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W Check for updates

Despite increasingindividual and societal burden, evidence for effective
management strategies of multimorbidity is missing. Exercise therapy and
self-management support are promising interventions, but their effect has not
been evaluated. We hypothesized that exercise therapy and self-management
support were superior to usual care alone inimproving health-related

quality of life (HRQoL) inindividuals with multimorbidity. In this pragmatic
multicenter, assessor-blinded randomized controlled trial (MOBILIZE), we
enrolled 228 adult patients with two or more selected long-term conditions
that limited their daily activities, but who were able to walk at least 3 meters
without assistance, and who did not have unstable health conditions, life
expectancy less than12 months, or selected psychiatric conditions. Patients
were randomized (1:1) to a12 week personalized exercise therapy and
self-management support programin addition to usual care or usual care
alone. The primary outcome was HRQol (using the EQ-5D-5L (European
Quality of Life 5-dimensions 5-level version), ranging from -0.758 to 1, with
higher scores being better) at 12 months, while secondary outcomesincluded
functional performance (6 minute walk test and the 30 second chair-stand
test), serious adverse events (SAEs), physical activity level (steps per day and
minutes per day of atleast light intensity measured with accelerometers),
disease burden (Bayliss burden of iliness measure), depression (Personal
Health Questionnaire Depression Scale-8), anxiety (General Anxiety
Disorder-7), self-efficacy (Self-Efficacy for Managing Chronic Disease scale),
disability (12 item WHO Disability Assessment Schedule) and self-rated health
(EQ-VAS (EuroQol Visual Analog Scale)). In total, 197 of 228 participants (86%)
completed the 12 month follow-up. Onintention-to-treat analysis the exercise
therapy and self-management support program had a statistically significantly
greater effect on HRQoL than usual care alone (0.050 versus —0.014; adjusted
mean difference, 0.064 points; 95% Cl: 0.014-0.115). There were 36 and 48
SAEsinthe exercise therapy and self-management group and usual care
group, respectively (P=0.388). Among the other secondary outcomes,

only self-rated health was statistically significantly different between the
groups (adjusted mean difference, 6.9 points; 95% Cl: 1.8-12.1), in favor of
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theintervention group. In conclusion, this trial suggests that personalized
exercise therapy and self-management support are more effective than usual
care alone inimproving health-related quality of life at 12 months in adults
with multimorbidity, without compromising safety. The clinical relevance of
theresults remains unclear. ClinicalTrials.gov registration: NCT04645732.

Multimorbidity is commonly defined as the presence of two or more
coexisting long-term conditions in the same individual'. It affects more
than one-third of the adult population worldwide?, with a projected
increase of 84%by 2049 (ref. 3). It occurs 10-15 years earlier in deprived
areas* and the inequality is expected to widen further in the future,
especially in the working-age population®.

Multimorbidity is associated with reduced quality of life, physical
and cognitive function, and premature death™’. There is an almost
exponential relationship between the number of long-term condi-
tions and associated costs because of greater healthcare utilization,
sick leave and so on®. As such, individuals living with multimorbidity
account for three out of four of all primary care consultations’ and are
atincreasingly greater risk of hospitalization and longer hospital stays
with more long-term conditions®.

Multimorbidity is a complex problem for research and clinical
practice owing to the large heterogeneity in the measurement, pres-
entation and severity of included long-term conditions'’. Despite the
massive individualand societal burden and the projected steep increase
inprevalenceinthe future, there remains alack of evidence on effective
managementstrategies'. Thisis reflectedinclinical guidelinesandinthe
silo-based healthcare system specialized in the individual conditions
that focus on treating each condition in isolation, rather than adopting
person-centered, multimorbidity care models'. However, evidence sug-
geststhatasingle-disease approachleadstoinadequate, fragmented and
even contradictory carethatisinefficientand unsatisfactory tothe patient
and healthcare provider,and whichincreases the treatmentburden™" ™,

Recommendations on future interventional research suggest
focusing on patient health behaviors such as exercise therapy'®, which
isalsoamongthe key research priorities identified by patients, carers
and health professionals”. Exercise therapy has been identified as an
effective and safe intervention for at least 25 long-term conditions’,
including knee and hip osteoarthritis, chronic obstructive pulmo-
nary disease, heart failure and coronary heart disease, hypertension,
type 2 diabetes mellitus and depression, which are among the leading
causes of global disability and which frequently co-occur”. In parallel,
self-management supporthas gained recognition asa crucial element
in improving health-related quality of life and reducing healthcare
utilization in individuals with long-term conditions'. This is because
self-management supportis essential to ensure long-term adherence
to exercise and other health behaviors, slow down the progression of
long-term conditions, and improve health®.

Overall, while exercise therapy and self-management support
appear to be promising treatment options for individuals with multimor-
bidity, the currentevidenceis of low quality, underscoring the need for
high-quality randomized controlled trials (RCTs) to evaluate their effec-
tiveness across different combinations of long-term conditions'®'*?°,

In this pragmatic multicenter RCT (MOBILIZE), we investigated
whether a12 week personalized exercise therapy and self-management
support program in addition to usual care was superior to usual care
alone in improving health-related quality of life at 12 months in indi-
viduals with multimorbidity.

