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Abstract: Previous studies have identified that a behavior can occur through the strongest predictor
intention, but there is a gap between intention and behavior. Dopamine receptor D2 (DRD2) is
known to account for a variance in sporting behaviors in human and animal subjects. However,
the relationship between DRD2 and sport participation has been poorly studied, and the limited
available reports are inconsistent. The present study was performed to examine the impact of DRD2
on sport participation among Korean university students based on the integrated behavioral model
(IBM). Data were collected from enrolled university students in Seoul (N = 45). Participants answered
survey questions first, and then they gave investigators their hair to provide DNA information
(i.e., the A1 allele of DRD2). DRD2 had a significant effect on sport participation, but only in male
students. Male students who carried the A1 allele of DRD2 significantly participated in 105.10 min
more sporting activities than male students who did not. Moreover, the effect of intention on sport
participation was significantly decreased when considering DRD2. Despite the small sample size,
the results of this study could be a preliminary case for a larger study and indicate the direction of
future research. Our results suggest that DRD2 may have played an important role as the “actual
skill” shown in the IBM.
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1. Introduction

Physical inactivity is a global leading risk factor for non-communicable diseases and
has a negative effect on quality of life and mental health [1,2]. Even though regular physical
activity can help prevent health threats among various age groups, physical inactivity
among college students in different countries was high (41.4%), and epidemiological
evidence has shown that the level of physical activity steeply declines during college
years [3,4]. College students decide their behaviors themselves, and they own responsibility
for those behaviors [5]. It is important for college students to participate in regular physical
activity because the behaviors that start in collegiate periods are often kept for a long time
as habits [6,7].

Physical activity can be driven by participating in sporting activities. Participants
can interact, compete, or achieve goals during sporting activities, and they can obtain the
same benefits as physical activity, including increased muscle mass, improved self-esteem
and body image, and reduced risk of obesity through sport participation [8,9]. Fortunately,
regular sport participation among Korean university students has been increasing in
recent years; however, it still looks unstable [10]. For these reasons, it is necessary to
identify factors influencing decisions and choices concerning sport participation among
college students.

Studies of participation in sporting activities have increasingly identified innate bi-
ological mechanisms as influencing factors along with psychosocial and environmental
factors [11-13]. Regarding sport participation, both twin studies and family-resemblance
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models have indicated that a tendency to behave is genetically transmitted [14-16]. Most
studies of family resemblance have shown a moderate correlation with heritability of sport
participation (approximately 0.25), and genetics and environmental factors both appear
to contribute significantly to participation in sport among twins [17]. The differential
heritability of sport participation between genders remains ambiguous, although there is
some evidence explaining the difference [15-17]. For example, genetic factors explained
more than 80% of sport participation in male students, whereas environmental influences
accounted for more variance in sport participation among female students than genetic
factors [12].

Previous studies have found that dopamine receptor D2 (DRD2) accounts for variance
in sporting behaviors in human and animal subjects [18-20]. DRD2 regulates the activities
of humans by controlling the release of dopamine, which is a hormone influencing moti-
vation and rewarding behaviors. Affected people seek out stimuli to reward themselves
against reduced dopamine activities because when the A1 allele of DRD?2 is increased,
the level of DRD2 is decreased, resulting in a reward deficiency [21-23]. However, the
relationship between genetic variance and sport participation has been poorly studied and
cross-sectional study design was frequently used for the verification. Moreover, the limited
available reports are inconsistent [14,24,25]. Among cross-sectional studies, Jozkow et al.
(2013) found no relationship between sport participation and dopamine receptors D2 and
D4 in Polish men [24]. Simonen et al. (2003) found that DRD2 had a significant associa-
tion with sport participation; however, the results were applied only among women [20].
Unlike them, Lee et al. (2020) mitigated the uncertain causal problems previous studies
had by investigating the effect of dopamine receptor genes on sport participation using a
longitudinal approach [26]. Their findings have been confirmed only for male students,
but it contributed to find the long-term effect of DRD2 on sport participation.

