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The effects of a real-life lifestyle program i

on physical activity and objective and subjective
sleep in adults aged 55+ years
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Abstract

Study objectives: Age related changes in sleep result in an increasing prevalence of poor sleep in mid-aged and
older adults. Although physical activity has shown to benefit sleep in studies in controlled settings, this has not yet
been examined in a real-life lifestyle program. The aims of this study were to: 1) examine the effects of a lifestyle pro-
gram on moderate-to-vigorous physical activity and objective and subjective sleep in adults aged 55+ years; and 2)
examine if the effects differed between good and poor sleepers.

Methods: This controlled pretest-posttest trial examined the effects of the 12-week group-based real-life lifestyle
program ‘Lekker Actief’on moderate-to-vigorous physical activity (measured using accelerometers) and sleep
(measured using accelerometers and the Pittsburgh Sleep quality Index, PSQI). The main component of the program
was a 12-week progressive walking program, complemented by an optional muscle strengthening program and

one educational session on healthy nutrition. Of the 451 participants who were tested pre-intervention, 357 partici-
pants completed the posttest assessment (200 in the intervention group and 157 in the control group). Effects on
moderate-to-vigorous physical activity and on objective sleep (sleep efficiency, total sleep time, wake time after sleep
onset (WASO) and number of awakenings) as well as subjective sleep (sleep quality) were examined in crude and in
adjusted multiple regression models. An interaction term between program (control versus intervention) and sleep
category (good and poor) was included in all models.

Results: Moderate-to-vigorous physical activity levels significantly increased in the intervention group compared
with the control group (43,02 min per day; 95%Cl: 12.83-73.22; fully adjusted model). The interaction terms revealed
no differences between good and poor sleepers regarding the effect of the intervention on moderate-to-vigorous
physical activity. There were no significant effects on sleep, except for good sleepers who showed an increase in num-
ber of awakenings/night by 1.44 (Cl 95% 0.49; 2.24).

Conclusions: Although this program was effective in increasing physical activity, it did not improve sleep. Lifestyle
programs should be promoted to increase physical activity, but more is needed to improve sleep as well.

This trial was registered at ClinicalTrials.gov (Trial registration NCT03576209).
Keywords: Sleep, Accelerometer, PSQI, Older adults, Elderly, Health promotion, Lifestyle, Intervention, Ageing

Background

Healthy ageing has been described by WHO in 2015 as
*Correspondence: julievanderlinden@odisee.be ‘the process of developing and maintaining the functional
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ageing as it has been positively associated with several
health outcomes in adults, such as a decreased risk for
all-cause mortality, diabetes type 2, cardiovascular dis-
ease, cancer and hypertension [2, 3]. Moreover, regular
PA has shown to improve aspects of physical and men-
tal health that are particularly important for older adults,
such as balance, cognitive function, functional ability,
sleep and the immune system [4, 5].

PA has been defined as any bodily movement produced
by skeletal muscles that results in energy expenditure [6].
Despite the established positive associations between
regular PA and health outcomes, the proportion of peo-
ple meeting the World Health Organization (WHO) rec-
ommendations of at least 150 min of moderate intensity
physical activity (MPA), or 75min vigorous intensity
physical activity (VPA) per week decreases with age [7].

Besides PA, sleep is also a crucial factor in terms of
healthy ageing [5, 8, 9]. Good sleep has been shown to
improve cognitive functioning, mental well-being, abil-
ity to perform activities of daily living and self-reported
health status and to reduce the risk of falling and hos-
pitalization [8, 10]. As of the age of 60years, sleep qual-
ity and quantity tend to decrease [1, 11], which in turn
results in a prevalence of sleep problems of 50% in older
adults [11, 12]. Besides other non-pharmaceutical treat-
ment options for sleep problems in older adults (such
as hygiene education, cognitive behavioural therapy and
relaxation [5, 13, 14], also PA has been shown to benefit
sleep outcomes in older adults, such as wake time after
sleep onset (WASQ), sleep quality, sleep latency, sleep
efficiency and sleep disturbances [5, 15, 16]. The biologi-
cal mechanisms that underlie the positive effects of regu-
lar PA on sleep include relaxation which helps to prepare
body and mind for a good night sleep; and an increased
energy expenditure that increases sleep pressure and in
turn creates physiological tiredness [16—18]. Being physi-
cally active outdoors may also increase exposure to bright
day light, which helps to reset the circadian rhythm and
can in turn enhance sleep [19, 20].

Current evidence from randomized clinical trials
and pragmatic clinical trials indicates that participa-
tion in controlled physical activity programs has a ben-
eficial effect on sleep in older adults [5]. However, to our
knowledge, these findings have not yet been replicated
in a real-life lifestyle program including a physical activ-
ity component. As the overarching aim of research is to
implement interventions that have been proven effective
in RCTs, the aim of this study was to examine the effect
of a real-life lifestyle program, offered by a large senior
citizen organisation, on physical activity and sleep in
older adults.

