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ABSTRACT

KLIMENTIDIS, Y. C., M. NEWELL, M. D. VAN DER ZEE, V. L. BLAND, S. MAY-WILSON, G. ARANI, C. MENNI, M. MANGINO,

A. ARORA, D. A. RAICHLEN, G. E. ALEXANDER, J. F. WILSON, D. I. BOOMSMA, J.-J. HOTTENGA, E. J. C. DE GEUS, and

N. PIRASTU. Genome-wide Association Study of Liking for Several Types of Physical Activity in the UK Biobank and Two Replication

Cohorts. Med. Sci. Sports Exerc., Vol. 54, No. 8, pp. 1252-1260, 2022. Introduction: A lack of physical activity (PA) is one of the most

pressing health issues today. Our individual propensity for PA is influenced by genetic factors. Stated liking of different PA types may help

capture additional and informative dimensions of PA behavior genetics. Methods: In over 157,000 individuals from the UK Biobank, we

performed genome-wide association studies of five items assessing the liking of different PA types, plus an additional derived trait of overall

PA-liking.We attempted to replicate significant associations in the Netherlands Twin Register (NTR) and TwinsUK. Additionally, polygenic

scores (PGS) were trained in the UKBiobank for each PA-liking item and for self-reported PA behavior, and tested for association with PA in

the NTR. Results:We identified a total of 19 unique significant loci across all five PA-liking items and the overall PA-liking trait, and these

showed strong directional consistency in the replication cohorts. Four of these loci were previously identified for PA behavior, including

CADM2, which was associated with three PA-liking items. The PA-liking items were genetically correlated with self-reported (rg = 0.38–

0.80) and accelerometer (rg = 0.26–0.49) PA measures, and with a wide range of health-related traits. Each PA-liking PGS significantly pre-

dicted the same PA-liking item in NTR. The PGS of liking for going to the gym predicted PA behavior in the NTR (r2 = 0.40%) nearly as well

as a PGS based on self-reported PA behavior (r2 = 0.42%). Combining the two PGS into a single model increased the r2 to 0.59%, suggesting
r Correspondence: Yann C. Klimentidis, Ph.D., Department of Epidemiology and Biostatistics, Mel and Enid Zuckerman College of Public Health, Uni-
rizona, Tucson, AZ; E-mail: yann@email.arizona.edu.
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GENETIC
that PA-liking captures distinct and relevant dimensions of PA behavior. Conclusions:We have identified the first loci associated with

PA-liking and extended our understanding of the genetic basis of PA behavior. Key Words: GENOME-WIDE ASSOCIATION STUDY,

PHYSICAL ACTIVITY, LIKING, PREFERENCES, GENETIC, EXERCISE
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Levels of physical activity (PA) have decreased dramat-
ically in most parts of the world over the past several
hundred years, likely contributing to a major and grow-

ing chronic disease burden (1–3). Physical inactivity has been
compared with smoking in terms of its effect on disease bur-
den, which ranges widely from cardiometabolic disease to
mental health (1). As genetic factors partly explain individual
differences in PA behavior (4–7), identifying specific genetic
risk factors can advance our understanding of 1) important in-
terindividual variation, 2) relevant biological pathways, and 3)
the presence, direction, and strength of causal relationships be-
tween PA behaviors and health outcomes.

Several loci have already been identified as being associated
with self-reported and accelerometry-measured levels of PA (8–
10). Thesemeasuresmay each be limited inmultipleways. For ex-
ample, self-reported measures may be highly influenced by social-
and health-related pressures and may not be stable over time,
whereas accelerometer measures may only be sensitive to certain
types of PA,withwear time often limited to a singleweek of a per-
son’s lifetime and likely influencing behavior (11).Measures of an
individual’s liking of PAmaymore accurately capture overall life-
long propensity to engage in PA and, at aminimum, serve as com-
plementary, broader, and refined measures of PA behavior.