The integrated behavioral model (IBM), developed from the theory of planned behav-
ior, shows that behaviors can occur through the strongest predictor intention, but there are
four other variables that explain behaviors directly (shown in Figure 1). These variables
are measured objectively, unlike the subjectively measured variables predicting intention
in the theory of planned behavior (i.e., attitude, subjective norm, and perceived behavioral
control). Intention and behavior have low correlation and poor predictability in the theory
of planned behavior, and the gap between intention and behavior has been a difficult
problem to solve [27,28].
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Figure 1. The integrated behavioral model [29].
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However, four components have been identified to explain the gap between intention
and behavior in the IBM: knowledge and skills (i.e., actual skills), the salience of the
behavior, environmental constraints, and habit [30,31]. They argued that a behavior can
be accomplished if a person has the abilities required to perform it, the behavior is salient,
environmental constraints to the behavior can be overcome, or the behavior is performed
habitually. Thus, participation in sports can be maintained by setting goals to achieve in
the sport or planning specific activities related to it using knowledge and skills [32-34]. It
may be possible to fill the knowledge gap between intention and behavior by elucidating
the influence of genetic factors on participation in sports. People having the Al allele of
DRD2 participate in sporting activities regularly through a mechanism of dopaminergic
systems, which control motor movement in the brain. The dopaminergic system is related
to rewarding and motivational behaviors, and can influence people to have concrete plans
to participate in sports on their own through addiction to sports [35]. Lee et al. (2020)
reported that adolescents with the A1 allele of DRD2 participate in sports more frequently,
and that this habit is sustained until adulthood [26]. This suggests that Al allele of DRD2
influences the performance of certain actions as an “actual skill” in the IBM.

Based on the literature, we focused on the genetic effect on sport participation as a
potential influencing factor in the gap between intention and behavior, as suggested by the
IBM. Furthermore, we analyzed data by gender separately based on previous studies that
identified different effects of dopamine receptor genes on sport participation.

2. Materials and Methods
2.1. Participants and Design

The present study was designed to examine the relationship between dopamine
receptor genes and sport participation based on the IBM. Participants were randomly
selected from undergraduate departments in a university located in Seoul, South Korea.
The total number of participants was 55, and both men and women participants were
evenly distributed by grade levels. For the final analysis, only 45 participants (26 men and
19 women) were included because 7 subjects with missing values in the dependent variable
were kept out, and 3 subjects were excluded based on regression diagnostics. Data were
collected in October 2018 to avoid extremely cold or hot weather in South Korea and to
avoid mid-term and final examinations in the university because students can be limited
in their participation in sports. All protocols of this study were approved by the Seoul
National University Institutional Review Board (IRB No.1810/003-016).

2.2. Measures

We used the questionnaire to identify the characteristics of students, their intentions
to participate in sport, and their actual participation in sport. Students were asked about
their intention to participate in sport using Ajzen’s three questions, as follows [36]: “Do
you intend to participate in sport within a month?”, “Are you going to make efforts to
participate in sport within a month?”, and “Do you have a plan to participate in sport
within a month?” Each item was scored on a 7-point scale (—3 = strongly disagree to
3 = strongly agree). These three questions were averaged to calculate participants’” intention
to participate in sport. The reliability of intention was calculated using Cronbach’s alpha
coefficient (o« = 0.93). To assess sport participation, students were asked two questions:
“how many times have you participated in sport per week?” (e.g., three times a week) and
“how much time have you participated in sport for each participation?” (e.g., 120 min at
once). Then we multiplied the two values to calculate the weekly time spent participating
in sporting activities.

2.3. Procedures

The authors trained investigators to conduct surveys and to collect genetic data. The
educated investigators explained the purposes of our study, the procedures for collecting
data, and the use of the results to the participants. Participants were given a packet that
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included consent forms that asked for agreement to respond to survey questions and pro-
vide genetic information, a survey questionnaire, and an incentive worth $10. Participating
students answered survey questions first and then were asked to provide us with three or
four strands of their hair—they gave investigators their hair for identification of the Al
allele of TaqlA polymorphism (rs1800497) of DRD2. The A1 allele of TaqlA polymorphism
(rs1800497) is known to have an association with a reduction in novelty-seeking behavior,
decreased reward sensitivity, and reduced DRD2 density in the striatum [26]. Hairs pro-
vided by participants were sealed in antiseptic containers with consequent numbers and
moved to the laboratory. Investigators put their hairs in a 1.5 mL centrifuge tube. Samples
were treated with 200 pL of E-prep reagent (Viagen Biotech, Inc., Los Angeles, CA, USA)
and 0.5 puL proteinase K (Sigma-Aldrich Corporation, St. Louis, MO, USA). Those treated
samples were incubated in a heating block at 56 °C for an hour and then incubated in a
water bath at 85 °C for 45 min. They were centrifuged at 12,000 rpm for 3 min, and around
50 pL of supernatant were moved to another 1.5 mL tube. The estimated concentration
of gDNA in each sample was quantified by NanoDrop (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) before performing polymerase chain reaction (RT-PCR). For DRD2
rs1800497 genotyping, the TagMan Allelic Discrimination assay system (Thermo Fisher
Scientific, Inc.) was used following the instructions given by Viagen Biotech, Inc. Twenty
milliliters of total reaction volume, containing 90 ng of gDNA with nuclease-free water,
0.25 pL of primer-TagMan Probe mixture, and 10 puL of TagMan Universal PCR Master
Mix 2X (Thermo Fisher Scientific, Inc) was used for genotyping. The PCR amplification
conditions were as follows: 50 °C for 2 min, 95 °C for 20 s, followed by 111 cycles at
95 °C for 3 s, and 60 °C for 30 s using a CFX96 Real-Time PCR Detection System (Bio-Rad,
Hercules, CA). Genotypes were determined using the relative fluorescence units (RFU)
value under the single threshold algorithm in Maestro software (Bio-Rad).

