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INTRODUCTION
The successful completion of physically demanding tasks 
requires certain levels of mobility, balance, and strength. 
These basic abilities are summarized by the construct of 
“physical performance.”1 A decline in physical perfor-
mance reduces the capacity to successfully perform activi-
ties of daily living (ie, eating and bathing). This decline 
is expected during aging but can be further accelerated 
by various aging-related disorders, thereby leading to an 
increased dependency in everyday life.2 In contrast, mainte-
nance of independency and individual autonomy is critical 
for quality of life in older adults.3

Decreased mobility or balance and consequently activi-
ties of daily living are particularly common in individuals 
with dementia (IWD).4 Compared to cognitively unimpaired 
older adults and individuals with mild cognitive impairment, 
IWD have lower performance in balance and mobility.6,7 
With regard to gait, dementia is associated with decreased 
walking speed, shortened stride length, and increased double 
support time.8 To date, less is known about strength and 
endurance in IWD.9 Overall, the clinical symptoms of 

compared characteristics related to physical performance 
between positive, non-, and negative responders.
Results and Discussion: Neither analysis procedure revealed 
statistically significant time×group effects. However, 28% to 
40% of participants were positive responders with regard to 
balance, and strength and function of lower extremities; and 
these persons had statistically significant lower baseline per-
formance in the corresponding assessments.
Conclusions: This randomized controlled trial revealed no 
overall effects of the MEP on physical performance, probably 
due to high heterogeneity of the study sample. Findings in 
responder analysis showed that IWD with lower physical per-
formance at baseline tended to benefit more than those with 
higher baseline performance. Thus, a higher degree of indi-
vidualization of the MEP depending on baseline performance 
on IWD may improve overall MEP effectiveness.
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ABSTRACT
Background and Purpose: Dementia affects physical as well 
as cognitive performance. In individuals with dementia (IWD), 
decline in physical performance increases with disease pro-
gression and is associated with higher functional dependence 
and decreased quality of life. It is paramount to examine fac-
tors that potentially preserve physical performance in IWD, 
particularly in light of conflicting findings on the effectiveness 
of physical activity interventions on physical performance of 
IWD, mainly due to limited number of high-quality studies, 
large heterogeneity in methods used, or insufficient reporting 
of methods. The aim of this study was to investigate the effects 
of a 16-week multimodal exercise program (MEP) combining 
physical and cognitive tasks on physical performance in IWD, 
and to identify individual characteristics of MEP responders.
Methods: A multicenter randomized controlled trial with 
assessment methods identified by an expert panel was con-
ducted. We included 319 IWD of mild to moderate severity, 
older than 65 years, who underwent a standardized MEP 
specifically designed for IWD. At baseline and immediately 
after the MEP, we assessed physical performance (ie, mobil-
ity, balance, and strength) and function of lower extremities 
(primary outcomes). Potential effects of the MEP on physi-
cal performance were identified using 2-factor analyses of 
variance with repeated measurements within 2 samples (ie, 
intention-to-treat and per-protocol sample). Additionally, we 
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dementia are not restricted to decreasing cognitive skills, but 
also have an impact on patients’ physical performance.

It has been postulated that there are causal relationships 
between declined physical performance and cognitive impair-
ments, particularly as the pathological changes underlying 
Alzheimer’s disease also affect regions known to subserve physi-
cal performance.10 For example, control systems for motor 
regulation, initiation, planning, and execution are located in 
several cortical and subcortical regions known to be affected by 
Alzheimer’s disease.11 Furthermore, it is generally hypothesized 
that impairments in physical performance increase with disease 
progression,12 and are also accompanied by a higher risk of 
falls.13 In light of these associations, it is paramount to inves-
tigate whether multimodal interventions combining physical 
activity and cognitive tasks may impact physical performance 
in IWD.

In the absence of a cure for dementia and given the 
considerable side effects of currently prescribed drugs,14 
nonpharmacological interventions have gained increas-
ing importance in recent years. Indeed, there is growing 
evidence that physical activity interventions may slow 
a decline in physical performance.15 However, in IWD 
this evidence is less clear compared with institutionalized 
elderly persons with multiple diagnoses.1 Previous reviews 
have mainly reported positive effects of physical activ-
ity on lower limb strength and activities of daily living 
in IWD.15-17 Potential effects on mobility vary between 
studies, but are in general higher than for other motor 
skills.15,17 However, conclusive evidence of the impact of 
physical activity interventions on physical performance in 
IWD does not exist. This may be due to limited numbers 
of high-quality studies and large heterogeneity in methods 
used, as well as insufficient reporting of methods, particu-
larly with regard to intervention modalities (eg, intensity 
of exercise sessions or included tasks).15,16,18 There is still 
a lack in trials that focus on multimodal exercise pro-
grams (MEPs) in a group setting of high aged IWD with 
physical impairments that can be implemented in care 
facilities.23,35

The aim of this study was therefore to examine the 
effects of an MEP that combined both physical and cogni-
tive tasks on the primary outcomes of physical performance 
(ie, mobility, balance, and strength and function of lower 
extremities) in IWD. The secondary aim was to overcome 
existing methodological deficits by designing a multicenter 
randomized controlled trial (RCT) with assessment meth-
ods identified by an expert panel,19 as well as designing 
and evaluating a sustainable multimodal intervention 
adjusted to the characteristics and needs of IWD. Our 
main hypothesis was that IWD would increase their physi-
cal performance after a 16-week MEP compared with a 
control group that received only conventional treatment. 
Additionally, we aimed at investigating the individual 
responses to the MEP as recommended by the Food and 
Drug Administration20 (ie, a responder analysis allows for 
an assessment of clinical relevance and potentially helps to 
increase the translation of the results into clinical practice).

METHODS
Details of this study have been described previously in the 
study protocol,21 and we followed the guidelines and rec-
ommendations of the Consolidated Standards of Reporting 
Trials statements.22 The study was retrospectively registered 
in the German National Register of Clinical Trials (blinded) 
and was approved by the ethics committee of the blinded.

Study Design, Participants, and Randomization
The study included a multicenter parallel-group RCT with 
baseline and postassessments and an allocation ratio of 2:1 
for the intervention (IG) and control groups (CG), respec-
tively. A power analysis (G*Power 3, Version 3.1.9.2, 
2-factor analysis of variance [ANOVA] with repeated mea-
surement, 2 groups and 2 measurements, α = .05, 1 − β 
= .80, η² = .01) determined a required total sample size of 
200 participants. The calculated sample size was based on 
the assumptions that even small effects are relevant with 
regard to the rapid disease progression expected in IWD.

Recruitment for this study took place in 36 care facili-
ties for older persons located in South-Western Germany. 
Employees of the respective care facilities were asked to 
identify potential participants. Before entering the study, 
written consent of participants or their legal guardians was 
obtained. After baseline assessment, final inclusion or exclu-
sion was determined according to the following criteria: 

•	 Inclusion criteria: (a) diagnosis of dementia or “sus-
pected” dementia (ie, person with dementia as sus-
pected by the treating physician based on International 
Classification of Diseases, Tenth Revision [ICD-10] 
criteria and Mini-Mental State Examination [MMSE] 
performance but without a confirmed diagnosis or 
awaiting further clinical evaluation); (b) Alzheimer’s 
disease, vascular dementia, or other primary dementia; 
(c) mild to moderate stage of dementia (MMSE 10-
24); (d) older than 65 years; (e) walking ability of at 
least 10 m with or without walking aid; and (f) clear-
ance from a general practitioner.

•	 Exclusion criteria: (a) secondary dementia; (b) other 
severe cognitive impairments; (c) other severe neuro-
logical conditions; (d) other severe acute diseases; and 
(e) severe motor impairments.

Baseline assessments were performed before participants 
were randomly allocated to the IG or CG by minimization 
(MinimPy, Version 0.3). Randomization was stratified by 
each care facility with an allocation ratio of 2:1 in favor 
of the IG. Investigators were blinded to group allocation.

Intervention
The MEP was specifically developed for IWD and thus 
combined both physical and cognitive tasks. The MEP was 
developed based on theoretical considerations, results from 
a previous pilot study,23 and a literature review.18 The main 
objective was to improve physical performance in IWD. 
The contents of the MEP were closely related to everyday 
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activities and can be divided into tasks mainly requiring 
strength (43%), balance (25%), endurance (16%), flexibil-
ity (13%), and not further-specified tasks (3%).