It should also be noted that both physical activity and
sleep outcomes in these studies were mainly assessed
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by subjective measuring methods only, namely surveys.
Although correlations between subjective and objective
measures of sleep have shown mixed results in literature
[21-23] both types of measurement represent different
aspects of sleep and can provide complementary infor-
mation in understanding sleep [24-26]. Moreover, most
of these studies did not separately analyse the explicit
effects of a physical activity program on sleep in either
good or poor sleepers in those programs [27, 28]. Finally,
the vast majority of the current studies examining the
effects of physical activity programs on sleep were studies
in a controlled or experimental setting with rather small
samples of older adults (between n=13 and n=128) [5],
limiting the generalisability of these results to PA pro-
grams in real-life settings.

Given the growing life expectancy and the increased
prevalence of poor sleep and sleep problems at higher
age; as well as the emerging importance of sleep in terms
of healthy ageing, there is a need for evidence on the
effectiveness of interventions to promote PA and sleep
in a real-life setting. Consequently, examining effects of
real-life PA programs in larger samples of older adults,
using both objective and subjective measuring methods
to assess PA and sleep outcomes, are critical to fill this
gap in the current knowledge.

In this study, we will examine the effects of a 12-week
group-based lifestyle program in a real-life setting (‘Lek-
ker Actief’). This lifestyle program was provided by a
socio-cultural organisation OKRA SPORT+ to adults
aged 55+ years in Flanders, Belgium.

The aim of this study were to examine the effects of
the lifestyle program ‘Lekker Actief” on device-measured
MVPA and objective and subjective sleep in adults aged
55+ years; and to examine if the effects differed between
good and poor sleepers.

Methods

Design

This study used a controlled pretest-posttest design. Data
from participants in the intervention and control groups
were collected at baseline (TO, pretest) and posttest (T1)
with an in between time interval of 12 weeks. The partici-
pants in the intervention group participated in the life-
style program ‘Lekker Actief’ for a period of 12weeks.
The participants in the control group did not participate
in the program and were asked to continue their usual
activities. This trial was registered at ClinicalTrials.gov.
(Trial registration NCT03576209).

Study sample

Data were collected from community-dwelling older
adults (aged >55years) from July 2018 to July 2019. All
participants who were enrolled in this study belonged to
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regional meeting points, which existed before the start of
the study, of a socio-cultural organization for older adults
in Flanders, Belgium (OKRA SPORT+). This organi-
zation provides weekly meetings for the older adults in
meeting points in local areas in Flanders. Participants for
this study were recruited using convenience sampling at
the meeting point level. Older adults belonging to OKRA
SPORT+ meeting points that offered ‘Lekker Actief’
were invited to participate in the intervention group of
this study. Older adults belonging to OKRA SPORT+
meeting points that did not participate in ‘Lekker Actief’
were invited to participate in the study as the control
group. For this study, the meeting points in the interven-
tion and control groups were then matched based upon
their location in the different regions in Flanders. This
was done to ensure that participants from both groups
were equally divided over Flanders. All older adults were
given information on the study during one of the weekly
meetings in their own meeting point. Subsequently, older
adults were recruited in their meeting points. Inclusion
criteria were being 55years or older and being able and
willing to participate in this study. Exclusion criteria for
participation in the Lekker Actief program and this study
were not being able to attend the OKRA SPORT+ meet-
ings due to limited physical mobility. The ethics commit-
tee of UZ Leuven granted approval for this study (Ref.
no: S61581). All participants received study information
prior to the study and granted their written informed
consent. All methods were carried out in accordance
with relevant guidelines and regulations under ethical
approval and consent to participate.

Lifestyle program ‘Lekker Actief’
‘Lekker Actief” was developed and delivered in 2018-
2019 by OKRA SPORT+ to adults aged 55+ years. The
primary aim of ‘Lekker Actief” was to help adults aged
55+ years meet the recommended minimum MVPA-lev-
els [29, 30]. This 12-week lifestyle program consisted out
of a main walking component (i.e. a group-based peer-led
structured walking program), and two minor compo-
nents (i.e. a group-based peer-led muscle strengthening
program and one session on healthy nutrition). There
were no specific components aimed at improving sleep.
“This ‘Lekker Actief’ program was designed based on
the assumptions of self-determination theory (Ryan &
Deci, 2000). This theory assumes that sustainable behav-
ioural change can only be obtained if three basic and uni-
versal human needs are supported: the need of autonomy,
the need for competence and the need for relatedness.
The ‘Lekker Actief’ program was developed to facilitate
satisfaction with each of these three basic needs. For
example, participants had autonomy in when to complete
their individualized walking schedule. The program also
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facilitated feelings of competence by tailoring the pro-
gram according to participants’ initial walking ability and
fitness and by structuring the build-up according to the
principles of training progression. Finally, the program
supported the need of relatedness by offering weekly
group walks and meetings within the trusted social envi-
ronment of the local community, supervised by a well-
known peer leader” [31].

