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bCentre de Recherche sur le Vieillissement, Université de Sherbrooke, Sherbrooke, QC, Canada
cFaculté des Sciences de l’Activité Physique, Université de Sherbrooke, Sherbrooke, QC, Canada
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Abstract.
BACKGROUND: Adapted boxing can help improve the physical functioning and health-related quality of life (HRQoL) of
individuals with Parkinson’s disease (PD). Whether these benefits persist longitudinally is unclear.
OBJECTIVE: The purpose of this retrospective study was to evaluate the impact of a community-based adapted boxing
program on the physical functioning and HRQoL of individuals with PD over 1–1.5 years.
METHODS: Twenty-six individuals with PD agreed to share their results on tests administered upon enrollment in the
program (PRE) and ∼431 days later (POST). The tests included the Fullerton Advanced Balance scale, (FAB), the Timed
Up-and-Go test (TUG), the 30-second Sit-to-Stand test (30-STS), and the PD questionnaire-39 (PDQ-39).
RESULTS: From PRE to POST, performance significantly improved on the TUG and 30-STS tests (both p < 0.001), but not
on the FAB (p = 0.79). Over the same period, PDQ-39 scores significantly increased (p = 0.05). No PRE to POST changes
surpassed the minimal detectable change threshold.
CONCLUSION: The results of this study suggest that adapted boxing is at worst non-detrimental and at best potentially
beneficial for muscle strength, endurance, and functional mobility in individuals with PD. However, adapted boxing probably
cannot fully counteract the HRQoL decrements that accompany PD progression.

Keywords: Community-based adapted boxing, Parkinson’s disease, exercise, functional capacity, health-related quality of
life, physical functioning

∗Address for correspondence: Félix-Antoine Savoie, Ph.D.,
Departement des Sciences de la Santé, Université du Québec à
Rimouski, 300 Allée des Ursulines, C.P. 3300, succ. A, Rimouski
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1. Introduction

Parkinson’s disease (PD) is an incurable neurode-
generative disorder associated with a progressive
loss of midbrain dopamine neurons (Poewe et al.,
2017). It is accompanied by many motor and non-
motor symptoms, including rigidity, bradykinesia,
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tremors, postural instability, and cognitive decline
(Poewe et al., 2017). As it progresses, PD diminishes
quality of life, strains caretakers, and contributes
a substantial socioeconomic burden (Collaborators,
2018). Perhaps most alarmingly, the global age-
adjusted prevalence of PD has increased by ∼22%
from 1990 to 2016 (Collaborators, 2018), leading
some authors to describe the disease as an emerg-
ing pandemic (Bloem et al., 2021; Dorsey et al.,
2018). Until effective disease-modifying treatments
are available, developing interventions that can help
mitigate PD-related symptoms is critical.

Pharmacological treatments such as dopamine
therapy are important for patient management and can
effectively alleviate motor and non-motor symptoms
(Connolly & Lang, 2014). However, PD medications
can cause serious side effects (e.g.., dyskinesia) and
are known to lose their effectiveness over time (Con-
nolly & Lang, 2014). Among non-pharmacological
interventions, exercise may be the most potent.
Indeed, studies based on self-reported levels of phys-
ical activity in individuals with PD suggest that
regular exercise may help slow decrements in motor
and cognitive function, mental health, and quality of
life (Amara et al., 2019; Combs-Miller & Moore,
2019; Oguh et al., 2014; Paul et al., 2019; Raf-
ferty et al., 2017). Likewise, intervention studies have
shown that exercise training can improve the physical
capacity (Corcos et al., 2013; Prodoehl et al., 2015;
Schenkman et al., 2012; Shulman et al., 2013), the
clinical signs (Corcos et al., 2013; Schenkman et al.,
2012; Schenkman et al., 2018; Uc et al., 2014), and
the quality of life (Corcos et al., 2013; Uc et al., 2014)
of individuals with PD. These and other studies form
the backbone for the current exercise guidelines for
individuals with PD, encouraging the latter to partic-
ipate in training programs that incorporate aerobic,
resistance, balance, and flexibility exercises (Liguori,
2021).