The participants of the IG received the MEP in addi-
tion to conventional treatment for a duration of 16 weeks. 
Conventional treatment in the care facilities included, for 
example, individualized medication, standard care, or 
therapeutic applications and was maintained during the 
intervention period. Participants of the CG only received 
the conventional treatment for 16 weeks. The MEP was 
provided to the IG 2 times a week on nonconsecutive days 
by 2 skilled instructors, and delivered in a group setting of 
up to 12 participants. We opted for a frequency of 2 train-
ing sessions per week, as our previous literature review18 
showed that 2 sessions a week can induce changes in physi-
cal performance of IWD. Also, the decision for 2 training 
sessions per week was guided by 2 further reasons: first, we 
aimed to implement the MEP successfully and sustainably 
within the care facilities and a higher frequency of sessions 
would not have been feasible; second, the resources of the 
care facilities regarding room occupation, workload of 
nursing staff, or appropriate grouping were limiting and 
did not allow for a higher number of training sessions. 
Each session lasted for 60 minutes, with exercise time being 
about 45 minutes. The remaining time was spent for expla-
nation of tasks and breaks in between tasks.

The MEP was not specifically tailored to individual base-
line levels of physical performance of participants. Rather, 
all tasks were carried out with medium to submaximal 
intensity for all participants of the IG. Intensity was deter-
mined by the experienced instructors and was based on a 
literature review of geriatric exercise programs for older 
samples. The progression of the MEP with regard to inten-
sity was predefined by an increase in the difficulty level of 
each exercise (see Appendix A, Table A2). Thus, intensity 
and difficulty levels of the participants were not individually 
increased throughout the intervention period but followed a 
predefined progression plan. Cognitive tasks included in the 
MEP mainly focused on the stimulation of memory, atten-
tion, language, and executive functions and also progressed 
in intensity and degree of difficulty from session to session.

In addition to certain didactic aspects such as adaptation 
to cognitive levels of participants or adjusted communica-
tion, the MEP aimed to provide the participants with orien-
tation and familiarity, as well as a sense of security through 
ritualization. For this reason, each session was structured 
similarly and consisted of 3 parts (ie, arrival, destination, 
and departure), which were embedded in imagination jour-
neys. Arrival and departure indicated the beginning and 
end of a session and remained consistent over the interven-
tion period. The main aims of these 2 parts of the MEP, 
lasting about 5 minutes each, were to physically and cogni-
tively prepare the participants for the exercise and cognitive 
tasks, and to cool down and relax body and mind after the 
main part of the session. The destination was the main part 
of the session, and changed from session to session with 
alternating physical and cognitive tasks. Prior to the first 

session, a social gathering session was held for all partici-
pants of the IG to become familiar with the instructors. A 
caregiver familiar to the participants additionally joined 
each MEP session to support the instructors, if and when 
needed.

To ensure standardization of the MEP as well as appro-
priate progression of intensity from session to session, we 
applied 2 strategies: (1) experienced and qualified instruc-
tors and (2) detailed schedules for all 32 training sessions 
that were followed by the instructors (see Appendix A, 
Table A3, and Trautwein et al21). All instructors had a 
background in sports and exercise science and received a 
specific training (see Appendix A, Table A1) on how to 
guide the MEP as well as consider and meet the specific 
demands and needs of IWD. Modifications of the schedules 
for each session were only allowed due to safety concerns 
(eg, to avoid falls). These modifications were based on indi-
vidual decisions of the instructors, and mainly determined 
whether a task was carried out in sitting (safer) or standing 
position (less safe).

Outcomes and Assessments
Primary outcomes of this study were mobility, balance, as 
well as strength and function of lower limbs. These out-
comes were measured using various assessments (Table 1).

The physical assessments were identified and selected 
by an international expert panel, which mainly focused 
on appropriateness and feasibility of the assessments for 
the purpose of this study. Details on this selection process 
and the final assessment battery can be found in Trautwein 
et al.19 Before and after the 16-week intervention, baseline 
and postassessments were carried out with all participants 
of the IG and CG. The assessments took place within the 
care facilities by trained study staff. We deliberately aimed 
at testing a participant on the same day of the week during 
both baseline and postassessment, and also followed the 
same sequence of tests to decrease potential assessment bias.

Mobility was assessed using the Timed Up and Go test 
(TUG) and the 6-m walk test (6MWT). The TUG was 
conducted twice by asking participants to rise from a chair, 
walk 3 m, turn around, and then go back and sit down 
again on the chair. The 6MWT was administered twice. 
Participants were asked to walk from one side of the room 
to the other side, where a distance of 6 m was marked using 

Table 1. Primary Outcome Measures

Primary Outcome
Assessments (at Baseline and After a  

16-wk Intervention Period)

Mobility Timed Up and Go test24

6-m walk test25

Balance Frailty and Injuries: Cooperative Studies of 
Intervention Techniques—subtest 426

Strength and function 
of lower extremities

Modified 30-s chair-stand test27,33

Modified Short Physical Performance 
Battery28
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a line on the floor. When participants crossed the line, the 
time required to walk 6 m was measured. Before and after 
the line, participants had about 2 m for acceleration and 
deceleration. Walking aids were allowed for all assessments 
of mobility. Relative test-retest reliability for the 6MWT 
among IWD with mild to moderate dementia is document-
ed from an intraclass correlation coefficient (ICC) = 0.83 
to 0.89 and for the TUG from an ICC from 0.72 to 0.99. 
Absolute test-retest reliability presented with the minimal 
detectable change (MDC95%) amounts for the 6MWT 
31.6% to 41.5% and for the TUG 15.8% to 39.6%.33,31 
Information about content and construct validity of the 
TUG and the 6MWT is currently not available for IWD.31

Static balance was determined using the Frailty and 
Injuries: Cooperative Studies of Intervention Techniques–
subtest 4 (FICSIT-4), where participants were asked to 
perform 4 different standing positions (Romberg, semitan-
dem, tandem, and single leg) for 10 seconds. The FICSIT-4 
performance is rated on a scale of 0 to 5 points. If partici-
pants could not hold the first position for at least 3 seconds, 
a score of 0 was given. In contrast, participants received a 
score of 5 if they were able to stand in the most difficult 
(ie, single-leg position for at least 10 seconds).26 Test-retest 
reliability of individuals with mild to moderate dementia 
for the FICSIT-4 is reported from an ICC from 0.79 to 0.82 
and an MDC95% from 59.4% to 71.1%,33,31 To date, there 
is no information available about content and construct 
validity of the FICSIT-4 in IWD.31

Strength and function of lower limbs was assessed using 
the modified 30-second chair-stand test (30s CST) and the 
modified Short Physical Performance Battery (modified 
SPPB). For the modified 30s CST, participants were asked 
to stand up from a chair (height 46 cm, with armrests) as 
often as possible for 30 seconds. Time to perform 5 repeti-
tions was recorded. The modified version allows the use 
of armrests,27 which is essential for the majority of elderly 
IWD to safely perform this test. The SPPB28 focuses on 
the lower extremities. The modified SPPB, like the SPPB, 
consists of the 3 subscales: FICSIT-4 for standing balance, 
walking speed (out of 6MWT) for mobility, and time 
required for 5 repetitions of the modified 30s CST for 
strength, and function of the lower limbs. The modified 
SPPB is scored on a scale of 0 to 12, with higher scores 
denoting better physical function. The SPPB is a reliable 
and valid measure in community-dwelling older adults.29 
In IWD living in care facilities, a pilot study concluded that 
relative reliability is acceptable, whereas absolute reliability 
is rather moderate.30 No information is currently available 
about content and construct validity of modified 30s CST, 
or modified SPPB in IWD.31 Criterion validity, however, 
was previously reported for the SPPB, and showed suffi-
cient ability to identify individuals with low aerobic capac-
ity based on correlations with peak oxygen consumption 
(assessed with a cycle ergometer test).32 Test-retest reli-
ability for the modified 30c CST in this setting varies from 
an ICC from 0.79 to 0.88 and an MDC95% from 33.2% to 
45.7%; for the SPPB it is currently unkonwn.31,33

The secondary outcome of this study was overall cog-
nition determined by the MMSE. Moreover, body mass 
and height were measured (Seca 813 Robusta scale and 
Seca stadiometer, Hamburg, Germany), and the body 
mass index was calculated. Attendance of participants was 
documented by instructors for each session. Sample charac-
teristics such as age, sex, use of walking aids, diagnosis, and 
etiology of dementia, as well as number of medications and 
the Cumulative Illness Rating Scale, were assessed using a 
questionnaire before baseline assessments. The question-
naire was completed by employees of the care facilities or 
the general practitioner.

Statistical Analysis
The statistical analyses to examine a potential impact of 
the MEP on physical performance were calculated within 
2 samples: 

1. The sample used for the per-protocol analysis was the 
original sample, including all participants of the IG 
who attended at least 75% of sessions and all partici-
pants of the CG. The sample size for this analysis was 
further reduced by missed assessments of participants, 
which may be due to lack of motivation.