2.4. Statistical Analysis

We combined the genetic data with the survey data to investigate the effect of DRD2
on the probability of sport participation of the participants. A t-test was conducted to
compare the differences between the participants’ grades in school, and a chi-square test
was used to compare determine the differences between groups of genes. Regression
analysis was performed to examine the effects of the intention to participate in sport and
the Al allele of DRD2 on sport participation. All assumptions of multiple regression were
tested. Since the homoscedasticity assumption was violated in male students, three outliers
in the residual plot were deleted from the data. All statistical analyses in the present study
were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

3. Results
3.1. Descriptive Statistics

Table 1 shows the descriptive statistics of all participant data by gender. The number
of male students was 34, and their grades in school were distributed evenly. According
to our data, about one-third of male participants had at least one Al allele of DRD2. The
mean value of intention to participate in sporting activities was 1.71 (SD = 1.34) in male
students, and their average sport participation time was 311.38 (SD = 281.08) minutes
per week. Twenty-one female students participated in our study, and seniors accounted
for the largest percentage among them. Similar to the male students, about 30 percent of
the female students had one or more Al allele of DRD2. In both genders there were no
significant differences in grades or possession of the Al allele. Female students’ intention
to participate in sporting activities was 1.62 (5D = 1.02) on average, and their average sport
participation time was 175.0 (SD = 169.45) minutes per week.
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Table 1. Descriptive statistics.

Characteristics Males (N = 34) Females (N = 21) p-Value
Grade (%) 0.877
Freshman 7 (20.59) 5(23.81)

Sophomore 9 (26.47) 4 (19.05)
Junior 8(23.53) 4 (19.05)
Senior 10 (29.41) 8 (38.80)
DRD2 (%) 0.464
Al(—) group 21 (61.76) 15 (71.43)
Al(+/++) group 13 (38.24) 6 (28.57)
Intention
Mean (SD) 1.71 (1.34) 1.62 (1.02) <0.001
Sport participation
Mean (SD) 311.38 (281.08) 175.0 (169.45) <0.001

Note: DRD2, dopamine receptor D2; SD, standard deviation. Al(—) group includes participants who do not
possess Al allele of DRD2; Al(+/++) group includes participants who possess one or two Al allele of DRD2.

3.2. The Effect of A1 Allele of DRD2 on Sport Participation

The effects of DRD2 on sport participation among students are shown in Table 2.
According to our results, intention had significant effects on sport participation in both
male (model 1: coef = 69.51, p = 0.003; model 2: coef = 67.03, p = 0.002) and female students
(model 1: coef = 165.50, p = 0.002; model 2: coef = 179.24, p = 0.010). The influence of
DRD2 was found to significantly affect sport participation only among male students
(coef = 105.10, p = 0.029). Male students who carry the Al allele of DRD2 significantly
participated in sporting activities 105.10 min more than male students who do not carry
the Al allele, and the effect of intention to participate in sport was significantly decreased
when considering DRD2 in model 2. This means the Al allele of DRD2 contributes to
some of the effect of the intention of sport participation among male students. Unlike male
students, a significant relationship was not shown between DRD2 and sport participation
in female students in this result, and a significant interaction effect between intention and
DRD2 was not found in either gender (not presented in the table).

Table 2. The effects of intention and the A1 allele of DRD2 on sport participation, and the interactions
between variables.

Model 1 Model 2
Estimate (SE) p-Value Estimate (SE) p-Value
Males (N = 26)
Intercept 104.84 (67.58) 0.135 73.32 (63.34) 0.260
Grade 6.96 (18.19) 0.706 —3.22 (17.22) 0.853
Intention 69.51 (20.62) 0.003 67.03 (18.91) 0.002
DRD2 105.10 (45.07) 0.029
Females (N =19)
Intercept —17.96 (88.23) 0.841 12.18 (126.34) 0.925
Grade —40.12 (27.23) 0.160 —50.28 (40.77) 0.237
Intention 165.50 (44.39) 0.002 179.24 (60.74) 0.010
DRD2 —36.78 (107.25) 0.736

Note: SE, standard error; DRD2, dopamine receptor D2. Model 1 is the grade-, and intention-controlled model;
Model 2 is the model controlled for grade, intention, and DRD2.