One’s propensity to engage in habitual PA is driven by a
complex set of genetic and nongenetic factors (12). Theoreti-
cally, the internal motivation and self-determination theory
(SDT) of health behaviors could help explain the motivation
for PA (13). SDT identifies both intrinsic and extrinsic motiva-
tors for PA and sports (14). Intrinsic motivation occurs when
doing the activity provides inherent satisfaction. Extrinsic mo-
tivation is contributed by the outcome separable from the ac-
tivity per se. Empirical studies that used SDT constructs con-
sistently support that intrinsic motivation contributed to by
competence satisfaction is a strong positive predictor of sustained
exercise adherence (15). A Finnish twin study on genetic and en-
vironmental influences onmotivation for leisure-time PA using a
version of the Recreational Exercise Motivation Measure—a
tool designed based on the self-determination theory for PA
(16)—found higher heritability in the intrinsic motives than
extrinsic motives. Enjoyment of PA had the highest heritability
among different motivation dimensions (17). These findings sug-
gest that measures of intrinsic motivation are strong predictors of
actual PA behavior, are influenced by genetic factors, and may
thus inform specific dimensions of the genetics of habitual PA
behavior. In a principal component analysis of this questionnaire
in the Netherlands Twin Register (NTR), in which items were
mainly related to food and drink liking, it was found that the
liking of PA/sport stood out as a separable factor (18).

To discover genetic loci associated with PA-related liking,
we performed a genome-wide association study (GWAS) of
S OF PHYSICAL ACTIVITY LIKING
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five individual liking items and one composite trait of overall
PA-liking in over 157,000 UK Biobank participants, with rep-
lication of top loci in the NTR and TwinsUK studies. We then
examined how PA-liking genetically relates to self-reported
and accelerometry-measured PA (8) and to a wide range of
other traits and health outcomes. Finally, we examined how
polygenic scores (PGS) of PA-liking derived from the UK
Biobank predicted both liking and self-reported PA in the
NTR study.
METHODS

UK Biobank. The UK Biobank is a prospective cohort
study of 500,000 adults (ages 37–73 yr at the baseline exami-
nation in 2006–2010) from the UK (19). All participants pro-
vided written informed consent, and ethical approval for this
study was granted. Ethical approval for the UK Biobank study
was obtained by the National Information Governance Board
for Health and Social Care and the National Health Service
North West Multicenter Research Ethics Committee.

PA-liking. In 2019, a link to a questionnaire was sent by
e-mail to UK Biobank participants to assess the liking of spe-
cific foods as well as physical activities (20). This questionnaire
was developed and administered mainly as a way to improve
diet-related phenotyping in the UK Biobank, as it may not suf-
fer from the same biases present in other ways of assessing di-
etary intake and food choice. Questionnaires about liking for
foods and beverages have previously been shown to exhibit
high validity and reliability (21,22), which likely applies for
the liking of PA (23,24). This questionnaire consisted of 150
items, five of which were related to PA (going to the gym, work-
ing up a sweat, exercising with others, exercising alone, and
bicycling), and assesses liking through a 9-point hedonic scale
ranging from 1 for extremely dislike up to 9 for extremely like,
in increments of one. Of 333,344 participants that were sent an
e-mail invitation, 181,224 (54.4%) fully completed the ques-
tionnaire as of January 16, 2020 (20). The same items were
asked in the two replication studies (see below).

Genetic markers. Genotypes in the UK Biobank were
measured with the Affymetrix UK Biobank Axiom Array
(Santa Clara, CA, USA) in 90% of participants. The remainder
(10%) were genotyped with the Affymetrix UK BiLEVE
Axiom Array. Further details about imputation, principal
components analysis, and QC procedures can be found else-
where (25).

Replication of sentinel single nucleotide polymor-
phism in NTR and TwinsUK. The NTR is a longitudinal
register of twins and their relatives (26). Between December
2014 andMay 2017, participants responded to the same liking
questionnaire as the one administered in the UK Biobank,
Medicine & Science in Sports & Exercise® 1253
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including the same five PA-related questions (18). More de-
tails regarding genotyping and imputation are provided in
Supplemental Methods (see Appendix, Supplemental Digital
Content 1, http://links.lww.com/MSS/C542). Top genome-
wide significant single nucleotide polymorphism (SNP) or
their proxies from the UK Biobank GWAS were interrogated
for each respective item and the trait of overall PA-liking in
NTR GWAS results. Because we tested 25 SNP/loci, a repli-
cation was deemed successful if the P value was <0.002.