2. A revised sample was generated for the intention-to-
treat analysis. To this end, all participants who fulfilled 
the inclusion criteria and were randomized to either 
the IG or CG were considered, except for deceased 
participants. For this reason, a multiple-imputation 
procedure (fully conditional specification imputation 
method, 10 imputations, and 10 iterations) of the pri-
mary outcomes was applied to handle missing data. 
Several variables were considered as predictors for the 
multiple imputation (ie, all primary outcomes supple-
mented by attendance rate), as well as related physical 
and cognitive performance. To ensure plausibility of 
imputed data, further constraints were defined such as 
minimum and maximum values according to observed 
range in each variable, rounding according to original 
data, 100 maximal case draws, and 10 maximal pa-
rameter draws. We considered pooled results as pro-
vided by SPSS or reported ranges observed throughout 
the imputations as final estimates, if SPSS did not sup-
port pooled results.

Baseline characteristics of participants were compared 
between the IG and CG using χ2 tests for categorical 
data, t tests for continuous data, and Mann-Whitney U 
tests for nonparametric variables. Normally distributed 
data (as confirmed by the Shapiro-Wilk test and relevant 
graphs) are presented as means and standard deviations. 
Treatment effects were analyzed and presented as within-
group effects (differences from baseline to postassessments) 
and time×group effects (changes from baseline to postas-
sessments between groups). Therefore, paired t tests and 
2-factor ANOVA with repeated measurements were calcu-
lated for the primary outcomes of the intention-to-treat as 
well as the per-protocol analysis.
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The responder analysis was conducted within the IG 
based on distribution-based methods (ie, information about 
the standard measurement error of the assessments within 
the per-protocol analysis). To this end, a positive change 
of 10% and more from baseline was defined as a positive 
responder. Changes between positive and negative 10% 
were defined as nonresponders, and negative changes of 
10% or more were defined as negative responders. Selected 
sample characteristics were compared between positive, 
non-, and negative responders using Kruskal-Wallis tests 
and 1-factor ANOVA. For post hoc analyses, we used 
Dunn-Bonferroni tests and Tukey-Kramer post hoc tests, 
respectively. R and partial η² served as effect sizes. All 
statistical analyses were done using IBM SPSS, Version 

25 (IBM Corporation, Armonk, New York). The signifi-
cance level was set at P < .05 for all tests. Evaluation and 
data entry were conducted by trained and experienced 
investigators.

RESULTS

Sample Characteristics
Between March 2015 and March 2017, 600 IWD were 
screened for eligibility, and 319 persons were considered 
suitable for the study. After baseline assessments, 201 par-
ticipants were randomly allocated to the IG and 118 to the 
CG. The overall dropout rate was 8%. The Figure shows 
the overall flow of participants.

Figure. Flow of participants.
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After dropouts, a final sample of 304 participants was 
available for the intention-to-treat analysis (Table 2). The 
original sample for the per-protocol analysis was further 
reduced by 87 participants within the IG due to less than 
75% attendance to the MEP (Table 3).

The sample characteristics of the original and revised sam-
ples can be found in Tables 2 and 3. Within both samples, no 
statistically significant differences at baseline between the IG 
and the CG were identified for most variables, except for the 
number of medications and body mass index.

Effects of the Multimodal Exercise Program on Physical 
Performance
Missing data ranged between 9.1% and 43.9%. Reasons 
for missing data besides death were medical constrains, 

refusal, or discontinuation of the assessment. Table 4 
presents an overview of the effects of the MEP on physical 
performance in the revised sample. Participants in the IG 
had a mean attendance of 62%. No statistically significant 
differences in the primary outcomes between the 2 groups 
at baseline, or within the groups after the 16-week inter-
vention period, were found. Similarly, we observed no 
statistically significant time×group effects.

The effects of MEP in the original sample are pre-
sented in Table 5. Participants in the IG had a mean 
attendance of 91%. Overall, the differences between 
the 2 groups at baseline, or within the groups after the 
16-week intervention period, were not statistically sig-
nificant. Similarly, no statistically significant time×group 
effects were found.

Table 2. Sample Characteristics of Participants at Baseline for the Intention to Treat Analysis

Characteristics
Total Sample N = 304

Mean (SD)
Intervention Group n = 194

Mean (SD)
Control Group n = 110

Mean (SD)
Group Differences

t(df)/χ²(df), P

Age, y 86.1 (6.1) 85.8 (6.3) 86.6 (5.8) t(302) = 1.135, P = .257

MMSE 17.0 (4.1) 16.9 (4.3) 17.1 (3.8) t(250.853) = 0.389, P = .698

BMI, kg/m² (n = 270) 28.0 (4.7) 28.5 (4.7) 27.2 (4.8) t(268) = −2.307, P =.022a

CIRS (n = 178)

 Morbidity index 9.3 (4.8) 9.2 (4.4) 9.5 (5.6) t(176) = 0.469, P = .640

 Severity index 1.6 (0.4) 1.6 (0.4) 1.6 (0.4) t(176) = 0.024, P = .981

Number of medications  
(n = 234)

6.9 (3.9) 7.5 (3.8) 6.0 (4.0) t(232) = −2.686, P =.008

n (%) n (%) n (%)

Sex χ²(1) = 1.223, P = .269

 Female 262 (86.2) 164 (84.5) 98 (89.1)

 Male 42 (13.8) 30 (15.5) 12 (10.9)

Diagnosis of dementia χ²(2) = 3.693, P = .158

 Yes 200 (65.8) 129 (66.5) 71 (64.5)

 No 55 (18.1) 39 (20.1) 16 (14.5)

 Unknown 49 (16.1) 26 (13.4) 23 (20.9)

Type of dementia χ²(4) = 9.005, P = .050

 Alzheimer’s disease 51 (16.8) 36 (18.6) 15 (13.6)

 Vascular dementia 45 (14.8) 34 (17.5) 11 (10.0)

 Mixed dementia 8 (2.6) 4 (2.1) 4 (3.6)

 Other 4 (1.3) 4 (2.1) 0 (0.0)

 Unknown 92 (30.3) 51 (26.3) 41 (37.3)

 No/unknown diagnosis 104 (34.2) 65 (33.5) 39 (35.5)

Use of walking aid χ²(2) = 4.104, P = .128

 No walking aid 64 (21.5) 46 (24.5) 18 (16.5)

 Walker 216 (72.7) 134 (71.3) 82 (75.2)

 Waking stick/s 17 (5.7) 8 (4.3) 9 (8.3)

Abbreviations: BMI, body mass index; CIRS, Cumulative Illness Rating Scale; df, degree of freedom; MMSE, Mini-Mental State Examination; SD, standard deviation.
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Differences in Characteristics Between Positive, 
Negative, and Nonresponders (Intervention Group Only, 
Per-Protocol Analysis)
The responder analysis was calculated for the IG based on 
the original sample. Between 28% and 40% of participants 
improved their physical performance by at least 10% (posi-
tive responders). Moreover, physical performance did not 
change in 26% to 37% of participants (nonresponders), 
while 34% to 44% showed a decline in physical perfor-
mance by at least 10% (negative responders). The propor-
tion of positive, non-, and negative responders and mean 
changes in physical performance is presented in Table 6.

Statistically significant differences were observed 
between positive, non-, and negative responders at baseline 
for the FICSIT-4 (FICSIT-4, modified SPPB), modified 30s 

CST (modified 30s CST, modified SPPB), and modified 
SPPB (modified SPPB, see Table 7). The post hoc analysis 
(see Table 7) revealed statistically significant lower perfor-
mance of positive compared to negative responders for the 
FICSIT-4 (FICSIT-4) and the modified 30s CST (modified 
30s CST); and lower performance of positive compared 
to nonresponders for the FICSIT-4 (modified SPPB), the 
modified 30s CST (modified SPPB), and the modified SPPB 
(modified SPPB).

In a further analysis (Appendix B), we compared 2 
additionally drawn groups according to their attendance 
to the MEP (≥75% vs <75% of sessions). At baseline, the 
2 groups differed statistically significant in the FICSIT-4 
and the modified SPPB, whereas differences in the 30s CST 
were found in the postassessment.