Results

Patient disposition

From18January 2022 throughto 30 May 2023, we assessed 632 patients
with multimorbidity. Ultimately, 228 patients were randomized
(36%recruitmentrate): 115to the exercise therapy and self-management

supportintervention group and 113 to the usual care group (Fig. 1).
At the 12 month follow-up assessment, 197 participants provided pri-
mary outcome data (86% retention rate): 90% in the exercise and
self-managementintervention group and 83% in the usual care group.
Reasons for not providing outcome data at the follow-up assessment
aregivenin Supplementary Appendix 1.

In the exercise therapy and self-management support interven-
tion group, 76% and 75% attended 18 or more exercise therapy and
self-management sessions, respectively. Reasons for non-attending
the exercise and self-management sessions included illness, vacation
and appointments with other healthcare professionals (for example,
planned hospital visits).

The characteristics of the participants in the exercise therapy
and self-management group and usual care group were comparable
(Table 1). Patients had a mean age of 69.8 years (s.d. 8.4), mean BMI
0f30.9 kg m~(s.d. 5.7), a total of 98 (43%) were female, and patients
had onaverage sevenlong-term conditions (s.d. 3, range 2-19). A list of
long-term conditions that participantsin both groups had at baseline
isgivenin Supplementary Appendix 2.

Primary outcome

Between-group differences from the intention-to-treat analysis
of the primary outcome. The between-group analysis identified a
statistically significant difference in change between the groups from
baseline to12 monthsin the primary outcome, the descriptiveindex of
the European Quality of Life 5-dimensions 5-level version (EQ-5D-5L)
questionnaire. The mean difference in change was 0.064 points (95% CI:
0.014-0.115) in favor of the exercise therapy and self-management
group inboth the crude and adjusted analyses (Fig. 2 and Table 2).

Within-group differences from the intention-to-treat analysis of the
primary outcome. While the exercise therapy and self-management
groupimproved by 0.050 points (95% CI: 0.012-0.089) in the descrip-
tiveindex of the EQ-5D-5L, the usual care group declined by 0.014 points
(95% CI: —0.048 to 0.020) from baseline to 12 months (Table 2). In the
exercise therapy and self-management group, 32.5% of the participants
reached a minimum important difference of 0.074 for people with
varying comorbidities?, while in the usual care group the correspond-
ingnumber was 27.4%. At 12 months, 56 (55%) and 36 (40%) reported a
patientacceptable symptom state in the exercise and self-management
supportand the usual care groups, respectively. Of these, 10 (18%) and
16 (44%) reported that they considered their treatment to have failed.

Secondary outcomes

Between-group differences from the intention-to-treat analysis
of secondary outcomes. The exercise therapy and self-management
group had astatistically significant greaterimprovementin the EuroQoL
Visual Analog Scale (EQ-VAS) than the usual care group at 12 months
with amean adjusted difference of 6.9 points (95% CI: 1.8-12.1). While
most of the other secondary outcomes favored the exercise therapy
and self-management group, no other statistically significant between-
group differences in change from baseline to 12 months were found
(P>0.05; Table 2).

Within-group differences from the intention-to-treat analysis of
secondary outcomes. For the secondary outcomes, both groups
reported a statistically significant improvement in the 30 second
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Assessed for eligibility (n = 632)

Did not want to be assessed for participation
(n=16)
Did not respond to enquiry (n = 25)
Did not meet eligibility criteria (n = 272)
+ Less than two of the listed conditions (n = 9)

+ Unable to walk 3 m without assistance
(n=5)

+ Disease burden score too low (n = 70)

+ Not willing or able to participate in
intervention (n = 141)

+ Less than 3 months since participation in
supervised exercise therapy (n = 34)

+ Unstable health condition or at risk of

Did not return informed consent (n = 32)

Postponed or cancelled baseline tests (n = 4) (n=319)

Eligible for inclusion

serious adverse events (n = 2)
+ Have >1 selected mental disorders and/or
dependency disorders (n = 11)

Started rehabilitation elsewhere (n = 2)
Chose not to undergo randomization (n = 53)
+ Transportation challenges (n =13)

+ Unknown (n=12)

+ Lack of energy (n=9)

+ Lack of willingness to be randomized to
usual care (n = 8)

+ Newly arisen illness/injury (n = 4)

+ Personal reasons (n = 3)

+ Other (n=4)

Underwent randomization (n = 228)

Allocated to intervention (n = 115)
+ Withdrawn written consent including
permission to use data (n=1)

Reported 4 month EQ-5D-5L (n =107)

+ Did not report 4 month EQ-5D-5L (n = 7)
o Did not respond (n=1)

o Withdrawn from study (n = 6)

Reported 6 month EQ-5D-5L (n = 100)

+ Did not report 6 month EQ-5D-5L (n = 14)
o Did not respond (n=7)

o Withdrawn from study (n =7)

Reported 12 month EQ-5D-5L (n = 103)

+ Did not report 12 month EQ-5D-5L (n =11)
o Did not respond (n = 4)

o Withdrawn from study (n =7)

l

Intention-to-treat analysis (n = 114)
Per-protocol analysis (n = 81)

Fig.1|Flow of study patients.