TwinsUK is a large twin registry for the study of health that
began in 1992 (27). The same liking questionnaire used in UK
Biobank was previously used in the TwinsUK cohort (28).
TwinsUK genotyping has been previously described in detail
(29). Briefly, TwinsUK samples were genotyped with a combina-
tion of two Illumina arrays (HumanHap300, HumanHap610Q).
After the Genotype QC stage, the samples from the two arrays
were combined, and the imputations were performed using the
Michigan Imputation Server (30) using the 1000 Genomes
Phase3 v5 reference panel.

Statistical analyses. To assess associations of PA-liking
with sex, age, body mass index (BMI), income, University/
College degree (yes/no), and Townsend Deprivation Index,
we performed linear regression after ensuring normality and
homoscedasticity of residuals. In GWAS, we included only in-
dividuals of European descent. We considered participants as
being of European descent if they were either among the ge-
netically British as defined by UK Biobank or self-identified
as “Irish,” “White,” or “any other White background.” We
performed GWAS with fastGWA (31), which implements a
mixed-effect linear regression that controls for population
stratification and relatedness. We included age at time of ques-
tionnaire, sex, genotyping chip, batch, and the first 10 genetic
principal components as covariates in the model used in
GWAS. We used linkage disequilibrium (LD) score regres-
sion to assess test score inflation, SNP-based heritability, and
to assess genetic correlations among PA-liking items and pre-
viously reported PA traits (32). To obtain a measure of overall
PA-liking, we also derived a GWAS of the first principal com-
ponent derived through the genetically independent phenotype
(GIP) method (33,34) and starting from the genetic correlation
matrix to derive the loadings of each trait on each GIP. Indepen-
dent significant loci were identified as those with P < 5� 10−8

with r2 < 0.1 and >250 kb distance. The online LDHUB plat-
form (35) was used to examine genetic correlations of the five
individual liking items and the overall PA-liking (GIP1) trait
with a wide range of traits and diseases (~800 phenotypes).
We used stratified LD score regression to identify tissue-type–
specific enrichment of heritability (36) from the overall PA-
liking (GIP1) GWAS. PGS were calculated in NTR with the
LDPRED package (37), based on UKB GWAS results for
PA-liking and for strenuous sports or other exercise (SSOE)
and other PA behavior measures (8), and were tested for cor-
relation with PA-liking phenotypes and self-reported PA be-
havior in NTR. Before calculating the PGS, LD-adjusted beta
coefficients were calculated from the summary statistics to cor-
rect for the effects of LD and to maximize predictive accuracy of
1254 Official Journal of the American College of Sports Medicine
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the PGS (37). These beta coefficients were calculated using an
LD pruning window of 250 KB, with different cutoffs of the
proportion of causal SNP (e.g., P005 for a model prior of
5% proportion of genetic variants that are causal); see Supple-
mental Methods, Supplemental Digital Content 1, http://links.
lww.com/MSS/C542, for more details). Although we provide
results from models across the range of priors, we report r2

from the model prior with the highest r2 in the text.
RESULTS

PA-liking phenotypes.Respondents to the questionnaire
were on average younger, more likely to be female, have a
lower BMI, and a lower self-report PA but higher acceleration
average (see Supplemental Table 1 in Appendix, Supplemental
Digital Content 1, http://links.lww.com/MSS/C542) as compared
with nonrespondents. Descriptive statistics of UKB, NTR, and
TwinsUK samples and mean PA-liking levels are shown in
Supplemental Table 2 (see Appendix, Supplemental Digital
Content 1, http://links.lww.com/MSS/C542). Mean score of
liking was highest for exercising with others in the two UK
samples and highest for bicycling in NTR. It was lowest for
going to the gym in all three samples. In the UK Biobank,
PA-liking was negatively correlated with age and was higher in
males (except for exercising with others). We observed generally
positive correlations of PA-liking items with education and in-
come and negative correlations with Townsend Deprivation
Index (e.g., exercising with others), such that less deprivation
was associated with more PA-liking (Supplemental Table 3,
Appendix, Supplemental Digital Content 1, http://links.lww.
com/MSS/C542). Phenotypic correlations of PA-liking with
PA behavior traits were strongest for self-reported vigorous
PA and strenuous sports or other exercise (r between 0.27
and 0.44). Genetic correlations of PA-liking with acceler-
ometry traits were generally strongest for working up a sweat
liking (r ≈ 0.3) (Supplemental Fig. 1, Appendix, Supplemental
Digital Content 1, http://links.lww.com/MSS/C542).

