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Abstract: Ballroom dance practice might play a pivotal role for successful aging, but its effects
could differ depending on dancers’ experience level. The aim of this study was to investigate the
effects of six months of ballroom dance (three times/w) on physical fitness and reaction time (RT)
in 24 middle-aged adults who are experienced dancers (age: 59.4 ± 11.6 years). Body composition,
handgrip test (HG), standing long-jump test (SLJ), step test (ST), one-legged stance balance test
(OLSB), and RT were assessed before (T0) and after six months (T6) of dance practice. RT was
re-evaluated four months later (T10). RT was significantly (p < 0.05) lower at T6 (221.2 ± 20.3 ms) and
T10 (212.0 ± 21.9 ms) than T0 (239.1 ± 40,7 ms); no significant differences were found between T6 and
T10. No significant differences were observed for all the other parameters between T0 and T6: weight
and muscle mass were significantly lower (p < 0.01) in females than in males, and percentage of fat
mass was significantly higher (p < 0.01) in females than in males. HG was significantly higher in
males than females (p < 0.01). Results suggest that in experienced middle-aged adults of both genders,
ballroom dance may positively influence RT, and this result could be maintained for four months.

Keywords: cognitive functions; aging; partnered dances; fall prevention; physical activity

1. Introduction

Aging is a life-long process characterized by a progressive loss in cognitive function
and physical fitness (PF) [1]. As the mean age of the population is increasing, there is
a greater proportion of older adults at risk for developing non-communicable disorders
(NCDs) such as cardiovascular, respiratory diseases, diabetes, and some types of cancers [2].
It is also known that aging is associated with a progressive reduction in brain volume,
especially in the prefrontal and temporal cortices [3]. Resnick et al. [4] have found that
individuals who remain medically and cognitively healthy show a slower rate of brain
atrophy compared to non-demented older individuals. Recently, it has become clear that
the aging brain could regain neuroplasticity, confirming that these changes are age-related,
but not entirely unavoidable. These brain age-related changes might influence subjects’
reaction time that is closely associated with the risk of multiple falls in older adults [5].
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Moreover, low PF, such as lower limb strength and balance, and cognitive impairments
might increase the risk of falls [6]. Therefore, it is important to participate in regular physical
activity (PA), which leads to positive outcomes on PF increasing individuals’ quality of
life [7,8] and help to contrast cognitive decline and neurodegenerative diseases [9,10].
Although regular PA has been shown to have many health benefits in older adults, this
population remains physically inactive [11]. In particular, to improve the strength of the
lower limbs, various relatively fast and stability-challenging movements should be suitable,
such as dance movements [12]. Dance could be an easy access PA practice with high levels
of enjoyment that increase the exercise adherence and improve individuals’ PF [13,14].
Thus, dance practice requires a considerable cognitive, physical, and emotional engagement
that could induce positive functional adaptations potentially promoting health-related
benefits in inexperienced older dancers [15,16]. Indeed, six months of dance practice
is additionally recommended as a successful measure to counteract unfavorable effects
of aging on the brain in the elderly [3]. Waltz, Tango, Viennese Waltz, Slow Foxtrot,
and Quickstep (standard dances) belong to the ballroom dances characterized by different
movements alternating musical rhythms given by sudden accelerations with instant pauses.
Each of them has its peculiar characteristic necessary to perform the correct technique,
and all of them are danced in pairs [17]. Males and females perform different movements
according to their role during dancing, and this could result in different effects on their PF.

In particular, ballroom dance practice leads to improvements in perceived PF and
cognitive functioning in novice (<1 year of dance) and experienced (>2 years of dance)
dancers [18]. However, Lakes et al. [18] assessed both PF and cognitive functions using a
survey. Kattenstroth et al. [19] showed that expert dancers had better performance than
sedentary subjects in terms of expertise-related domains such as posture, balance, and
reaction times. In addition to this previous article, the same authors [20] demonstrated
that regular dance practice promoted postural, sensorimotor, and cognitive performances
without affecting cardio-respiratory functions in older dancers who have not been involved
in any regular dancing activity for 5 years. However, Kattenstroth et al. [20] did not study
the effects of partnered ballroom dance but a dance that could be performed alone without
a partner (AgilandoTM), and no data regarding body composition and muscle strength
were assessed.

In inexperienced dancers, scientific evidence showed that dance practice could induce
brain plasticity, at both structural and functional levels [21,22]. Given the positive effects of
dance on PF and cognitive functions in novel dancers, it could be possible that different
results could appear in experienced dancers [23]. Indeed, different volume dance practice
(years of expertise) might differently influence PF and cognitive functions in older adults.
Consequently, subjects might reach a plateau on PF and cognitive functions at different
times. Therefore, the aim of this study was to investigate the effects of six months of
ballroom dance (from November 2018 to May 2019 and then after summer season) on PF
and reaction time in experienced middle-aged dancers of both genders.