Walking program

The main component of this lifestyle program was the
12-week structured progressive walking program that
was offered at least once weekly with the aim to increase
the participants’ MVPA levels. All meeting points were
offered a guideline with separate walks each containing a
certain number of aerobic steps. Every week, the number
of prescribed steps per week was progressively increased
over a 12-week period of time. All participants in the
intervention group followed this weekly walking schedule
based on their initial walking fitness as determined by a
self-guided six-minute walking test [32, 33] prior to the
start of the program.

Muscle strengthening program

The secondary component of this lifestyle program
involved the muscle strengthening exercises. All meet-
ing points were offered the opportunity to provide
peer-led group-based sessions with muscle strengthen-
ing exercises once a week. Meeting points that offered
these exercises, encouraged the participants to follow the
strengthening session in group. The participants were
also offered a home-based exercise manual to continue
these exercises at home. The muscle strengthening exer-
cise program was not as structured as the walking pro-
gram considering meeting points were left free in their
choice if and how to organise the muscle strengthening
program.

Healthy nutrition

The third and minor component in this lifestyle program
consisted out of one two-hour professional-led educa-
tional session on healthy nutrition. In addition, all par-
ticipants received information on healthy nutrition at the
beginning of the program.

Measurement

Data were collected at baseline (T0) and at posttest after
12-weeks (T1) using self-administered questionnaires
(demographics, Pittsburgh Sleep Quality Index (PSQI))
and accelerometers (MVPA, sleep efficiency, total sleep
time, WASO and number of awakenings).
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Demographics

Demographic variables (age, gender, education, liv-
ing situation and professional status) as well as general
health related variables (smoking, use of alcohol, caffeine
or screen time before bedtime, use of sleep medication
and presence of chronic conditions) were collected with
a self-reported questionnaire. The defined categories for
education were in line with the International Standard
Classification of Education (ISCED) 2011 [34].

Device-measured MVPA levels
MVPA levels were measured through accelerometry
(Actigraph type wGT3X-BT, Actigraphcorp, Pensa-
cola, FL). The details of accelerometry measurement are
explained under ‘Actigraphy’

Subjective sleep quality

Subjective sleep quality was assessed with the PSQI
questionnaire, a frequently used 19-item self-reported
questionnaire in older adults [35]. The PSQI determines
subjective sleep quality over the last month and contains
seven subscales: sleep quality, sleep latency, sleep dura-
tion, habitual sleep efficiency, sleep disturbances, use of
sleep medication, and daytime dysfunction. According to
the PSQI scoring protocol, each subscale provides a sub
score, leading to a total PSQI score that ranges from 0 to
21 points, with higher scores indicating worse sleep qual-
ity. A cut-off threshold of >5 points indicates poor-qual-
ity sleep. The PSQI is easy to complete for older adults,
and provides highly reliable and valid measures of sleep
quality [35].

Objective sleep outcomes

Objective sleep outcomes (sleep efficiency, total sleep
time, WASO and number of awakenings) were meas-
ured through accelerometry (Actigraph type wGT3X-BT,
Actigraphcorp, Pensacola, FL).

Actigraphy

The Actigraph wGT3X-BT is an accelerometer that
records physical activity associated with daily activ-
ity and sleep [36]. All participants were asked to wear
the Actigraph device on their non-dominant wrist for
six consecutive days, of which two weekend days, and
five nights. Previous work showed that Actigraphy sleep
measurement during a minimum of five nights results in
valid sleep measurement [37]. The coefficients of validity
of actigraphy are higher compared with medical tests and
psychological tests for sleep [38]. The Actigraph wGT3X-
BT has been used in numerous studies to measure MVPA
and sleep in older adults [21-23, 39, 40]. The Actigraph
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accelerometer is considered a reliable tool for measuring
overall PA level and intensity-specific PA in adults under
free-living conditions [24].

In line with previous research, we only analysed data
of participants with a minimum wear time of four wear
days of at least 10h of waking wear time data [39, 41,
42]. Accelerometer data were processed using well estab-
lished validated algorithms available in Actilife software
package (Actilife, v6.13.4), namely the Choi algorithm for
wear time validation [39] and the Cole-Kripke algorithm
for sleep-wake identification [41]. The following tri-axial
vector magnitude (VM3) cut-points for wrist-worn actig-
raphy in older adults were used to identify MVPA (>3268
CPM) [40].

Good and poor sleepers

Participants were categorized as good (n=168) or poor
sleepers (1=99) based on their pretest PSQI an objec-
tively measured sleep data. This was done using previ-
ously established cut-off points of either sleep quality or
sleep quantity characteristics [35, 43]: participants were
categorized a good sleepers if they had PSQI score <5
points, which is considered as good sleep quality or a
sleep efficiency >85%, which is considered as efficient
sleep [35, 43]. Participants were categorized as poor
sleepers if they had a PSQI score >5 points or a sleep effi-
ciency < 85%.

