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Abstract
Background Physical activity (PA) and exercise interventions offer health benefits can reduce dementia risk. 
However, there might be barriers to engage in PA, such as sleep problems, depressive symptoms and pain, which 
are common complaints with older adults. We investigated sleep duration, sleep quality, depressive symptoms, 
and pain at baseline as potential determinants of: (i) adherence to the exercise intervention component of a 
2-year multidomain lifestyle intervention; (ii) intervention’s effect on PA after 2 years; and (iii) overall PA after 2 years 
(exploratory analyses).

Methods The FINGER trial included 1259 individuals at risk for dementia, aged 60–77 years who were randomized 
(1:1) to a multidomain lifestyle intervention (exercise, diet, cognitive training, vascular risk factor management) or a 
control (regular health advice) group. Logistic regression analyses were used with exercise adherence (adherent: ≥66% 
participation) or self-reported PA (active: ≥2 times/week) as outcomes, adjusted for relevant baseline characteristics. 
Data on PA at baseline and at 2-years were available for 1100 participants.

Results Adherence to the exercise intervention was less likely with sleep duration < 6 h or ≥ 9 h per night compared 
with 7–8 h. OR (95% CI) were 0.46 (0.21–0.99) and 0.38 (0.20–0.74), respectively. The intervention group was more 
likely to be physically active than the control group at two years (OR 1.87, 95% CI 1.36–2.55). This intervention benefit 
did not significantly vary by baseline sleep duration, depressive symptoms, or pain (p > 0.3 for all interactions). 
Regardless of randomization group, those sleeping < 6 h were less likely to be physically active at two years, compared 
with participants sleeping 7–8 h (OR 0.36, 95% CI 0.18–0.72). Depressive symptoms or pain were not related to PA at 
two years.
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Introduction
Older adults meeting physical activity (PA) recommenda-
tions have a reduced risk of non-communicable diseases 
such as cardiovascular disease [1, 2] and diabetes [3]. 
Sufficient PA has been associated with reduced risk of 
cognitive decline and dementia, particularly Alzheimer’s 
disease (AD) [4, 5]. Older adults are the most sedentary 
age group [6]. Furthermore, as ageing is associated with a 
higher risk for cognitive decline and other health-related 
challenges [5, 7], it is crucial to investigate potential bar-
riers to participation in lifestyle intervention programs 
including maintaining a physically active lifestyle. Sleep 
problems, depressive symptoms, and pain are common 
complaints in late life [8–11], often co-occurring [12–14], 
impacting negatively on PA. This impact on PA has been 
less investigated in the context of intervention studies 
and most earlier studies have focused primarily on how 
PA affects sleep, depressive symptoms and pain [15, 16].

Two observational studies showed the previous night 
actigraphy measured sleep efficiency and self-reported 
longer sleep duration predicting greater PA level the next 
day in older adults [17, 18]. Similarly, a 2-year longitu-
dinal observational study in community-dwelling older 
adults reported that prior self-reported poor sleep quality 
predicted lower PA [19]. An 18-week lifestyle interven-
tion study showed that better self-reported sleep qual-
ity was associated with increased PA the next day [20]. 
Depressive symptoms have been associated with physical 
inactivity in older populations [21, 22]. For instance, in a 
longitudinal study, depressive symptoms predicted lower 
levels of PA after two years [23]. A few lifestyle interven-
tion studies have reported lower exercise participation 
rates in people with increased depressive symptoms [24–
27]. Pain, often resulting from age-related musculoskel-
etal conditions or other causes, has also been associated 
with lower levels of PA [28–30]. However, the associa-
tions of impaired sleep or pain on exercise intervention 
participation have been poorly explored previously, par-
ticularly in the context of dementia prevention.

Multidomain lifestyle interventions including exer-
cise are increasingly recognised as a promising demen-
tia risk reduction strategy [5, 31]. The Finnish Geriatric 
Intervention Study to Prevent Cognitive Impairment and 
Disability (FINGER) was the first large-scale long-
term randomized controlled trial to show that a 2-year 

multidomain lifestyle intervention - combining exercise, 
diet, cognitive training and vascular risk factor manage-
ment could improve or maintain cognition in older adults 
at risk for dementia [31]. Cognitive benefits were also 
associated with better adherence to the intervention [32]. 
This study investigated self-reported sleep duration, sleep 
quality, depressive symptoms, and bodily pain at baseline 
as potential determinants of: (i) adherence to the exer-
cise component within the intervention group; (ii) inter-
vention effect on PA after two years; and (iii) overall PA 
levels after two years in all trial participants (exploratory 
analyses).

Methods
This study is reported in accordance with the Con-
solidated Standards of Reporting Trials (CONSORT) 
guidelines.

Population and intervention
FINGER (ClinicalTrials.gov identifier NCT01041989) 
was a 2-year randomized controlled trial conducted at six 
clinical sites in Finland involving 1259 older individuals 
at risk for dementia. The detailed protocol and primary 
results have been previously published [33]. Partici-
pants were aged 60–77 years, had a Cardiovascular Risk 
Factors, Aging and Dementia (CAIDE) risk score of ≥ 6 
points - indicating higher dementia risk, and cognitive 
performance around the mean level or slightly lower than 
expected for age according to Finnish population norms 
[31]. Participants with dementia or conditions affecting 
safe participation were excluded. Eligible participants 
were randomized (1:1) into multidomain intervention 
and control groups, in blocks of four (two individu-
als randomly allocated to each group) at each site after 
baseline by the study nurse. Double blinding was imple-
mented as much as possible: outcome assessors were 
blinded, and participants were not explicitly informed 
about their randomization group.

The control group received general health advice. The 
intervention group received a multidomain interven-
tion comprising several components: physical exercise, 
nutritional guidance, cognitive training, social stimula-
tion, and monitoring and management of metabolic and 
vascular risk factors. The exercise component followed 
international guidelines and included group training 

Conclusions Older adults with sleep problems, depressive symptoms, or pain may benefit from lifestyle 
interventions. However, both short and long sleep duration can pose barriers to engaging in exercise intervention 
and should be carefully considered when designing strategies to promote PA among older populations at risk for 
dementia.