Over the past ∼15–20 years, adapted boxing has
gained considerable traction as an exercise modal-
ity of interest for individuals with PD. Boxing
requires anticipatory and feedback-based postural
adjustments, rapid multidirectional limb movements
across many ranges of motion, and the execution
of precise movement sequences, all of which are
impacted by PD (King & Horak, 2009). With over
840 affiliates worldwide, Rock Steady Boxing (RSB)
is perhaps the most well-known adapted boxing pro-
gram for individuals with PD. Founded in 2006 by
Scott C. Newman, who was diagnosed with PD at age
40, and boxer Vincent Issac Perez Sr., RSB was cre-

ated to develop strength, balance, independence, and
confidence in individuals with PD. Despite the long-
standing popularity of adapted boxing and the RSB
program, the body of scientific research supporting
its benefits for individuals with PD has only recently
started to burgeon (Combs et al., 2013; Combs et al.,
2011; Domingos et al., 2022; Ghaffar et al., 2019;
Hermanns et al., 2021; Horbinski et al., 2021; Lar-
son et al., 2022; Moore et al., 2021; Patel et al.,
2023; Sangarapillai et al., 2021; Shearin et al., 2021).
Current evidence suggests that adapted boxing may
help improve balance (Combs et al., 2011; Domingos
et al., 2022; Hermanns et al., 2021; Horbinski et al.,
2021; Moore et al., 2021) and reduce the risk of falls
in individuals with PD (Horbinski et al., 2021). It also
appears to improve muscle strength and endurance
(Horbinski et al., 2021), walking capacity (Combs
et al., 2013; Combs et al., 2011; Shearin et al., 2021),
and functional mobility (Combs et al., 2013; Combs
et al., 2011; Moore et al., 2021) (but see Domin-
gos et al., 2022). Most importantly, adapted boxing
may help improve patient quality of life (Combs
et al., 2013; Domingos et al., 2022; Ghaffar et al.,
2019; Hermanns et al., 2021; Larson et al., 2022)
and diminish both motor (Patel et al., 2023) and non-
motor (Ghaffar et al., 2019; Patel et al., 2023) signs
and symptoms (but see Sangarapillai et al., 2021).
Although these studies are encouraging, most inves-
tigated the impact of adapted boxing over a few weeks
to a few months, making it difficult to determine
whether the reported physical functioning and quality
of life improvements can be maintained over pro-
longed periods (i.e., ≥ ∼1-year). Moreover, most of
the studies that investigated the impact of adapted
boxing on the physical functioning and health-related
quality of life (HRQoL) of individuals with PD used
prospective study designs, which may introduce so-
called “research participation biases” (McCambridge
et al., 2014). Hence, despite the unequivocal value
of prospective studies, their results may not always
be generalizable to non-research settings. With this
study, our goal was to investigate the longitudinal
(≥ ∼ 1-year) impact of a community-based adapted
boxing program on the physical functioning and
HRQoL of individuals with PD. To minimize poten-
tial research participation biases and shed light on
the benefits that individuals with PD can accrue from
adapted boxing in non-research settings, a retrospec-
tive study design was used. Our hope is that the
results of this study will provide coaches, trainers,
and healthcare professionals with evidence that the
long-term participation in community-based adapted
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boxing programs can help people with PD maintain
physical function and HRQoL in spite of disease pro-
gression.

2. Methods

2.1. The local community-based adapted boxing
program

This study is based on physical functioning and
HRQoL data collected at the local community-
based adapted boxing program for individuals with
PD. One of the authors of this study (A.T.) is
the founder, scientific director, and coordinator of
this community-based program. Briefly, the local
community-based adapted boxing program consists
of 90-minute group training sessions held twice
weekly (Mondays and Thursdays) at the local box-
ing club. Each session is animated and supervised
by at least one RSB-certified trainer with a univer-
sity degree in a health-related field (A.T., nursing;
S.B., physical education and kinesiology) and a head-
boxing coach certified by the Canadian National
Coaching Certification Program. To coach in an RSB
affiliate, coaches and trainers need to be certified
by RSB to guarantee that they have the competency
to 1) ensure the safety of all participants, 2) assist
participants during the training sessions, and 3) cre-
ate and demonstrate the training sessions based on
the RSB philosophy, which prioritizes exercises that
target balance, speed, and dexterity. If they choose,
participants can be accompanied by a caregiver who
can assist them and/or participate in the training ses-
sions. The training sessions vary from week to week
(and sometimes session to session) but always follow
the RSB principles and are chronologically orga-
nized as follows: 1) warm-up (20–30 min), 2) adapted
boxing (30–40 min), core strengthening (5–10 min),
and 4) cool-down (5–10 min). Participants train in
one of two group sessions depending on disease
severity (HYI−II or HYIII−IV). The general content
of HYI−II and HYIII−IV sessions is identical, but
the exercises are scaled according to the limitations
imposed by disease severity (e.g.., the HYI−II group
might complete a given exercise standing up, whereas
the HYIII−IV group might complete the same exer-
cise sitting down). Exercises were also scaled on a
per-participant basis when necessary.