Statistical analyses

Baseline differences between the intervention and the
control groups in demographics, MVPA levels and sleep
characteristics were examined using T-tests (continu-
ous variables) and Chi-square tests (categorical vari-
ables). Linear regression models were used to examine
the effects of the lifestyle program ‘Lekker Actief’ on
MVPA, objective sleep outcomes (sleep efficiency, total
sleep time, WASO and number of awakenings) and the
subjective sleep outcome (total PSQI score for sleep
quality). Three multiple regression models were con-
structed for each outcome as follows: (1) a crude model
including condition and baseline value of the outcome
measure, (2) a partially adjusted model adjusted for the
demographics (i.e., crude model adjusted for age, gen-
der, education, living situation and professional status),
and (3) a fully adjusted model (partially adjusted model
adjusted for demographics and covariates that have been
shown to impact sleep in previous research, namely
smoking [44], alcohol intake [45], caffeine [46], screen
time before bedtime [47], the use of sleep medication
[48], and the presence of chronic conditions [49]. To test
whether the intervention effect differed between good
and poor sleepers, an interaction term program (inter-
vention versus control) by sleeping status (good versus
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poor) was added to all models. For those models where
this interaction term was statistically significant, simple
slope analyses were reported for good and poor sleepers.
To control for the nested structure of our data (i.e., par-
ticipants were nested within meeting points), we adjusted
the standard errors to prevent them from being inflated
due to clustering (multilevel analyses) [50]. All analyses
were performed using Mplus. Statistical significance was
set at p <0.05 [51].

Results
In total, 451 adults 55+ years were enrolled in this study
(58% intervention group and 42% control group). Post-
test data were collected from 385 participants (55% inter-
vention group and 45% control group). The data of 357
participants who met the determined minimum wear
time eligibility criteria of the accelerometer measurement
were included in the analyses (i.e., 93%). The interven-
tion group consisted of 200 participants (56%) from 14
meeting points (mean age 71.3years [SD+6.4]) and the
control group consisted of 157 participants (44%) from
13 meeting points (mean age 72.2years, [SD+6.7]). See
Fig. 1 for a detailed overview of participants (flow chart).
Table 1 represents a detailed overview of the par-
ticipants, the meeting points and the participants’
demographic characteristics. There were no statisti-
cally significant differences at baseline between the
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intervention and control groups in terms of demographic
and health characteristics.

T-test was used for the continuous variable (i.e., age)
and Chi-square tests were used for the categorical vari-
ables (i.e., sex, education, living situation, professional
status, sleep status); Only percentages of missing values
>5% are separately reported. Column percentages for the
separate variables may therefore not add up to 100%. Sig-
nificant P-values at o <0.05 are indicated with*.

Participants in the intervention group had significantly
higher average baseline MVPA levels (28.5 min/day) com-
pared with the control group (p<.001). There were no
statistically significant differences between the interven-
tion and control groups in terms of sleep characteristics
at baseline (See Table 2). Although the total sleep time
in both groups is lower than the average recommended
total sleep time for older adults [52, 53], the average sleep
efficiency in both groups is higher than the cut off value
of 85%, which is considered to be efficient sleep [43, 54].
The average number of awakenings is comparable for
both groups. The mean PSQI sleep quality score was 6
points out of 21 for all groups at all times, indicating a
poor quality sleep [35, 43, 54]. Of the 357 participants
included in the analyses, 168 were classified as good
sleepers (47%) of which 69 participants in the control
groups and 99 participants in the intervention group, and
189 were classified as poor sleepers (53%) %) of which 88

Included in the study
n=451

Intervention group
n= 261 (58%)

Control group
n=192 (42%)

completed post-test
n=213 (82%)

discontinued study*
n=48 (18%)

completed post-test
n=172 (90%)

discontinued study*
n=20 (10%)

Excluded from analysis
I (insufficient wear time)

n= 13 (6%)

Included in analysis
n=200 (94%)

excluded from analysis
I (insufficient wear time)

n=15 (9%)

Included in analysis
n=157 (91%)

Fig. 1 Flow chart of the controlled study. *discontinuation of the study due to sickness or personal reasons of the participants
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Table 1 Demographic and health characteristics at baseline of participants in the intervention and control groups