Trial registration The FINGER trial was registered at ClinicalTrials.gov with identifier NCT01041989 on 04/01/2010.
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sessions at the gym, guided by the study physiotherapists. 
The training program was individually tailored based on 
repetition maximum measurements and incorporated 
progressive muscle strength training (1–3 times/week) 
and aerobic exercise (2–5 times/week), including exer-
cises to improve postural balance [31, 33].

The primary outcome of the FINGER trial was change 
in cognition measured with a comprehensive neuropsy-
chological test battery (NTB) total score [31]. The pres-
ent study represents an exploratory analysis investigating 
baseline sleep, depressive symptoms, and pain as poten-
tial determinants of exercise adherence and self-reported 
physical activity at the 2-year follow-up.

Assessment of physical activity, sleep, depressive 
symptoms, and pain
Exercise adherence in the intervention group was defined 
as the percentage of participation in the offered gym 
sessions. Participants were considered adherent if they 
attended in at least 66% of the exercise training sessions, 
a previously proposed suitable cut-off for behavioral 
interventions [32, 34].

PA in all trial participants was assessed as the self-
reported frequency of exercise activities lasting at least 
20  min and having sufficient intensity to cause slight 
breathlessness and sweating. Based on a previously 
defined cut-off, participants reporting a frequency of 
at least two times per week were considered physically 
active [35].

Self-reported average duration of sleep during the 
night was categorized as < 6  h, ≥ 6–<7  h, ≥ 7–<8  h, 
≥ 8–<9  h, and ≥ 9  h. The recommended sleep duration 
for older adults is ≥ 7–<8  h per night [36]. Sleep qual-
ity was calculated as a composite index based on seven 
sleep-related questions (Appendix Table 3). A cut-off of 
≥ 40/100 was used to define poor sleep quality. Depres-
sive symptoms were assessed using the Zung scale, and 
cut-off for at least mild depressive symptoms was set to 
≥ 40, as previously defined [37–39]. Pain was measured 
using a composite index based on the RAND-36 bodily 
pain scale [40]; cut-off was set to ≥ 40/100 for indicating 
at least moderate pain that interferes with daily activities 
and work (Appendix Table 3).

Statistical analysis
Data analyses in this study were exploratory. A study 
flowchart illustrating the study design with a focus on PA 
and exercise intervention adherence as the outcomes is 
presented in Fig. 1.

Descriptive analyses
Between-group differences in baseline characteris-
tics were analyzed with t-test and one-way ANOVA for 
normally distributed variables, Mann-Whitney test or 

Kruskal-Wallis test for non-normally distributed vari-
ables, and Chi-square test for categorical variables. 
Cross-sectional associations between sleep duration, 
sleep quality, depressive symptoms or pain and PA at 
baseline (active versus inactive) were analyzed using 
logistic regression models, adjusted for study site and 
other potential confounders (age, sex, education, body 
mass index (BMI), marital status, self-rated health status).

Baseline sleep, depressive symptoms and pain as potential 
determinants of exercise intervention adherence (adherent 
versus non-adherent, intervention group participants)
Logistic regression models were adjusted for study site, 
baseline PA, age, sex, education, BMI, marital status, 
self-rated health status (Model 1). Model 2 additionally 
adjusted for the potential impact of relevant baseline 
medications (for sleep problems, depressive symptoms 
or pain). Model 3 was based on Model 1, with additional 
adjustment for the potential impact of baseline cognitive 
performance (total NTB score). For sleep, the recom-
mended duration of 7–8  h/night was used as the refer-
ence category [36]. The effects of depressive symptoms 
on exercise adherence have been reported previously [24, 
27].

Baseline sleep, depressive symptoms, and pain as potential 
determinants of intervention effect on self-reported PA 
(active/inactive) after 2 years
Analyses included all intervention and control group 
participants with PA data available from both baseline 
and 2-year visits. To assess the intervention effect on 
PA, logistic regression was conducted with PA after the 
2-year trial as dependent variable and randomization 
group as independent variable, adjusted as in Model 1 
above. To evaluate whether the effect on PA was modi-
fied by baseline sleep duration or quality, depressive 
symptoms or pain, the following terms were separately 
added to the logistic regression model: (i) sleep dura-
tion and sleep duration×randomization group interac-
tion; (ii) sleep quality and sleep quality×randomization 
group interaction; (iii) depressive symptoms and depres-
sive symptoms×randomization group interaction; and 
(iv) pain and pain×randomization group interaction. We 
report the two-way interactions and the intervention 
effect stratified by sleep duration, sleep quality, depres-
sive symptoms, and pain categories.

Baseline sleep, depressive symptoms, and pain as potential 
determinants of overall PA after 2 years
Logistic regression models were conducted with PA at 
the 2-year follow-up as the dependent variable, and sleep, 
depressive symptoms, or pain as independent variables, 
adjusted as in Models 1–3 above.
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All analyses were conducted using STATA version 14 
software, and the significance level was set to 0.05.

Results
A total of 1100 participants (87.4%) had PA data avail-
able at both baseline and 2-year visits (Fig.  1). At base-
line, there were no significant differences between 
intervention and control groups. Overall, compared with 
participants who were active at baseline, inactive partici-
pants had a higher BMI, worse self-rated health, poorer 
sleep quality, more pain and more depressive symptoms 
(Table 1). Participants without available PA data (n = 159) 
were slightly older, had a lower education and cognition, 
and more pain, with a trend toward more frequently short 
or long sleep duration than participants with available 
PA data (Appendix Table 4). Sleep duration, sleep qual-
ity, depressive symptoms and pain were all significantly 
associated with each other at baseline (Appendix Table 5, 
and 6). Cross-sectional analyses at baseline showed that 
participants with depressive symptoms or shorter sleep 
duration (≥ 6–<7 h compared with ≥ 7–<8 h/night) were 
less likely to be physically active: (OR 0.70, 95% CI 0.50–
1.00) and (OR 0.66, 95% CI 0.44–1.00), respectively.

Baseline sleep, depressive symptoms and pain as potential 
determinants of exercise intervention adherence
Of the intervention group participants, 48% adhered 
to the exercise training program. Adherence varied by 
sleep duration. The lowest adherence rates (32% and 
33%) were observed among participants with the longest 
(≥ 9  h) and shortest (< 6  h) sleep duration. Participants 
sleeping ≥ 6–<7  h, ≥ 7–<8  h, ≥ 8–<9  h were more often 
adherent (51%, 52% and 50%, respectively). As expected, 
adherent participants were also more likely to be physi-
cally active after the 2-year intervention (OR 3.37, 95% CI 
1.99–5.73).