4. Discussion

The present study found out that the intention to participate in sport had a significant
influence on sport participation in both genders, and DRD2 had a significant effect on sport
participation in male students only. The results that intention had a significant influence on
sport participation and the effect of intention on sport participation was significant even
after controlling for DRD2 indicate that intention is still important for predicting sport
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participation in Korean college students, even though previous reports have pointed to the
inconsistency between intention and behavior [30,37].

More surprisingly, DRD2 had a significant effect on sport participation only in male
students, according to our data. Male students with the A1 allele of DRD2 participated in
sporting activities significantly more (about 105.10 min per week) than students without
the Al allele. Although the relationship was not significant in female students, the genetic
effects on male students indicate that dopaminergic determinants should be considered
when designing sport programs in the future. Our results are consistent with those of
Lee et al. (2020), where the effects of dopamine receptor genes (DRD2, DRD4, and DRD5)
on sport participation trajectories were revealed using longitudinal analysis [26]. They
found that male students with the Al allele of DRD2 participated significantly more in
sporting activities and maintained these activities over time. However, more research
will be required to examine gender differences in effects of DRD2 on sport participation
according to gender, because there have been contradictory results in previous studies
between genders [20,24].

The present study showed that the effect of intention on sport participation was
decreased when controlling for DRD2 in male participants, even though the effects of
intention were significant regardless of the possession of the Al allele of DRD2 in both
genders. This result indicates that DRD2 has the potential ability to narrow the gap
between intention and sport participation among Korean university students. Although
our results were different between male and female students, DRD2 may have played
an important role as the “actual skill” shown in the IBM. Since increased extracellular
dopamine concentration is known to motivate people to engage in certain behaviors, male
students with the Al allele of DRD2 may participate more in sport by setting specific
goals and plans to participate in sporting activities than those who do not have the Al
allele [38,39].

However, DRD2 did not affect sport participation among female students. Some
societies create a situation in which women must choose between participating in sports
and maintaining a feminine image. This kind of conflict can destabilize the feminine
identity of women, and therefore negate the life-long benefits of sport participation [40].
Since the traditional patriarchal system yet remains in South Korea, such ideological
constraints can limit women’s opportunities for sport participation [41]. In our study,
the effect of DRD2 on sport participation among female students may be weakened by
ideological constraints (i.e., forcing women to choose sexually desirable images). This
result suggests that it is important to consider environmental factors when investigating
the effects of genes on behaviors.

Based on the findings of our study and the literature, we can say DRD?2 is able to
close existing loopholes between intention and behavior. The fact that students who have
the A1 allele of DRD2 participated more in sport than others shows that DRD2 effectively
elucidated sport participation of Korean college students. However, the result that the
interaction effect between intention and DRD2 was not significant requires future studies
to find the significant relationship between them. Moreover, our data showed there was
a large difference in the sport participation time of students with the A1 allele of DRD2.
Among those carrying the Al allele of DRD2 in their brain, 51.52% of participants were
placed between students who did not exercise at all and those who did more than 300 min
a week. They are anticipated to get more involved in sport because their behavior is related
to dopamine functioning. The A1 allele is known to be associated with DRD2 inhibitory
function, regulating dopamine synthesis and release. Decreased DRD2 could lead to
enhanced dopamine production and increases of extracellular dopamine concentrations.
Increased amounts of dopamine in the brain bring people possessing Al allele to greater
risks of addictive behaviors, and people can feel a sense of reward and reinforcement
through the behaviors [23,35]. If people experience it while playing sports, they become
obsessed with higher addiction, and therefore, they will yearn for sport repeatedly.
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Behavioral addictions can be caused by rational beliefs through cognitive reconstruc-
tion to impede upon social obligation [42]. College students are generally exposed to
stressful situations from social relationships with other people, conflicts with professors
or community members, or the establishment of newly discovered self-identity and self-
esteem [43]. Especially, Korean university students endure excessive competition since
they are traditionally anticipated to have outstanding academic achievement in order to
attain a higher position in a given society [44]. This stressful situation can make them
burned out and addicted to negative behaviors to avoid the social pressure. Sport has
an attractive property that brings people an escape from serious issues in their normal
life [45]. Even though sport can also cause negative outcomes like other addictions, it can
prevent students from being exposed to severe dangers created by more extremely negative
behaviors [26].