2. Materials and Methods
2.1. Participants

Thirty-one experienced middle-aged adults were enrolled for the study. Twenty-four
participants (age: 59.4 ± 11.6. years, 11 females and 13 males) were evaluated at T6
and 18 participants at T10. All participants were recruited from the Dance School “Free
Dance” of Catanzaro. Written informed consent was obtained from the participants before
study participation. For this single-arm trial study, only healthy experienced dancers
were enrolled (dance average years = 11 years). Indeed, all participants were clinically
evaluated before participation to exclude any contraindication to PA by a medical doctor
(e.g., functional inabilities, cardiovascular diseases, or prosthesis). None of the participants
were assuming any drugs that could interfere with the intervention effects, nor they did
perform other types of physical exercise in addition to ballroom training.
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2.2. Procedures

Participants carried out their dance protocol three days a week for six months. Each
dance class lasted one hour and half and consisted of different choreographies, which
include various rhythmic and simple movements typically of ballroom/standard dances
(Waltz, Tango, Viennese Waltz, Slow Foxtrot, and Quickstep). All these dance styles were
performed during each class session. Therefore, the rhythms of the music were different
within the same dance class (File S1).

Each dance class was composed of 15 min of warm-up at low intensity (1.6–2.9 METs),
followed by 60 min of dance practice and 15 min of cool-down. Dance training was per-
formed at moderate intensity (subjects’ average heart rate during dance practice equal
to 68% of their maximum heart rate calculated as 220 minus age) and was measured by
subjects’ heart rate (HR) using a HR monitor (RS 400, Polar Electro™, Kempele, Finland).
Before (T0) and after six months (T6) of intervention, anthropometric characteristics, phys-
ical fitness (PF), and reaction time (RT) were evaluated. Moreover, RT was re-evaluated
four months after the end of dancing practice (summer season) (T10). During the summer
season, subjects were allowed to practice unsupervised free dance without being involved
in any organized class. Prior to the first testing session, all participants took part in a
rehearsal session to familiarize themselves with the PF tests. To increase the reliability
of measurements, all subjects were tested at T0, T6, and T10 in the evening from 5.00 pm
to 8.00 pm by the same qualified sport scientists; fasting time was two hours before the
measurements. This study was conducted according to the guidelines of the Declaration of
Helsinki and approved by the Regional Ethics Committee (protocol code 395/2020). All
participants gave their written informed consent before inclusion in the study.

2.3. Anthropometric Characteristics, Body Composition, and Physical Fitness Assessments

Height was measured by using a stadiometer to the nearest 0.1 cm. Weight, muscle
mass (MM), fat mass (FM) body mass index (BMI), and basal metabolic rate (BMR) were
measured by hand-to-foot bioelectrical impedance instrument in upright position (InBody
R20, Seoul, Korea): for each measurement, subjects’ age, gender, and height were settled on
the hand-to-foot bioelectrical monitor. Subjects’ physical fitness (PF) was evaluated using
the following tests: handgrip strength test (HG), standing long-jump test (SLJ), YMCA
3-minute bench step test (ST), one-legged stance balance test (OLSB), and reaction time
test (RT).

Handgrip test (HG) [24]: Handgrip strength was measured using a Jamar hydraulic
hand dynamometer to evaluate muscle strength. Subject was seated on a chair without
armrests and held the dynamometer in the hand to be tested, with the arm at right angles
and the elbow by the side of the body without touching it. The subject should be strongly
encouraged to give maximum effort. The measurement was repeated three times on the
dominant hand, with a recovery of 30 seconds from the first measurement to the next one.
The average of the three measurements was considered.

Standing long-jump test (SLJ): This test was performed to measure the lower extremity
power. The subject stands behind a line marked on the ground with feet slightly apart. A
two-foot take-off and landing were used, with bending of the knees to provide forward
drive. The subject attempted three times to jump as far as possible, landing on both feet
without falling backwards maintaining the arms on the hips. The best of three attempts
was considered.

YMCA 3-minute bench step test (ST): This test was administered according to the
YMCA step test procedure (12-inch bench height, step frequency at 96 beats/min). The
stepping frequency was indicated by the metronome, and the trial lasted for three minutes.
During and three minutes after the test, heart rate was continuously measured using a
chest belt device (RS400, POLAR Electro, Germany). After, test subjects were seated. The
one-minute heartbeat count (1 min-HBC) as defined by the original YMCA step test was
approximated, calculating the mean of twelve consecutive POLAR heart rate records in
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5 s intervals, starting 5 s after workload termination. VO2max (ml/kg/min) was then
calculated as previously reported [25].