Characteristic Intervention group (1=200in  Control group (=157 in 13  P-value
14 meeting points) meeting points)
Age Mean, £SD 71304+643 72.20+6.70 197
(Range) (55.72-89.53) (56.18-94.12)
Sex, n(%) Male 55 (27%) 55 (35%) 126
Female 145 (72%) 102 (65%)
Education, n(%) Low 87 (44%) 82 (52%) 207
Medium 61 (30%) 48 (31%)
High 43 (21%) 24(15%)
Living situation, n(%) Living alone 40 (20%) 114 (27%) 124
Cohabitant 160 (80%) 156 (73%)
Professional status, n(%) Retired 187 (94%) 150 (96%) 581
Professionally active 10 (5%) 6 (4%)
Sleep status Good sleeper 99 (49%) 69 (44%) 297
Poor sleeper 101 (51%) 88 (56%)
Smoking, n(%) No 184 (92%) 151 (96%) 309
Yes 9 (5%) 4 (3%)
Alcohol, n(%) No 149 (75%) 115 (73%) 468
Yes 42 (21%) 39 (25%)
Caffeine before bedtime, n(%) No 171 (86%) 126 (80%) 074
Yes 21 (10%) 27 (17%)
Screen time before bedtime, n(%) No 11 (5%) 8 (5%) 814
Yes Missing 177 (89%)12 (6%) 144 (92%)0 (0%)
Sleep medication, n(%) No 172 (86%) 129 (82%) 346
Yes 25 (13%) 25 (16%)
Chronic condition, n(%) No 101 (51%) 87 (55%) 296
Yes 81 (40%) 55 (35%)
Missing 18 (9%) 15 (10%)
Table 2 MVPA levels and sleep parameters at baseline (T0) and posttest (T1)
Outcomes Parameter, mean Baseline (TO) Posttest (T1)
(£5D) Intervention Control (n =157) P-value Intervention Control (n =157) P-value
(n = 200) (n = 200)
Physical activity MVPA (min/day) 15842 (£92.45) 122.17 (£83.52) <0.001* 179.75 (£83.75) 120.88 (£78.83) <0.001*
Objective sleep Sleep efficiency (%)  93.90 (+2.80) 93.90 (£3.21) 996 94.13 (£2.68) 94.38 (£2.81) 401
measures
Total sleep time 356.28 (+79.48) 344.42 (£80.90) .166 359.93 (£76.62) 351.05 (£83.84) 298
(min/night)
WASO (min/night) 2272 (£11.18) 2153 (£12.10) 336 21.3(£10.51) 20.69 (£11.36) 327
Number of awaken-  9.95 (£4.70) 9.28 (+4.91) 189 9.73 (£4.45) 8.90 (+4.70) 089
ings/night
Subjective sleep Sleep quality, PSQI 6 (+4) 6 (+4) 362 6 (£3) 6 (+4) 677

measures

total score

participants in the control groups and 101 participants in

the intervention group.

Data are raw means. PSQI total score (range 0 to 21

points), score > 5 indicates poor-quality sleep [35, 43]. TO:
measurement at baseline, T1: measurement at posttest;
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Table 3 Effects of the lifestyle program ‘Lekker Actief’on MVPA levels, compared with the control group

Physical activity Model B (C195%) P

MVPA (min/day) crude model: overall 3844 (12.55-64.33) .004*
partially adjusted model: overall 36.49 (9.38-63.60) .008*
fully adjusted model: overall 43.02 (12.83-73.22) .005*

WASO: wake time after sleep onset; Significant P-values
at a <0.05 are indicated with *.

Effects of the lifestyle program ‘Lekker Actief’ on MVPA
levels

There were significantly positive effects of ‘Lekker Actief’
on MVPA levels (see Table 3). Compared with the control
group, MVPA levels of the intervention group increased
with 38.44min/day (CI 95% 12.55; 64.33, crude model),
36.49min/day (CI 95% 9.38; 63.60, partially adjusted
model) and; 43.02min/day (CI 95% 12.83; 73.22, fully
adjusted model). In all models, the interaction term pro-
gram by sleeping status was nonsignificant.

Crude model (condition and MVPA levels at TO and
T1), partially adjusted model (crude model adjusted for
age, sex, education, living situation, professional status);
fully adjusted model (partially adjusted model adjusted
for smoking, use of alcohol, caffeine or screen time before
bedtime, use of sleep medication, presence of chronic
conditions). Significant P-values at a <0.05 are indicated
with *; B=unstandardised beta.

Effects of the lifestyle program ‘Lekker Actief’ on sleep
In general, there were no statistically significant main
effects of the program on sleep outcomes (See Table 4).

Only two interaction terms were significant. First, in the
crude model predicting wake after sleep onset, the inter-
action term program by sleeping status was significant
(B=—-3.43, CI 95% -6.78; —0.08). Simple slope analysis
revealed that among poor sleepers, the intervention pro-
gram did not have any effect on wake after sleep onset
(B=—1.04, CI 95% -3.16; 1.09), neither was the effect
of the intervention program on wake after sleep onset
among good sleepers significant (B=2.40, CI 95% -0.05;
4.84). Second, in the crude model predicting number
of awakenings, the interaction term was also significant
(B=—1.80, CI 95% -3.40; —0.20). Simple slope analy-
sis revealed that among poor sleepers, the intervention
program did not have any effect on the number of awak-
enings (B=—0.36, CI 95% -1.29; 0.57), while the inter-
vention increased the number of awakenings among
good sleepers with 1.44 (CI 95% 0.49; 2.24). In all other
models, the interaction terms were nonsignificant (all
P’s>.06).