The present study has several limitations. First of all, the sample size of our data was
small because many students refused to provide their genetic information for this study.
Despite its small sample size, it has originality in that it is the first study that examined
a genetic role in the sport participation of Korean college students. Secondly, we used a
cross-sectional design to analyze data. The majority of studies related to genetic effects on
sporting behaviors use a cross-sectional design, but it would be more effective to make
people sustain sport participation if it were possible to conduct a longitudinal study with
genetic data. Thirdly, sport participation was measured by self-reported questionnaires.
This may have caused response bias or recall bias. Moreover, participants were not asked
about the types of sport they participate in most. Future studies should obtain more specific
information regarding the types of sport in order to better understand the influence of
dopamine receptor genes on sport participation.

Notwithstanding the above-mentioned limitations, our findings provide critical evi-
dence that dopamine receptor genes are important features for sport participation as the
“actual skill” among Korean university students. According to the integrated behavioral
model and our results, genetic factors might function as predictors of sport participation.
Especially, dopamine receptor genes seem to be an important actual skill among Korean
university students. Despite the lack of proven results, we propose that future researchers
consider genetic factors in order to improve the predictive power of theories and narrow
the intention-behavior gap. The accumulation of these studies will be able to provide
crucial information when developing sport behavior promotion programs or policies.

5. Conclusions

To our knowledge, this is the first study attempting to narrow the gap between
intention and sport participation using genetic information. The present research may
contribute to the literature by giving important information, suggesting that DRD2 may
play an important role as the “actual skill” of sport participation among Korean university
students. Despite limitations, the results of this study would be a preliminary case by
providing an opportunity for future researchers to consider genetic information as a
potential predictor of sporting behavior based on behavioral theories and indicate the
direction for the development of effective programs for promoting sport participation.

Author Contributions: Conceptualization, S.P. and C.G.L.; methodology, S.P, ] K., C.A., H-S.C., and
H.YM.; data curation, S.P,, ] K., C.A., and H.-5.C.; formal analysis, S.P,, ] K., and H.-5.C.; investigation,
S.P,J.K, and C.A.; writing—original draft preparation, S.P. and H.-5.C.; writing—review and editing,
S.P,J K., CA,H-5C,HYM, and C.G.L,; visualization, S.P; supervision, H.Y.M. and C.G.L.; project
administration, S.P, J K., C.A., H.-S.C., HYM.,, and C.G.L,; funding acquisition, C.G.L. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Research Foundation, grant number 2017R1C1B
5074485.



Int. J. Environ. Res. Public Health 2021, 18, 2379 80f9

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of
Seoul National University (IRB No.1810/003-016).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Acknowledgments: This work was supported by the Brain Korea 21 Project, Seoul National Univer-
sity, Seoul, Korea.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Guthold, R; Stevens, G.A ; Riley, L.M.; Bull, EC. Worldwide trends in insufficient physical activity from 2001 to 2016: A pooled
analysis of 358 population-based surveys with 1-9 million participants. Lancet. Glob. Health 2018, 6, €1077-e1086. [CrossRef]

2. Ruegsegger, G.N.; Booth, EW. Running from disease: Molecular mechanisms associating dopamine and leptin signaling in the
brain with physical inactivity, obesity, and type 2 diabetes. Front. Endocrinol. 2017, 8, 109. [CrossRef]

3. Pengpid, S.; Peltzer, K.; Kassean, HK.; Tsala Tsala, ]J.P.; Sychareun, V.; Miiller-Riemenschneider, F. Physical inactivity and
associated factors among university students in 23 low-, middle- and high-income countries. Int. ]. Public Health 2015, 60, 539-549.
[CrossRef] [PubMed]

4. Wang, ]J. The association between physical fitness and physical activity among Chinese college students. J. Am. Coll. Health 2019,
67,602-609. [CrossRef] [PubMed]

5. Haycock, D. University Students’ Sport Participation: The Significance of Sport and Leisure Careers. Ph.D. Thesis, University of
Chester, Chester, UK, 2015.