Table 3. Sample Characteristics of Participants at Baseline for the Per-Protocol Analysis

Characteristics
Total Sample N = 217

Mean (SD)
Intervention Group n = 107

Mean (SD)
Control Group n = 110

Mean (SD)
Group Differences

t(df)/χ²(df), P

Age, y 85.9 (6.3) 85.2 (6.7) 86.6 (5.8) t(215) = 1.617, P = .107

MMSE 16.9 (4.1) 16.8 (4.4) 17.1 (3.8) t(208.706) = 0.603, P = .547

BMI, kg/m² (n = 199) 27.8 (4.7) 28.4 (4.5) 27.2 (4.8) t(197) = −1.960, P = .051

CIRS (n = 124)

 Morbidity index 9.3 (5.0) 9.0 (4.4) 9.5 (5.6) t(122) = 0.554, P = .581

 Severity index 1.6 (0.4) 1.5 (0.4) 1.6 (0.4) t(122) = 0.835, P = .405

 Number of medication  
 (n = 167)

6.8 (4.0) 7.5 (3.9) 6.0 (4.0) t(165) = −2.347, P =.020

n (%) n (%) n (%)

Sex χ²(1) = 1.161, P = .281

 Female 188 (86.6) 90 (84.1) 98 (89.1)

 Male 29 (13.4) 17 (15.9) 12 (10.9)

Diagnosis of dementia χ²(2) = 4.154, P = .125

 Yes 145 (66.8) 74 (69.2) 71 (64.5)

 No 37 (17.1) 21 (19.6) 16 (14.5)

 Unknown 35 (16.1) 12 (11.2) 23 (20.9)

Type of dementia χ²(4) = 6.563, P = .134

 Alzheimer’s disease 29 (13.4) 14 (13.1) 15 (13.6)

 Vascular dementia 33 (15.2) 22 (20.6) 11 (10.0)

 Mixed dementia 6 (2.8) 2 (1.9) 4 (3.6)

 Other 2 (0.9) 2 (1.9) 0 (0.0)

 Unknown 75 (34.6) 34 (31.8) 41 (37.3)

 No/unknown diagnosis 72 (33.2) 33 (30.8) 39 (35.5)

Use of walking aid χ²(2) = 4.674, P = .097

 No walking aid 48 (22.5) 30 (28.8) 18 (16.5)

 Walker 148 (69.5) 66 (63.5) 82 (75.2)

 Waking stick/s 17 (8.0) 8 (7.7) 9 (8.3)

Abbreviations: BMI, body mass index; CIRS, Cumulative Illness Rating Scale; df, degree of freedom; MMSE, Mini-Mental State Examination; SD, standard deviation.



Copyright © 2021 APTA Geriatrics, An Academy of the American Physical Therapy Association. Unauthorized reproduction of this article is prohibited.
8 Volume 000 • Number 000 • 00 2021

Research Report
Ta

bl
e 

4.
 R

es
ul

ts
 o

n 
th

e 
Im

pa
ct

 o
f t

he
 M

ul
tim

od
al

 E
xe

rc
is

e 
Pr

og
ra

m
 o

n 
Ph

ys
ic

al
 P

er
fo

rm
an

ce
 in

 In
di

vi
du

al
s 

W
ith

 D
em

en
tia

 (I
nt

en
tio

n-
to

-T
re

at
 A

na
ly

si
s)

Ba
se

lin
e

IG
: n

 =
 1

94
CG

: n
 =

 1
10

M
ea

n 
(S

E)

Gr
ou

p 
Di

ffe
re

nc
es

 a
t 

Ba
se

lin
e

t(
df

), 
P

Po
st

in
te

rv
en

tio
n 

IG
: n

 =
 1

94
CG

: n
 =

 1
10

M
ea

n 
(S

E)

Di
ffe

re
nc

e 
Be

tw
ee

n 
Ba

se
lin

e 
an

d 
Po

st
in

te
rv

en
tio

n 
M

ea
n 

(S
E)

, [
CI

95
]

W
ith

in
-G

ro
up

 T
im

e 
Ef

fe
ct

s
t(

df
), 

P

Ti
m

e×
Gr

ou
p 

Ef
fe

ct
s

F(
df

nu
m

er
at

or
, 

df
de

no
m

in
at

or
), 

P
Ef

fe
ct

 S
iz

e 
η p

²

6M
W

T,
 s

 
IG

11
.5

3 
(0

.4
4)

t (8
43

5)
 =

 −
0.

15
4,

  
P

 =
 .8

78
10

.8
1 

(0
.3

0)
0.

72
 (

0.
40

),
 [
−

0.
07

, 1
.5

1]
t (1

99
) =

 1
.7

83
,  

P
 =

 .0
76

a
F (1

,3
02

) =
 0

.2
02

 to
 3

.4
68

,  
P

 =
 .0

64
 to

 .6
53

b

.0
01

 to
 .0

11

 
C

G
11

.4
3 

(0
.4

7)
11

.5
4 

(0
.4

4)
−

0.
10

 (
0.

53
),

 [
−

1.
15

, 0
.9

5]
t (3

9)
 =

 −
0.

19
6,

  
P

 =
 .8

46

FI
C

SI
T-

4

 
IG

1.
97

 (
0.

10
)

t (2
08

) =
 −

0.
50

5,
  

P
 =

 .6
14

2.
06

 (
0.

11
)

−
0.

09
 (

0.
11

),
 [
−

0.
31

, 0
.1

3]
t (4

7)
 =

 −
0.

83
2,

  
P

 =
 .4

10
F (1

,3
02

) =
 0

.0
24

 to
 5

.4
53

,  
P

 =
 .0

20
 to

 0
.8

76
a,

c

.0
00

 to
 .0

18

 
C

G
1.

89
 (

0.
12

)
1.

77
 (

0.
15

)
0.

11
 (

0.
16

),
 [
−

0.
20

, 0
.4

3]
t (3

2)
 =

 0
.7

11
,  

P
 =

 .4
82

TU
G

, s

 
IG

26
.6

0 
(1

.2
3)

t (5
32

) =
 −

1.
00

0,
  

P
 =

 .3
18

25
.7

5 
(1

.0
5)

0.
84

 (
1.

26
),

 [
−

1.
66

, 3
.3

5]
t (3

0)
 =

 0
.6

73
,  

P
 =

 .5
06

a
F (1

,3
02

) =
 1

.1
83

 to
 6

.2
32

,  
P

 =
 .0

13
 to

 .2
78

a,
b,

c

.0
04

 to
 .0

20

 
C

G
24

.7
4 

(1
.1

5)
26

.5
4 

(1
.2

9)
−

1.
80

 (
1.

13
),

 [
−

4.
04

, 0
.4

4]
t (6

4)
 =

 −
1.

59
0,

  
P

 =
 .1

17
a

30
s 

C
ST

 
IG

7.
67

 (
0.

29
)

t (1
27

) =
 −

0.
11

8,
  

P
 =

 .9
06

7.
41

 (
0.

30
)

0.
26

 (
0.

30
),

 [
−

0.
33

, 0
.8

5]
t (2

6)
 =

 0
.8

78
,  

P
 =

 .3
88

a
F (1

,3
02

) =
 0

.0
06

 to
 2

.2
81

,  
P

 =
 .1

32
 to

 .9
39

.0
00

 to
 .0

07

 
C

G
7.

62
 (

0.
35

)
7.

59
 (

0.
36

)
0.

03
 (

0.
37

),
 [
−

0.
71

, 0
.7

6]
t (4

5)
 =

 0
.0

74
,  

P
 =

 .9
42

M
od

ifi
ed

 S
P

P
B

 
IG

5.
88

 (
0.

20
)

t (1
55

2)
 =

 −
0.

31
3,

  
P

 =
 .7

54
6.

04
 (

0.
23

)
−

0.
15

 (
0.

18
),

 [
−

0.
52

, 0
.2

1]
t (5

9)
 =

 −
0.

84
1,

  
P

 =
 .4

03
F (1

,3
02

) =
 0

.7
58

 to
 9

.5
41

,  
P

 =
 .0

02
 to

 .3
85

a,
b,

c

.0
03

 to
 .0

31

 
C

G
5.

78
 (

0.
24

)
5.

43
 (

0.
27

)
0.