One-legged stance balance test (OLSB) [26]: Subjects, without shoes, had to stand
unassisted on one leg with closed eyes and were recorded in seconds from the time one
foot was flexed off the floor to the time when it touched the ground or the standing leg or
an arm left the hips. Two measurements were taken for each limb, and the best attempt
was recorded.

Reaction time test (RT): Reaction time was assessed as previously reported by
Eckner et al. [27]. The subject was seated with the arm resting on a table in a comfort-
able position, and they then caught the apparatus as quickly as possible after it began to
fall. The fall distance was measured and then converted into a reaction time (in millisec-
onds) using the formula for a body falling under the influence of gravity (d 5 1

2 gt2), where
d is distance, g is acceleration due to gravity, and t is time.

2.4. Statistical Analysis

The sample size of 24 was used for the statistical power analyses. The effect sizes
and the alpha level used for this analysis were 0.3 and 0.05, respectively. The post hoc
analyses revealed that statistical power for this study was 0.8 for detecting a medium
effect (G*power 3.1). All descriptive data are reported as mean ± SD. Correlation analysis
was used to explore the relationships between RT, body composition, and physical fitness
variables. A repeated measures ANOVA (RM-ANOVA) was used for RT and PF variables
with time as within-participants factor (T0 and T6) and gender as between-participant
factors (males vs. females). Seeing that RT was significantly different after dance practice
(T6), a RM-ANOVA was used for RT with time as the within-participants factor (T0, T6, and
T10) and gender as the between-participant factor (males vs. females). Post hoc analysis
with Bonferroni correction was performed to assess differences in RT between T0, T6, and
T10. Statistical analyses were conducted using SPSS v. 23 (IBM International, Chicago, IL,
USA), and the level of significance was established at p ≤ 0.05.

3. Results

The drop-out rate was 22.6% at T6 and 42% at T10. The significant main effect of time
was found for RT (F1,22=16.8, p < 0.01, ηp20.43). In detail, RT at T6 was 9% faster than
T0. No gender differences were found between males and females in the RT parameter.
(Table 1). No significant time x gender interaction was found for all the variables. Moreover,
significant gender differences were found in weight (p = 0.003), muscle mass (p < 0.01),
percent of fat mass (p < 0.01), and hand grip (p < 0.01) (Table 2). Indeed, females showed
lower weight, muscle mass, and hand grip values, while a higher percentage of fat mass
compared to males (Table 2). Moreover, RT was significantly correlated to VO2max and
OLSB at T0 and to VO2max, OLSB, and SLJ at T6 as reported in Table 3. Seeing that RT was
significantly different between T0 and T6, this variable was the only one re-evaluated after
four months (T10) in 18 subjects. A significant effect of time was found for RT (F2,16 = 6.59).
Post hoc analysis showed that RT was significantly higher at T0 (239.1 ± 40,7 ms) than T6
(221.2 ± 20.3 ms) and T10 (212.0 ± 21.9 ms) as shown in Figure 1.
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Table 1. Subjects’ body composition and physical fitness variables pre (T0) and after (T6)
dance intervention.

Variables T0 T6

Weight (kg) 71.1 ± 13.3 71.5 ± 13.7
MM (kg) 26.6 ± 6.0 27.1 ± 6.3
%FM (%) 32.4 ± 6.8 31.4 ± 6.4

BMI (kg/m2) 26.3 ± 4.0 26.4 ± 4.0
VO2max

(ml/kg/min) 37.0 ± 4.8 36.8 ± 5.1

HG (Kgf) 33.8 ± 9.6 33.6 ± 9.5
OLSB (s) 4.2 ± 3.0 4.9 ± 2.9
SLJ (cm) 68.4 ± 22.7 69.6 ± 21.5
RT (ms) 238.7 ± 43.1 217.3 ± 27.9 *

MM = muscle mass; %FM = percentage of fat mass; BMI = body mass index; VO2max = maximum oxygen
consumption; HG = handgrip test; OLSB = one-legged stance balance test; SLJ = standing long-jump test; RT =
reaction time test. * p < 0.05 vs T0.

Table 2. Gender differences in body composition and physical fitness variables.

Variables Males Females

Weight (kg) 78.3 ± 3.1 63.0 ± 3.4 *
MM (kg) 31.2 ± 1.0 21.7 ± 1.1 *
%FM (%) 28.4 ± 1.4 36.0 ± 1.6 *

BMI (kg/m2) 27.4 ± 1.1 25.1 ± 1.2
VO2max (ml/kg/min) 37.9 ± 1.3 35.7 ± 1.4

HG (kgf) 40.3 ± 1.7 25.9 ± 1.8 *
OLSB (s) 4.9 ± 0.8 4.1 ± 0.8
SLJ (cm) 74.3 ± 5.7 62.7 ± 6.1
RT (ms) 220.8 ± 9.2 236.5 ± 10.0

MM = muscle mass; %FM = percentage of fat mass; BMI = body mass index; VO2max = maximum oxygen
consumption; HG = handgrip test; OLSB = one-legged stance balance test; SLJ = standing long-jump test; RT =
reaction time test. * p < 0.05 vs males.