Participants sleeping either < 6  h or ≥ 9  h were sig-
nificantly less likely to be adherent compared with par-
ticipants sleeping ≥ 7–<8 h, (OR 0.46, 95% CI 0.21–0.99) 
and (OR 0.38, 95% CI 0.20–0.74), respectively (Model 1, 
Table 2). Restricting the analysis to participants with PA 
data available at both baseline and 2-year visits did not 
substantially change the results. Further adjustment for 
sleep medication (Model 2) or baseline cognition (Model 
3) resulted in consistent findings. The effect of baseline 
short (< 6 h) and long (≥ 9 h) sleep duration on exercise 
intervention adherence remained similar in additional 
analyses adjusting Model 1 for depressive symptoms and 

Fig. 1 Study flowchart
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pain (OR 0.37, 95% CI 0.16–0.88), and (OR 0.39, 95% CI 
0.19–0.80), respectively. Sleep quality and pain were not 
significantly associated with exercise intervention adher-
ence (Table 2).

Baseline sleep, depressive symptoms, and pain as potential 
determinants of intervention effect on PA at the 2-year 
follow-up
As expected, participants who were physically active at 
baseline were more likely to remain physically active also 
after 2 years, regardless of the randomization group (OR 
7.60, 95% CI 5.51–10.48). PA increased significantly more 
in the intervention group compared with control group 
(OR 1.87, 95% CI 1.36–2.55). This intervention benefit on 
self-reported PA did not significantly differ by baseline 
sleep duration or quality, depressive symptoms, or pain 
(p > 0.3 for all interactions, Table  3). In stratified analy-
ses by baseline sleep duration, sleep quality, depressive 
symptoms, or pain (Table  3), all ORs for intervention-
control differences in 2-year PA indicated a favorable 
intervention effect on PA regardless of these baseline 
characteristics (ORs from 1.68 to 5.46), except for long 
sleep duration (OR = 1).

Baseline sleep, depressive symptoms, and pain as potential 
determinants of overall PA after 2 years
Compared with a sleep duration of ≥ 7–<8 h sleep, par-
ticipants who slept < 6 h at baseline were less likely to be 
physically active at two years, (OR 0.36, 95% CI 0.18–
0.72) (Model 1, Table  4). Results were consistent after 
additional adjustments for sleep medication (Model 2) 
and baseline cognition (Model 3). Further adjustment in 
Model 1 for depressive symptoms and pain did not alter 
the results (OR 0.34, 95% CI 0.17–0.67). A similar trend 
was observed for participants sleeping ≥ 6–<7  h com-
pared with ≥ 7–<8  h: (OR 0.65, 95% CI 0.41–1.03); and 
for poor versus better sleep quality (OR 0.68, 95% CI 0.46 
− 1.01) (Table 4). Other sleep duration categories, depres-
sive symptoms, or pain were not significantly associated 
with PA after 2 years.

Discussion
In the context of multidomain lifestyle interventions for 
dementia risk reduction, this study is among the first to 
investigate the associations of sleep, depressive symp-
toms, and pain with both the exercise intervention adher-
ence and PA after a 2-year trial targeting older adults at 

Table 1 Baseline characteristics of the FINGER participants with available physical activity data at both baseline and the 2-year 
follow-up

Intervention 
Group
N = 546

Control Group
N = 554

p-value Physically ac-
tive ≥ 2 times a 
week
N = 786

Physically ac-
tive < 2 times a 
week
N = 314

p 
value

Age, mean (SD) 68.9 (4.6) 68.5 (4.7) 0.172 68.8 (4.7) 68.5 (4.59) 0.301
Sex, female n (%) 242 (44.3%) 265 (47.8%) 0.243 371 (47.2%) 136 (43.3%) 0.243
Education years, mean (SD) 10.0 (3.5) 10.1 (3.5) 0.816 10.0 (3.4) 10.1 (3.5) 0.986
Body mass index, mean (SD) 28.2 (4.5) 28.0 (5.0) 0.546 27.8 (4.4) 29.2 (5.4) < 0.001
Self-rated health
Poor self-rated health, n (%) 18 (3.3%) 18 (3.3%) 0.492 6 (0.8%) 30 (9.6%) < 0.001
Average self-rated health, n (%) 204 (37.6%) 189 (34.2%) 257 (32.9%) 136 (43.3%)
Excellent or good self-rated health, n (%) 321 (59.1%) 346 (62.6%) 519 (66.4%) 148 (47.1%)
Cognition (NTB total score), mean (SD) -0.02 (0.56) 0.05 (0.58) 0.039 0.01 (0.57) 0.02 (0.59) 0.845
Physical activity at least 2 times a week, n (%) 383 (70.2%) 403 (72.7%) 0.340
Average sleep duration during the night
Sleep duration of < 6 h 33 (6.0%) 21 (3.8%) 0.532 39 (5.0%) 15 (4.8%) 0.084
Sleep duration of 6–7 h 85 (15.6%) 88 (16.0%) 111 (14.2%) 62 (19.8%)
Sleep duration of 7–8 h 190 (34.9%) 197 (35.7%) 292 (37.2%) 95 (30.4%)
Sleep duration of 8–9 h 188 (34.5%) 199 (36.0%) 277 (35.3%) 110 (35.1%)
Sleep duration of ≥ 9 h 49 (9.0%) 47 (8.5%) 65 (8.3%) 31 (9.9%)
Sleep quality index, mean (SD) 25.2 (17.0) 26.0 (17.2) 0.452 24.3 (15.7) 38.8 (19.6) < 0.001
Depressive symptoms, mean (SD) 34.0 (7.7) 33.8 (7.1) 0.614 33.2 (7.1) 35.6 (7.9) < 0.001
Bodily pain, mean (SD) 25.3 (22.2) 25.0 (21.3) 0.796 23.6 (20.3) 29.1 (24.7) 0.002
*At least 66% exercise intervention adherence 
(intervention group only), n (%)