35
 (

0.
25

),
 [
−

0.
14

, 0
.8

5]
t (4

8)
 =

 1
.4

12
,  

P
 =

 .1
65

a

A
bb

re
vi

at
io

ns
: 6

M
W

T,
 6

-m
 w

al
k 

te
st

; 3
0s

 C
ST

, 3
0-

se
co

nd
 c

ha
ir-

st
an

d 
te

st
; C

G
, c

on
tr

ol
 g

ro
up

; C
I 95

,  
95

%
 c

on
fid

en
ce

 in
te

rv
al

; d
f, 

de
gr

ee
s 

of
 fr

ee
do

m
; F

IC
SI

T-
4,

 F
ra

ilt
y 

an
d 

In
ju

rie
s:

 C
oo

pe
ra

tiv
e 

St
ud

ie
s 

of
 In

te
rv

en
tio

n 
Te

ch
ni

qu
es

—
su

bt
es

t 4
; I

G
, i

nt
er

ve
nt

io
n 

gr
ou

p;
 

SE
, s

ta
nd

ar
d 

er
ro

r;
 S

P
P

B
, S

ho
rt

 P
hy

si
ca

l P
er

fo
rm

an
ce

 B
at

te
ry

; T
U

G
, T

im
ed

 U
p 

an
d 

G
o 

te
st

.
a S

ta
tis

tic
al

ly
 s

ig
ni

fic
an

t i
n 

si
ng

le
 im

pu
ta

tio
ns

.
b C

ov
ar

ia
nc

e 
ho

m
og

en
ei

ty
 n

ot
 fu

lfi
lle

d 
in

 a
ll 

im
pu

ta
tio

ns
.

c V
ar

ia
nc

e 
ho

m
og

en
ei

ty
 n

ot
 fu

lfi
lle

d 
in

 a
ll 

im
pu

ta
tio

ns
.



Copyright © 2021 APTA Geriatrics, An Academy of the American Physical Therapy Association. Unauthorized reproduction of this article is prohibited.
JOURNAL OF Geriatric Physical Therapy 9

Research Report
Ta

bl
e 

5.
 R

es
ul

ts
 o

n 
th

e 
Im

pa
ct

 o
f t

he
 M

ul
tim

od
al

 E
xe

rc
is

e 
Pr

og
ra

m
 o

n 
Ph

ys
ic

al
 P

er
fo

rm
an

ce
 in

 in
di

vi
du

al
s 

W
ith

 D
em

en
tia

 (P
er

-P
ro

to
co

l A
na

ly
si

s)

Ba
se

lin
e

M
ea

n 
(S

D)

Gr
ou

p 
Di

ffe
re

nc
es

 
at

 B
as

el
in

e
t(

df
), 

P
Po

st
in

te
rv

en
tio

n
M

ea
n 

(S
D)

Di
ffe

re
nc

e 
Be

tw
ee

n 
Ba

se
lin

e 
an

d 
Po

st
in

te
rv

en
tio

n
M

ea
n 

(S
D)

, [
CI

95
]

W
ith

in
-G

ro
up

 T
im

e 
Ef

fe
ct

s
t(

df
), 

P

Ti
m

e×
Gr

ou
p 

Ef
fe

ct
s

F(
df

nu
m

er
at

or
,  

df
de

no
m

in
at

or
), 

P
Ef

fe
ct

 S
iz

e 
η p

²

6M
W

T,
 s

 
IG

; n
 =

 8
6

9.
79

 (
3.

15
)

t (1
55

 )
 =

 −
1.

62
0,

  
P

 =
 .1

07
9.

81
 (

3.
52

)
−

0.
02

 (
2.

66
),

 [
−

0.
60

, 0
.5

5]
t (8

5)
 =

 −
0.

08
5,

  
P

 =
 .9

33
F (1

,1
55

) =
 0

.0
00

,  
P

 =
 .9

86
a

.0
00

 
C

G
; n

 =
 7

1
10

.7
5 

(4
.2

8)
10

.7
9 

(3
.7

4)
−

0.
03

 (
4.

17
),

 [
−

1.
02

, 0
.9

5]
t (7

0)
 =

 −
0.

06
8,

  
P

 =
 .9

46

FI
C

SI
T-

4

 
IG

; n
 =

 9
3

2.
25

 (
1.

44
)

t (1
72

) =
 −

1.
47

7,
  

P
 =

 .1
41

2.
32

 (
1.

42
)

−
0.

07
 (

1.
42

),
 [
−

0.
36

, 0
.2

2]
t (9

2)
 =

 −
0.

47
5,

  
P

 =
 .6

36
F (1

,1
66

) =
 0

.3
28

,  
P

 =
 .5

67
.0

02

 
C

G
; n

 =
 7

5
1.

87
 (

1.
20

)
1.

81
 (

1.
27

)
0.

05
 (

1.
34

),
 [
−

0.
26

, 0
.3

6]
t (7

4)
 =

 0
.3

44
,  

P
 =

 .7
32

TU
G

, s

 
IG

; n
 =

 8
5

20
.8

4 
(9

.9
9)

t (1
51

) =
 0

.9
19

,  
P

 =
 .3

60
21

.8
4 

(1
0.

64
)

−
1.

01
 (

7.
71

),
 [
−

2.
67

, 0
.6

6]
t (8

4)
 =

 −
1.

20
1,

  
P

 =
 .2

33
F (1

,1
51

) =
 0

.4
19

,  
P

 =
 .5

18
.0

03

 
C

G
; n

 =
 6

8
22

.3
2 

(9
.8

4)
24

.1
1 

(1
0.

71
)

−
1.

79
 (

7.
16

),
 [
−

3.
52

, −
0.

06
]

t (6
7)

 =
−

2.
06

5,
 

P
 =

.0
43

b

30
s 

C
ST

 
IG

; n
 =

 6
9

8.
29

 (
3.

52
)

t (1
20

) =
 −

0.
37

4,
  

P
 =

 .7
09

8.
17

 (
3.

46
)

0.
12

 (
2.

45
),

 [
−

0.
47

, 0
.7

1]
t (6

8)
 =

 0
.4

18
,  

P
 =

 .6
78

F (1
,1

20
) =

 0
.3

02
,  

P
 =

 .5
84

.0
03

 
C

G
; n

 =
 5

3
8.

05
 (

3.
59

)
8.

21
 (

3.
37

)
−

0.
16

 (
3.

25
),

 [
−

1.
06

, 0
.7

4]
t (5

2 
) =

 −
0.

35
9,

  
P

 =
 .7

21

M
od

ifi
ed

 S
P

P
B

 
IG

; n
 =

 7
6

6.
78

 (
2.

82
)

t (1
36

) =
 −

1.
24

5,
  

P
 =

 .2
15

6.
87

 (
2.

99
)

−
0.

09
 (

2.
16

),
 [
−

0.
59

, 0
.4

0]
t (7

5)
 =

 −
0.

37
2,

  
P

 =
 .7

11
F (1

,1
36

) =
 0

.9
80

,  
P

 =
 .3

24
.0

07

 
C

G
; n

 =
 6

2
6.

19
 (

2.
63

)
5.

90
 (

2.
61

)
0.

29
 (

2.
37

),
 [
−

0.
31

, 0
.8

9]
t (6

1)
 =

 0
.9

64
,  

P
 =

 .3
39

A
bb

re
vi

at
io

ns
: 6

M
W

T,
 6

-m
 w

al
k 

te
st

; 3
0s

 C
ST

, 3
0-

se
co

nd
 c

ha
ir-

st
an

d 
te

st
; C

G
, c

on
tr

ol
 g

ro
up

; C
I 95

, 9
5%

 c
on

fid
en

ce
 in

te
rv

al
; d

f, 
de

gr
ee

s 
of

 fr
ee

do
m

; F
IC

SI
T-

4,
 F

ra
ilt

y 
an

d 
In

ju
rie

s:
 C

oo
pe

ra
tiv

e 
St

ud
ie

s 
of

 In
te

rv
en

tio
n 

Te
ch

ni
qu

es
—

su
bt

es
t 4

; I
G

, i
nt

er
ve

nt
io

n 
gr

ou
p;

 
SD

, s
ta

nd
ar

d 
de

vi
at

io
n;

 S
P

P
B

, S
ho

rt
 P

hy
si

ca
l P

er
fo

rm
an

ce
 B

at
te

ry
; T

U
G

, T
im

ed
 U

p 
an

d 
G

o 
te

st
.

a C
ov

ar
ia

nc
e 

ho
m

og
en

ei
ty

 n
ot

 fu
lfi

lle
d.

b S
ta

tis
tic

al
ly

 s
ig

ni
fic

an
t r

es
ul

ts
 a

pp
ea

r 
un

de
rli

ne
d 

fo
r 
α 
=

 .0
5—

no
 s

ta
tis

tic
al

ly
 s

ig
ni

fic
an

t r
es

ul
ts

 w
er

e 
ob

se
rv

ed
 c

on
si

de
rin

g 
ad

ju
st

ed
 s

ig
ni

fic
an

ce
 le

ve
ls

 u
si

ng
 B

on
fe

rr
on

i-H
ol

m
 c

or
re

ct
io

n.