Allocated to usual care (n =113)

Reported 4 month EQ-5D-5L (n = 96)

+ Did not report 4 month EQ-5D-5L (n =17)
o Did not respond (n =10)

o Withdrawn from study (n =7)

Reported 6 month EQ-5D-5L (n = 92)

+ Did not report 6 month EQ5D-5L (n = 21)
o Did not respond (n =14)

o Withdrawn from study (n = 7)

Reported 12 month EQ-5D-5L (n = 94)

+ Did not report 12 month EQ-5D-5L (n =19)
o Did not respond (n = 8)

o Withdrawn from study (n = 11)

l

Intention-to-treat analysis (n = 113)
Per-protocol analysis (n = 90)

chair-stand test, while only the exercise therapy and self-management
group improved in the 6 minute walk test, Bayliss burden of illness
measure, Personal Health Questionnaire Depression Scale (PHQ-8),
World Health Organization (WHO) Disability Assessment Schedule
and EQ-VAS (P< 0.05; Table 2).

Per-protocol analysis
Inthe per-protocol analysis (n =171; n = 81in the exercise therapy and
self-management supportgroup and n=90intheusual caregroup), the

between-group difference in change from baseline to 12 monthsin the
primary outcome, the descriptive index of the EQ-5D-5L questionnaire,
was not statistically significant. The mean difference in change was
0.032 points (95% Cl:—0.032t0 0.088) in favor of the exercise therapy
and self-management group in both the crude and adjusted analyses.
There was no between-group difference in the secondary outcomes
in the per-protocol analysis. Within-group changes were in line with
within-group changein the intention-to-treat analysis (Supplementary
Appendices 3 and 4).
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Table 1| Baseline characteristics

Exercise and Usual care

self-management

Age (years) 70.0+8.7 (n=14) 69.6+8.1(n=113)

Body mass index (kgm) 31.6+6.0 (n=114) 30.3+5.5 (n=113)

Sex, n (%)
Female 45 (39) 53 (47)
Male 69 (61) 60 (53)
Smoking status, n (%)
Current smoker 15 (13) 9(8)
Former smoker 64 (56) 65 (58)
Never smoked 35(31) 39(34)
Demographic status, n (%)
Working/student 10 (9) 10(9)
Unemployed 3(3) 0(0)
Sick leave full-time 2(1) 4(4)
Sick leave part-time 3(3) 5(4)
Disability pensioner 15 (13) 10(9)
Early retirement 2(1) 4(4)
Retired 79 (69) 80 (70)

Number of chronic conditions
per individual

7£2.9 (n=114) 7+2.8 (n=113)

Steps per day, median (IQR) 4140 (2,019-5,821)

(n=106)

3,798 (2,025-6,008)
(n=104)

Time spent being physically 27+9.8 (n=106) 26+9.8 (n=103)
active with at least light intensity

(min per day)

6min walk test (m) 401£95 (n=111) 393+114 (n=111)

30s chair-stand test (number of 10.7+3.7 (n=113) 10.9+4.0 (n=113)

chair stands in 30s)

Instruments

Self-Efficacy for Managing
Chronic Disease 6-item Scale
(SEMCD6)

6.2+1.8 (n=114) 6.2+1.9 (n=113)

Personal Health Questionnaire
Depression Scale (PHQ-8),
median (IQR)

5(3-7) (n=114) 5(2-8) (n=113)

General Anxiety Disorder-7 2.5(0-4) (n=14) 1(0-4) (n=113)

(GAD-7), median (IQR)

Bayliss burden of illness measure ~ 17+8.6 (n=114) 17+£8.2 (n=113)

European Quality of Life 0.709+0.226 (n=114) 0.724+0.211 (n=113)
5-dimensions 5-level version

(EQ-5D-5L), descriptive index

Overall functioning and disability

WHO Disability Assessment
Schedule (WHODAS 2.0, 12 items)

23+16 (n=114) 2315 (n=112)

EuroQol Visual Analog Scale 53.0+18.0 (n=114) 56.9+18.4 (n=113)

(EQ-VAS)

Data are given as mean+s.d. unless otherwise stated.

Safety

There were 36 and 48 serious adverse events (SAEs) in the exercise
therapy and self-management group and in the usual care group,
respectively, with no statistically significant between-group differ-
ence (P=0.388; Table 3). There were 58 and 50 non-SAEs in the exer-
cise therapy and self-management group and in the usual care group,
respectively, with no statistically significant between-group difference
(P=0.317; Supplementary Appendix 5).
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Fig.2|Mean unadjusted EQ-5D-5L index over the 12 month follow-up in the
intention-to-treat analysis. Error bars indicate 95% CI. In the intention-to-treat
analysis, 114 individuals from the exercise therapy and self-management support
group and 113 from the usual care alone group were included. The between-group
difference in adjusted mean change from baseline to 12 months was 0.064 points
(95% Cl: 0.014-0.115).

Discussion

We have demonstrated astatistically significantly greaterimprovement
in health-related quality of life at 12 months (adjusted mean differ-
ence, 0.064 points; 95% Cl: 0.014-0.115) in adults with multimorbidity
randomized to personalized exercise therapy and self-management
support in addition to usual care as compared with usual care alone
without increasing the risk of SAEs. This supports our pre-defined
hypothesis that personalized exercise therapy and self-management
support is superior to usual care alone in improving health-related
quality of life at 12 months. However, the clinical relevance of the differ-
enceremainsunclear,and although the personalized exercise therapy
and self-management support group improved in six of the secondary
outcomes, only theimprovement on self-rated health was statistically
significantly greater than thatin the usual care alone group (adjusted
mean difference, 6.9 points; 95% CI:1.8-12.1).