Crude model (condition and MVPA levels at TO and
T1), partially adjusted model (crude model adjusted for
age, sex, education, living situation, professional status);
fully adjusted model (partially adjusted model adjusted
for smoking, use of alcohol, caffeine or screen time before
bedtime, use of sleep medication, presence of chronic

Table 4 Effects of the lifestyle program ‘Lekker Actief’ on objective and subjective sleep outcomes, compared with the control group

Sleep parameter Model B (C195%) P
Sleep efficiency (%) crude model: overall —0.25 (—0.70;0.21) 293
partially adjusted model: overall —0.27 (—0.78;0.24) 304
fully adjusted model: overall —0.12 (—0.60;0.37) 641
Total sleep time (minutes/night) crude model: overall 216 (—=17.74; 22.05) 832
partially adjusted model: overall 1.82 (—16.24; 19.88) 843
fully adjusted model: overall 4.99 (—11.85;21.83) 561
Wake after sleep onset (minutes/night) crude model: overall 048 (—1.15;2.11) 563
partially adjusted model: overall 0.64 (—1.20;2.47) 498
fully adjusted model: overall —0.14 (—1.97.1.69) 880
Number of awakenings/night crude model: overall 042 (—0.12;0.97) 129
partially adjusted model: overall 0.56 (—0.06; 1.17) 076
fully adjusted model: overall 0.26 (—0.36;0.89) 410
PSQl sleep quality (total score) crude model: overall 0.07 (—0.39;0.52) 772
partially adjusted model: overall 0.03 (—0.42;0.48) 906
fully adjusted model: overall 0.04 (—0.57;0.65) 897
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conditions). Significant P-values at a« <0.05 are indicated
with *; B=unstandardised beta.

Discussion

The aims of this controlled pretest-posttest study were
twofold: 1) examine the effects of a lifestyle program on
device-measured moderate-to-vigorous physical activ-
ity and objective and subjective sleep (i.e., objective
sleep outcomes: sleep efficiency, total sleep time, WASO
and number of awakenings and subjective sleep quality
(PSQI)) in adults aged 55+ years; and 2) examine if the
effects differed between good and poor sleepers. In what
follows, we will discuss possible reasons for the fact that
although the program successfully increased MVPA lev-
els, only few significant and clinically relevant findings
were observed for sleep.

Effects of ‘Lekker Actief’ on MVPA and sleep

The program was effective in increasing MVPA levels
with 43 min per day in the fully adjusted models. This
is not only statistically significant, but also a relevant
increase. Recent PA guidelines for older adults indicate
that a minimum level of 150min MVPA per week is
needed for health benefits [29, 30]. If we translate this to
a daily level to put the effects of ‘Lekker Actief” into per-
spective, this means that the recommendation of 21 min
of MVPA (150min/7 days) is almost achieved twice after
participation in this program. Despite these significant
increased MVPA levels, there were no significant effects
of ‘Lekker Actief” on sleep. Thus, even though more con-
trolled studies, as described in a recent review, previously
established positive effects of PA on WASO, sleep qual-
ity, sleep latency and sleep disturbances [5], these find-
ings could not be confirmed in our intervention study in
a real-life setting.

Given the growing life expectancy and the increased
prevalence of sleep problems at higher age, it is crucial to
detect which programs could benefit sleep for good and
poor sleepers separately. Only two interactions between
program and sleep condition were significant: one when
predicting wake after sleep onset and one when predict-
ing the number of awakenings. Yet, these interactions
were only significant in the crude models and not in the
partially or fully adjusted model. Furthermore, the simple
slopes where either not significant (regarding wake after
sleep onset), or clinically not relevant. In general, we can
therefore conclude that the intervention effect did not
differ between good and poor sleepers. Interestingly, in
contrast to our study, previous research reported a posi-
tive effect of regular exercise on sleep in older adults that
were considered poor sleepers [27, 28]. More specifi-
cally, a study by Yang et al. (2012) reviewed studies that
examined the benefits of exercise training programs for
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sleep in middle aged and older adults with sleep prob-
lems measured by PSQI and polysomnography [27].
These authors concluded that sleep latency, sleep medi-
cation and subjective sleep quality were improved after
following a moderate to high intensity exercise training
program. A more recent review by Lowe et al. (2019)
examined the effects of daily exercise sessions on sleep
in adults with insomnia [28]. This review showed that
after following an exercise intervention, subjective sleep
quality, sleep latency and sleep efficiency was improved,
regardless of the exercise intensity. Even though these
reviews focused on exercise programs, and not on MVPA
as was the case in our study, our finding that ‘Lekker
Actief’ did not affect sleep outcomes is in contrast with
the conclusion by Lowe et al. (2019). Potential reasons for
the discrepancy in findings between those studies and the
present study will be discussed below.

With respect to good sleepers, Vanderlinden et al.
(2020) reviewed the effects of PA programs on sleep in
older adults without sleep problems and concluded that
quality of sleep, sleep latency, sleep disturbances, WASO,
sleep duration and sleep efficiency were improved after
following a PA program in more controlled settings
[5]. Our present intervention study did not confirm
these previously found positive effects for these sleep
outcomes.

Possible reasons for the few significant and clinically
limited findings in terms of sleep

This study found only few statistically significant and
clinically relevant results in terms of sleep. Three possi-
ble reasons that we will discuss below include: the real-
life context of the ‘Lekker Actief’ program, the use of
accelerometry to measure MVPA and sleep and the 24h
continuum.