Copyright © 2021 APTA Geriatrics, An Academy of the American Physical Therapy Association. Unauthorized reproduction of this article is prohibited.
10 Volume 000 • Number 000 • 00 2021

Research Report

DISCUSSION
The aim of the present study was to examine the impact 
of the 16-week MEP on physical performance in IWD. No 
statistically significant time×group effects were observed 
in both the original (per-protocol analysis) and the revised 
sample (intention-to-treat analysis). Thus, our hypothesis 
that physical performance of IWD changes after a 16-week 
MEP could not be confirmed. One should not consider the 
lack of generalization of the results as indicating no treat-
ment benefit. Rather this may indicate a lack of evidence 
against the null hypothesis between the groups of patients. 
Nevertheless, this RCT had a strong focus on method-
ological correctness and may thus expand on previous 
studies, which had some methodological limitations.15 In 
line with this, we applied 2 analysis procedures. However, 
both procedures have limitations regarding the evaluation 
of the outcomes. The intention-to-treat analysis might 
underestimate the real effects, whereas the per-protocol 
analysis might overestimate them. One reason for the lack 
of significant overall effects might be the relatively high 
heterogeneity of our sample. High standard deviations 
were seen for all assessments in both the IG and the CG, 
probably due to the overall high age, differences in disease 
stage, other medical comorbidities, and constraints relating 
to the 3 basic abilities in participants. The high heterogene-
ity of samples of IWD has been reported as a limitation in 
prior studies.34

Similar to our observations, no effects in overall results 
of physical performance were reported in other RCTs.35,36 
Lamb et al37 observed improved physical fitness after an 
aerobic and strength exercise training program of moder-
ate to high intensity, but did not report any noticeable 
improvements in other clinical outcomes. A 3-month 
MEP showed improvements in mobility and executive 
function in people with mild cognitive impairment but 
not with Alzheimer’s disease.38 Even though some lit-
erature reviews concluded that there is a trend toward 
increased physical performance in IWD, the results of 
original research studies are still conflicting. In line with 
this, our study also could not establish a beneficial effect 

of the MEP on physical performance in IWD. There are 
several methodological limitations to consider, especially 
in terms of interventions and assessments, that need to be 
overcome by future studies. For example, physical activity 
interventions have several degrees of freedom, like motor 
skills (endurance, strength, etc) and training parameters 
(intensity, duration, etc), and it remains unclear which 
motor skills or training parameters may have the high-
est impact on physical performance. One key to success 
might be to perform most exercises in standing positions, 
as Netz et al35 concluded. However, this is challenging for 
the target group of IWD given their increased risk of fall-
ing, which limits the selections of hands-free exercises that 
may be feasible for IWD.

As the response to physical exercise programs is known 
to vary individually,39 a higher individualization might 
have improved the effects of our MEP on physical per-
formance. It can be speculated that the proportion of 
nonresponders could have been diminished by an MEP 
with higher components of individualized intensity and/
or dose of tasks.40 Furthermore, especially in this sample, 
individualization with respect to high-intensity training 
is accompanied by several barriers, most notably motiva-
tion.41 It remains uncertain whether higher effects can be 
achieved through a more individualized MEP, in particular 
with regard to higher frequency of sessions. Furthermore, 
assessing motor skills is challenging in IWD. The assess-
ment might be biased by cognitive impairments, which 
may in turn lead to lower reliability.33 Additionally, present 
assessments often do not measure the actual performance 
but are rather biased by mood or motivation of IWD. Thus, 
there is a high demand for appropriate assessment tools 
that are specifically developed for IWD.

Individuals with dementia who responded to our inter-
vention, as identified by the responder analysis, revealed 
important insights that may be clinically meaningful. 
These findings are limited in their generalization. However, 
between 56% of participants with regard to the modified 
30s CST and 66% of participants with regard to the 6MWT 
and the modified SPPB experienced no change, or even an 

Table 6. Comparison of Positive, Non-, and Negative Responders in the Intervention Group and Mean Changes in Physical Performance 
From Baseline to Postintervention Assessment (Per-Protocol Analysis)

All Negative Responder Nonresponder Positive Responder

n
Mean Change, 

(SD), % %
Mean Change, 

(SD), % %
Mean Change, 

(SD), % %
Mean Change, 

(SD), %

6MWT 86 0.0 (2.7) 34 2.9 (1.7) 31 −0.3 (0.5) 35 −2.5 (1.7)

FICSIT-4 93 0.1 (1.4) 38 −1.3 (0.6) 28 0 (0) 34 1.6 (0.9)

TUG 85 1.0 (7.7) 35 7.9 (6.5) 37 0 (1.1) 28 −6.3 (6.5)

30s CST 69 −0.1 (2.5) 44 −2.3 (1.4) 26 0.3 (0.5) 30 2.6 (1.4)

Modified SPPB 76 0.1 (2.2) 34 −2.2 (1.4) 26 0.0 (0.6) 40 2.1 (1.2)

Abbreviations: 6MWT, 6-m walk test; 30s CST, 30-second chair-stand test; FICSIT-4, Frailty and Injuries: Cooperative Studies of Intervention Techniques—subtest 4; SD, standard deviation; SPPB, 
Short Physical Performance Battery; TUG, Timed Up and Go test.
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improvement in their physical performance between base-
line and postassessments. These findings reflect the positive, 
subjective feedback we received from several participants, 
relatives, or employees of care facilities. Even maintaining 
the level of physical performance over the 16-week study 
period may be a sign of a positive impact of the MEP, as 
rapid decline of physical performance is usually seen in 
IWD. Furthermore, our observations with regard to the 
increase in SPPB values may be of clinical relevance, as this 
assessment is related to mobility disability and may be a 
strong predictor of falls and death risk.

In addition, our results indicate that the potential ben-
efit of the MEP varies depending on the level of physical 
performance at baseline. Those IWD who had low baseline 
performance in balance and strength and function of lower 
extremities had a higher likelihood of experiencing positive 
changes in the same variables after the MEP. This is clini-
cally relevant, and one may conclude that physical activity 
treatment should particularly be recommended to IWD 
with poor physical performance. On the other hand, it is 
also possible that the intensity of our exercise sessions was 
too low to have a measurable impact on those IWD who 

Table 7. Differences in Baseline Physical and Cognitive Performance Between Positive, Non-, and Negative Responders in the 
Intervention Group (Per-Protocol Analysis)

Negative 
Responder
Mean (SD)

Nonresponder
Mean (SD)

Positive 
Responder
Mean (SD)

Between-Group Difference
F(dfnumerator, dfdenominator)/χ²(df), P Post Hoc Analysis

6MWT

 MMSE (n = 86) 16.7 (4.1) 16.8 (4.3) 17.5 (4.9) F(2,83) = 0.252, P = .777, ηp
2 = .006

 6MWT (n = 86) 9.1 (2.9) 10.4 (3.4) 10.0 (3.1) F(2,83) = 1.277, P = .284, ηp
2 = .030

 Modified SPPB (n = 82) 7.5 (2.7) 6.4 (2.7) 6.7 (2.9) F(2,86) = 1.199, P = .307, ηp
2 = .029

FICSIT-4

 MMSE (n = 93) 17.3 (4.5) 15.8 (3.9) 17.1 (4.5) F(2,90) = 1.004, P = .370, ηp
2 = .022

 FICSIT-4 (n = 93) 3.0 (1.3) 2.4 (1.5) 1.3 (1.1) χ²(2) = 23.083, P < .001
z = 4.722, P < .001, r = 0.58a

z = 3.060, P = .007, r = 0.40b

 Modified SPPB (n = 88) 7.3 (2.9) 6.8 (3.0) 5.8 (2.5) F(2,85) = 2.447, P = .093, ηp
2 = .054

TUG

 MMSE (n = 85) 16.6 (3.8) 17.7 (4.5) 17.0 (5.0) χ²(2) = 1.061, P = .588

 TUG (n = 85) 19.8 (9.7) 19.3 (7.1)
24.1 

(12.8) χ²(2) = 2.847, P = .241

 Modified SPPB (n = 81) 7.3 (3.0) 6.8 (2.2) 6.8 (3.0) F(2,78) = 0.305, P = .738, ηp
2 = .008

Modified 30s CST

 MMSE (n = 69) 17.0 (3.8) 17.8 (4.4) 18.0 (5.0) χ²(2) = 1.035, P = .596

 30s CST (n = 69) 9.2 (3.9) 9.1 (2.6) 6.3 (2.8) F(2,66) = 5.244, P = .008, ηp
2 = .137 P = .011, MD = −2.81, CI95 

[−5.08, −0.55]a

P = .028, MD = −2.81, CI95 
[−5.36, −0.25]b

 Modified SPPB (n = 67) 7.5 (2.6) 7.6 (3.0) 5.9 (2.3) F(2,64) = 2.668, P = .077, ηp
2 = .077