Table 3. Correlation between reaction time (RT) and physical fitness variables at T0 and T6

Weight
(kg)

MM
(kg)

%FM
(%)

VO2max
(ml/kg/min)

HG
(kgf)

OLSB (s) SLJ (cm)

RT (T0) r −0.053 −0.140 0.086 −0.417 * −0.014 −0.415 * −0.381
p 0.806 0.516 0.690 0.042 0.949 0.043 0.066

RT (T6) r 0.012 −0.103 0.191 −0.454 * 0.030 −0.587 * * −0.698 * *
p 0.957 0.631 0.370 0.026 0.888 <0.01 <0.01

MM = muscle mass; %FM = percentage of fat mass; VO2max = maximum oxygen consumption; OLSB = one-
legged stance balance test; SLJ = standing long-jump test; RT = reaction time test. * p < 0.05 and ** p < 0.01;
r = Pearson’s correlation.

Figure 1. Subjects’ reaction time (ms) pre (T0) and post (T6) dance intervention and after summer
season (T10). * p < 0.05 vs T0.
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4. Discussion

The aim of the present study was to investigate the effects of six months of ballroom
dance on physical fitness (PF) and reaction time (RT) in middle-aged dancers. Results
showed that dance training had a significant effect on RT, while no differences were found
for the other dependent variables. Specifically, RT values were statistically lower at T6 and
T10 than T0.

Results showed gender differences regarding anthropometric measures. In particular,
females had lower weight, muscle mass, HG, and higher percent of fat mass than males.
Flanagan and colleagues [28] highlighted that sex-specific differences in PF are already
noticeable before pubescence. Regarding HG values, subjects showed higher values than
those reported by Emerenziani et al. [29] and Vaccaro et al. [16]. This difference could
depend on the younger age of the subjects involved in the present study compared to those
involved in Vaccaro et al. [16]. Indeed, the latter study [16] showed that experienced older
adults had a value of HG equal to 23.2 kgf at pre and 23.8 kgf after dance intervention.

Regarding cardiorespiratory fitness, VO2max values of enrolled male and female
dancers were good and excellent according to the ACSM Health-Related Physical Fitness
Assessment Manual [30]. These values were higher than those reported by
Kattenstroth et al. [20] and by Huang et al. [31]. These differences could be justified
by the different age and different expertise between the studies considered. Indeed,
Fleg et al. [32] showed that maximum oxygen consumption has an accelerated rate of
decline after the age of 60, while our dancers mean age was 59.1. In addition, in the study
by Kattenstroth et al. [20], the non-significant effect of dance practice on cardio-respiratory
functions might be justified by the limited amount of weekly training of the intervention
(1h/wk.) Although, in the present study, the amount of training was 4.5 h/w, no significant
improvements on PF were found as well. We might hypothesize that our experienced
dancers had previously reached their PF plateau due to their multi-year practice dancing
activities. Thus, to elicit further improvements, a greater exercise intensity and volume
than that proposed should be necessary.

OLSB results indicate no differences after the intervention in contrast with
Rehfeld et al. [33] and Sohn et al. [34], who reported improved balance and sensorimotor
abilities and improved static and dynamic balance in healthy and active older adults. As
previously suggested [16], this difference may account on the higher technical ability of
our dancers compared to the beginners and/or unhealthy ones.

RT showed a significant and negative correlation with VO2max and OLSB at T0 and
with VO2max, OLSB, and SLJ at T6. Therefore, we could hypothesize that better cardiorespi-
ratory fitness, balance, and lower limbs muscle power lead to a better RT result. Results
are in agreement with those reported by Ando S et al. [35] showing that the increase in
the RT is negatively correlated with maximal oxygen uptake VO2max. Moreover, it has
been showed that balance training improves RT in healthy older adults [36], highlighting
the positive correlation between balance and RT. Last, as previously reported [37], mus-
cle power might influence RT positively. However, in the present study, this correlation
was found only at T6. Further studies with a higher number of participants will deeply
investigate these correlations.