The real-life context of the ‘Lekker Actief’ program

The real-life context of this program represents a natural
setting, which might have caused a dilution of the effects
on sleep outcomes that were found in more controlled
studies. This explanation is in line with the conclusions of
a previously published review on the translation of pro-
gram effectiveness to real-life programs in diabetes type
2 patients [55]. The authors of this review identified three
key factors that might explain the difference between
results from more controlled, lab-based studies and
real-life studies: (1) participation levels in the program,
(2) intensity and frequency of the program (3); imple-
mentation fidelity.

First, in terms of the participation levels in our study,
it was not possible for us to register the session attend-
ance of participants because of two reasons. First, OKRA
SPORT+, who organized the program, wanted to keep
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the participation burden for the local organizers as low
as possible. Second, given the self-determination theory,
which formed the theoretical backbone of this program,
controlling for sessions attendance might have a nega-
tive effect on the self-perceived autonomy of the par-
ticipants. Consequently, we were not able to control for
program adherence in our analyses. It may have been the
case that there would be an effect on sleep in people with
higher participation rates, as has previously been shown
in PA intervention studies [56, 57]. Second, with regard
to the intensity, frequency and type of exercise, the ‘Lek-
ker Actief” program was developed and organized by the
socio-cultural organization (OKRA SPORT+). There-
fore, we did not have a possibility to change or control
the content of the program itself. The different compo-
nents in this real-life lifestyle program (walking, muscle
strengthening and healthy nutrition) were not offered in
each meeting point in the same standardised way or dos-
age which could have impacted the effects on MVPA or
sleep. In addition, the 12-week duration of the program
might have been too short to establish more and larger
effects on sleep, considering that PA programs with a
duration of six months and more have shown larger
effects on sleep outcomes [5]. In addition to this second
key factor, the attained frequency (session attendance)
and intensity (compliance with MVPA) of the program
was not monitored by use of exertion scales or heart rate
measurement during the program. Monitoring intensity
may have provided participants with feedback and the
possibility to adjust their intensity levels if they did low
intensity rather than MVPA. We cannot exclude the pos-
sibility that the dose of MVPA might not have been high
enough to replicate the positive effects on sleep observed
in more strictly controlled studies. Furthermore, ‘Lek-
ker Actief’ was intended to increase MVPA levels and
this was communicated to the participants. The lack of
significant positive effects on sleep could also be based
upon the fact that our participants were not focused on
improving sleep during the program, as was the case
in other studies that did show significant and positive
effects on sleep [5].

Third, in terms of implementation fidelity, no quality
assurance was implemented in our study to assess the
extent to which the program was delivered in real-life as
originally intended by the organization OKRA SPORT+.
In order to successfully facilitate translation of estab-
lished effects from more controlled lab-based studies in
to community settings, Miller et al. (2012) emphasized
that program fidelity, staff and organizational capac-
ity and engagement as well as a program evaluation
constitute important steps in this translation process
[58]. Future organisers of real-life lifestyle programs are
encouraged to focus on these criteria.
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The use of accelerometry to measure MVPA and sleep
Another potential reason for the clinically limited find-
ings is the use of accelerometry, more specifically Acti-
graphs, to objectively measure sleep. Although these
devices are shown to be reliable in measuring sleep in this
population group, polysomnography could have provided
more in-depth data in terms of sleep stages and might
also have been more sensitive to detect smaller changes
in sleep compared with the Actigraph. These actigraphs
are less expensive and easier to use when compared with
polysomnography, which makes this method more real-
istic to use when assessing sleep in larger samples [37].
Furthermore, polysomnography is performed in a clinical
or controlled sleep lab setting, which does not represent
a natural sleep environment compared with accelerom-
etry measurement, which can be performed in the par-
ticipants’ own bed (room). Finally, the placement of the
accelerometer (i.e. wrist-worn) could have affected the
effects in this study [59]. It is known that hip-worn accel-
erometers reproduce much smaller acceleration values
during walking than wrist-worn accelerometers which in
turn could result in a misclassification of LPA as MVPA.
Indeed, a recent study by Bammann et al. (2021) in which
older participants wore Actigraph GT3x+ accelerom-
eters on the ankle, hip and wrist, concluded that there
was a higher inter-individual variability of arm move-
ment (wrist-worn accelerometer) compared with core
body (hip or ankle-worn accelerometer) during activity
[40]. In this study, we used this wrist-worn placement
for measures of both MVPA levels and sleep. In order to
identify MVPA levels and avoid misclassification of LPA
as MVPA, we made use of a tri-axial vector magnitude
(VM3) cut-point (>3268 CPM) for wrist-worn actigra-
phy in older adults [40].

Although wrist-worn accelerometry is preferred above
waist-worn accelerometry when assessing sleep [60, 61],
waist-worn accelerometry is preferred for measuring PA
[62, 63]. Previous studies also showed valid results when
using wrist-worn accelerometers for measuring physical
activity [21, 36, 41].