As part of the program, participants are required
to undergo a pre-participation evaluation comprising
physical functioning tests and a HRQoL question-

naire (see section 2.3 for details). This evaluation
is repeated every 12–16 months if the participants
remain with the program. In the present study,
we retrospectively analyzed the data obtained from
the pre-participation (PRE) and subsequent (POST)
evaluation to reveal how physical functioning and
HRQoL change with long-term participation in a
community-based adapted boxing program. All eval-
uations were administered by authors of the present
study (A.T., ∼80%; S.B., ∼20%) between June 2017
and May 2019.

2.2. Participants

To participate in the local community-based
adapted boxing program, individuals are required to
1) have a clinical PD diagnosis, 2) be capable of
understanding the exercise-related instructions (i.e.,
show minimal cognitive impairment) and 3) be free
of medical conditions that either preclude physi-
cal activity or contraindicate it. When this study
was approved by the institutional review board, 26
local community-based adapted boxing program par-
ticipants had PRE and POST evaluation data. The
analyses presented in this study are based on these
retrospectively gathered data. Baseline demographics
for all participants are presented in Table 1. This study
was approved by the CIUSSS de l’Estrie CHUS scien-
tific and ethical review board (IRB #: 2020–3258). All
participants gave their informed and written consent
before any data were retrieved from their records.

2.3. Participant evaluations

Participants were identically evaluated at two time
points (PRE and POST) with a battery of tests and
questionnaires that have been validated in individu-
als with PD. The first test was the Fullerton Advanced
Balance (FAB) scale, which is used to assess balance
and postural control (Klein et al., 2011; Schlenst-
edt et al., 2015). The FAB assesses 10 balance-based
activities, all of which are scored using a 5-point Lick-
ert scale (0–4). On this test, higher scores indicate
better balance and a reduced risk of falls. The sec-

Table 1
Participant demographics

Sample size 26

Sex, Males/Females 16/10
Hoehn and Yahr stage, I-II/III-IV 20/6
Age, years 69 (10)
Disease duration, years 4.87 (4.65)
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ond test was the Timed Up-and-Go (TUG), which
is used to evaluate mobility, dynamic balance, and
risk of falls (Balash et al., 2005; Bennie et al., 2003;
Brusse et al., 2005; Huang et al., 2011; Mak & Pang,
2009; Morris et al., 2001; Schlenstedt et al., 2015;
Steffen & Seney, 2008). To complete the TUG test,
participants are timed using a stopwatch as they get
up from a standard-height (∼46 cm) chair, walk 3 m,
turn, walk back to the chair, and sit down. Shorter
TUG times indicate better mobility, dynamic bal-
ance, and a lower risk of falls. The third test was the
30 s Sit-to-Stand (30-STS), which is used to evalu-
ate leg strength and endurance (Jones et al., 1999;
Petersen et al., 2017). The 30-STS requires par-
ticipants to stand up from and sit back down on
a standard-height chair as many times as possible
over 30 s. The test starts with participants sitting
down. For this test, a higher score (i.e., more rep-
etitions) indicates better leg strength and endurance.
Finally, the PD Questionnaire-39 (PDQ-39) was used
to assess HRQoL (Jenkinson et al., 1997). The PDQ-
39 is a self-administered 5-point Lickert scale (0–4)
composed of eight dimensions that evaluate mobil-
ity, activities of daily living, emotional well-being,
stigma, social support, cognition, communication,
and bodily discomfort (39 items total). The score
for each dimension is defined as a percentage of the
highest possible score on that dimension. Then, from
the individual dimension scores, a summary index
(PDQ-39-SI), defined as the average score across all
dimensions, is calculated. For the PDQ-39-SI (and
each dimension), higher scores imply lower HRQoL.