304 (48.2%) 233 (53.4%) 69 (36.5%) < 0.001

NTB = Neuropsychological test battery

Numbers are means (SD), unless otherwise specified. P-values are shown from t-test for normally distributed variables and Mann-Whitney test for non-normally 
distributed variables (Sleep quality and Bodily pain), and chi square test for categorical variables. * Exercise adherence in the intervention group was defined as the 
percentage of participation in the offered gym sessions. Participants were considered adherent if they attended at least 66% of the exercise training sessions. The 
table shows number (%) of adherent participants
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Table 2 The impact of baseline sleep duration and quality, and pain on exercise adherence in the intervention group
Model 1.
Including all intervention 
group participants 

Model 2.
Including all interven-
tion group participants

Model 3.
Including all 
intervention group 
participants

Intervention group 
participants with PA 
information available

N OR (95% CI) OR (95% CI) OR (95% CI) N OR (95% 
CI)

Sleep duration < 6 h 614 0.46
(0.21–0.99)

0.41
(0.21–1.01)

0.46
(0.21–1.01)

536 0.43
(0.19–0.97)

Sleep duration ≥ 6–<7 h 1.18
(0.70–2.01)

1.20
(0.71–2.05)

1.19
(0.70–2.02)

1.13
(0.64–2.02)

Sleep duration ≤ 7–<8 h (ref ) 1 1 1 1
Sleep duration ≥ 8–<9 h 0.85

(0.56–1.29)
0.84
(0.55–1.27)

0.85
(0.56–1.29)

0.79
(0.50–1.24)

Sleep duration ≥ 9 h 0.38
(0.20–0.74)

0.37
(1.9–0.72)

0.39
(0.20–0.75)

0.40
(0.20–0.81)

Better sleep quality (index < 40) 615 1 1 1 536 1
Worse sleep quality (index ≥ 40) 1.2

(0.78–1.90)
1.29
(0.81–2.05)

1.22
(0.78–1.91)

1.1
(0.68–1.78)

No or mild bodily pain (RAND-36 
Bodily pain < 40)

609 1 1 1 533 1

Pronounced bodily pain (RAND-36 
Bodily pain ≥ 40)

0.90
(0.59–1.37)

0.80
(0.51–1.24)

0.90
(0.59–1.39)

0.87
(0.55–1.37)

ORs (95% CI) are shown from binary logistic regression models with at least 66% exercise adherence to the FINGER multidomain intervention as the outcome. Results 
are presented for all intervention participants, as well as separately for those who reported physical activity data at both baseline and at the 2-year follow-up. Values 
in bold correspond to p < 0.05

Model 1Adjusted for baseline physical activity, age, sex, education years, BMI, marital status and self-reported current health status at baseline

Model 2 is adjusted as model 1 and additionally adjusted for medications

Model 3 is adjusted as model 1 and additionally adjusted for cognition

Results for depressive symptoms were reported previously (27)

Table 3 Intervention effect on PA after 2 years, stratified by baseline sleep duration and quality, depressive symptoms, and pain
Likelihood of being physically active after 
2 years in the intervention compared with 
control group 

Difference 
between sleep, de-
pressive symptoms 
or pain groups

N OR 95% CI p-value, interac-
tion with random-
ization group

Sleep duration < 6 h 50 5.46 0.79–37.55 0.711
Sleep duration ≥ 6–<7 h 169 1.68 0.77–3.66 0.779
Sleep duration ≤ 7–<8 h (ref ) 379 2.15 1.24–3.75 REF
Sleep duration ≥ 8–<9 h 376 2.05 1.16–3.63 0.738
Sleep duration ≥ 9 h 96 1.00 0.31–3.27 0.322
Better sleep quality (index < 40) 874 1.89 1.33–2.70 0.921
Worse sleep quality (index ≥ 40) 205 1.95 0.98–3.88
No depressive symptoms (Zung score < 40) 842 1.74 1.21–2.49 0.302
At least mild depressive symptoms (Zung score ≥ 40) 217 2.75 1.32–5.69
No or mild bodily pain (RAND-36 Bodily pain < 40) 794 1.70 1.18–2.46 0.421
Pronounced bodily pain (RAND-36 Bodily pain ≥ 40) 280 2.62 1.35–5.08
ORs (95% CI) are presented from logistic regression models with physical activity after 2 years as the outcome, and adjusted for randomization group, baseline 
physical activity, age, sex, years of education, BMI, marital status and self-reported current health status at baseline. Models are stratified by baseline sleep duration, 
sleep quality, depressive symptoms, or pain. Values in bold indicate p < 0.05 for ORs within each sleep, depressive symptoms, or pain group. P-values for interactions 
of sleep, depressive symptoms, or pain groups and randomization group indicated no statistically significant differences in intervention effect on PA across these 
groups
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risk for dementia. Exercise intervention adherence was 
lower in participants with both the shortest (< 6  h) and 
longest (≥ 9 h) sleep duration, and in those with depres-
sive symptoms, as previously reported [27]. However, 
pain did not affect exercise adherence in this study. Self-
reported PA after 2 years improved significantly more in 
the intervention group compared with the control group. 
This intervention benefit on PA was not significantly 
influenced by baseline sleep duration or quality, depres-
sive symptoms, or pain levels. This is particularly impor-
tant since participants with < 6  h/night sleep duration 
were overall less likely to be physically active after 2 years 
in both randomization groups, and independently of 
depressive symptoms and pain. A similar trend was also 
observed for participants with ≥ 6–<7  h sleep duration 
(compared with the recommended ≥ 7–<8  h) and those 
with poor sleep quality. Overall, depressive symptoms 
or pain were not significantly associated with PA after 2 
years. The FINGER intervention included a structured 
and intensive group exercise program at the gym, super-
vised by a physiotherapist, which may have enhanced 
motivation and participation, thereby facilitating the 
intervention’s positive effect on PA.

A large body of previous research has focused on the 
beneficial effects of PA on various aspects of sleep [41, 
42], particularly in the context of exercise programs [16]. 
However, the role of sleep as a determinant of both exer-
cise intervention adherence and overall PA level has not 
been previously investigated in large-scale, longer-term 

randomized controlled trials. Previous observational 
studies have highlighted associations between sleep dura-
tion and PA. For instance, in a cross-sectional study of 
older adults, participants reporting short or long sleep, 
compared with the recommended sleep duration, were 
less likely to engage in PA [43]. In a prospective study of 
older adults, longer or shorter sleep duration (more or 
less than 6–8  h per night) was associated with a lower 
hand-grip strength and reduced PA levels [44]. Addi-
tionally, prior sleep quality was found to predict future 
PA levels, but not vice versa, in a 2-year follow-up study 
of community-dwelling older adults [19]. In a short-
term (18-week) lifestyle intervention study, sleep quality 
emerged as a predictor of PA in older adults [20].