Themost recent Cochrane review' oninterventions forimproving
outcomes in patients with multimorbidity and an adapted version of
the same review excluding studies targeting comorbidity? found little
tono effect of avariety of interventions on health-related quality of life
and a range of other outcomes. Both reviews concluded that further
evidence was needed to guide clinical practice, in particular larger
well-conducted trials'®*. One of the largest and most well-conducted
RCTs on multimorbidity to date, the 3D trial*?, found no difference in
effect on health-related quality of life (assessed with the EQ-5D-5L as in
our trial) at 15 months when comparing a 6 monthly patient-centered
review by anurse, ageneral practitioner and a pharmacist to usual care
when focusing on several concepts such as medication adherence,
depression symptoms and health management. In contrast, we found a
statistically significant greaterimprovementin health-related quality
of life at 12 months (adjusted mean difference, 0.064 points; 95% Cl:
0.014-0.115) in adults with multimorbidity randomized to personal-
ized exercise therapy and self-management support as compared
to usual care alone. The between-group difference of 0.064 points
in our study did not reach the 0.074 minimum important difference
identified inastudy of people with varying comorbidities”. However,
the minimum important difference for people with multimorbidity
undergoing exercise therapy and self-management support is yet to
be defined and is likely to vary greatly due to the heterogeneity of the
population’. Interestingly, the usual care group seemed to decline in
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Table 2 | Primary and secondary outcomes at 12month follow-up (intention-to-treat analysis)

Total no. of Mean score at 12months Change from baseline to 12months, Between-group difference in
assessments mean (95% ClI) mean change (95% CI)
Exercise therapy and Usualcare Exercisetherapyand Usualcaregroup Crude Adjusted®
self-management group self-management
group group
Primary outcome
EQ-5D-5L, descriptive 908 0.760 0.710 0.050 -0.014 0.064 0.064
index (0.012; 0.089) (-0.048; 0.020) (0.014; 0.115) (0.014; 0.115)
Secondary outcomes
6min walk test (m) 583 416.2 4124 14.5 (3.4; 25.7) 8.3(-3.9; 20.5) 5.3(-10.9;21.5) 5.2(-11.1; 21.4)
30s chair-stand test 595 12.2 12.0 1.2(0.7;1.8) 0.6 (0.1;1.0) 0.6 (-0.2;1.3) 0.6 (-0.2;1.3)
(no. of chair stands in 30s)
Minutes per day spent 557 188.0 185.7 -8.0(-16.8; 0.7) 1.2 (-10.6; 12.9) -77(-21.9;6.4) -76(-21.8;6.5)
being physically active
with at least light
intensity
Steps per day 559 3514 3466 -1029 (-1366; -692)  -1134 (-1524; -744) 177 (-303; 657) 181(-301; 663)
Bayliss burden of illness 815 6.7 6.9 -0.6 (-1.0; -0.2) -0.5(—0.9; 0.005) -015(-0.8;0.5) -0.2(-0.8;0.5)
measure
PHQ-8 805 4.2 47 -1.0 (-1.7; -0.3) -0.3(-1.0; 0.4) -0.7(-1.6; 0.3) -0.7(-1.6; 0.3)
GAD-7 809 21 2.2 -0.4(-1.0; 0.2) -0.2(-0.8; 0.4) -0.2(-1.0; 0.7) -0.2(-1.0; 0.7)
SEMCD6 810 6.5 6.2 0.2(-0.2; 0.6) -0.1(-0.6; 0.3) 0.3(-0.3;0.9) 0.3(-0.3;0.9)
WHODAS 2.0, 12 items 905 20.4 229 -2.9 (-5.0;-0.8) -0.3(-2.4;1.8) -2.6(-5.5;0.3) -2.6(-5.5;0.3)
EQ-VAS 818 60.8 575 77(3.8;11.7) 0.0(-3.6;3.7) 6.9 (1.7;121) 6.9(1.8;12.1)

*The model was adjusted for the randomization stratification factors (number of chronic conditions (2 or 3+) and recruitment center (hospitals, general practitioners and self-referrals)) by

including them as fixed effects.

health-related quality of life towards 12 months, while the exercise
therapy and self-management support group maintained their effect at
12 months. Extending the findings to afollow-up at, for example, 5 years
wouldenableustosee whetherthisdecline continues, therebyincreasing
thebetween-group differences over time. Although based on the within-
group analysis (thatis, without comparing it to the usual care group),
the group randomized to exercise therapy and self-management
support improved statistically significantly in six of the secondary
outcomes, including chair stands, walking distance, disease burden,
depression, disability and self-rated health (P < 0.05). However, only
theimprovementin self-rated healthwas greater than thatin the group
randomized to usual care alone. Given the complexity of multimorbid-
ityandits care', and the fact that we included an older population with
arange of long-term conditions and a high disease burden, animprove-
ment in health-related quality of life while maintaining other health
parameters might be what can be expected from an intervention like
this one. Future trials investigating the effects of similar interventions
will help to shed light on this and inform future practice.