To interpret the meaningfulness of PRE to POST
changes in our study sample, the minimal detectable
changes (at a 95% confidence level, MDC95) for the
FAB, TUG, 30-STS, and PDQ-39 were determined
from reliability studies in individuals with PD. For
the TUG, the MDC95 has been reported to range
from 1.6 to 11 s (Dal Bello-Haas et al., 2011; Huang
et al., 2011; Lim et al., 2005; Steffen & Seney, 2008).
For the 30-STS, Petersen et al. (2017) reported an
MDC95 of 3 repetitions. For the PDQ-39, Fitzpatrick
et al. (2004) reported the MDC95 for the summary
index (PDQ-39-SI) and its constituent dimensions
as follows: PDQ-39-SI, 10.56%; mobility, 16.75%;
activities of daily living, 23.57%; emotional wellness,
20.85%; stigma, 29.57%; social support, 43.34%;
cognition, 31.65%; communication, 30.30%; bodily
discomfort, 35.68%. To our knowledge, the litera-
ture has not directly reported an MDC95 for the FAB
in individuals with PD. Therefore, we calculated the
MDC95 for this test based on the results of Schlenst-

edt et al. (2015) using the following equations (Haley
& Fragala-Pinkham, 2006):

SEM = SD ×
√

(1 − r test − retest) (1)

MDC95 = SD × 1.96 ×
√

2 (2)

In equation 1, SEM corresponds to the standard
error of measurement, SD corresponds to the stan-
dard deviation of the first measurement, and rtest-retest
corresponds to the coefficient of the test-retest relia-
bility estimate. In equation 2, 1.96 corresponds to the
z-score for the chosen confidence level (i.e., 95%).
Using this approach, we calculated an MDC95 of 2.27
points for the FAB.

2.4. Statistical analyses

We did not conduct an a priori power analysis
for the present study. Instead, we aimed to recruit
as many individuals with PD as possible from the
local community-based adapted boxing program.
That said, post hoc analyses using G*Power (Faul
et al., 2009) revealed that for our main analyses,
our sample size (N = 23–26 depending on the out-
come variable, see below) was large enough to detect
medium effect sizes with 80% power (� = 0.05). We
are thus confident that PRE to POST changes char-
acterized by medium or larger effect sizes are likely
not the result of type I errors. On the flip side, our
study lacks the statistical power to identify smaller
than medium effect sizes. However, because small
effect sizes generally indicate a low effect magnitude-
to-variability ratio (i.e., high effect uncertainty), we
contend that PRE to POST changes associated with
smaller than medium effect sizes are unlikely to have
a meaningful impact in individuals with PD.

The FAB, TUG, and 30-STS analyses were car-
ried out on all 26 participants. Due to missing data,
the PDQ-39 analyses were carried out on 23 partic-
ipants (Hoehn and Yahr stage I-II (HYI−II), N = 19;
Hoehn and Yahr stage III-IV (HYIII−IV), N = 4). All
data were visualized with histograms and evaluated
with Shapiro-Wilk tests to determine if they were
normally distributed. Given that only the 30-STS
data followed a normal distribution, we decided to
use non-parametric statistical tests to analyze all the
data (parametric analysis of the 30-STS data yielded
qualitatively similar results). The main analyses com-
pared PRE vs. POST data across all participants using
Wilcoxon signed-rank tests. The secondary analy-
ses compared participants grouped by disease stages



F.-A. Savoie et al. / PD and adapted boxing 477

(HYI−II vs. HYIII−IV). Specifically, we compared
PRE, POST, and changes from PRE to POST between
groups using Mann-Whitney U tests. The results from
these secondary analyses were Bonferroni-corrected
(i.e., p-values were multiplied by 3) to reduce the risk
of type 1 errors. Given the lopsided representation of
HYI−II (N = 20 for the physical functioning tests and
N = 19 for the PDQ-39) vs. HYIII−IV (N = 6 for the
physical functioning tests and N = 4 for the PDQ-39)
individuals in our study sample, the results of the sec-
ondary analyses should be interpreted tentatively. If
anything, we suggest that the reader consider these
analyses as exploratory or qualitative. For all analy-
ses, we report the p-values (“p” for the main analyses,
“pB” for the Bonferroni-corrected secondary anal-
yses) and effect size estimates (r), which can be
interpreted as small (0.1), medium (0.3) or large (0.5)
(Cohen, 1988; Field, 2009). The two-tailed statistical
significance level was set at � = 0.05. The results are
presented as medians and interquartile ranges due to
their non-normal distributions.

3. Results

3.1. Evaluation timing and attendance

The median time elapsed between the PRE and
POST evaluations was 431 (59) days (range = [364,
572]). Biweekly session attendance was 57.81
(31.14)% (range = [19.20, 84.54]).