The relationship between PA and sleep is complex, par-
ticularly in the context of dementia prevention, as the 
study population of the present research was at increased 
risk of dementia. A sufficient PA level has been shown to 
reduce the risk of cardiovascular disease [1, 2] and dia-
betes [3], while both short and long sleep durations have 
been associated with an increased risk for coronary artery 
disease, stroke, diabetes [45, 46], and hypertension [46, 
47], all of which are associated with dementia [5].Short 
sleep duration (≤ 6 h/night) in mid-life has been associ-
ated with an increased higher incidence of dementia in 
a > 30-year follow-up study, but in later life long sleep 
duration has also been associated with dementia [48]. 
The relationship between sleep and dementia is bidirec-
tional as the development of AD-related pathology can 

Table 4 Overall impact of baseline sleep duration and quality, depressive symptoms, and pain on physical activity after 2 years 
(intervention and control participants combined, including participants with physical activity information available at baseline and at 
2-years)

Model 1. Model 2. Model 3.
N OR (95% CI) OR (95% CI) OR (95% CI)

Sleep duration < 6 h 1079 0.36
(0.18–0.72)

0.36
(0.18–0.73)

0.39
(0.19–0.78)

Sleep duration ≥ 6–<7 h 0.65
(0.41–1.03)

0.65
(0.41–1.03)

0.65
(0.41–1.03)

Sleep duration ≤ 7–<8 h (ref ) 1 1 1
Sleep duration ≥ 8–<9 h 1.00

(0.68–1.46)
0.98
(0.67–1.44)

1.01
(0.69–1.47)

Sleep duration ≥ 9 h 0.89
(0.50–1.59)

0.88
(0.49–1.57)

0.89
(0.50–1.59)

Better sleep quality (index < 40) 1079 1 1 1
Worse sleep quality (index ≥ 40) 0.68

(0.46–1.01)
0.71
(0.47–1.06)

0.70
(0.47–1.03)

No depressive symptoms (Zung score < 40) 1059 1 1 1
At least mild depressive symptoms (Zung score ≥ 40) 1.06

(0.71–1.58)
1.09
(0.73–1.62)

1.04
(0.70–1.57)

No or mild bodily pain (RAND-36 Bodily pain < 40) 1074 1 1 1
Pronounced bodily pain (RAND-36 Bodily pain ≥ 40) 0.90

(0.62–1.30)
0.86
(0.59–1.25)

0.90
(0.61–1.29)

ORs (95% CI) are shown from binary logistic regression models, with physical activity after 2 years as the outcome. Values in bold indicate p < 0.05. Model 1 is adjusted 
for randomization group, baseline physical activity, age, sex, years of education, BMI, marital status, and self-reported current health status at baseline. Model 2 
includesthe adjustments from Model 1, with additional adjustments for medications. Model 3 includes adjustments from Model 1, with further adjustment for 
cognition
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disrupt sleep structure, and vice versa [49]. In the pres-
ent study among older adults without substantial cogni-
tive impairment but at risk for dementia, baseline sleep 
duration did not modify exercise intervention adherence 
and PA after two years, even adjusting for baseline cog-
nition. These findings suggest that older adults at risk of 
dementia who have difficulties engaging in PA and expe-
rience either short or long sleep durations may benefit 
from support in both exercise and sleep management. 
While the exact mechanisms remain unclear, it has been 
suggested that daytime fatigue due to insufficient sleep 
might play a role in the association between sleep and 
PA [17]. Even though exercise is a well-established non-
pharmacological intervention for improving sleep qual-
ity, its impact on short or long sleep duration remains 
less studied [50]. Future research should explore whether 
sleep problems would be associated with AD-related bio-
markers or pathology in people at risk of dementia, and 
whether our findings would also apply to individuals with 
mild cognitive impairment.

Depressive symptoms have been associated with 
poorer adherence to several intervention domains 
including exercise in multidomain lifestyle interventions 
[24, 32]. However, in this study, participants with depres-
sive symptoms still demonstrated an intervention benefit 
on PA after two years. Notably, participants had relatively 
low levels of depressive symptoms, which might have 
influenced the results. Although pain has been previously 
associated with lower levels of PA [28, 51], it did not sig-
nificantly impact adherence to exercise intervention or 
PA at the 2-year follow-up. Participants reporting pain 
at baseline appeared to benefit from the FINGER inter-
vention, potentially due to the flexibility for individual 
adjustments embedded within the standardized exercise 
training protocol.

A key strength of the present study lies in its the large-
scale, long-term randomized controlled trial design. The 
trial targeted older adults with risk factors for dementia, 
including cardiovascular risk factors, making the identifi-
cation of determinants for maintaining a physically active 
lifestyle particularly important. Furthermore, the exercise 
training program combined progressive muscle strength 
training and aerobic exercise guided by physiotherapists 
and tailored for individual needs. The adherence rate was 
meticulously tracked during the entire trial, providing 
robust insights into the intervention’s implementation 
and outcomes.

The study has several limitations. PA and sleep mea-
sures were self-reported and sleep quality was not 
assessed with a validated questionnaire or objective sleep 
registering. Additionally, data on other important aspects 
of sleep, such as depth and regularity, which have gained 
increasing attention in recent research [52, 53], were not 
available. The FINGER trial eligibility criteria excluded 

participants with substantial cognitive impairment, 
ongoing severe major depression or health conditions 
that could hinder safe engagement in the intervention. 
While these criteria ensured participants’ safety, they 
may limit the generalizability of the findings. Further-
more, participants with missing PA data were older, had 
lower education and cognition, and reported more pain 
and more frequent short or long sleep durations, which 
may have affected the results.