Time and type of PA and the circadian rhythm
Previous studies in more controlled settings have already
established positive effects of PA programs on sleep in
older adults. However, as already discussed in the review
by Vanderlinden et al. (2020), it remains unclear how
timing and type of exercise might impact sleep [5].
Although previous studies in more controlled settings
have already established positive effects of PA programs
on sleep in older adults, it remains unclear how timing
and type of exercise might impact sleep [5]. Exercising at
different times throughout the circadian rhythm could
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result in different effects on sleep. With regard to time of
PA, previous research has already shown that exposure
to bright daylight improves sleep [19, 20]. Furthermore,
vigorous intensity physical activity prior to bedtime
could worsen sleep outcomes as it would increase bod-
ily temperature, which in turn is not conducive for sleep
[64, 65]. Regarding the type of PA, different types of PA
(i.e. aerobic exercise versus resistance training) might go
along with different effects on sleep, although evidence
on the ideal type of exercise for sleep in older adults is
still lacking [66]. Finally, individual characteristics of par-
ticipants (i.e. circadian rhythm, chronotypes) could also
have impacted the effects of the program on sleep [19, 20,
67]. Although these factors may have affected the effects
of PA on sleep, we did not control for participants that
performed other types of exercise on top of the compo-
nents of this real-life program, nor did we control for the
exact time of the day when participants were physically
active, or collected data about their actual chronotype.

Strengths and limitations

This study has several strengths and limitations. Strengths
include the focus on a lifestyle program in a real-life set-
ting, which favours the ecological validity of the findings;
an intervention in a large sample size of older adults and;
the device-based measurement of MVPA and the avail-
ability of subjective and objective sleep data. There are
also several limitations. First, this study was a non-ran-
domised controlled trial, which may have caused bias.
Despite this lack of randomisation, we did match partici-
pants of the intervention group with the control groups
in terms of regions and the number of participants per
meeting points. Second, we are not sure that the dose of
PA in this program was delivered as initially intended,
given that we were not able to register and monitor the
session attendance and compliance with intensity of
physical activity during the program. Consequently, we
could not control for these indicators in the analysis in
this study, which might have caused an underestimation
of the effects and associations. Third, although we used
several objective and subjective sleep outcomes, we per-
formed several analyses in different models. Therefore,
the possibility of a type 1 error cannot be excluded. Based
upon a set o 0.05, there is a 5% possibility that significant
findings might be based on coincidence rather than on
significance. Finally, the use of wrist-worn devices is a
limitation as this wear-location might lead to an overes-
timation MVPA time, which is reflected in high MVPA
levels in both conditions at baseline [40, 59].

Generalizability and implications
As the lifestyle program ‘Lekker Actief’ was not intended
to improve sleep, its components (i.e., walking program,
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muscle strengthening program and healthy nutri-
tion) were mainly focused on increasing MVPA levels
and overall health. Based on findings from more con-
trolled studies examining the effects of PA and exercise
programs on sleep, one of the aims of this study was to
explore whether real-life lifestyle programs that offer
MVPA could also be used to promote sleep in older
adults. Only participating meeting points in the real-life
lifestyle program ‘Lekker Actief” were eligible for the
inclusion in the intervention group. This selective sam-
pling strategy could have caused selection bias. Finally,
when comparing baseline measures of MVPA levels and
sleep between conditions and with the general popula-
tion, it became clear that the older adults in this study
were generally more active when compared with the Bel-
gian population of the same age [7, 68]. Moreover, the
older adults in the intervention group were significantly
more active at baseline when compared with the control
group. Therefore, the generalizability of our data to more
inactive older adults can be questioned. It could be possi-
ble that in older adults with lower MVPA baseline levels,
increases in MVPA could result in improved sleep as has
been observed in previous studies.

It is clear from this study that the findings from pre-
vious more controlled studies do not equally translate to
real-life studies like ‘Lekker Actief” with regard to positive
effects on sleep. In order to facilitate this translation to a
real-life setting, future lifestyle programs for older adults
should include strategies to monitor session attendance
and compliance with the intended program intensity of
each program session to ensure that the intended dose
of MVPA is achieved. Although there are indications for
a different effect of physical activity on good and poor
sleepers, this was not confirmed in the present study. It is
recommended that, in order to increase focus on improv-
ing sleep in these lifestyle programs, a sleep enhancing
component (i.e. sleep hygiene advice, cognitive behav-
ioural therapy or relaxation), preferably provided by
a licensed sleep therapist, might increase the overall
impact on sleep [69-72].

Conclusion

This intervention study showed that ‘Lekker Actief, a
lifestyle program in a real-life setting for adults aged 55+
years, was effective in increasing MVPA levels among
older adults, but it showed no positive effect on sleep
outcomes. Effects did not differ between good or poor
sleepers. Future lifestyle programs that aim to improve
sleep in older adults by means of increasing MVPA levels,
are advised to ensure that participants receive a sufficient
dose of physical activity to positively affect sleep, poten-
tially in combination with a sleep enhancing component.
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