6. Keating, X.D.; Guan, J.; Pifero, J.C.; Bridges, D.M. A meta-analysis of college students’ physical activity behaviors. J. Am. Coll.
Health 2005, 54, 116-126. [CrossRef]

7. Heitzler, C,; Lytle, L.; Erickson, D.; Sirard, J.; Barr-Anderson, D.; Story, M. Evaluating a model of youth physical activity. Am. |.
Health Behav. 2010, 34, 593-606. [CrossRef] [PubMed]

8. Trost, S.G.; Blair, S.N.; Khan, K.M. Physical inactivity remains the greatest public health problem of the 21st century: Evidence,
improved methods and solutions using the ‘7 investments that work” as a framework. Br. ]. Sports. Med. 2014, 48, 169-170.
[CrossRef]

9. Lee, C.G,;Park, S.; Yoo, S. The longitudinal effect of parental support during adolescence on the trajectory of sport participation
from adolescence through young adulthood. . Sport Health Sci. 2018, 7, 70-76. [CrossRef]

10. Ministry of Culture, Sports and Tourism. 2018 National Survey of Participation in Sports; Ministry of Culture, Sports, and Tourism:
Sejong, Korea, 2018; Available online: https://www.mcst.go.kr/kor/s_policy /dept/deptView.jsp?pSeq=1228&pDataCD=040801
0000&pType (accessed on 4 July 2020).

11. Rowland, T.W. The biological basis of physical activity. Med. Sci. Sports Exerc. 1998, 30, 392-399. [CrossRef]

12.  Beunen, G.; Thomis, M. Genetic determinants of sports participation and daily physical activity. Int. . Obes. 1999, 23, S55-563.
[CrossRef]

13. Boomsma, D.I; Van den Bree, M.B.M.; Orlebeke, ].F.; Molenaar, P.C.M. Resemblances of parents and twins in sports participation
and heart rate. Behav. Genet. 1989, 19, 123-141. [CrossRef] [PubMed]

14. Simonen, R.L.; Perusse, L.; Rankinen, T.; Rice, T.; Rao, D.C.; Bouchard, C. Familial aggregation of physical activity levels in the
Quebec family study. Med. Sci. Sports Exerc. 2002, 34, 1137-1142. [CrossRef]

15. Carlsson, S.; Andersson, T.; Lichtenstein, P.; Michaelsson, K.; Ahlbom, A. Genetic effects on physical activity: Results from the
Swedish Twin Registry. Med. Sci. Sports Exerc. 2006, 38, 1396-1401. [CrossRef] [PubMed]

16. Maia, J.A.R.; Thomis, M.; Beunen, G. Genetic factors in physical activity levels: A twin study. Am. J. Prev. Med. 2002, 23, 87-91.
[CrossRef]

17. Moore-Harrison, T.; Lightfoot, ].T. Driven to be inactive?—the genetics of physical activity. Prog. Mol. Biol. Transl. Sci. 2010, 94,
271-290. [CrossRef]

18. Kelly, M.A.; Rubinstein, M.; Phillips, T.J.; Lessov, C.N.; Burkhart-Kasch, S.; Zhang, G.; Bunzow, ].R; Fang, Y.; Gerhardt, G.A.;
Grandy, D.K; et al. Locomotor activity in D2 dopamine receptor deficient mice is determined by gene dosage, genetic background,
and developmental adaptations. J. Neurosci. 1998, 18, 3470-3479. [CrossRef]

19. Bronikowski, A.M.; Rhodes, J.S.; Garland, T.; Jr Prolla, T.A.; Awad, T.A.; Gammie, S.C. The evolution of gene expression in mouse
hippocampus in response to selective breeding for increased locomotor activity. Evolution 2004, 58, 2079-2086. [CrossRef]

20. Simonen, R.L.; Rankinen, T.; Perusse, L.; Leon, A.S.; Skinner, J.S.; Wilmore, ].H.; Rao, D.C.; Bouchard, C. A dopamine D2 receptor
gene polymorphism and physical activity in two family studies. Physiol. Behav. 2003, 78, 751-757. [CrossRef]

21. Knab, AM,; Lightfoot, ].T. Does the difference between physically active and couch potato lie in the dopamine system? Int. ]. Biol.
Sci. 2010, 6, 133-150. [CrossRef]

22.  Vander Mee, D.J.; Fedko, I.O.; Hottenga, ].].; Ehli, E.A.; Van der Zee, M.D.; Ligthart, L.; Van beijsterveldt, T.C.E.M.; Davies, G.E,;

