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Rehabilitation, Utrecht; eDepartment of Rehabilitation, Physical Therapy Science and Sports, University Medical Center Utrecht Brain Center,
University Medical Center Utrecht, Utrecht; and the fUniversity of Groningen, University Medical Center Groningen, Center for Rehabilitation,
Groningen, the Netherlands.

Abstract

Objective: To investigate (1) changes in life satisfaction and mental health during 5 months of training for the HandbikeBattle and 4 months of follow-

up; (2) associations between changes in handcycling cardiorespiratory fitness and changes in life satisfaction andmental health during the training period.

Design: This is a multicenter prospective cohort study with the following measurements: the start of the training (T1), after the 5-month training

period, before the event (T2), and after 4 months of follow-up (T3). At T1, T2, and T3, questionnaires were filled out. At T1 and T2, a graded

exercise test was performed to measure cardiorespiratory fitness (peak oxygen consumption [VO2peak] and peak power output [POpeak]).

Setting: Ten Dutch rehabilitation centers training for the HandbikeBattle event.

Participants: Patients with a rehabilitation history (NZ136) and health conditions such as spinal cord injury, amputation, ormultiple trauma history.

Interventions: Not applicable.

Main Outcome Measure: Life satisfaction as the sum score of 2 questions (range, 2-13) and the Mental Health subscale of the 36-item Short

Form Health Survey (range, 0-100).

Results: Multilevel regression analyses showed that life satisfaction increased during the training period and did not significantly change during

follow-up (mean � SD, T1: 8.2�2.2; T2: 8.6�2.3; T3: 8.5�2.4). Mental health showed no change over time (T1: 77.7�14.5; T2: 77.8�14.5; T3:

75.7�16.5). An improvement in cardiorespiratory fitness was associated with an increase in life satisfaction (POpeak, ßZ0.014, PZ.046;

VO2peak, ßZ1.068, PZ.04). There were no associations between improvement in cardiorespiratory fitness and an increase in mental health

(POpeak, PZ.66; VO2peak, PZ.33).

Conclusions: This study shows a positive course of life satisfaction during training for the HandbikeBattle. An improvement in cardiorespiratory

fitness was longitudinally associated with an increase in life satisfaction. Mental health showed no changes over time.
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Handcycling is a popular mode of daily transportation and exer-
cise in wheelchair users with, for example, a spinal cord injury
(SCI), leg amputation, or muscular disease.1 Compared with
wheelchair propulsion, handcycling has a higher efficiency2 and
lower mechanical strain,3 which possibly reduces the risks of
upper-body overuse injuries. Moreover, with handcycling, it is
easier to cover large distances at higher speed than with wheel-
chair propulsion. Therefore, handcycling has been introduced as
an exercise mode to increase cardiorespiratory fitness during and
after rehabilitation.4,5 An increase in cardiorespiratory fitness is
necessary for most wheelchair users, as their fitness is generally
low.6-8 Low cardiorespiratory fitness is associated with a high
prevalence of cardiometabolic disease, which is the leading cause
of mortality in this population.9,10

In addition to the potential of reducing cardiometabolic risk
factors, it has been shown that improvements in cardiorespiratory
fitness are associated with increased quality of life (QoL).11,12

Moreover, it has been shown that in people with SCI, life satis-
faction (LS) is reduced and mental health problems are more
common than in the general population.13-15 Therefore, in-
terventions to increase QoL are important.

Participating in exercise and sports might be such an inter-
vention.16 Several studies showed positive associations between
participation in sports and QoL in individuals with physical dis-
abilities, such as SCI, amputation, cerebral palsy, and neuromus-
cular disease12,17-24; they reported less stress, depressive
symptoms, pain, and a higher satisfaction with physical func-
tioning.12 For example, a lifestyle intervention in adults with
cerebral palsy resulted in an increase in health-related QoL
(mental health domain) compared with the control group, with
cardiorespiratory fitness (peak oxygen consumption [VO2peak])
explaining 22.6% of this increase.24 Most studies investigated
cross-sectional associations, and longitudinal studies are, unfor-
tunately, scarce. A previous longitudinal study showed that an
increase in cardiorespiratory fitness was associated with an in-
crease in LS in individuals with SCI.11 Possible mechanisms to
explain these longitudinal associations are intermediate effects
such as a decrease in pain12,21 and increase in self-efficacy,21

social integration,12,21 and functional independence.19,25

Recognizing the importance of cardiorespiratory fitness and
considering the potential positive effects of handcycling, since
2013, the HandbikeBattle is organized to promote handcycling
among Dutch patients with a history of rehabilitation.26 The
HandbikeBattle is an annual uphill handcycling race in the
mountains of Austria among teams of rehabilitation centers. The
event was created to initiate an active lifestyle by means of
handcycling with peers and to push the participant’s physical and
mental boundaries. A previous publication showed positive effects
of training for the HandbikeBattle on cardiorespiratory fitness and
health.5 However, longitudinal changes in QoL (LS and mental
health13) and the associations with cardiorespiratory fitness are
List of abbreviations:

GXT graded exercise test

LS life satisfaction

MHI-5 Mental Health Inventory

PO power output

POpeak peak power output

QoL quality of life

SCI spinal cord injury

VO2peak peak oxygen consumption
unknown. Therefore, the purpose of this study was to examine: (1)
changes in LS and mental health during 5 months of training prior
to the HandbikeBattle and at 4 months of follow-up and (2) the
associations among changes in handcycling cardiorespiratory
fitness and changes in LS and mental health during the training
period. It was hypothesized that LS and mental health would in-
crease over time and that this increase would be associated with an
increase in cardiorespiratory fitness.
Methods

The HandbikeBattle project

The HandbikeBattle event is a serious challenge (20.2-km length
and 863-m elevation gain). At the start of the training period, most
participants are relatively untrained handcyclists. Guidance during
the training period is provided by therapists from the respective
rehabilitation centers, but otherwise the training period is free-
living, that is, no specific training program is provided by the
researchers. Connected to, but not part of, the HandbikeBattle is
an observational cohort study that was initiated to monitor effects
of participation in the training period and the event.

Participants

Inclusion criteria for the HandbikeBattle event were (1) being a
former rehabilitation patient from 1 of the 10 rehabilitation cen-
ters; (2) impairment of the lower extremities (eg, SCI, amputation,
cerebral palsy, or spina bifida); and (3) commitment to the
HandbikeBattle challenge. The exclusion criterion included any
contraindication to participate in the HandbikeBattle as diagnosed
during the medical screening. Additional inclusion criteria for the
HandbikeBattle study were first time of participation in the
HandbikeBattle event and sufficient knowledge of the Dutch
language to understand the instructions. In the present study, data
were used from participants of the HandbikeBattle 2013-2016
cohorts. In total, 187 individuals started training for the event in
this period. Twenty-one individuals dropped out due to motiva-
tional problems (nZ9), medical reasons (nZ5), overuse injuries
(nZ2), or unknown reasons (nZ5). Thirty further individuals did
not fill out questionnaires at any time point (nZ10), or only at 1
time point (nZ20). Hence, data from 136 participants were used
in the present study.
Procedure

The study has a prospective design. Measurements are performed
at the start of the training period (January, T1); after the training
period, prior to the event (June, T2); and at follow-up, 4 months
after the event (October, T3; fig 1). At T1, T2, and T3, participants
were asked to fill out questionnaires on LS and mental health. At
T1 and T2, participants were asked to fill out a questionnaire about
musculoskeletal pain. The questionnaires were part of a set of
questionnaires which took participants 30-45 minutes to complete
in total. Participants were invited by e-mail with a link and could
fill out the questionnaires in their own time at home. At T1, a
medical screening was performed by a rehabilitation physician or
sports physician at the rehabilitation center. The screening was
comprised of a medical anamnesis, physical examination, and a
handcycling or arm crank graded exercise test (GXT). At T2, the
www.archives-pmr.org
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Fig 1 Study design. Measurements are performed at the start of the training period (January, T1); after the training period, prior to the event

(June, T2); and follow-up, 4 months after the event (October, T3). ; Abbreviations: HBB, HandbikeBattle event; MH, mental health.
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GXT was repeated with the same protocol and equipment. All
participants voluntarily signed an informed consent form. The
study was approved by the local ethics committee of the Center
for Human Movement Sciences, University Medical Center Gro-
ningen, the Netherlands (ECB/2012_12.04_l_rev/Ml).

Measurement instruments

General participant information was collected at T1 and included
age (y), sex (male or female), and impairment type (SCI, ampu-
tation, multiple traumas, spina bifida, or other).