GWAS. Data from up to 158,189 UK Biobank participants
(mean age = 66.8 yr; 57% female) were analyzed for GWAS.
SNP-based heritabilities varied from 0.054 (0.004) for going
to the gym up to 0.075 (0.004) for bicycling. SNP heritability
for overall PA-liking (GIP1) was 0.089 (0.004) (Supplemental
Table 4, Appendix, Supplemental Digital Content 1, http://
links.lww.com/MSS/C542). We did not observe evidence of
genomic inflation beyond that explained by polygenic signal
according to LD score regression estimates (Supplemental
Table 3, Appendix, Supplemental Digital Content 1, http://
links.lww.com/MSS/C542). Between 2 and 6 genome-wide
significant loci were identified for each individual liking item
and 8 loci for overall PA-liking (GIP1), for a total of 26 SNP–
trait associations in 19 loci (Fig. 1 and Table 1). We did not
observe a large degree of overlap of top loci across the five
different liking items, although their level of association, re-
gardless of P value, was generally consistent across all liking
items as well as PA behavior (see Supplemental Fig. 2, Ap-
pendix, Supplemental Digital Content 1, http://links.lww.
http://www.acsm-msse.org
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FIGURE 1—Manhattan plots from GWAS performed in the UK Biobank (n > 140,000) of five PA-liking items and an overall measure of PA-liking based
on the genetically independent phenotype method (overall PA-liking [GIP1]).
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chromosome 11) were significantly associated with more than
one item. Sentinel SNPs were also associated with other traits
such as bone mineral density, body size and body composition,
educational attainment, respiratory traits, psychiatric traits,
and other PA-related traits such as usual walking pace and
time watching television (Supplemental spreadsheet, Supple-
mental Digital Content 2, http://links.lww.com/MSS/C543).
Tissue-type enrichment analysis via stratified LD score regres-
sion identified the nucleus accumbens, hippocampus, caudate,
frontal cortex, and amygdala (Supplemental Table 5, Appen-
dix, Supplemental Digital Content 1, http://links.lww.com/
MSS/C542).

In the NTR replication, we found directional consistency
for 19 out of 26 SNPs, including 6 out of 8 PA-liking (GIP1)
SNP (Table 1). Only one SNP (CADM2; for exercising with
others) was nominally significant (P < 0.05) before multiple
testing correction. In the TwinsUK replication, we found di-
rectional consistency for 15 out of 26 SNPs, including 6 out
of 8 overall PA-liking (GIP1) SNPs (Table 1).

Genetic correlations. Genetic correlations among PA-
liking items were moderate to strong (Fig. 2). Among the
PA-liking items, strong correlations were observed for work-
ing up a sweat with going to the gym (rg = 0.79), exercising
with others (rg = 0.76), and exercising alone (rg = 0.72), and
the weakest correlation was between exercising alone and
exercising with others (rg = 0.46). Across liking and behavior
(self-reported PA and accelerometer-derived PA) traits, corre-
lations were strongest for PA-liking with self-reported vigor-
ous PA and strenuous sports and other exercise (rg between
0.59 and 0.78). Genetic correlations of PA-liking with acceler-
ometry traits were generally strongest for exercising alone
(rg ≈ 0.47) and weakest with going to the gym (rg ≈ 0.28).
GENETICS OF PHYSICAL ACTIVITY LIKING

Copyright © 2022 by the American College of Sports Medicine
Genetic correlation assessments with a wide range of traits
and diseases reveal correlationswith UKBiobank variables re-
lated to PA including accelerometry, as well as with obesity-
related traits, tiredness, and lifestyle traits such as alcohol con-
sumption, TV watching, and taking dietary supplements,
among others (Fig. 3).