3.2. Balance

Changes in physical function are shown in Fig. 1.
Across all participants, no significant change was
observed on the FAB scale from PRE to POST
(PRE = 34.5 (9) points, POST = 33.5 (8) points,
p = 0.79, r = 0.05, Fig. 1A). Seven participants (3
HYIII−IV) improved their FAB score by at least the
MDC95 (2.27 points), while an equal number of par-
ticipants (2 HYIII−IV) saw their FAB score diminish
by at least the same amount. When we compared par-
ticipants across disease stages, we found that HYI−II

had significantly higher FAB scores than HYIII−IV at
PRE (36.5 (6) vs. 24 (10) points, pB = 0.018, r = 0.54)
and tended to have higher FAB scores at POST (36.5
(7) vs. 26.5 (17) points, pB = 0.084, r = 0.58). PRE to
POST changes in FAB scores did not significantly
differ between HYI−II and HYIII−IV (0 (4) vs. 1 (11)
point, pB = 1.0, r = 0.05).

Fig. 1. Results from the physical functioning tests. A) Fuller-
ton Advanced Balance (FAB) scale. B) Timed Up-and-Go (TUG)
test. C) 30-second Sit-to-Stand (30-STS) test. The boxplots rep-
resent the data aggregated from all participants regardless of their
Hoehn and Yahr (HY) stage at PRE and POST. The black and
magenta lines respectively represent individual data from HYI−II

and HYIII−IV participants. *, significant difference between PRE
and POST (all participants). †, significant difference between
HYI−II and HYIII−IV at PRE. , significant difference between
HYI−II and HYIII−IV at POST.

3.3. Mobility, dynamic balance, walking ability
and risk of fall

TUG times significantly diminished from PRE
to POST (PRE = 7.29 (2.12) s, POST = 6.04 (1.7)
s, p < 0.001, r = 0.83, Fig. 1B), indicating improved
mobility, balance, and walking ability. Only two par-
ticipants performed worse on the TUG test in POST
compared to PRE (+0.3 s and +0.78 s, respectively).
If we assume an MDC95 of 1.6 s (Lim et al., 2005), 14
participants (5 HYIII−IV) improved their TUG time
by at least the MDC95. However, if we assume an
MDC95 of 3.5 s (Huang et al., 2011), only 3 par-
ticipants (2 HYIII−IV) improved their TUG time by
at least the MDC95 (range = [4.64, 7.84] s). When
we compared participants across disease stages, we
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found that HYI−II had significantly shorter TUG
times than HYIII−IV at both PRE (6.56 (2.04) vs.
10.11 (4.22) s, pB = 0.018, r = 0.53) and POST (5.12
(1.67) vs. 7.29 (1.12) s, pB = 0.009, r = 0.58). PRE to
POST reductions in TUG time tended to be smaller in
HYI−II compared to HYIII−IV (–1.55 (1.40) vs. –2.41
(3.05) s, pB = 0.078, r = 0.44).

3.4. Leg strength and endurance

Concerning the 30-STS, scores significantly
increased from PRE to POST (PRE = 12 (3) reps,
POST = 14.5 (4) reps, p < 0.001, r = 0.67, Fig. 1C),
indicating improved leg strength and endurance. Per-
formance improvements exceeded or equalled the
MDC95 (3 reps) in 15 participants (3 HYIII−IV), while
only one participant (HYI−II) showed a commen-
surate performance decrement. When we compared
participants across disease stages, we found that
HYI−II tended to have higher 30-STS scores com-
pared to HYIII−IV at PRE (12 (3.5) vs. 10.5 (2) reps,
pB = 0.075, r = 0.44) but not at POST (15 (3.5) vs. 13
(4) reps, pB = 0.30, r = 0.32). PRE to POST changes
in 30-STS scores did not significantly differ between
HYI−II and HYIII−IV (3 (3.5) vs. 2.5 (4) reps, pB = 1.0,
r = 0.03).

3.5. Health-related quality of life (HRQoL)

All PDQ-39-related variables are depicted in
Fig. 2. The PDQ-39-SI significantly increased from
PRE to POST (PRE = 12.34 (6.95)%, POST = 16.35
(11.06)%, p = 0.05, r = 0.41, Fig. 2A), which sug-
gests that HRQoL diminished longitudinally in
our study sample. However, it should be noted
that the median increase in PDQ-39-SI was well
below the scale’s MDC95 (10.54%). In fact, only
5 participants (all HYI−II) showed a PDQ-39-
SI increase greater than the MDC95. The only
PDQ-39 dimensions that significantly increased
from PRE to POST were “Stigma” (PRE = 0
(10.93)%, POST = 12.5 (18.75)%, p < 0.006, r = 0.58,
Fig. 2E) and “Communication” (PRE = 0 (14.59)%,
POST = 8.33 (16.67)%, p < 0.016, r = 0.50; other
PDQ-39 dimensions: p ≥ 0.083, r ≤ 0.36). Much like
the PDQ-39-SI, the median increases in “Stigma”
and “Communication” scores were much smaller
than their estimated MDC95 (i.e., “stigma” = 29.57%;
“communication” = 30.30%) and increased beyond
these thresholds in only 1 and 3 participants (all
HYI−II), respectively.