Outcome measures

LS was assessed with the 2LS, consisting of 2 questions.27,28

Question 1 stated satisfaction with life as a whole at the
moment (LS Now, 1Zvery unsatisfying, 6Zvery satisfying).
Question 2 stated satisfaction with life now compared with life
before the onset of the condition (LS Comparison, 1Zmuch
worse, 7Zmuch better). The sum score (LS) ranges from 2-13. LS
was only calculated for participants with an acquired impairment,
as, LS Comparison was not collected from individuals with a
congenital impairment. The validity of the LS questions was
supported.28

Mental health was assessed with the Mental Health Inventory
(MHI-5) of the 36-item Short Form Health Survey.29,30 The
MHI-5 consists of 5 items concerning nervousness, sadness,
peacefulness, mood, and happiness on a 6-point scale, a sum score
was calculated ranging from 0 (lowest mental health) to 100
(highest mental health).29 A cutoff point of �72 refers to mental
health problems, and a cutoff point of �60 refers to severe mental
health problems.31,32 Mental health showed a non-normal distri-
bution (skewness, -0.76; SE 0.13). Therefore, logarithmically
transformed scores were used in the statistical analyses. The MHI-
5 showed reliability and validity in persons with SCI.30

Determinants

Cardiorespiratory fitness was measured during an incremental
handcycling or arm crank GXT to volitional exhaustion at T1 and
T2, organized in and conducted by the staff of each of the
participating rehabilitation centers. Details on equipment and
testing protocols have been described in a previous study.33 Either
a 1-minute step protocol or continuous ramp protocol was used,
www.archives-pmr.org
and was individualized for each participant. The set-up and pro-
tocol choice were dependent on the available equipment in the
rehabilitation centers, but were consistent within participants over
time. Power output (PO) in Watts and oxygen consumption in
liters per minute were measured during the test. For the 1-minute
protocol, POpeak was defined as the highest PO that was main-
tained for at least 30 seconds. For the ramp protocol, the highest
PO achieved during the test was considered POpeak. Peak VO2

was defined as the highest 30-second average for oxygen
consumption.
Possible confounding variables

Possible confounding variables were age, sex, musculoskeletal
pain, and handcycling classification. Musculoskeletal pain
comprised 7 locations: the left and right hand and wrist, the left
and right elbow, the left and right shoulder, and the neck. The pain
was graded on a range from 1Zno pain to 6Zvery severe pain.
Having moderate-severe pain was defined as �4 (moderate pain)
at �1 locations.

Handcycling classification was used as a proxy for severity of
impairment and determined by an Union Cycliste Internationale
certified paracycling classifier, following the Union Cycliste
Internationale Para-cycling Regulations. The classification resul-
ted in 5 different classes, ranging from H1 (most impaired) to H5
(least impaired).34 H1 and H2 handcyclists have limitations in
arm-hand function, whereas H3, H4, and H5 handcyclists have
intact arm-hand function and limitations in the trunk or lower
extremities only. For the analyses in the present study, participants
were divided in 2 large groups: (1) H1-H3 and (2) H4 and H5.
Statistical analysis

The analyses were performed using SPSS software version 20a

and MLwiN version 2.02.35,b Descriptive statistics were calcu-
lated for outcome measures and determinants. Data were tested for
normality with the Kolmogorov-Smirnov test with Lilliefors sig-
nificance correction and the Shapiro-Wilk test, combined with z
scores for skewness and kurtosis. To ascertain possible response
bias, characteristics of included participants in the present study
(NZ136) were compared with nonparticipants (nZ51) using t
tests, Mann-Whitney U tests, and chi-square tests.

Three-level multilevel models were created with observations
within participants as first level, participant as second level, and

http://www.archives-pmr.org


Table 1 Characteristics and outcomes at T1 for participants and nonparticipants

Characteristics n Participants n Nonparticipants

Sex (male/female), n (%) 136 109/27 (80/20) 51 40/11 (78/22)

Mean age (y) � SD 136 41�13 49 35�12*

Impairment type, n (%) 136 44

Spinal cord injury 96 (71) 31 (71)

Tetraplegia 10 (8) 8* (18)

Paraplegia 86 (63) 23* (53)

Amputation 17 (13) 3 (7)

Multiple trauma 2 (1) 2 (4)

Spina bifida 6 (4) 2 (4)

Other 15 (11) 6 (14)

Mean LS � SD

T1 (range, 2-13)

110 8.2�2.2 20 7.7�2.4

Mean mental health � SD

T1 (range, 0-100)

122 77.7�14.5 20 68.2�18.1*

Mean POpeak (W) � SD T1 107 126�37 32 113�32

Mean VO2peak (L/min) � SD

T1

123 2.01�0.57 36 1.85�0.40

Musculoskeletal pain

(no-mild/moderate-severe), n (%) T1

121 74/47 (61/39) 20 9/11 (45/55)

Handcycling classification

(H1-H3/H4-H5), n (%)

136 60/76 (44/56) 33 15/18 (46/54)

NOTE. Data are represented as n (%) or mean � SD. Musculoskeletal pain has 2 categories: (1) no or mild pain and (2) moderate or severe pain.