PGS analyses in NTR. PGS of each PA-liking item and
the overall PA-liking trait were calculated for each NTR par-
ticipant, using as weights the effect sizes resulting from the
GWAS of the UK Biobank data. These PGS were generally,
but not always, most strongly associated with the correspond-
ing PA-liking phenotype (Supplemental Table 6, Appendix,
Supplemental Digital Content 1, http://links.lww.com/MSS/
C542). For example, the exercising with others PGS was most
strongly associated with exercising with others in NTR
(r2 = 0.80%, P = 2.6 � 10−13). The overall PA-liking (GIP1)
PGS was most strongly correlated with the liking of exercising
alone in NTR (r2 = 0.82%, P = 7.6 � 10−15; Supplemental
Table 6, Appendix, Supplemental Digital Content 1, http://
links.lww.com/MSS/C542). These PGS were also signifi-
cantly associated with self-reported PA behavioral phenotypes
in NTR: self-reported total exercise, team-based exercise, and
solitary exercise. Among the PA-liking PGS, the best predic-
tors of these self-reported PA phenotypes in NTR were liking
for going to the gym and exercising with others with the self-
reported PA measures of total exercise and solitary exercise
(but not with team-based exercise; Supplemental Fig. 2, Ap-
pendix, Supplemental Digital Content 1, http://links.lww.
com/MSS/C542). When compared with the PGS based on
the self-reported and accelerometer PA GWAS in UK
Biobank, the liking PGS had a similar predictive performance.
For example, a PGS of self-reported SSOE predicted self-
reported total exercise in NTR only slightly better than a
Medicine & Science in Sports & Exercise® 1255
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FIGURE 2—Genetic correlations (rg) across PA from self-report, PA from accelerometry, and PA-liking items including the overall PA-liking trait, using
LD score regression with summary statistics from GWAS performed in the UK Biobank.
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PGS of liking going to the gym (Supplemental Fig. 3, Appen-
dix, Supplemental Digital Content 1, http://links.lww.com/
MSS/C542). When the best predicting liking PGS (going to
the gym) was combined with the best predicting self-reported
PA PGS (SSOE), the prediction of self-reported PA in NTR
improved from r2 = 0.42% to r2 = 0.59%, corresponding to
a 40% improvement in prediction, suggesting that these two
measures are capturing distinct and complementary compo-
nents of PA (Supplemental Fig. 4, Appendix, Supplemental
Digital Content 1, http://links.lww.com/MSS/C542).
DISCUSSION

With the advent of large-scale biobanks with genetic data,
we are now able to identify genomic loci associated with com-
plex behavioral and health-related traits such as PA. Here, we
broaden and deepen our nascent understanding of the genetics
of PA behavior by identifying genetic variants associated with
PA-liking. We found some but minimal overlap of loci with
those identified for self-reported and accelerometer measures
of PA, found genetic correlations with other health-related
GENETICS OF PHYSICAL ACTIVITY LIKING

Copyright © 2022 by the American College of Sports Medicine
traits, including behaviors and health outcomes, and found that
PGS of PA-liking adds substantially to the prediction of PA in
an independent sample, beyond a prediction based on a self-
reported PA PGS.

SNP-based heritabilities of PA-liking (ranging from 5.4%
to 7.5%; PA-liking (GIP1) = 8.9%) were generally higher than
those of self-reported behaviors at the baseline examination
(ranging from 4.6% to 5.6%), but lower than accelerometry
measures (14.3% and 11.0%) (8), likely due to lower measure-
ment error of accelerometry. Of all 19 loci identified for PA-
liking, only APOE, CADM2, HIST1H1D, and SKIDA1 have
been previously found to be associated with self-reported or
accelerometry-measured PA (8,9). However, it is likely that
some of the other 20 loci are associated with PA behavior at
a less stringent significance threshold. This relatively small de-
gree of overlap likely suggests that these measures of liking
are reflecting additional and more specific dimensions of PA
such as motivations and perceptions about PA and personality
traits, all of which can play a role in the type and amount of PA
one engages in. There is also a relatively small degree of over-
lap of top hits among the PA-liking items, which points to the
Medicine & Science in Sports & Exercise® 1257
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FIGURE 3—Genetic correlations of PA-liking with other traits and diseases assessed through the LDHUB resource. Top 10 genetic correlations according
to lowest P values among 800 tested phenotypes/diseases are shown. The order of traits shown in each panel from top to bottom is in ascending order of
P value. Error bars represent 95% CI.
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importance and strength of considering multiple facets of
PA-liking. It is possible that because accelerometers measure
overall PA, and not just purposeful exercise, PA-liking is more
strongly genetically correlated with self-reported PA than with
accelerometer measures of PA. On the other hand, the rela-
tively low genetic correlation of going to the gym with
accelerometer-measured PAmay reflect limitations of acceler-
ometer measurements in the context of certain types of PA
such as resistance exercise. Genetic correlation analyses
across a wider set of traits and diseases mainly revealed corre-
lations of PA-liking with self-reported PA and body fat measures.
However, several other notable findings such as negative genetic
correlations with frequency of tiredness, fed-up feelings, and al-
cohol intake frequency, and positive associations with usual
walking pace, supplement intakes, and variance in accelerometer
measurements in UKB, were also observed. Some of these cor-
relations may represent causal effects in one or both directions.