As expected, we found that HYI−II had a lower
PDQ-39-SI compared to HYIII−IV at PRE (10.16
(5.57)% vs. 26.07 (15.15)%, pB = 0.021, r = 0.57,
Fig. 2A). This difference was primarily driven by the
“Cognition” dimension (HYI−II = 12.50 (12.50)%,
HYIII−IV = 34.375 (12.50)%, pB = 0.012, r = 0.61,
Fig. 2G), because no other dimension significantly
differed at PRE (pB ≥ 0.144, r ≤ 0.41). At POST,
neither the PDQ-39-SI (HYI−II = 15.89 (9.13)%,
HYIII−IV = 24.80 (18.91)%, pB = 0.40, r = 0.31) nor
any of the eight dimensions (pB ≥ 0.096, r ≤ 0.45)
significantly differed between groups. Longitudi-
nally, PRE to POST changes in PDQ-39-SI were not
significantly different between groups (HYI−II = 3.39
(10.05)%, HYIII−IV = –3.28 (8.12)%, pB = 0.47,
r = 0.30). That said, PRE to POST changes in
the “Cognition” dimension significantly differed
between groups, with HYI−II showing a 6.25
(28.91)% increase and HYIII−IV showing a 9.38
(25)% decrease (pB = 0.048, r = 0.5). PRE to POST
changes in the other PDQ-39 dimensions did not
significantly differ between HYI−II and HYIII−IV

(pB ≥ 0.159, r ≤ 0.40).

4. Discussion

This study retrospectively assessed ≥ 1-year
changes in physical functioning and HRQoL in
individuals with PD enrolled in a community-based
adapted boxing program. Physical functioning was
evaluated with the FAB scale, the TUG test, and
the 30-STS test, whereas HRQoL was assessed
with the PDQ-39. From PRE to POST, participants
displayed significant improvements in TUG and
30-STS performance, but no change on the FAB
scale. Unsurprisingly, participants rated as HYI−II

generally performed better on all physical func-
tioning tests compared to those rated as HYIII−IV.
From PRE to POST, our sample also displayed
slight, albeit statistically significant, increases in
their PDQ-39 scores, with these being significantly
higher in HYI−II compared to HYIII−IV at PRE.
Overall, these results could be interpreted to suggest
that adapted boxing improves functional mobility,
muscle strength, and muscle endurance, but is
not sufficient to improve balance or counter PD
progression-related HRQoL decrements. Upon
scrutinizing the data, however, a more nuanced
interpretation is required.

On average, our participants displayed statistically
significant improvements in TUG and 30-STS per-
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Fig. 2. Results from the Parkinson’s disease questionnaire (PDQ-39). A) PDQ-39 summary index (PDQ-39-SI). B) Mobility. C) Activities
of daily living. D) Emotional well-being. E) Stigma. F) Social support. G) Cognition. H) Communication. I) Bodily discomfort. The boxplots
represent the data aggregated from all participants regardless of their Hoehn and Yahr (HY) stage at PRE and POST. The black and magenta
lines respectively represent individual data from HYI−II and HYIII−IV participants. *, significant difference between PRE and POST (all
participants). †, significant difference between HYI−II and HYIII−IV at PRE. , significant difference in PRE to POST change between
HYI−II and HYIII−IV.

formance from PRE to POST, with over half of the
participants improving their performance beyond the
smallest MDC95 reported for these tests (Lim et al.,
2005; Petersen et al., 2017). These results are in line
with the results of previous adapted boxing stud-
ies in individuals with PD that reported significant
improvements on the TUG test (Combs et al., 2013;
Moore et al., 2021) and a 15-second variant of the
30-STS test (Horbinski et al., 2021). However, the
median improvements on the TUG and 30-STS tests
did not surpass their respective MDC95. Regarding
the TUG test, a PD-specific ceiling effect may explain
the lack of meaningful performance gains. Indeed, the
average PRE and POST TUG times in our sample
were above the 75th percentile reported for a com-
parable sample of individuals with PD (Schenkman
et al., 2011), which may have left little room for
improvement. Regarding the 30-STS test, it should
be noted that performance at POST, but not PRE,
reached the criterion for maintaining physical inde-