Handcycling classification has 2 categories: (1) H1-H3 and (2) H4 and H5.

* Significant difference with P<.05 between participants and nonparticipants.
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rehabilitation center as third level to make adjustments for the
dependency of the observations within participants and partici-
pants within centers.36

To answer the first research question on the longitudinal tra-
jectory of LS and mental health over time, 2 models were created:
one with LS and one with mental health as dependent variable.
Time (T1, T2, T3) was included as a categorical variable with 2
dummies and T2 as reference category.

To answer the second research question on the longitudinal
associations, 4 models were created, one for each of the combi-
nations of POpeak or VO2peak as independent variables and LS or
mental health as dependent variables (T1, T2). To be able to
distinguish between the between-subject component and the
within-subject component, the 4 models were created as hybrid
models.37 The between-subject component reflects the cross-
sectional association between 2 variables. The within-subject
component reflects the longitudinal association; for example, an
increase in cardiorespiratory fitness is associated with an increase
Table 2 Descriptive data and outcome measures of participants at all

Variables n T1

LS 110 8.2�2.2

Mental health 122 77.7�14.5

POpeak (W) 107 126�37

VO2peak (L/min) 123 2.01�0.57

Musculoskeletal pain

(no-mild/moderate-severe), n (%)

121 74/47 (61/

NOTE. Data are represented as n (%) or mean � SD. Musculoskeletal pain ha

represents the start of the training period. T2 represents after the training

measurement, 4 months after training.
in LS. In a standard longitudinal model, there is one regression
coefficient that reflects both components of the association,
whereas in the present study we are mostly interested in the
within-subject component. A hybrid model accounts for this by
providing separate regression coefficients with standard errors for
each component.37 Possible confounding variables including age,
sex (reference: male), musculoskeletal pain (reference: no or
mild), and handcycling classification (reference: H1-H3) were
added separately to each model first. A variable was included as
confounder in the final model if its inclusion changed the
regression coefficient with more than 10%.36
Results

Participants were on average older, had a paraplegia more often,
and had higher scores for mental health, than nonparticipants
(table 1). Descriptive data of the outcome measures and
time points

n T2 n T3

110 8.6�2.3 100 8.5�2.4

124 77.8�14.5 109 75.7�16.5

105 141�46

112 2.13�0.63

39) 124 88/36 (71/29)

s 2 categories: (1) no or mild pain and (2) moderate or severe pain. T1

period, prior to the HandbikeBattle event. T3 represents the follow-up

www.archives-pmr.org
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Table 3 Longitudinal trajectory of LS and mental health

Independent Variable

LS (nZ124) Mental Health (nZ133) Mental Health Subgroup (nZ38)

Regression

Coefficient SE

P

Value

Regression

Coefficient SE

P

Value

Regression

Coefficient SE

P

Value

Constant (reference T2) 8.610 0.206 1.116 0.024 0.920 0.029

D T2-T1 -0.502 0.146 <.01* -0.018 0.020 .37 -0.099 0.028 <.01*

D T2-T3 -0.169 0.183 .36 -0.023 0.027 .39 -0.032 0.032 .32

NOTE. T1 represents the start of the training period. T2 represents after the training period, prior to the HandbikeBattle event. T3 represents the follow-

up measurement, 4 months after training.

The transformed value of mental health was used for analysis. Mental health subgroup represents participants with score�72 at T1. The D T2-T1 Z a

negative regression coefficient representing an improvement of the dependent variable over time. The D T2-T3 Z a negative regression coefficient

representing a deterioration of the dependent variable over time.

* Significance with P<.05.
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determinants over time are depicted in table 2. Participants were
classified with the following distribution: H1, nZ7; H2, nZ4; H3,
nZ49; H4, nZ57; and H5, nZ19.
Longitudinal trajectory of LS and mental health

LS showed a significant increase between T1 (start of training)
and T2 (after training), and did not significantly change between
T2 and T3 (follow-up) (table 3). When the model was recalculated
with T1 as reference category, there was still a significant increase
between T1 and T2, but no significant change between T1 and T3
(regression coefficient, 0.333; SE, 0.183; PZ.07).