Regarding the RT, a significant improvement was found after dance intervention.
Indeed, the average RT was 239 at T0 and 217 ms at T6, suggesting that experienced
dancers also present faster RTs at baseline than inexperienced dancers due to multi-year
dance practice. These results are in agreement with those reported by Kattenstroth and
colleagues [20] who found an improvement in RT after non-partnered dance in older
dancers. However, Kattenstroth et al. [20] did not evaluate whether the positive effects
of dance practice on RT would also be maintained after a period of unstructured activity.
Conversely, since RT was the only variable that improved after dance intervention, we
re-evaluated RT 4 months after the end of dancing practice (summer season) (T10) to verify
whether this improvement had been maintained. Faster RT was maintained at T10 (as
shown in Figure 1), suggesting that the unstructured dance practice during summer season
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might have maintained the positive effects of dance. Teixeira-Machado et al. [21] suggested
that dance can improve functional brain plasticity, integrating different brain areas that
induce both structural and functional changes. In addition, Hänggi et al. [38] proposed that
anatomical differences between dancers and non-dancers are a consequence of the relative
duration and intensity experience of professional dancing. Thus, it could be hypothesized
that our dancers have maintained faster RT after a 4-month period of break because of
their ability to maintain dance practice adaptations. In this regard, it would be interesting
to evaluate specific brain areas in future studies to monitor long-lasting ability to retain
positive neural adaptations even with a low-impact activity after a break from practice.

Moreover, according to Müller al. [22], a long-term dancing intervention (18 months)
in healthy elderly individuals could be better than tedious physical exercise in inducing
neuroplasticity in the aging brain, due to the multimodal idea of moving. In addition, the
simultaneous training of cognitive and physical abilities, which is proper for dancing, may
offer greater benefits on daily life functioning.

The authors are aware of some study limitations. First of all, the number of subjects
involved in this intervention study could be extended to a wider population with the
presence of a control group. Additionally, adherence to dance classes was not collected as
dancers were all experienced showing high levels of participation. However, the significant
effect on RT observed in our population, in both T6 and T10 compared to T0, reinforces
the strength of the study. It would be of interest to monitor the subjects’ PF for a longer
period of dance practice, such as two years, to better evaluate the duration of the effects
of ballroom dance on RT. Finally, functional magnetic resonance imaging (fMRI) on the
primary (M1) and secondary (premotor and supplementary motor areas) cortex could
provide useful information on functional changes underlying RT improvements after a
long period of dance practice.

5. Conclusions

A six-month ballroom dance practice had positive effects on reaction time but no
effects on subjects’ PF in experienced middle-aged adults. Moreover, the improvement in
RT was maintained four months later. Thus, dance practice could represent an effective
strategy for a successful aging. Further studies are needed to investigate different types of
dances on PF outcomes and on RT.

Supplementary Materials: The following are available online at https://www.mdpi.com/1660-460
1/18/4/2036/s1, File S1: list of songs for one dance session.

Author Contributions: Conceptualization, V.B. and G.P.E.; data curation, F.G. and M.G.V.; formal
analysis, U.S.; funding acquisition, G.P.E.; methodology, F.G., U.S., and M.G.V.; supervision, G.P.E.;
visualization, F.J.S., F.F., C.B., and L.G.; writing—original draft, V.B. and F.G.; writing—review and
editing, V.B., F.J.S., F.F., C.B., L.G., and G.P.E. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was partially funded by ITALIAN MINISTRY OF EDUCATION AND
UNIVERSITY, grant number 2017FJSM9S to GP.E.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved first by the University Local Committee and subsequently by
the Ethics Committee of CALABRIA REGION (protocol code 395/2020, date of approval 19/11/2020).

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

Data Availability Statement: Dataset will be made available upon request.

Acknowledgments: The authors are grateful to the study participants for their cooperation and
to the staff of dance school “Free Dance” of Catanzaro. Thanks also to Lorenzo Innocenti for his
skilled assistance.

https://www.mdpi.com/1660-4601/18/4/2036/s1
https://www.mdpi.com/1660-4601/18/4/2036/s1


Int. J. Environ. Res. Public Health 2021, 18, 2036 8 of 9

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Bherer, L.; Erickson, K.I.; Liu-Ambrose, T. A Review of the Effects of Physical Activity and Exercise on Cognitive and Brain

Functions in Older Adults. J. Aging Res. 2013, 2013, 1–8. [CrossRef]
2. Stein, D.J.; Benjet, C.; Gureje, O.; Lund, C.; Scott, K.M.; Poznyak, V.; Van Ommeren, M. Integrating mental health with other

non-communicable diseases. BMJ 2019, 364, l295. [CrossRef] [PubMed]
3. Rehfeld, K.; Lüders, A.; Hökelmann, A.; Lessmann, V.; Kaufmann, J.; Brigadski, T.; Müller, P.; Müller, N.G. Dance training is

superior to repetitive physical exercise in inducing brain plasticity in the elderly. PLOS ONE 2018, 13, e0196636. [CrossRef]
[PubMed]