pendence in community-dwelling older adults (Rikli
& Jones, 2013). Hence, despite coming half a repeti-
tion short of surpassing the MDC95, it is reasonable
to believe that the muscle strength and endurance
gained from adapted boxing could help individuals
with PD achieve and maintain physical indepen-
dence. The only physical function variable that did
not show a statistically significant improvement with
training was balance, which we assessed with the
FAB scale. In contrast to our results, Moore et al.
(2021) reported that 6 months of adapted boxing
both significantly and meaningfully improved FAB
scores in their sample of individuals with PD (see also
Hermanns et al., 2021). Although the higher weekly
frequency of training (3x/week) in their study could
explain these discordant findings, it is also possible
that meaningful performance gains were difficult to
achieve in our study sample due to the relatively high
FAB scores at PRE. In fact, our sample’s median FAB
score was ∼4 points above that of a comparable sam-
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ple of individuals with PD (Schlenstedt et al., 2015),
with three of our participants achieving the maximal
score of 40 at PRE, POST, or both. The idea that a
ceiling effect could explain the lack of notable bal-
ance improvements echoes the results of Horbinski
et al. (2021). In their longitudinal study on the impact
of adapted boxing in 98 individuals with PD, these
authors could not identify significant improvements
on a 30-second balance test unless they removed the
data from participants who were able to maintain
their balance for the duration of the test. Overall,
our results suggest that adaptive boxing is at worse
non-detrimental and at best probably beneficial for
muscle strength, endurance, and functional mobility
in individuals with PD. Whether adapted boxing can
meaningfully improve balance may depend on the
initial level of balance impairment.

From PRE to POST, we observed a significant
∼4% increase in PDQ-39-SI, suggesting a slight
decrease in HRQoL. This appeared to be driven by
the “stigma” and “communication” dimensions since
these were the only ones to significantly increase from
POST to PRE. Much like the changes in TUG and 30-
STS performance, the median increase in PDQ-39-SI
from PRE to POST fell short of the MDC95, as did
the increases in the “stigma” and “communication”
dimensions. Consequently, the idea that the HRQoL
decreased from PRE to POST in our sample must be
taken with a grain of salt. The significant increase in
PDQ-39-SI scores is nevertheless surprising because
most of the previous studies that investigated HRQoL
in individuals with PD partaking in adapted box-
ing reported significant improvements (or at least a
trend for improvement) with training (Combs et al.,
2013; Combs et al., 2011; Domingos et al., 2022;
Larson et al., 2022; Patel et al., 2023; Sangarapillai
et al., 2021). We speculate that our discordant results
could be a by-product of the length of our study, cou-
pled with the fact that there were only two, lengthily
separated assessment points (i.e., PRE and POST).
Indeed, the lack of intermediary assessments pre-
cludes us from determining how HRQoL temporally
evolved throughout the study. It is entirely plausible,
for instance, that HRQoL improved early in training
and then slowly dwindled with disease progression,
reaching a low point at POST. In this hypothetical
scenario, rather than concluding that adapted boxing
does not improve HRQoL, we might conclude that
adapted boxing helps maintain HRQoL but cannot
nullify the impact of disease progression. We had lit-
tle control over the frequency of assessments in this
retrospective study, but future investigators may want

to plan multiple assessments, especially in studies
where participants are followed over a year or more.

