in a previous publication.

Genotyping. DNA was collected via a saliva sample for DNA collection in an Oragene DNA kit (DNA
Genotek Inc., Kanata, ON, Canada). Genotyping was performed using the Illumina PsychArray BeadChip plat-
form, which characterizes ~600 000 SNPs and has been optimized to capture the maximum amount of informa-
tion about common variation. More details about the genotyping procedure have been previously published®. We
focused our genetic analysis on the FTO locus as (i) it accounts for 1% of BMI variation and is the more important
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contributor to polygenic obesity in European populations; (ii) several papers on its association with impulsivity
traits have been published with inconsistent results'>-7; (iii) associations between FTO SNPs and other psy-
chological/psychiatric traits (e.g. loss of control episodes over eating, stress/nervousness, alcohol dependence,
depression, suicide) have been reported in literature®; (iv) FTO is highly expressed in brain and has an essen-
tial role in brain development?**'*% (v) a significant genetic correlation between BMI and impulsivity traits has
been recently reported in populations of European ancestry'®. An independent search of literature by S.M. and
D.M. identified a list of 17 SNPs in FTO that reached a genome-wide significant association (P <5 x 10~%) with
BMI or binary obesity status in populations of European ancestry (rs9939609, rs9930506, rs9941349, rs7185735,
rs11075990, rs3751812, rs8050136, rs8043757, rs17817449, rs1121980, rs55872725, rs9930506, rs1421085,
rs9940128, rs9930333, rs9936385, rs1558902). We used additional criteria to select an optimal FTO SNP for our
study: (i) SNP included in the PsychArray; (ii) SNP call rates > 0.97; (iii) SNP in Hardy-Weinberg equilibrium
(P >0.0005); (iv) evidence that the SNP may be causal (based on trans-ethnic fine-mapping and functional char-
acterization studies)?**>*%. Based on these criteria, we selected the SNP rs3751812 (genotype count: 328 GG, 488
GT, 175 TT; genotyping call rate = 0.993; P y,ay- weinber = 0-78)-

Statistical analyses. Statistical analyses were performed using SPSS (version 20, New York, USA, IBM
Corporation). We coded the rs3751812 GG, GT and TT genotypes as 0, 1 and 2, based on the number of copies
of the BMI increasing/obesity risk alleles (T: effect allele; G: other allele). All genetic association studies were
performed under an additive mode of inheritance, as FTO intron 1 SNPs have been consistently found to be the
more important genetic contributors to BMI variation/obesity risk in populations of European ancestry under
this model®**. The association of clinical or genetic variables with binary and continuous outcomes was tested
using logistic and linear regression models, respectively. Regression models were adjusted for covariates including
age, sex, site, and impulsivity or BMI in certain analyses. The normal distribution of continuous variables was
tested using the Shapiro-Wilk test. It is well-established that BMI distribution is skewed towards higher values in
the general population. Logarithmic transformations were used to correct for the lack of normality of BMI values.
Considering the correlation among impulsivity traits, and the prior likelihood of association between BMI and
impulsivity traits>?***, FTO SNPs and BMI*, and FTO SNPs and impulsivity traits'>!%, we considered a two-sided
P <0.05 as significant in this study.

Data availability
The dataset generated during and/or analyzed during the current study are available from the corresponding
authors on reasonable request.
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