4. Resnick, S.M.; Pham, D.L.; Kraut, M.A.; Zonderman, A.B.; Davatzikos, C. Longitudinal Magnetic Resonance Imaging Studies of
Older Adults: A Shrinking Brain. J. Neurosci. 2003, 23, 3295–3301. [CrossRef] [PubMed]

5. Taylor, M.E.; Lord, S.R.; Delbaere, K.; Kurrle, S.E.; Mikolaizak, A.S.; Close, J.C. Reaction Time and Postural Sway Modify the Effect
of Executive Function on Risk of Falls in Older People with Mild to Moderate Cognitive Impairment. Am. J. Geriatr. Psychiatry
2017, 25, 397–406. [CrossRef] [PubMed]

6. Society, A.G.; Society, G.; Of, A.A.; Prevention, O.S.P.O.F. Guideline for the Prevention of Falls in Older Persons. J. Am. Geriatr.
Soc. 2001, 49, 664–672. [CrossRef]

7. Garatachea, N.; Pareja-Galeano, H.; Sanchis-Gomar, F.; Santos-Lozano, A.; Luces, M.D.C.F.; Morán, M.; Emanuele, E.; Joyner, M.J.;
Lucia, A. Exercise Attenuates the Major Hallmarks of Aging. Rejuvenation Res. 2015, 18, 57–89. [CrossRef]

8. Taylor, D. Physical activity is medicine for older adults: Table 1. Postgrad. Med J. 2014, 90, 26–32. [CrossRef] [PubMed]
9. Sanders, L.M.J.; Hortobágyi, T.; Gemert, S.L.B.-V.; Van Der Zee, E.A.; Van Heuvelen, M.J.G. Dose-response relationship between

exercise and cognitive function in older adults with and without cognitive impairment: A systematic review and meta-analysis.
PLOS ONE 2019, 14, e0210036. [CrossRef] [PubMed]

10. Colcombe, S.J.; Erickson, K.I.; Scalf, P.E.; Kim, J.S.; Prakash, R.; McAuley, E.; Elavsky, S.; Marquez, D.X.; Hu, L.; Kramer, A.F.
Aerobic Exercise Training Increases Brain Volume in Aging Humans. Journals Gerontol. Ser. A: Boil. Sci. Med Sci. 2006, 61,
1166–1170. [CrossRef] [PubMed]

11. Crombie, I.K.; Irvine, L.; Williams, B.; McGinnis, A.R.; Slane, P.W.; Alder, E.M.; McMurdo, M.E.T. Why older people do not
participate in leisure time physical activity: A survey of activity levels, beliefs and deterrents. Age Ageing 2004, 33, 287–292.
[CrossRef] [PubMed]

12. Vetrovsky, T.; Steffl, M.; Stastny, P.; Tufano, J.J. The Efficacy and Safety of Lower-Limb Plyometric Training in Older Adults: A
Systematic Review. Sports Med. 2019, 49, 113–131. [CrossRef] [PubMed]

13. Schroeder, K.; Ratcliffe, S.J.; Perez, A.; Earley, D.; Bowman, C.; Lipman, T.H. Dance for Health: An Intergenerational Program to
Increase Access to Physical Activity. J. Pediatr. Nurs. 2017, 37, 29–34. [CrossRef]

14. Hwang, P.W.-N.; Braun, K.L. The Effectiveness of Dance Interventions to Improve Older Adults’ Health: A Systematic Literature
Review. Altern. Ther. Heal. Med. 2015, 21, 64–70.

15. Rodrigues-Krause, J.; Krause, M.; Reischak-Oliveira, A. Dancing for Healthy Aging: Functional and Metabolic Perspectives.
Altern. Ther. Heal. Med. 2018, 25, 44–63.

16. Vaccaro, M.G.; Izzo, G.; Ilacqua, A.; Migliaccio, S.; Baldari, C.; Guidetti, L.; Lenzi, A.; Quattrone, A.; Aversa, A.; Emerenziani,
G.P. Characterization of the Effects of a Six-Month Dancing as Approach for Successful Aging. Int. J. Endocrinol. 2019, 2019, 1–7.
[CrossRef] [PubMed]

17. Worlddancesport.org. All about Dancesport At World Dancesport Federation. Available online: http://www.worlddancesport.
org/ (accessed on 19 January 2021).