Our findings add considerably to the current literature and
improve the credibility of the findings from two meta-analyses of
individuals with an index long-term condition and comorbidity dem-
onstrating a small effect of exercise therapy” and in-person behav-
ioral interventions®, respectively, on health-related quality of life
immediately after the intervention but negligible results at long-term
follow-up. In the current trial we found that the results of the exer-
cise therapy and self-management support intervention at 4 months
were maintained at the 12 month follow-up, while the health-related
quality of life of the usual care group gradually declined, suggesting
that the intervention participants were able to maintain effects over
time. The meta-analysis on exercise therapy’ and, to some extent,
the meta-analysis on in-person behavioral interventions®* demon-
strated improvements on physical function, one of the expected
effects from exercise therapy?, and short-term effects on depression

and anxiety. However, although we did find statistically significant
within-group improvements from personalized exercise therapy and
self-management support on objectively measured physical function,
self-reported disability and depression (P < 0.05), the effects were not
greater thanthat of usual care alone. There may be several explanations
for this. First, although not statistically significant (P> 0.05), the usual
care group also improved at 12 months, potentially owing to natural
fluctuations in symptoms, motivation to change lifestyle among those
agreeingtobeincluded, and the Hawthorne effect, inwhich individuals
modify their behavior when being studied®. All of the above could,
however, also affect the resultsin theintervention group. Second, the
baseline values of, for example, the physical function outcomes were
better thanthose of the exercise therapy meta-analysis (397 meters ver-
sus 368 meters onthe 6 minute walk test)”, suggesting that we included
individuals with multimorbidity with less disability and thereby less
room for improvement in the disability. This is also supported by the
fact that the baseline value of health-related quality of life was higher
than that of the participants in the 3D trial®. In contrast, our partici-
pants had on average seven long-term conditions (range 2-19) with a
disease burden of 17, while the corresponding numbers were seven
(median number of conditions) and 18-19.5 (disease burden) in the 3D
trial”. This suggests that our population was in fact affected by their
long-term conditions at alevel similar to that of patients seenin primary
care. Importantly, although people with multimorbidity may have
several adverse events due to their conditions regardless of the treat-
ment received, our intervention did not increase the risk of adverse
events, including SAEs, highlighting the safety of exercise also in this
population?. Finally, the large heterogeneity in terms of the included
conditions and severity of conditions, as well as that in the evaluated
interventionsin previous RCTs, precludes any direct comparisons'®*,

We expectour study to have clinicalimplications worldwide. Itisa
large-scale RCT demonstrating an effect on health-related quality of life
amongadefined population of people with multimorbidity, suggesting
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Table 3 | Serious adverse events over the 12month follow-up

Exercise therapy and Usualcare Pvalue®

self-managementgroup group
No. of participants 30 34 0.528
affected

Number of events
Overall 36 48 0.388
Mortality 0 2 0154
Mental 0 0 1.000
Pulmonary 6 9 0.742
Musculoskeletal 5 8 0.537
Endocrine 1 1 1.000
Cancer 1 6 0an
Neurological 0 1 0.319
Gastrointestinal 7 0.088
Cardiovascular 14 7 0.229
Genitourinary 1 2 0.560
Sensory organs (0] 0 1.000
Injury 5 1 0.102
Other 1 4 0.310

2Chi-squared test or Wilcoxon signed-rank test.

exercise therapy and self-management as viable interventions among
individuals with multimorbidity. Although our RCT has demonstrated
significant results (P < 0.05) only in the within-group comparison and
notwhen compared withusual care alone, previous systematic reviews
have, as described above, also demonstrated positive physical function
outcomes from exercise therapy in a range of long-term conditions
and ondepression (and anxiety) in the short-term'*", Importantly, the
provision of exercise therapy was not associated with anincreased risk
of SAEsinour RCT. This confirms a previous meta-analysis identifying a
reducedrisk of SAEs amongindividuals with anindex long-term condi-
tion and comorbidity undergoing exercise therapy”. Altogether, this
supports the recommendation of exercise as medicine for long-term
conditions and multimorbidity. However, further high-quality RCTs on
exercise therapy in people with multimorbidity are needed to confirm
and extend our findings.

By defining multimorbidity as the presence of two or more of
the six long-term conditions in our RCT, we also limit generalizability
to this population. However, we did not restrict the number or type
of other conditions that the individual could have, as shown by the
relatively high mean number of long-term conditions among partici-
pants. Another potential limitation is the extent of the intervention,
which consisted of 24 supervised sessions of 90 min. This might have
led to anincreased treatment burden, as well as making the interven-
tion less applicable in some healthcare systems and for those with a
high treatment burden. In contrast, some might argue that a greater
dose (for example, intensity, duration and number of times per week)
wouldbe neededtoleadtogreater changesin the objective measures.
The lack of blinding of participants may be associated with a risk of
bias, especially given that the primary outcome was self-reported.
Future planned analyses from the MOBILIZE study include an evalua-
tion of changes in treatment burden, stress, sleep quality and fatigue
and arange of objectively measured outcomes such as inflammation,
cholesterol, blood pressure, HbAlc and sleep quantity, as well as a
cost-effectiveness analysis. These will be important contributions to
gainadeeper understanding of the mechanisms, sustainability and rel-
evance of the MOBILIZE intervention around the world and potentially
extend the findings on the self-reported outcomes of health-related

quality of life and self-rated health, which were the only outcomes
with statistically significantly greater effects (P < 0.05) from exercise
therapy and self-management support in the current report. Finally,
the difference between interventions, with one including 24 addi-
tional supervised sessions, which provided greater attention, and the
possibility to seek help, from a healthcare professional, could par-
tially explain the between-group difference in effect in health-related
quality of life.