Among the individual loci identified, CADM2 has previ-
ously been identified in GWAS of BMI (38), risk taking,
and other behavioral traits (39–41), including PA (8). How-
ever, the pattern of association with CADM2 variants is partic-
ularly interesting because alleles associated with higher BMI
are associated with higher levels of PA and PA-liking, in the
opposite direction of the phenotypic association. As the most
consistently identified genetic locus across self-reported PA
1258 Official Journal of the American College of Sports Medicine
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and PA-liking measures, we will benefit from future work to
understand the molecular mechanisms underlying this associa-
tion. We found a SNP (rs7934107-T) in another cell adhesion
molecule gene, CADM1, which was associated with working
up a sweat. A SNP in the same gene was found to be associated
with anorexia nervosa (SNP-risk allele: rs6589488-A) (42).
These alleles at these two SNP are positively and moderately
correlated (r2 = 0.39).

Other identified loci share associations with several other traits
such as social and emotional characteristics (e.g., MMS22L–
KLHL32), lung function (e.g., POM12IL2–PRSS16), food/
drink intake (e.g., DARS1–CENPL), and cognitive traits
(e.g.,MDK–CHRM4). However, our finding of an association
of the APOE variant with one of the PA-liking items (exercis-
ing alone) is possibly the result of selection/survival bias due
to older individuals with the ε4 risk allele being relatively
enriched for healthy behaviors that have offset their genetic
risk and enabled their survival and participation in the study
(8). It is possible that our estimates for other identified loci
are subject to this bias, although it is likely to be minimal.

Although it turns out that we were underpowered to detect
statistically significant associations in our replication cohorts,
we did observe a nominally significant association of the
CADM2 variant with the liking of exercising with others in
the NTR, further reinforcing this locus directly or indirectly
http://www.acsm-msse.org
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in PA behavior, in addition to other traits, as mentioned above.
In PGS analyses, we found that these PA-likingmeasures were
genetically consistent across the UK Biobank and NTR sam-
ples, and that they could contribute substantially to the predic-
tion and genetic understanding of self-reported PA behavior. It
should be noted that the proportion of phenotypic variance ex-
plained by these PGS is still extremely small. This is at least
partly attributable to the degree of measurement error one
would expect from any self-report measure.

The strengths of this study include the relatively large sam-
ple size, the multiple measures of PA-liking, the ability to ex-
amine correlations with both self-reported and accelerometry-
derived PA behaviors, and the availability of two additional
cohorts for replication and testing of PGS. The inclusion of
middle- to older-age adults of European-descent individuals
is a limitation of our study as these results may not generalize
to other groups. Furthermore, UK Biobank participants and
the subset of them that responded to this questionnaire are
not representative of the UK population (43). However, based
on previous studies in the UK Biobank, we anticipate that this
participation bias will not strongly influence the loci identified
at the genome-wide significant level, but it may influence
genetic correlations. In this study, we have considered the
individual PA-liking items on their own, without consider-
ation of other liking items. Furthermore, although we have
genetically derived an overall PA-liking factor using infor-
mation from the five individual PA-liking items, further work
in this area may consider other approaches to capture overall
PA-liking.
CONCLUSIONS

In conclusion, we have identified genetic variants associ-
ated with PA-liking, further refining our understanding of
the genetics of PA behavior. Our results show that PA-liking
can capture additional elements of PA not captured by either
self-report or accelerometry. Future work is needed to un-
derstand the mechanisms linking the identified loci to PA
behavior, and how these may vary over the life-course. Ex-
amining the genetic correlates of stated liking for different
facets of PA and how they associate with self-reported and
device-based measures of PA can provide insight into both
GENETICS OF PHYSICAL ACTIVITY LIKING
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the genetic and nongenetic determinants of PA behavior, po-
tentially help plan more effective interventions to improve
PA habits, and bridge gaps that may exist between liking
and engaging in PA.
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