18. Lakes, K.D.; Marvin, S.; Rowley, J.; Nicolas, M.S.; Arastoo, S.; Viray, L.; Orozco, A.; Jurnak, F. Dancer perceptions of the cognitive,
social, emotional, and physical benefits of modern styles of partnered dancing. Complement. Ther. Med. 2016, 26, 117–122.
[CrossRef] [PubMed]

19. Kattenstroth, J.-C.; Kalisch, T.; Kolankowska, I.; Dinse, H.R. Balance, Sensorimotor, and Cognitive Performance in Long-Year
Expert Senior Ballroom Dancers. J. Aging Res. 2011, 2011, 1–10. [CrossRef] [PubMed]

20. Kattenstroth, J.-C.; Kalisch, T.; Holt, S.; Tegenthoff, M.; Dinse, H.R. Six months of dance intervention enhances postural,
sensorimotor, and cognitive performance in elderly without affecting cardio-respiratory functions. Front. Aging Neurosci. 2013,
5, 5. [CrossRef]

21. Teixeira-Machado, L.; Arida, R.M.; Mari, J.D.J. Dance for neuroplasticity: A descriptive systematic review. Neurosci. Biobehav. Rev.
2019, 96, 232–240. [CrossRef]

22. Müller, P.; Rehfeld, K.; Schmicker, M.; Hökelmann, A.; Dordevic, M.; Lessmann, V.; Brigadski, T.; Kaufmann, J.; Müller, N.G.
Evolution of Neuroplasticity in Response to Physical Activity in Old Age: The Case for Dancing. Front. Aging Neurosci. 2017,
9, 56. [CrossRef] [PubMed]

23. Koutedakis, Y.; Jamurtas, A. The Dancer as a Performing Athlete. Sports Med. 2004, 34, 651–661. [CrossRef]

http://doi.org/10.1155/2013/657508
http://doi.org/10.1136/bmj.l295
http://www.ncbi.nlm.nih.gov/pubmed/30692081
http://doi.org/10.1371/journal.pone.0196636
http://www.ncbi.nlm.nih.gov/pubmed/29995884
http://doi.org/10.1523/JNEUROSCI.23-08-03295.2003
http://www.ncbi.nlm.nih.gov/pubmed/12716936
http://doi.org/10.1016/j.jagp.2016.10.010
http://www.ncbi.nlm.nih.gov/pubmed/28063853
http://doi.org/10.1046/j.1532-5415.2001.49115.x
http://doi.org/10.1089/rej.2014.1623
http://doi.org/10.1136/postgradmedj-2012-131366
http://www.ncbi.nlm.nih.gov/pubmed/24255119
http://doi.org/10.1371/journal.pone.0210036
http://www.ncbi.nlm.nih.gov/pubmed/30629631
http://doi.org/10.1093/gerona/61.11.1166
http://www.ncbi.nlm.nih.gov/pubmed/17167157
http://doi.org/10.1093/ageing/afh089
http://www.ncbi.nlm.nih.gov/pubmed/15082435
http://doi.org/10.1007/s40279-018-1018-x
http://www.ncbi.nlm.nih.gov/pubmed/30387072
http://doi.org/10.1016/j.pedn.2017.07.004
http://doi.org/10.1155/2019/2048391
http://www.ncbi.nlm.nih.gov/pubmed/31316562
http://www.worlddancesport.org/
http://www.worlddancesport.org/
http://doi.org/10.1016/j.ctim.2016.03.007
http://www.ncbi.nlm.nih.gov/pubmed/27261991
http://doi.org/10.4061/2011/176709
http://www.ncbi.nlm.nih.gov/pubmed/21961064
http://doi.org/10.3389/fnagi.2013.00005
http://doi.org/10.1016/j.neubiorev.2018.12.010
http://doi.org/10.3389/fnagi.2017.00056
http://www.ncbi.nlm.nih.gov/pubmed/28352225
http://doi.org/10.2165/00007256-200434100-00003


Int. J. Environ. Res. Public Health 2021, 18, 2036 9 of 9

24. Desrosiers, J.; Bravo, G.; Hebert, R.; Dutil, E. Normative Data for Grip Strength of Elderly Men and Women. Am. J. Occup. Ther.
1995, 49, 637–644. [CrossRef] [PubMed]

25. Beutner, F.; Ubrich, R.; Zachariae, S.; Engel, C.; Sandri, M.; Teren, A.; Gielen, S. Validation of a brief step-test protocol for
estimation of peak oxygen uptake. Eur. J. Prev. Cardiol. 2015, 22, 503–512. [CrossRef] [PubMed]

26. Springer, B.A.; Marin, R.; Cyhan, T.; Roberts, H.; Gill, N.W. Normative Values for the Unipedal Stance Test with Eyes Open and
Closed. J. Geriatr. Phys. Ther. 2007, 30, 8–15. [CrossRef]

27. Eckner, J.T.; Kutcher, J.S.; Broglio, S.P.; Richardson, J.K. Effect of sport-related concussion on clinically measured simple reaction
time. Br. J. Sports Med. 2014, 48, 112–118. [CrossRef]

28. Flanagan, S.D.; Dunn-Lewis, C.; Hatfield, D.L.; Distefano, L.J.; Fragala, M.S.; Shoap, M.; Gotwald, M.; Trail, J.; Gomez, A.L.; Volek,
J.S.; et al. Developmental Differences Between Boys and Girls Result in Sex-Specific Physical Fitness Changes From Fourth to
Fifth Grade. J. Strength Cond. Res. 2015, 29, 175–180. [CrossRef] [PubMed]