Mental health showed no significant change over time (see
table 3). When the model was recalculated with T1 as reference
category, there were no changes over time. However, a subgroup
analysis with participants with mental health problems at T1
(score�72; nZ38) showed a significant increase between T1 and T2,
and no significant change between T2 and T3 (see table 3). In addi-
tion, there was a significant increase between T1 and T3 (regression
coefficient, 0.069; SE, 0.028; PZ.01). The mean scores� SD were
as follows: T1: 60.0�10.1; T2: 67.1�14.7; T3: 63.4�15.0.
Longitudinal associations between
cardiorespiratory fitness and LS

Peak PO as well as VO2peak showed a significant within-subject
component association with LS (table 4). After adding
Table 4 Basic models without confounders: longitudinal and cross-sect

Independent

Variable

LS

Regression

Coefficient SE

P

Value

Regress

Coeffic

POpeak (W) (nZ84) (nZ87

Constant 8.409 0.851 0.954

Between-subject 0.000 0.006 >.99 0.001

Within-subject 0.017 0.007 .02* 0.001

VO2peak

(L/min)

(nZ97) (nZ99

Constant 6.869 0.819 0.864

Between-subject 0.741 0.385 .05 0.103

Within-subject 1.315 0.507 <.01* 0.091

Note. The transformed value of mental health was used for analysis. Mental

* Significance with P<.05.

www.archives-pmr.org
confounders to the model with POpeak, the within-subject
component association between POpeak and LS remained sig-
nificant (table 5). After adding confounders to the model with
VO2peak, both the within-subject and between-subject component
associations between VO2peak and LS were significant
(see table 5).

Longitudinal associations between
cardiorespiratory fitness and mental health

POpeak showed no significant association with mental health (see
table 4). Peak VO2 showed a significant between-subject, but no
within-subject component association with mental health (see
table 4). After adding confounders to the models, there were no
significant associations among cardiorespiratory fitness and
mental health (see table 5). However, a subgroup analysis with
participants with mental health problems at T1 (score�72; nZ38)
showed that POpeak had a significant between-subject and within-
subject component association with mental health (see table 5).
Peak VO2 showed only a significant within-subject component
association (see table 5).
Discussion

The present study showed that LS increased during 5 months of
training for the HandbikeBattle and did not significantly change
during follow-up. LS at follow-up was, however, not significantly
ional associations between cardiorespiratory fitness and QoL (T1, T2)

Mental Health Mental Health Subgroup

ion

ient SE

P

Value

Regression

Coefficient SE

P

Value

) (nZ25)

0.088 0.690 0.095

0.001 .10 0.001 0.001 .06

0.001 .37 0.005 0.002 <.01*

) (nZ31)

0.093 0.750 0.088

0.044 .02* 0.054 0.043 .21

0.061 .14 0.240 0.113 .03*

health subgroup represents participants with score�72 at T1.

http://www.archives-pmr.org


Table 5 Final models with confounders: longitudinal and cross-sectional associations between cardiorespiratory fitness and QoL (T1, T2)

Independent Variable

LS Mental Health Mental Health Subgroup

Regression

Coefficient SE

P

Value

Regression

Coefficient SE

P

Value

Regression

Coefficient SE

P

Value

POpeak (W) (nZ84) (nZ87) (nZ25)

Constant 7.788 0.961 0.926 0.127 0.721 0.092

Between-subject 0.004 0.007 .57 0.001 0.001 .32 0.001 0.001 .03*

Within-subject 0.014 0.007 .046* 0.000 0.001 .66 0.004 0.002 .01*

Confounders

Age - - 0.003 0.002 .14 - -

Sex 0.886 0.735 .23 -0.043 0.069 .54 - -

Musculoskeletal

pain

-0.669 0.381 .08 -0.098 0.040 .01 -0.095 0.050 .06

Classification 0.472 0.481 .33 - - - -

VO2peak (L/min) (nZ97) (nZ99) (nZ31)

Constant 6.644 0.904 0.974 0.107 0.750 0.088

Between-subject 0.904 0.406 .03* 0.073 0.047 .12 0.054 0.043 .21

Within-subject 1.068 0.516 .04* 0.060 0.062 .33 0.240 0.113 .03*

Confounders

Age - - - - - -

Sex 0.807 0.630 .20 -0.071 0.068 .29 - -

Musculoskeletal

pain

-0.708 0.332 .03 -0.101 0.038 <.01 - -

Classification - - - - - -

NOTE. The transformed value of mental health was used for analysis. Mental health subgroup represents participants with score�72 at T1. Sex: reference

male. Musculoskeletal pain has 2 categories: (1) no or mild pain and (2) moderate or severe pain (reference: no or mild). Handcycling classification has

2 categories: (1) H1-H3 and (2) H4 and H5 (reference: H1-H3). A variable was included as confounder if the regression coefficient of POpeak or VO2peak

changed more than 10%.