Conclusions
In conclusion, older adults at risk of dementia who expe-
rience challenges in maintaining PA due to sleep prob-
lems or depressive symptoms may still benefit from 
lifestyle interventions that include exercise. Pain did not 
seem to affect exercise adherence or PA. However, given 
that inadequate sleep duration is associated with depres-
sive symptoms and numerous other health issues, partic-
ular attention should be given to address short and long 
sleep duration and depressive symptoms within exercise 
interventions targeting people at risk of dementia. Future 
trials should explore whether managing sleep problems 
and depressive symptoms in this population can further 
enhance their ability to remain physically active. Addi-
tionally, multidomain lifestyle intervention trials should 
comprehensively examine the effects of sleep, depressive 
symptoms, and pain across all intervention components 
to maximize their potential benefits.

Abbreviations
AD  Alzheimer’s disease
BMI  Body mass index
CAIDE  Cardiovascular Risk Factors, Aging and Dementia
FINGER  The Finnish Geriatric Intervention Study to Prevent Cognitive 

Impairment and Disability
NTB  Neuropsychological test battery
PA  Physical activity
RAND-36  The RAND 36-Item Health Survey 1.0

Supplementary Information
The online version contains supplementary material available at  h t t p  s : /  / d o i  . o  r 
g /  1 0 .  1 1 8 6  / s  1 2 8 7 7 - 0 2 5 - 0 5 8 3 0 - y.

Supplementary Material 1

Author contributions
All authors have read and approved of the submission of this manuscript. 
EK, TN, and AS contributed to the study concept and design. RA, SH, MK, TL, 
HS, TS, JT, and TN contributed to the planning and acquisition of data. EK, 
AH and AS were responsible for statistical analysis. All authors contributed to 
the interpretation of data. All authors contributed to critical revisions of the 
manuscript for important intellectual content. EK, RA, MK, JK, TL, HS, TS, JT, TN, 
and AS obtained funding. MK, TN and AS and provided study supervision.

Funding
This work was supported by Juho Vainio Foundation (Finland); Finnish Cultural 
Foundation, North Savo Regional Fund (Finland); UEF doctoral research 
program to EK (Finland); EU Joint Programme - Neurodegenerative Disease 
Research (JPND) EURO-FINGERS and Multi-MeMo grants (357810); Ministry 
of Education and Culture (Finland); Yrjö Jahnsson Foundation (Finland); Olvi 

https://doi.org/10.1186/s12877-025-05830-y
https://doi.org/10.1186/s12877-025-05830-y


Page 9 of 10Kekkonen et al. BMC Geriatrics          (2025) 25:211 

Foundation (Finland); Alzheimer’s Research and Prevention Foundation (US); 
Kela (Finland); The Finnish Foundation for Cardiovascular Research (Finland); 
Alzheimerfonden (Sweden); Swedish Research Council; Region Stockholm 
(ALF, Sweden); Center for Innovative Medicine (CIMED) at Karolinska 
Institute (Sweden); Stiftelsen Stockholms sjukhem (Sweden); Knut and Alice 
Wallenberg Foundation (Sweden); Konung Gustaf V: s och Drottning Victorias 
Frimurarstiftelse (Sweden); European Research Council [grant 804371]; 
Swedish Research Council for Health, Working Life and Welfare; Research 
Council of Finland; NordForsk NJ-FINGERS grant.

Data availability
Data used in this study is not publicly available due to ethical and legal 
reasons, but the data are available upon request. Those fulfilling the 
requirements for viewing confidential data as required by the Finnish 
legislation and the Finnish Institute for Health and Welfare are able to access 
the data after completion of a material transfer agreement. Requests may be 
directed to kirjaamo@thl.fi.

Declarations

Ethics approval and consent to participate
The study adhered with the Declaration of Helsinki and was approved by the 
Coordinating Ethics Committee of Helsinki and Uusimaa Hospital District, and 
all participants gave written informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Neurology, Institute of Clinical Medicine, University of 
Eastern Finland, P.O. Box 1627, Kuopio FI-70211, Finland
2Division of Clinical Geriatrics, Center for Alzheimer Research, Department 
of Neurobiology, Care Sciences and Society, Karolinska Institute, 
Stockholm, Sweden
3Center for Life Course Health Research/Geriatrics, University of Oulu, 
Oulu, Finland
4Department Public Health, Finnish Institute for Health and Welfare, 
Helsinki, Finland
5Ageing Epidemiology Research Unit, School of Public Health, Imperial 
College London, London, UK
6Institute of Public Health and Clinical Nutrition, University of Eastern 
Finland, Kuopio, Finland
7Faculty of Social Sciences (Health Sciences) and Gerontology Research 
Center (GEREC), Tampere University, Tampere, Finland
8Work Ability and Working Careers, Finnish Institute of Occupational 
Health, Helsinki, Finland
9Department of Medicine, Geriatric Clinic, University of Helsinki and 
Helsinki University Central Hospital, Helsinki, Finland
10Department of Public Health, University of Helsinki, Helsinki, Finland

Received: 30 July 2024 / Accepted: 26 February 2025

References
1. Kraus WE, Powell KE, Haskell WL, Janz KF, Campbell WW, Jakicic JM, et al. 

Physical activity, All-Cause and cardiovascular mortality, and cardiovascular 
disease. Med Sci Sports Exerc. 2019;51(6):1270–81.

2. Lin X, Zhang X, Guo J, Roberts CK, McKenzie S, Wu WC, et al. Effects of exer-
cise training on cardiorespiratory fitness and biomarkers of cardiometabolic 
health: A systematic review and Meta-Analysis of randomized controlled 
trials. J Am Heart Association. 2015;4(7).  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 6 1  / J  A H A . 1 1 5 . 0 0 
2 0 1 4.

3. Kivimaki M, Singh-Manoux A, Pentti J, Sabia S, Nyberg ST, Alfredsson L, et 
al. Physical inactivity, cardiometabolic disease, and risk of dementia: an 
individual-participant meta-analysis. BMJ (Clinical Res ed). 2019;365:l1495.

4. Cunningham C, O’Sullivan R, Caserotti P, Tully MA. Consequences of physical 
inactivity in older adults: A systematic review of reviews and meta-analyses. 
Scand J Med Sci Sports. 2020;30(5):816–27.

5. Livingston G, Sommerlad A, Orgeta V, Costafreda SG, Huntley J, Ames D, 
et al. Dementia prevention, intervention, and care. Lancet (British edition). 
2017;390(10113):2673–734.

6. Wullems JA, Verschueren SMP, Degens H, Morse CI, Onambélé GL. A review of 
the assessment and prevalence of sedentarism in older adults, its physiology/
health impact and non-exercise mobility counter-measures. Biogerontology. 
2016;17(3):547–65.