A major strength of our study is the pragmatic design, embed-
ded in clinical practice across healthcare sectors, which increases
the possibility to implement the intervention after the trial. Further-
more, the extensive development and feasibility phase of MOBILIZE,
which follows the Medical Research Council framework for complex
interventions®, and the inclusion of all relevant stakeholders, as well
as the rigorous co-design and methodology of the RCT, ensure the
relevance of the intervention for patients and other stakeholders and
increase the validity of the study.

In conclusion, our results suggest that personalized exercise
therapy and self-management support are more effective than usual
care alone in improving health-related quality of life at 12 months in
adults with multimorbidity, without compromising safety. However,
the clinical relevance of the difference remains unclear, highlighting
the need for further research, including confirmatory trials.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author contri-
butions and competinginterests; and statements of dataand code avail-
ability are available at https://doi.org/10.1038/s41591-025-03779-4.
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Methods

Study design

Thiswas apragmatic, assessor-blinded, multicenter, parallel-group RCT
(I:1treatmentallocation) with follow-up assessmentsat4, 6 and 12 months
conforming to the CONSORT Statement®. The CONSORT checklist is
given in Supplementary Appendix 6. The study was approved by the
Regional Committees on Health Research Ethics for Region Zealand
(SJ-857), the Danish Data Protection Agency (Region Zealand, Denmark,
REG-015-2020) and pre-registered at ClinicalTrials.gov (NCT04645732).
Details of the study, including detailed description of recruitment, treat-
mentand outcomes, have been published ina protocol paper°.

The RCT is part of the MOBILIZE study, a 5 year study funded
by the European Research Council (https://www.mobilize-project.
dk/?lang=en), following the Medical Research Council framework for
complexinterventions.

Patients

We enrolled adult patients (aged 18 years or older) with multimorbidity,
defined as a diagnosis of at least two of the following conditions: knee
or hip osteoarthritis, chronic obstructive pulmonary disease, heart
disease (heart failure or coronary heart disease), hypertension, type
2 diabetes mellitus and depression. Patients were not excludedif they
had other comorbidities. Furthermore, the patients had to fulfill a
range of eligibility criteria.

Inclusion criteria. These are as follows: ability to walk 3 m without
assistance; a score of >3 on the Bayliss Disease Burden: Morbidity
Assessment by Self-Report scale® for at least one of the conditions
listed in the section above and ascore of >2 for atleast one of the other
conditions listed in the section 'Patients’ above; and a willingness and
ability to participate in a 12 week supervised exercise therapy and
self-management program twice a week.

Exclusion criteria. These are as follows: participation in supervised
systematic exercise for one of their diseases within the last 3 months;
presence of an unstable health condition or arisk of SAEs as assessed by
amedical specialist; having aterminal condition or alife expectancy of
less than12 months; a categorization of class IV on the New York Heart
Association (NYHA) Functional Classification scale (given that the bene-
fitsand harms of exercise in this population are uncertain®); psychosis
disorders, post-traumatic stress disorder, obsessive compulsive disor-
der, attention deficit hyperactivity disorder, autism, anorexia nervosa/
bulimia nervosa and/or dependency disorders; and other reasons for
exclusion (unable tounderstand Danish, mentally unable to participate).

Recruitment and retention

Participants were recruited from four general practitioners, two psy-
chiatricfacilities and six hospital departmentsin the Region of Zealand,
Denmark, as well as by self-referral. Recruitment methods included
direct consultations, Facebook ads, local newspaper articles, and other
forms of advertising such as posters and handouts.

Individuals visiting one of the recruitment sites who met the
eligibility criteria were invited to participate in the RCT. Patient
records were also reviewed to identify eligible participants, who were
then contacted by phone. Interested individuals were referred to the
MOBILIZE project team, and a team member followed up to finalize
their inclusion. For self-referrals, a project team member provided
detailed information about the study and assessed their eligibility
for enrollment by phone. A MOBILIZE-affiliated medical specialist
evaluated self-referrals to ensure that they complied with the eligibility
criteriaonbeing diagnosed with the listed conditions, and did not have
unstable health conditions or were at risk of SAEs.

Oncethe patients verbally agreed to participate, writteninformed
consent was obtained by the study personnel before they were enrolled
inthe study.

Based on the results from a systematic review conducted as
part of the MOBILIZE project, which aimed to quantify recruitment
and retention rates in exercise therapy trials for individuals with
multimorbidity®, as well as the two most recent Cochrane systematic
reviews on recruitment and retention practices®**, a strategy to opti-
mize recruitment and retention was developed. All members of the
study team who had direct contact with participants were instructed
onwhen, how, and how often to contact participants to ensure optimal
retention throughout the project.