Modified SPPB

 MMSE (n = 76) 16.5 (3.8) 16.5 (4.3) 18.1 (4.7) χ²(2) = 2.805, P = .246

 6MWT (n = 76) 10.5 (4.8) 8.7 (2.3) 9.8 (3.0) χ²(2) = 2.730, P = .255

 FICSIT-4 (n = 76) 2.5 (1.3) 3.1 (1.3) 1.9 (1.5) χ²(2) = 9.446, P = .009 z = 3.051, P = .007, r = 0.43b

 Modified 30s CST (n = 69) 8.0 (3.5) 9.6 (4.3) 6.8 (2.7) F(2,66)= 3.701, P = .030, ηp
2 = .101

P = .022, MD = −2.86, CI95 
[−5.39, −0.34]b

 Modified SPPB (n = 76) 6.9 (2.9) 8.3 (2.9) 5.7 (2.3) χ²(2) = 9.066, P = .011 z = 2.980, P = .003, r = 0.42b

Abbreviations: 6MWT, 6-m walk test; 30s CST, 30-second chair-stand test; CI95, 95% confidence interval; df, degrees of freedom; FICSIT-4, Frailty and Injuries: Cooperative Studies of Intervention 
Techniques—subtest 4; MD, mean difference; MMSE, Mini-Mental State Examination; SD, standard deviation; SPPB, Short Physical Performance Battery; TUG, Timed Up and Go test.
aPost hoc analysis: statistically significant lower performance of positive compared to negative responders.
bPost hoc analysis: statistically significant lower performance of positive compared to nonresponders.
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had a higher level of physical performance at baseline. We 
cannot rule out this assumption, as the intervention was 
delivered in a group setting. Even though we deliberately 
had small group sizes, exercise instructors may have deter-
mined the intensity of the MEP sessions based on those 
participants with lowest physical fitness. However, of note, 
this was important and instructors were encouraged to do 
so to ensure safety for all participants during the MEP, 
including those with lower physical fitness. Nevertheless, 
the key to success may be a higher degree of individualiza-
tion and potentially tailoring exercise intensities to baseline 
physical performance, which may also improve attendance 
(see Appendix B). There is a general assumption that lower 
levels of physical function are more pronounced in individ-
uals with cognitive impairments compared with cognitively 
unimpaired persons. However, in our sample, we did not 
observe that poor physical function was associated with 
more severe cognitive impairment (ie, the responders in bal-
ance as well as strength and function of lower extremities 
that had lower performance levels at baseline did not differ 
in global cognition, MMSE]. To our knowledge, our study 
may be among the first to conduct a responder analysis, 
and more research is needed to confirm our observations.

The strengths of this study are the high-quality meth-
odological approach, as well as the precise documenta-
tion and reporting. It is noteworthy that our RCT had a 
large sample size, as well as an MEP that proved to be a 
feasible and sustainable exercise program tailored to the 
characteristics and demands of IWD. This intervention was 
conducted in 36 care facilities, and most of these facilities 
decided to implement the MEP into their daily routine after 
the end of the study. Despite the methodological and plan-
ning efforts, our research still had some limitations. First, 
even though the MEP was carefully developed based on 
theoretical considerations, as well as the results of a pilot 
study23 and a literature review,18 it may not have been able 
to sufficiently consider the baseline physical performance 
level of participants. As the MEP was delivered in a group 
setting, some participants may not have reached the inten-
sity threshold needed to induce any changes in physical fit-
ness. Furthermore, the additional therapeutic interventions 
parallel with the administered program (ie, medication) 
were possibly different and biased the findings. Some of 
the effects we observed could be due to the group setting 
(ie, enhanced social interaction) or additional attention that 
participants received from the exercise instructors, rather 
than due to the MEP itself. This bias could be addressed 
in future studies by additional nonexercise groups that 
engage in social interventions. Another limitation pertains 
to the differences in sample sizes between the intention-to-
treat and per-protocol analyses, which were relatively high, 
as several IWD did not complete the assessment battery. 
Reasons for not completing assessments were severe dis-
ease, impaired walking ability, or refusal due to appoint-
ment scheduling conflicts. It remained unclear whether 
this refusal was due to excessive demands of the MEP, 
reluctance or lacking motivation, or other daily conditions. 

Moreover, being a multicenter study, there is the problem 
of homogeneity of evaluations and interventions on the 
patients that can further bias the homogeneity of variance. 
Another major limitation is that assessments to measure 
physical function are often not specifically designed for 
IWD and the use of assistive aids is not described in detail. 
Assistive aids by some participants to ensure safety may 
have influenced test results. Thus, designing and evaluating 
tests to assess physical performance among IWD with the 
use of assistive aids are critically important and should be 
considered in future studies.

CONCLUSIONS
This multicenter RCT aimed to identify the effects of 
a multimodal physical and cognitive intervention on 
physical performance in IWD. Overall, there were no 
significant effects of the standardized program on physical 
performance. While keeping in mind the limitations of the 
responder analysis and the restrictions in terms of general-
ization, this analysis resulted in a considerable proportion 
of participants who responded to the MEP by maintaining 
or even improving their physical function between baseline 
and postintervention assessments. This may indicate the 
need to individualize physical activity interventions among 
IWD (eg, adjust exercise intensities or frequencies or selec-
tion of tasks based on baseline physical and/or cognitive 
performance). For this reason, we recommend to better 
adapt interventions by considering the individual needs and 
characteristics of IWD when planning an exercise training 
program.
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Table A1. Contents of the Specific Training for Instructors and Investigators

Contents Investigators Instructors

Physiological basics of dementia 2 lesson units 2 lesson units

Communication with individuals with dementia 2 lesson units 2 lesson units

Implementation of cognitive tests with individuals with dementia 3 lesson units

Implementation of motor tests with individuals with dementia 3 lesson units

Theory and practice of the multimodal exercise program 4 lesson units

Work shadowing/accompanied implementation of the multimodal exercise program 2 lesson units

Handouts Manual for testing Manual for the planned sessions

Appendix A. Additional and Exemplary as Well as Illustrative Information About the Multimodal Exercise Program and the Training for 
Instructors
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Table A2. Examples of Exercises and Their Progression of the Multimodal Exercise Program 

Simple Performance Progressive Performance Developed Within the 16 wk

Strength

Motor task Strengthening of upper limb 
and core: lateral flexion with 
pool noodle 

Starting position: seated, arms 
stretched above the head 

Sets and repetitions: 3 sets 
with 2 repetitions for each 
side

Strengthening of upper limb, 
core, and lower limb: lateral 
flexion with rope 

Starting position: Standing up-
right behind the chair, arms 
stretched above the head 

Sets and repetitions: 2 sets 
with 3 repetitions for each 
side

Cognitive 
task

No additional cognitive task Answering questions about circus (topic of the session 
“Circus”)

Balance

Motor task Slow and large arm move-
ments in horizontal plane 
holding a small sandbag 
while leaning to left and 
right side

Starting position: seated, 
one arm is horizontally 
stretched, flexion in hip 
joint to shift body weight to 
tiptoes

Duration: 1 min, approximate-
ly 10 repetitions per side

Slow and large arm move-
ments in horizontal plane 
holding a small sandbag 
while leaning to left and 
right sides

Starting position: standing 
upright behind the chair, 
one arm is horizontally 
stretched, flexion in hip joint 
to shift body weight to 
tiptoes

Duration: 1:30 min, 15 repeti-
tions per side

Cognitive 
task

Answering questions about elephants (topic of the session “Safari in 
Namibia”)

Counting back from 180 in steps of 6 (change hands at 90)

Endurance

Motor task “Walking“ in seated position—
lifting legs with active use 
of arms

Starting position: seated
Duration: 1 min

“Walking“ on the spot—lifting 
legs with active use of arms 
(if possible)

Starting position: standing 
upright behind the chair

Duration: 3 min

Cognitive 
task

Answering questions about soccer and its rules (topic of the session 
“Soccer World Cup”)

Naming animals living in the jungle. If a participant repeats 
an animal, he/she is asked to find another one

Flexibility

Motor task Extension and flexion of the 
trunk; bringing arms in 
extension with maximal per-
sonal range of motion

Starting position: seated
Sets and repetitions: 3 sets 

with 10 repetitions (5 
repetitions slow, 5 repeti-
tions fast)

Extension and flexion of the trunk; bringing arms in 
extension with maximal personal range of motion (try to 
increase range of motion)

Standing position: standing upright behind a chair
Sets and repetitions: no repetitions defined; duration 3 min

Cognitive 
task Performing in the same rhythm synchronous with other participants Learning 3 different signals: 1 = moving fast; 2 = moving 

slow; 3 = change direction
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Table A3. Sample Session of the Multimodal Exercise Program

Imagination Motor Tasks Cognitive Tasks Time

Arrival

Destination: ask the partici-
pants for destination of 
this session

None. If participants do not know 
destination, instructor gives 
explanations and descrip-
tions about destination to 
create an imagination.