7. Figueira I, Fernandes A, Djordjevic AM, Lopez-Contreras A, Henriques CM, 
Selman C, et al. Interventions for age-related diseases: shifting the paradigm. 
Mech Ageing Dev. 2016;160:69–92.

8. Domenichiello AF, Ramsden CE. The silent epidemic of chronic pain in older 
adults. Prog Neuro-psychopharmacol Biol Psychiatry. 2019;93:284–90.

9. Gulia KK, Kumar VM. Sleep disorders in the elderly: a growing challenge. 
Psychogeriatrics: Official J Japanese Psychogeriatr Soc. 2018;18(3):155–65.

10. Sjoberg L, Karlsson B, Atti AR, Skoog I, Fratiglioni L, Wang HX. Prevalence of 
depression: comparisons of different depression definitions in population-
based samples of older adults. J Affect Disord. 2017;221:123–31.

11. Zis P, Daskalaki A, Bountouni I, Sykioti P, Varrassi G, Paladini A. Depression and 
chronic pain in the elderly: links and management challenges. Clin Interv 
Aging. 2017;12:709–20.

12. Cao X, Chen Z, Wu L, Zhou J. Co-occurrence of chronic pain, depressive 
symptoms, and poor sleep quality in a health check-up population in China:A 
multicenter survey. J Affect Disord. 2021;281:792–8.

13. Eslami V, Zimmerman ME, Grewal T, Katz M, Lipton RB. Pain grade and 
sleep disturbance in older adults: evaluation the role of pain, and stress 
for depressed and non-depressed individuals. Int J Geriatr Psychiatry. 
2016;31(5):450–7.

14. Generaal E, Vogelzangs N, Penninx BW, Dekker J, Insomnia. Sleep duration, 
depressive symptoms, and the onset of chronic multisite musculoskeletal 
pain. Sleep. 2017;40(1).  h t t p s :   /  / d o  i .  o r  g  /  1 0  . 1 0   9 3  / s l  e e p / z s w 0 3 0.

15. Bridle C, Spanjers K, Patel S, Atherton NM, Lamb SE. Effect of exercise on 
depression severity in older people: systematic review and meta-analysis of 
randomised controlled trials. Br J Psychiatry: J Mental Sci. 2012;201(3):180–5.

16. Vanderlinden J, Boen F, Van Uffelen JGZ. Effects of physical activity programs 
on sleep outcomes in older adults: a systematic review. 17, Int J Behav Nutr 
Phys Activity. 2020.

17. LAMBIASE M, GABRIEL K, KULLER L. Temporal relationships between physical 
activity and sleep in older women. Med Sci Sports Exerc. 2013;45(12):2362–8.

18. Seol J, Lee J, Park I, Tokuyama K, Fukusumi S, Kokubo T, et al. Bidirectional 
associations between physical activity and sleep in older adults: a multilevel 
analysis using polysomnography. Sci Rep. 2022;12(1):15399.

19. Holfeld B, Ruthig JC. A longitudinal examination of sleep quality and physical 
activity in older adults. J Appl Gerontol. 2014;33(7):791–807.

20. Dzierzewski JM, Buman MP, Giacobbi PR, Roberts BL, Aiken-Morgan AT, 
Marsiske M, et al. Exercise and sleep in community‐dwelling older adults: 
evidence for a reciprocal relationship. J Sleep Res. 2014;23(1):61–8.

21. Achttien R, van Lieshout J, Wensing M, van der Sanden MN, Staal JB. Symp-
toms of depression are associated with physical inactivity but not modified 
by gender or the presence of a cardiovascular disease; a cross-sectional 
study. BMC Cardiovasc Disord. 2019;19(1):95–8.

22. Gomes M, Figueiredo D, Teixeira L, Poveda V, Paul C, Santos-Silva A, et al. 
Physical inactivity among older adults across Europe based on the SHARE 
database. Age Ageing. 2017;46(1):71–7.

23. Watts AS, Mortby ME, Burns JM. Depressive symptoms as a barrier to engage-
ment in physical activity in older adults with and without Alzheimer’s disease. 
PLoS ONE. 2018;13(12):e0208581.

24. Coley N, Ngandu T, Lehtisalo J, Soininen H, Vellas B, Richard E, et al. Alzheim-
er’s dementia: J Alzheimer’s Association. 2019;15(6):729–41. Adherence to 
multidomain interventions for dementia prevention: Data from the FINGER 
and MAPT trials.

25. Flegal KE, Kishiyama S, Zajdel D, Haas M, Oken BS. Adherence to yoga and 
exercise interventions in a 6-month clinical trial. BMC Complement Altern 
Med. 2007;7:37–37.

26. Stineman MG, Strumpf N, Kurichi JE, Charles J, Grisso JA, Jayadevappa R. 
Attempts to reach the oldest and frailest: recruitment, adherence, and 
retention of urban elderly persons to a falls reduction exercise program. 
Gerontologist. 2011;51(Suppl 1):59.

27. Neuvonen E, Lehtisalo J, Solomon A, Antikainen R, Havulinna S, Hänninen 
T et al. Psychosocial determinants for adherence to a healthy lifestyle and 

https://doi.org/10.1161/JAHA.115.002014
https://doi.org/10.1161/JAHA.115.002014
https://doi.org/10.1093/sleep/zsw030


Page 10 of 10Kekkonen et al. BMC Geriatrics          (2025) 25:211 

intervention participation in the FINGER trial: an exploratory analysis of a 
randomised clinical trial. Aging Clin Exp Res. 2022.

28. Blyth FM, Noguchi N. Chronic musculoskeletal pain and its impact on older 
people. Best Pract Res Clin Rheumatol. 2017;31(2):160–8.

29. Picorelli AM, Pereira LS, Pereira DS, Felicio D, Sherrington C. Adherence to 
exercise programs for older people is influenced by program characteristics 
and personal factors: a systematic review. J Physiotherapy. 2014;60(3):151–6.

30. Yarmohammadi S, Saadati HM, Ghaffari M, Ramezankhani A. A systematic 
review of barriers and motivators to physical activity in elderly adults in Iran 
and worldwide. Epidemiol Health. 2019;41:e2019049.