Bartels, M.; Landers, ].G.; et al. Dopaminergic genetic variants and voluntary externally paced exercise behavior. Med. Sci. Sports
Exerc. 2018, 50, 700-708. [CrossRef]


http://doi.org/10.1016/S2214-109X(18)30357-7
http://doi.org/10.3389/fendo.2017.00109
http://doi.org/10.1007/s00038-015-0680-0
http://www.ncbi.nlm.nih.gov/pubmed/25926342
http://doi.org/10.1080/07448481.2018.1515747
http://www.ncbi.nlm.nih.gov/pubmed/30849024
http://doi.org/10.3200/JACH.54.2.116-126
http://doi.org/10.5993/AJHB.34.5.9
http://www.ncbi.nlm.nih.gov/pubmed/20524889
http://doi.org/10.1136/bjsports-2013-093372
http://doi.org/10.1016/j.jshs.2016.12.004
https://www.mcst.go.kr/kor/s_policy/dept/deptView.jsp?pSeq=1228&pDataCD=0408010000&pType
https://www.mcst.go.kr/kor/s_policy/dept/deptView.jsp?pSeq=1228&pDataCD=0408010000&pType
http://doi.org/10.1097/00005768-199803000-00009
http://doi.org/10.1038/sj.ijo.0800885
http://doi.org/10.1007/BF01065888
http://www.ncbi.nlm.nih.gov/pubmed/2712810
http://doi.org/10.1097/00005768-200207000-00014
http://doi.org/10.1249/01.mss.0000228941.17034.c1
http://www.ncbi.nlm.nih.gov/pubmed/16888451
http://doi.org/10.1016/S0749-3797(02)00478-6
http://doi.org/10.1016/B978-0-12-375003-7.00010-8
http://doi.org/10.1523/JNEUROSCI.18-09-03470.1998
http://doi.org/10.1111/j.0014-3820.2004.tb00491.x
http://doi.org/10.1016/S0031-9384(03)00084-2
http://doi.org/10.7150/ijbs.6.133
http://doi.org/10.1249/MSS.0000000000001479

Int. J. Environ. Res. Public Health 2021, 18, 2379 90f9

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

Rosso, A.L.; Metti, A.L.; Glynn, N.W.; Boudreau, R.M.; Rejeski, W.J.; Bohnen, N.; Chen, H.; Johannsen, N.M.; King, A.C.; Manini,
T.M.; et al. Dopamine-related genotypes and physical activity change during an intervention: The lifestyle interventions and
independence for elders study. J. Am. Geriatr. Soc. 2018, 66, 1172-1179. [CrossRef]

Jozkow, P.; Slowinska-Lisowska, M.; Laczmanski, L.; Medras, M. DRD2 C313T and DRD4 48-bp VNTR polymorphisms and
physical activity of healthy men in Lower Silesia, Poland (HALS study). Ann. Hum. Biol. 2013, 40, 186-190. [CrossRef]
Pohjalainen, T.; Rinne, J.O.; Nagren, K.; Lehikoinen, P.; Anttila, K.; Syvéalahti, E.K.G.; Hietala, J. The A1l allele of the human D2
dopamine receptor gene predicts low D2 receptor availability in healthy volunteers. Mol. Psychiatry 1998, 3, 256-260. [CrossRef]
[PubMed]

Lee, C.G.; Moon, H.; Park, S. The effects of dopamine receptor genes on the trajectories of sport participation from adolescence
through young adulthood. Ann. Hum. Biol. 2020, 1-7. [CrossRef] [PubMed]

Kor, K.; Mullan, B.A. Sleep hygiene behaviours: An application of the theory of planned behaviour and the investigatior of
perceived autonomy support, past behavior and response inhibition. Psychol. Health 2011, 26, 1208-1224. [CrossRef] [PubMed]
Rivis, A.; Sheeran, P; Armitage, C.J. Intention versus identification as determinants of adolescents” health behaviours: Evidence
and correlates. Psychol. Health 2011, 26, 1128-1142. [CrossRef]

Glanz, K.; Rimer, B.K.; Viswanath, K. Health Behavior and Health Education: Theory, Research, and Practice, 4th ed.; John Wiley &
Sons: Hoboken, NJ, USA, 2008.

Ajzen, I. The theory of planned behaviour: Reactions and reflections. Psychol. Health 2011, 26, 1113-1127. [CrossRef]

Jaccard, J.; Dodge, T.; Dittus, P. Parent-adolescent communication about sex and birth control: A conceptual framework. New Dir.
Child Adolesc. Dev. 2002, 97, 9—42. [CrossRef]

Leventhal, H.; Singer, R.; Jones, S. Effects of fear and specificity of recommendation upon attitudes and behaviour. J. Pers. Soc.
Psychol. 1965, 34, 20-29. [CrossRef]

Gollwitzer, PM. Implementation intentions: Strong effects of simple plans. Am. Psychol. 1999, 54, 493-503. [CrossRef]
Sniehotta, EF,; Scholz, U.; Schwarzer, R. Action plans and coping plans for physical exercise: A longitudinal intervention study in
cardiac rehabilitation. Brit. J. Health Psych. 2006, 11, 23-37. [CrossRef] [PubMed]

Salamone, ].D. Complex motor and sensorimotor functions of striatal and accumbens dopamine: Involvement in instrumental
behavior processes. Psychopharmacology 1992, 107, 160-174. [CrossRef] [PubMed]

Ajzen, I. Constructing a TPB Questionnaire: Conceptual and Methodological Considerations. 2002. Available online: https:
/ /people.umass.edu/~{}aizen. (accessed on 1 February 2021).