29. Emerenziani, G.P.; Izzo, G.; Vaccaro, M.G.; Quattrone, A.; Lenzi, A.; Aversa, A. Gender difference and correlation between
sexuality, thyroid hormones, cognitive, and physical functions in elderly fit. J. Endocrinol. Investig. 2018, 42, 699–707. [CrossRef]
[PubMed]

30. American College of Sports Medicine. ACSM’s Health-Related Physical Fitness Assessment Manual; Lippincott Williams & Wilkins:
Philadelphia, PA, USA, 2013.

31. Huang, G.; Gibson, C.A.; Tran, Z.V.; Osness, W.H. Controlled Endurance Exercise Training and VO 2max Changes in Older
Adults: A Meta-Analysis. Prev. Cardiol. 2005, 8, 217–225. [CrossRef] [PubMed]

32. Fleg, J.L.; Morrell, C.H.; Bos, A.G.; Brant, L.J.; Talbot, L.A.; Wright, J.G.; Lakatta, E.G. Accelerated Longitudinal Decline of Aerobic
Capacity in Healthy Older Adults. Circ. 2005, 112, 674–682. [CrossRef] [PubMed]

33. Rehfeld, K.; Müller, P.; Aye, N.; Schmicker, M.; Dordevic, M.; Kaufmann, J.; Hökelmann, A.; Müller, N.G. Dancing or Fitness
Sport? The Effects of Two Training Programs on Hippocampal Plasticity and Balance Abilities in Healthy Seniors. Front. Hum.
Neurosci. 2017, 11, 305. [CrossRef]

34. Sohn, J.; Park, S.-H.; Kim, S. Effects of DanceSport on walking balance and standing balance among the elderly. Technol. Heal.
Care 2018, 26, 481–490. [CrossRef] [PubMed]

35. Ando, S.; Kimura, T.; Hamada, T.; Kokubu, M.; Moritani, T.; Oda, S. Increase in reaction time for the peripheral visual field during
exercise above the ventilatory threshold. Graefe’s Arch. Clin. Exp. Ophthalmol. 2005, 94, 461–467. [CrossRef] [PubMed]

36. Jehu, D.; Paquet, N.; Lajoie, Y. Balance and mobility training with or without concurrent cognitive training does not improve
posture, but improves reaction time in healthy older adults. Gait Posture 2017, 52, 227–232. [CrossRef] [PubMed]

37. Gursoy, R. Sex Differences in Relations of Muscle Power, Lung Function, and Reaction Time in Athletes. Percept. Mot. Ski. 2010,
110, 714–720. [CrossRef] [PubMed]

38. Hänggi, J.; Koeneke, S.; Bezzola, L.; Jäncke, L. Structural neuroplasticity in the sensorimotor network of professional female ballet
dancers. Hum. Brain Mapp. 2009, 31, 1196–1206. [CrossRef]

http://doi.org/10.5014/ajot.49.7.637
http://www.ncbi.nlm.nih.gov/pubmed/7573334
http://doi.org/10.1177/2047487314533216
http://www.ncbi.nlm.nih.gov/pubmed/24781201
http://doi.org/10.1519/00139143-200704000-00003
http://doi.org/10.1136/bjsports-2012-091579
http://doi.org/10.1519/JSC.0000000000000623
http://www.ncbi.nlm.nih.gov/pubmed/25187248
http://doi.org/10.1007/s40618-018-0974-1
http://www.ncbi.nlm.nih.gov/pubmed/30406377
http://doi.org/10.1111/j.0197-3118.2005.04324.x
http://www.ncbi.nlm.nih.gov/pubmed/16230876
http://doi.org/10.1161/CIRCULATIONAHA.105.545459
http://www.ncbi.nlm.nih.gov/pubmed/16043637
http://doi.org/10.3389/fnhum.2017.00305
http://doi.org/10.3233/THC-174760
http://www.ncbi.nlm.nih.gov/pubmed/29758971
http://doi.org/10.1007/s00421-005-1330-7
http://www.ncbi.nlm.nih.gov/pubmed/15827733
http://doi.org/10.1016/j.gaitpost.2016.12.006
http://www.ncbi.nlm.nih.gov/pubmed/27939652
http://doi.org/10.2466/pms.110.3.714-720
http://www.ncbi.nlm.nih.gov/pubmed/20681326
http://doi.org/10.1002/hbm.20928

	Introduction 
	Materials and Methods 
	Participants 
	Procedures 
	Anthropometric Characteristics, Body Composition, and Physical Fitness Assessments 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