Allpatientsadhering to the eligibility criteria, regardless of sexand
gender, were included. We report on the prevalence (that is, n (%)) of
the male and female sex (determined by the civil registration number
in Denmark) in Table 1, but did not plan or conduct formal analyses
related to sex or gender.

Participants received reimbursement for transportation to the
outcome assessments and the study treatment.

Blinding
The outcome assessors, the research assistant handling the data, and
the statisticians were blinded to the randomization.

Randomization

Participants who met the eligibility criteria and signed the informed
consent form were randomized in a 1:1 allocation ratio following
baseline assessment. The statistician had previously prepared a
computer-generated randomization schedule using permuted blocks
of four or six individuals, stratified by the number of chronic condi-
tions (2 or 3+) and by recruitment center. Allocation numbers were
concealedinopaque sealed envelopes, whichwere accessible to astudy
coordinator only after the informed consent and baseline assessment
were completed.

Study treatment

Participants were randomized to one of two groups: a personalized
exercise therapy and self-management support program alongside
usual care, or usual care alone. All participants continued their current
treatment, including any prescribed medications.

Exercise therapy and self-management support program. Those
assigned to the exercise therapy and self-management support pro-
gram participated in a 12 week program tailored for individuals with
multimorbidity. Prior to initiating the program, each participant had
a 60 min one-to-one session with a physiotherapist to introduce the
exercise program and set the starting level of the exercises. The pro-
gram consisted of 24 self-management support sessions (30 min each)
followed by 24 supervised exercise sessions (60 min each). The pro-
gram was co-developed in close collaboration with stakeholders and
patient partners as described in full elsewhere?. In brief, the research
team introduced an initial program based on collected evidence to
physiotherapists, patient advocates, carers and medical doctors. We
discussed the program’s structure, including proposed exercises,
progression and regression levels, and self-management themes.
This collaborative approach was maintained throughout the interven-
tion’s development, including the feasibility study, and contributed to
shaping the final version tested in this RCT. The program was found
feasible and acceptable in people with multimorbidity adhering to
the eligibility criteria®?°.

Eachexercise sessionincluded warm-up (8 min), balance (5 min),
strengthening (20 min), participant’s choice (additional strengthen-
ing exercises, aerobic or functional exercises; 20 min) and cool-down
(7 min). The strengthening exercises started with two sets of 10 repeti-
tionsinthe first week and progressed up to three sets of 12 repetitionsin
week 11and 12, in line with the American College of Sports Medicine
recommendations®. All exercises were personalized across 4-5 diffi-
cultylevelsand progressed or regressed based on their rate of perceived
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exertion. The participants were guided by the physiotherapists to
achieve the optimal exercise intensity to promote health benefits by
the WHO during both the aerobic (that is, levels 12-14 in the BORG
scale) and strengthening or functional exercises (that is, levels 5-7
in the OMNI scale). After each set, the participant rated how hard the
exercise was, on the OMNI or BORG scale, and if the optimal intensity
was not reached or the intensity was rated as too high, the physiothera-
pists suggested a higher or lower level, respectively. If a participant
could not perform level 1 (with full range of motion), a shorter range
of motion (aslevel 0) was recommended (Supplementary Appendix 7).
The self-management support sessions combined individual and
group sessions and home assignments with one theme per session and
aimed toimprove self-management skills and motivation to maintain
anactive lifestyle and better quality of life after the program (Supple-
mentary Appendix 8).

The exercise therapy and self-management support program
was delivered at the hospitals in Neestved and Slagelse, at a private
practice physiotherapy clinic in Holbaek and at rehabilitation centers
in the municipalities of Roskilde and Lolland, by physiotherapists
completing a 1day certification course to deliver the treatment.
During the trial, three members of the study team (A.B.,M.D.and M.}.)
visited, at least once, all of the centers where the MOBILIZE interven-
tion was delivered. The purpose of the visit was to observe whether
the exercise therapy and self-management sessions were delivered
asintended and to problem-solve any issue that might have occurred
duringtheir delivery.

Attendance was tracked, and satisfactory attendance required
at least 18 out of 24 exercise therapy and self-management ses-
sions (75%). Participants with lower attendance were included in the
intention-to-treat analysis but were excluded from the per-protocol
analysis.

Usual care. Usual care involved the standard care that participants
received outside the study, including any relevant ongoing or addi-
tional treatments as determined by their general practitioner or spe-
cialist. No study-specific treatment was provided as part of the usual
care, nor was there any restrictions on what treatment could be pro-
vided, if considered necessary by the treating general practitioner or
specialist.

Details of the exercise therapy and self-management support
program are given in Supplementary Appendices 7 and 8 and in the
published protocol®, and further information on the development
and feasibility is available in previous publications®?.