Rhodes, R.E.; de Bruijn, G.J. What predicts intention-behavior discordance? a review of the action control framework. Exerc. Sport
Sci. Rev. 2013, 41, 201-207. [CrossRef]

Blum, K,; Gold, M.S.; Mitchell, L.G.; Washington, K.W.; Baron, D.; Thanos, PK.; Steinberg, B.; Modestino, E.J.; Fried, L.; Badgaiyan,
R.D. Global evidence for the key role of the dopamine D2 receptor gene (DRD2) and DRD2 receptors in alcoholism. J. Neurogenet.
Res. 2017, 1, 1001.

Deng, X.D.; Jiang, H.; Ma, Y.; Gao, Q.; Zhang, B.; Mu, B.; Zhang, L.-X.; Zhang, W.; Er, Z-E.M.; Xie, Y.; et al. Association between
DRD2/ANKKI1 TaqIA polymorphism and common illicit drug dependence: Evidence from a meta-analysis. Hum. Immunol. 2015,
76,42-51. [CrossRef] [PubMed]

Cockburn, C,; Clarke, G. “Everybody’s looking at you!”: Girls negotiating the “femininity deficit” they incur in physical education.
Womens Stud. Int. Forum 2002, 25, 651-665. [CrossRef]

Chung, Y.N. Women’s constraints to participation in leisure sports. Korea J. Sports Sci. 2008, 17, 295-307.

Egorov, A.Y.; Szabo, A. The exercise paradox: An interactional model for aclearer conceptualization of exercise addiction. ]. Behav.
Addict. 2013, 2, 199-208. [CrossRef]

Paukert, A.L.; Pettit, ] W.; Perez, M.; Walker, R.L. Affective and attributional features of acculturative stress among ethnic minority
college students. J. Psychol. 2006, 140, 405-419. [CrossRef] [PubMed]

Kim, E.Y.; Yu, H.S. A comparative study of the stressors, stress management behaviors, and the behavior contents among Korean,
Japanese and Chinese university students. J. Educ. Cult. 2018, 24, 193-211.

Trail, G.T.; James, ].D. Sport Consumer Behavior, 2nd ed.; Sport Consumer Research Consultants Internet Publishing: Seattle, WA,
USA, 2015.


http://doi.org/10.1111/jgs.15369
http://doi.org/10.3109/03014460.2012.748829
http://doi.org/10.1038/sj.mp.4000350
http://www.ncbi.nlm.nih.gov/pubmed/9672901
http://doi.org/10.1080/03014460.2020.1736629
http://www.ncbi.nlm.nih.gov/pubmed/32183536
http://doi.org/10.1080/08870446.2010.551210
http://www.ncbi.nlm.nih.gov/pubmed/21678170
http://doi.org/10.1080/08870440903427365
http://doi.org/10.1080/08870446.2011.613995
http://doi.org/10.1002/cd.48
http://doi.org/10.1037/h0022089
http://doi.org/10.1037/0003-066X.54.7.493
http://doi.org/10.1348/135910705X43804
http://www.ncbi.nlm.nih.gov/pubmed/16480553
http://doi.org/10.1007/BF02245133
http://www.ncbi.nlm.nih.gov/pubmed/1615120
https://people.umass.edu/~{}aizen.
https://people.umass.edu/~{}aizen.
http://doi.org/10.1097/JES.0b013e3182a4e6ed
http://doi.org/10.1016/j.humimm.2014.12.005
http://www.ncbi.nlm.nih.gov/pubmed/25500252
http://doi.org/10.1016/S0277-5395(02)00351-5
http://doi.org/10.1556/JBA.2.2013.4.2
http://doi.org/10.3200/JRLP.140.5.405-419
http://www.ncbi.nlm.nih.gov/pubmed/17066748

	Introduction 
	Materials and Methods 
	Participants and Design 
	Measures 
	Procedures 
	Statistical Analysis 

	Results 
	Descriptive Statistics 
	The Effect of A1 Allele of DRD2 on Sport Participation 

	Discussion 
	Conclusions 
	References