* Significance with P<.05.
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higher than LS at the start of the training period. Mental health
showed no significant change over time for the total group. The
results of this study further showed that, over time, an improve-
ment in cardiorespiratory fitness was associated with an increase
in LS. There were no associations between improvement in
cardiorespiratory fitness and increase in mental health for the total
group, however, those with low mental health showed a positive
longitudinal association.

The results with respect to LS are in line with a previous
longitudinal study in which a positive association was found be-
tween cardiorespiratory fitness and LS measured from the start of
active rehabilitation until 5 years after discharge in individuals
with an SCI.11 Previously mentioned underlying mechanisms for
the association between cardiorespiratory fitness and QoL include
enhanced feelings of self-worth, self-efficacy and personal con-
trol, increased social interaction, reduced pain, and increased
production of neurotransmitters regulating emotions.20 Other in-
termediate effects might be the positive effect of an increase in
cardiorespiratory fitness on functional independence and activities
of daily living,19,27,38,39 or body image and satisfaction.40,41

In contrast to previous studies,12,20,24 mental health did not
significantly change over time. A possible explanation for this
lack of change is that mental health scores were already high at
baseline, the average of 77.7 is even above the mean score of 76.8
in the general Dutch population.42 A similar mean score of 77.2
was found among Dutch individuals with an SCI 5 years after
discharge from initial inpatient rehabilitation.30,43 Although there
was no ceiling effect in the present study, this high baseline score
might be less susceptible to change. In addition, mental health was
not significantly associated with cardiorespiratory fitness. It might
be that mental health is less susceptible to changes in cardiore-
spiratory fitness and physical functioning than LS. In previous
studies, LS was positively associated with functional indepen-
dence,27,39 whereas mental health was not.43,44 Psychological
factors such as self-efficacy, mastery, acceptance, and purpose in
life might be more important determinants to improve mental
health.44-46

Nevertheless, a subgroup analysis of participants with a mental
health score�72 at T1 showed that there was an improvement over
time and that this improvement was associated with an increase in
cardiorespiratory fitness. Although it is a small group and
regression to the mean could have played a role, these findings
suggest that an increase in cardiorespiratory fitness might have a
positive effect on mental health in individuals with lower mental
health scores at baseline. There seems to be only a thin line, as
nonparticipants also had a low mental health score. More intensive
(mental health) guidance might be warranted for individuals with
low mental health; this may prevent them from dropping out
during the training period.

Implications and future studies

The present study is one of few studies that examined longitudinal
associations between cardiorespiratory fitness and QoL. Unique
aspects are that the training is free-living with peers and that
participants are training toward a goal. In future studies, it would
be interesting to examine which training regimes led to these
improvements in cardiorespiratory fitness and to provide long
term follow-up results on the association between cardiorespira-
tory fitness and QoL in individuals participating in the
www.archives-pmr.org
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HandbikeBattle. In addition, it would be interesting to unravel in
more detail for which individuals in or after rehabilitation an in-
crease in cardiorespiratory fitness would be most effective in
increasing QoL and by which underlying mechanisms this could
be achieved. Moreover, other determinants that could potentially
affect QoL, such as peer support or psychological factors, should
be investigated. The use of questionnaires or interviews would be
valuable to gain knowledge about benefits (and adverse effects) of
participating in and training for such an event.

Study limitations

There might be a selection bias, as individuals who dropped out
before or during the training period were not included in the
analyses. Therefore, individuals with a very low cardiorespira-
tory fitness might be less prominent in the present study. In
addition, it might be possible that individuals with a very low
mental health or LS score are not willing to participate in an
event like the HandbikeBattle. It is, however, important to
mention that the event was created to push physical and mental
boundaries for individuals who might need this and that par-
ticipants were not professional athletes. Lastly, only the asso-
ciation between cardiorespiratory fitness and QoL was
investigated. Other possible determinants of QoL should be
addressed in future studies.
Conclusions

LS increased during the training period and did not significantly
change during follow-up. Mental health showed no change over
time for the total group of participants. The present study showed
that cardiorespiratory fitness and LS are longitudinally associated,
that is, an improvement in cardiorespiratory fitness was associated
with an increase in LS.
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