31. Ngandu T, Lehtisalo J, Solomon A, Levälahti E, Ahtiluoto S, Antikainen R, et 
al. A 2 year multidomain intervention of diet, exercise, cognitive training, 
and vascular risk monitoring versus control to prevent cognitive decline 
in at-risk elderly people (FINGER): a randomised controlled trial. Lancet. 
2015;385(9984):2255–63.

32. Ngandu T, Lehtisalo J, Korkki S, Solomon A, Coley N, Antikainen R et al. The 
effect of adherence on cognition in a multidomain lifestyle intervention 
(FINGER). Alzheimer’s Dementia: J Alzheimer’s Association. 2021.

33. Kivipelto M, Solomon A, Ahtiluoto S, Ngandu T, Lehtisalo J, Antikainen R, et 
al. The Finnish geriatric intervention study to prevent cognitive impairment 
and disability (FINGER): study design and progress. Alzheimer’s Dementia: J 
Alzheimer’s Association. 2013;9(6):657–65.

34. Heesch KC, Mâsse LC, Dunn AL, Frankowski RF, Mullen PD. Does adherence to 
a lifestyle physical activity intervention predict changes in physical activity? J 
Behav Med. 2003;26(4):333–48.

35. Kivipelto M, Ngandu T, Laatikainen T, Winblad B, Soininen H, Tuomilehto 
J. Risk score for the prediction of dementia risk in 20 years among middle 
aged people: a longitudinal, population-based study. Lancet Neurol. 
2006;5(9):735–41.

36. Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, et al. 
National sleep foundation’s updated sleep duration recommendations: final 
report. Sleep Health. 2015;1(4):233–43.

37. Dunstan DA, Scott N. Assigning Clinical Significance and Symptom Severity 
Using the Zung Scales: Levels of Misclassification Arising from Confu-
sion between Index and Raw Scores. Depression research and treatment. 
2018;2018:9250972.

38. Jokelainen J, Timonen M, Keinanen-Kiukaanniemi S, Harkonen P, Jurvelin 
H, Suija K. Validation of the Zung self-rating depression scale (SDS) in older 
adults. Scand J Prim Health Care. 2019;37(3):353–7.

39. Zung WW. From Art to science. The diagnosis and treatment of depression. 
Arch Gen Psychiatry. 1973;29(3):328–37.

40. Hays RD, Morales LS. The RAND-36 measure of health-related quality of life. 
Ann Med. 2001;33(5):350–7.

41. MITCHELL J, GODBOLE S, MORAN K, MURRAY K, JAMES P, LADEN F, et al. No 
evidence of reciprocal associations between daily sleep and physical activity. 
Med Sci Sports Exerc. 2016;48(10):1950–6.

42. Chennaoui M, Arnal PJ, Sauvet F, Léger D. Sleep and exercise: A reciprocal 
issue? Sleep Med Rev. 2014;20:59–72.

43. Scarlett S, Nolan H, Kenny RA, O’Connell MD. Objective sleep duration in 
older adults: results from the Irish longitudinal study on ageing. J Am Geriatr 
Soc. 2020;68(1):120–8.

44. Morgan K, Hartescu I. Sleep duration and all-cause mortality: links to physical 
activity and prefrailty in a 27-year follow up of older adults in the UK. Sleep 
Med. 2019;54:231–7.

45. Jike M, Itani O, Watanabe N, Buysse DJ, Kaneita Y. Long sleep duration and 
health outcomes: A systematic review, meta-analysis and meta-regression. 
Sleep Med Rev. 2018;39:25–36.

46. Itani O, Jike M, Watanabe N, Kaneita Y. Short sleep duration and health out-
comes: a systematic review, meta-analysis, and meta-regression. Sleep Med. 
2016;32:246–56.

47. Wang Y, Mei H, Jiang YR, Sun WQ, Song YJ, Liu SJ, et al. Relationship between 
duration of sleep and hypertension in adults: A Meta-Analysis. J Clin Sleep 
Med. 2015;11(9):1047–56.

48. Sabia S, Fayosse A, Dumurgier J, Hees VTV, Paquet C, Sommerlad A et al. Asso-
ciation of sleep duration in middle and old age with incidence of dementia. 
12, Nat Commun. 2021.

49. Wang C, Holtzman DM. Bidirectional relationship between sleep and 
Alzheimer’s disease: role of amyloid, Tau, and other factors. Neuropsy-
chopharmacology: Official Publication Am Coll Neuropsychopharmacol. 
2020;45(1):104–20.

50. Sella E, Toffalini E, Canini L, Borella E. Non-pharmacological interventions 
targeting sleep quality in older adults: a systematic review and meta-analysis. 
Aging Ment Health. 2022;1–15.

51. Smith D, Wilkie R, Croft P, Parmar S, McBeth J. Pain and mortality: mechanisms 
for a relationship. Pain. 2018;159(6):1112–8.

52. Windred DP, Burns AC, Lane JM, Saxena R, Rutter MK, Cain SW, et al. Sleep 
regularity is a stronger predictor of mortality risk than sleep duration: A 
prospective cohort study. Sleep. 2024;47(1):zsad253.

53. Van den Bulcke L, Davidoff H, Heremans E, Potts Y, Vansteelandt K, De Vos 
M, et al. Acoustic stimulation to improve Slow-Wave sleep in Alzheimer’s 
disease: A multiple night At-Home intervention. Am J Geriatr Psychiatry. 
2024;S1064–7481(24):00384–1.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Impaired sleep, depressive symptoms, and pain as determinants of physical activity and exercise intervention adherence: an exploratory analysis of a randomized clinical trial
	Abstract
	Introduction
	Methods
	Population and intervention
	Assessment of physical activity, sleep, depressive symptoms, and pain
	Statistical analysis
	Descriptive analyses
	Baseline sleep, depressive symptoms and pain as potential determinants of exercise intervention adherence (adherent versus non-adherent, intervention group participants)
	Baseline sleep, depressive symptoms, and pain as potential determinants of intervention effect on self-reported PA (active/inactive) after 2 years
	Baseline sleep, depressive symptoms, and pain as potential determinants of overall PA after 2 years


	Results
	Baseline sleep, depressive symptoms and pain as potential determinants of exercise intervention adherence
	Baseline sleep, depressive symptoms, and pain as potential determinants of intervention effect on PA at the 2-year follow-up