5 min

Pack your bag: take clothes 
out of the wardrobe

Move your arms and upper body with straightened back to the right, 
middle, and left side and then down to the floor, respectively (in order 
to put the clothes into the bag).

Instructor asks where in 
the wardrobe trousers (in 
middle compartment), 
T-shirts, and pullovers (in 
left overhead compart-
ment), swimsuit or swim 
trunks (in right overhead 
compartment), etc, are.

Central station: walk to the 
central station (meet the 
other tourists)

Alternately lift your legs and swing your arms to simulate walking.

None.

Greet your fellow 
passengers

Upper body rotates to the left/right side and shake hands with fellow 
passenger.

None.

Take your ticket out of your 
pocket (trousers or shirt) 
or handbag and show it 
to the conductor

Bend down to touch the chair leg (handbag) (alternatively touch the ad-
dressed pocket of your clothes), then stretch 1 arm with straightened 
back to the front and hold it.

Participants should remem-
ber where they have put 
the ticket after the last 
journey.

The group reflects on pack-
ing and thinks about if 
everything important is 
included

Resting and recovering.

Instructor asks participants 
what they packed in their 
bags a few minutes ago.

Get out of the train and walk 
to the hotel for check-in

Alternately lift your legs and swing your arms to simulate walking.

None.

(continues)
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Table A3. Sample Session of the Multimodal Exercise Program (Continued)

Imagination Motor Tasks Cognitive Tasks Time

Main part: Visiting Scotland, joining the highland games

First event: Cross-country running

Leave the hotel and walk to 
the start

Sit up straight. Alternately lift your legs with use of arms.

None. 1 min

Preparation for the cross-
country run

Sit up straight

1. Shaking out arms and 
legs

2. Circles of the shoul-
ders and ankles

3. Stretch the arms and 
incline to the left and 
to the right.

4. Check your laces and 
take 3 deep breathes

 
 
 
 

None. 2 min

(continues)
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Table A3. Sample Session of the Multimodal Exercise Program (Continued)

Imagination Motor Tasks Cognitive Tasks Time

Cross-country running

Participants walk around the circle; possibly by 
holding the shoulders of the person in front. Ad-
ditional movement variations:

• Walking up the hill; large steps

• Walking over a root; high steps

• Walking under a branch; ducking upper body

• Walking around mud pools; steps to the right 
and to the left

Breaks are possible when needed (eg, walking 4 
chairs further then make a break in seating posi-
tion; 2-3 rounds should be done.

Instructor tells a story about 
the landscape where the 
described movement varia-
tions are integrated.

5 min

(continues)
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Table A3. Sample Session of the Multimodal Exercise Program (Continued)

Imagination Motor Tasks Cognitive Tasks Time

Second event: Highland games

Sawing tree trunks

Two participants hold one pool noodle with one 
hand, and the other hand is on the back of the 
chair. Participants move the upper body simul-
taneously to the arm movement of sawing.

Instructor counts all 
odd numbers until 
30 along with the 
participants.

2 min

Tree trunk 
competition

Turn on its own axis. Imitate a throw and look 
behind the tree trunk.

Instructor asks about the 
width each participant 
reaches.

3 min

Scottish dance Dance 4/4 rhythm
1. Right leg: heel tip in 

front (1), toe tip next 
to the left foot (2), 
heel tip to the side 
(3), toe tip next to 
the left foot (4), heel 
tip in front (5), toe tip 
next to the left foot 
(6), knee lift (7), leg 
put down (8)

Instructor introduces the 
Scottish dance gradu-
ally and counts the 
rhythm.

4 min

2. left leg: heel tip in front (1), toe tip next to the 
left foot (2), heel tip to the side (3), toe tip next 
to the left foot (4), heel tip in front (5), toe tip 
next to the left foot (6), knee lift (7), leg put 
down (8)

Left and right legs in alternation for 2 times.

Second run: sawing 
tree trunk

See above. Instructor counts 
all even numbers 
until 30 along with the 
participants.

2 min

Second run: tree 
trunk competition

See above. Instructor asks which 
participant reaches the 
highest width in the 
first round.

3 min

(continues)
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Table A3. Sample Session of the Multimodal Exercise Program (Continued)

Imagination Motor Tasks Cognitive Tasks Time

Second run: Scottish 
dance

Same choreography as above. Instructor remem-
bers tot he learned 
choreography, starts 
with the guidance, 
and gives it up to 
a participant. Each 
participant should 
once guide/count for 
the choreography.

2 min

Break for drinking

Third run: sawing 
tree trunk

See above. Common counting of 
numerical series of 
+2, −1, +2, −1, … 
starting with 0, ending 
at 10 (0, 2, 1, 3, 2, 4, 
3, 5, 4, 6, 5, 7, 6, 8, 7, 
9, 8, 10)

2 min

Third run: tree trunk 
competition

See above. Instructor asks about the 
width of the first run.

3 min

Third run: Scottish 
dance

Same choreography as above. Instructor asks partici-
pants if they remem-
ber the choreography. 
Arm movements 
are added. Different 
participants count the 
rhythm.

3 min

Third event: Cycling tour

Cycling tour

Sitting on the edge of the chair, upper body is 
leaden back. Legs are lifted and move in the 
typical riding movement.

1. 2. Speed: normal pace, 1 min
2. 1. Speed: fast pace, 30 s
3. Short break, standing up, turn on its own axis 

(1 right, 1 left)
4. 3. Speed: slow pace, 1 min

Each speed is for a 
typical pace. Instructor 
calls a speed and 
each participant has to 
perform the respective 
pace.

4 min

Walk your bike up 
the hill to the 
hotel

Alternately lift your legs with use of arms. None. 2 min

(continues)
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Table A3. Sample Session of the Multimodal Exercise Program (Continued)

Imagination Motor Tasks Cognitive Tasks Time

Departure

Pack your bag None Participants have to remember the clothes 
and other things they have put in the 
bag on the arrival. Instructor encourages 
them by asking explicit questions.

5 min

Walk to the central station (See “Arrival”) None.

Take your ticket out of your 
pocket (trousers or shirt) 
or handbag and show it to 
the conductor

(See “Arrival”) Participants have to remember where 
they have left the ticket after they have 
showed it to the conductor.

Remembering

Relax and shake your arms and legs.

Participants have to remember what the 
destination of the journey today was and 
what experiences they had. Instruc-
tor encourages group to talk about the 
training lesson and if needed give hints.

Say goodbye to fellow 
passengers

Wave your hands at other participants.

None.

Announcing the next des-
tination of the upcoming 
training lesson

None. Instructor says goodbye to participants and 
gives a brief outlook to the next training 
session.
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Table B1. Differences Between the 2 Intervention Groups Divided by Their Attendance to the Multimodal Exercise Program

Characteristics

Intervention Group,
≥75% Attendance

Intervention Group,
<75% Attendance Group Differences

t(df), Pn Mean (SD) n Mean (SD)

6MWT, s

 Baseline 100 10.43 (4.37) 74 11.93 (6.70) t(118) = −1.687, P = .094

 Postintervention 89 9.78 (3.46) 43 10.96 (3.61) t(80) = −1.788, P = .078

FICSIT-4

 Baseline 101 2.22 (1.46) 78 1.77 (1.18) t(176) =2.276, P = .024

 Postintervention 97 2.27 (1.42) 51 1.87 (1.44) t(101) = 1.633, P = .106

TUG, sec

 Baseline 101 22.92 (12.89) 74 27.75 (17.82) t(126) = −1.982, P = .050

 Postintervention 87 21.93 (10.56) 44 25.94 (11.47) t(181) = −1.941, P = .056

30s CST

 Baseline 91 8.06 (3.89) 61 7.53 (3.31) t(142) = 0.903, P = .368

 Postintervention 78 8.35 (3.51) 40 6.84 (3.61) t(77) =2.178, P = .032

Modified SPPB

 Baseline 96 6.61 (2.86) 67 5.55 (2.64) t(149) =2.443, P =.016

 Postintervention 83 6.63 (3.09) 46 5.54 (3.49) t(84) = 1.756, P = .083

Abbreviations: 6MWT, 6-m walk test; 30s CST, 30-second chair-stand test; df, degrees of freedom; FICSIT-4, Frailty and Injuries: Cooperative Studies of Intervention Techniques—subtest 4; SD, 
standard deviation; SPPB, Short Physical Performance Battery; TUG, Timed Up and Go test.

Appendix B. Additional Analysis