This study has some weaknesses. First, there was
no control group, which limits the extent to which
we can interpret the results. Take the mild deteriora-
tion of HRQoL that we observed from PRE to POST,
for instance. A control group of individuals with PD
could have displayed a significantly greater worsen-
ing of HRQoL over the same period. Had this been
the case, the mild deterioration observed in our adap-
tive boxing sample would have been interpreted as
a net positive. Second, the battery of tests did not
include the Movement Disorders Society’s Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS),
the gold standard for the clinical assessment of PD
severity (Goetz et al., 2008). The MDS-UPDRS
would have provided valuable information regard-
ing disease progression and for data interpretation
(e.g., were TUG and 30-STS improvements associ-
ated with a reduction of PD-specific clinical signs?).
To our knowledge, only two adapted boxing stud-
ies used the MDS-UPDRS or UPDRS to evaluate
their participants (Combs et al., 2011; Ghaffar et al.,
2019; Patel et al., 2023), with two showing statisti-
cally significant improvements in motor or non-motor
symptoms (Ghaffar et al., 2019; Patel et al., 2023).
Although the lack of MDS-UPDRS assessments in
this retrospective study constitutes a missed oppor-
tunity, it would have been too time-consuming to
administer in addition to the physical functioning
tests and HRQoL assessments. Third, no intermedi-
ary assessments were carried out between PRE and
POST. As mentioned above, this precluded us from
determining how physical functioning and HRQoL
temporally evolved throughout the study. Fourth, this
study included only 26 individuals with PD, which
limits its inferential power. However, when compared
to other studies that investigated the impact of adapted
boxing on physical function and HRQoL in individ-
uals with PD (Combs et al., 2011, 2013; Domingos
et al., 2022; Ghaffar et al., 2019; Hermanns et al.,
2021; Horbinski et al., 2021; Moore et al., 2021;
Patel et al., 2023; Sangarapillai et al., 2021; Shearin
et al., 2021), the size of our sample is above aver-
age on a per-group basis (range: [6, 98], median:
17.5). Fifth, there are a few weaknesses related to
the retrospective nature of this study. Retrospective
study designs, although valuable, can be plagued by
missing data and both recall and selection biases,
all of which can confound results (Talari & Goyal,
2020). In the present study, the only outcome vari-
able with missing data was the PDQ-39. Although
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unfortunate, the PDQ-39 results are still based on the
data from 23/26 individuals, which provides ample
statistical power to detect effect sizes in the medium
range. Given the lack of recall-based outcome mea-
sures, recall bias was not an issue in the present
study. However, it is possible that our results encom-
passed some sort of selection bias. Indeed, it must be
remembered that all participants willingly enrolled in
the local community-based adapted boxing program
before the study started. Hence, our sample might
have been biased towards individuals who perceived
that integrating an exercise program was feasible, per-
haps due to relatively high levels of baseline physical
function and/or HRQoL. We surmise that this could
explain the modest longitudinal changes observed
in this study, as individuals with fairly high levels
of physical functioning and HRQoL may be less
likely to benefit from exercise compared to individ-
uals with low baseline levels of physical functioning
and HRQoL. That said, our sample is probably rep-
resentative of the participants most likely to take part
in community-based exercise programs, and thus the
results of this study are arguably highly generalizable
to other community-based adapted boxing programs.
Finally, because our sample attended only ∼58% of
bi-weekly sessions, our results may underestimate the
true potential of adapted boxing for improving phys-
ical functioning and HRQoL in individuals with PD.

This study also has strengths. One is that the retro-
spective study design allowed us to take full advan-
tage of the longitudinal data (≥ 1 year) collected at
the local at the local community-based adapted box-
ing program since 2017. To our knowledge, only
Horbinski et al. (2021) have investigated the impact
of adapted boxing on the physical functioning of
individuals with PD over a comparable timespan.
Our results generally support those of Horbinski
et al. (2021) (i.e., that bi-weekly adapted boxing
sessions can likely help patients develop muscular
strength and endurance but only trivially improve
balance). We also extend their work by showing that
adapted boxing may only trivially improve functional
mobility and cannot fully counteract the HRQoL
decrements that accompany PD progression. Another
strength of this study is its ecological validity. Indeed,
this study took place in a real-world community-
based setting and its retrospective nature ensured
that so-called observer expectancy effects were min-
imized. In this light, we find it alarming that the
median attendance rate in our sample was a mea-
gre ∼58% (i.e., ∼1 adapted boxing session/week).
This is puzzling given that current evidence indicates

that adapted boxing is both feasible and generally
appreciated by individuals with PD (Brunet et al.,
2022; Domingos et al., 2022; Domingos et al., 2019).
We can only speculate as to why attendance was so
low in our sample. However, if this is the turnout
that can be expected in similar community-based
exercise programs, additional efforts are needed to
promote physical activity for individuals with PD and
improve the accessibility of community-based exer-
cise programs. More longitudinal studies with larger,
independent cohorts are needed to firmly establish
the impact that community-based adapted boxing can
have on individuals with PD.

5. Conclusion

To conclude, our results suggest that adapted box-
ing may help individuals with PD improve muscular
strength, endurance, and functional mobility but not
balance. They also suggest that adapted boxing prob-
ably cannot fully counteract the HRQoL decrements
that accompany PD progression. Notwithstanding the
limitations of this study, our findings support the idea
that the long-term practice of adapted boxing can
help people with PD maintain physical function and
HRQoL despite disease progression. Long-term ran-
domized controlled trials are needed to determine the
impact of adapted boxing on PD-related signs and
symptoms using validated clinical tools such as the
MDS-UPDRS.
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