Data collection and outcomes

Self-reported outcomes were collected using electronic or paper-based
self-reported questionnaires completed at home (EasyTrial ApS) at
baseline, 4 months (approximately 16 weeks, immediately after the
treatment program), 6 months and 12 months. If a participant was
either unable toaccess the questionnaire electronically or did not wish
to complete it electronically, he or she would receive a paper version
by mail along with a prepaid return envelope and would complete it
at home. Objectively measured outcomes were collected at baseline,
4 months and12 months at the intervention sites by blinded assessors
who had undergone specifictrainingin the test protocol duringal day
course. The outcomes were selected to reflect the anticipated impact
of the intervention and to include most of the recommended core
outcomes for multimorbidity trials®,

Primary outcome measure. The primary outcome was the descriptive
index of the self-reported, EQ-5D-5L questionnaire (5-level version,
ranging from -0.758 to 1, higher is better) at 12 months. The EQ-5D-5L
is a reliable and valid measure of health-related quality of life*. The
descriptiveindex consists of five dimensions (mobility, self-care, usual
activities, pain and/or discomfort, and anxiety and/or depression),

which each has five levels. The participants self-reported their prob-
lems for each of the dimensions, which was then calculated into an
overall index value using the Danish EQ-5D-5L value set*.

Secondary outcome measures. All secondary outcomes were evalu-
ated inall participants.

Functional performance was assessed at baseline and at follow-up
at 4 and 12 months using the 6 min walk test and the 30 s chair-stand
test, which are commonly used, valid and reliable measures of func-
tional capacity, lower extremity strength and endurance in older
adults**% Steps per day and minutes per day of at least light intensity
were measured at the same time points using two Axivity AX3 accel-
erometers (Axivity Ltd) worn on the right thigh and the wrist of the
non-dominant hand. Participants wore them for 7 consecutive days,
and valid datarequired atleast 22 hours of wear per day on 3 weekdays
and 1 weekend day. The measurement followed a protocol previously
found valid and reliable*>**,

Self-reported outcomes included the Bayliss burden of iliness
measure (on a 1-5 scale for each individual condition, summed to a
total score for all conditions, higher representing more severe disease
burden)?, the Personal Health Questionnaire Depression Scale (PHQ-8,
range 0-24 points, higher indicating more severe depression)**¢,
the General Anxiety Disorder-7 (GAD-7, range 0-21, higher indicating
moresevere anxiety)®, the Self-Efficacy for Managing Chronic Disease
scale (range 1-10, higher scores indicating higher self-efficacy)*, the
12-item WHO Disability Assessment Schedule (WHODAS 2.0; ranging
from O (no disability) to 100 (full disability)***’, and the EQ-VAS of
the EQ-5D-5L questionnaire (range 0-100, higher indicating better
self-rated health)®. Finally, self-reported patient acceptable symptom
state for quality of life was assessed (yes/no)*°, and in those respond-
ing no, treatment failure was assessed (yes/no)*"*>. The self-reported
outcomes instruments have previously been found to be valid and
reliable. The Bayliss burden of illness measure was translated into
Danish for this study.

Furthermore, the number of adverse events (AEs) and SAEs
was self-reported or identified by reviewing medical records during
follow-up. AEs and SAEs were defined as any undesirable experience
during follow-up leading to contact with the healthcare system. They
were categorized according to body system or mortality, and assessed
for severity by an adjudication committee (U.B.and P.H.G.) experienced
inevaluating AEs (for example, such as pain, falls and fatigue) and SAEs
(for example, hospitalization, disability or permanent damage) based
on definitions of SAEs from the US Food and Drug Administration®.

Patient and publicinvolvement

Patient and public involvement has been central to all phases of the
MOBILIZE project. Throughout, a group of up to eight patients with
multimorbidity and carers were involved inkey meetings and decisions.
They shared their experiences, needs and preferences, and helped
shape the intervention, recruit participants and co-develop, feature
in and ensure the clarity of the information communicated from the
MOBILIZE project. Our approach followed the 'Collaborate’ level on
the IAP2 Spectrum of Public Participation, emphasizing active partner-
ship®*. Patient and public involvement was reported according to the
GRIPP2 reporting checklist™, available in Supplementary Appendix 9.

Statistical analysis

The statistical analysis plan was made publicly available before data
unblinding and analyses*®. The only deviations from the statistical
analyses plan was that AEs and SAEs were compared between groups
using the chi-squared test and Wilcoxon signed-rank test and that
the per-protocol analyses also excluded patients in both groups who
had been hospitalized for more than 7 days or died during follow-up
because this would be likely to affect outcomes. Two statisticians
blinded to group allocation performed the analyses independently,
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and the author group followed published procedures for blinded
interpretation of the intention-to-treat analyses®’. The blinded inter-
pretation was made available online prior to unblinding the data’®.
AE, SAE and per-protocol analyses were conducted after breaking the
randomization code.

Sample size. The RCT was powered to detect a difference of
0.074 points between the two groupsin the primary outcome (EQ-5D)
frombaseline to the 12 month follow-up. While aminimumimportant
difference is yet to be defined for multimorbidity, this difference has
previously been identified as the minimum important difference in
individuals with various comorbidities®. To detect this difference in
change, 95 participants per group were required, assuming acommon
standard deviation of 0.156, with 90% power and an alphalevel of 0.05.
A total of 228 participants were recruited to account for a potential
20% loss to follow-up.

Primary and secondary analyses. Primary and secondary outcomes
were analyzed according to the intention-to-treat principle (that is,
all patients randomized were included and analyzed according to the
group they were randomized to) followed by a per-protocol analysis.
The primary intention-to-treat analysis included all patients rand-
omizedtothetwotreatmentarms, except for one patient who withdrew
written consent and permission to use data. In the per-protocol analy-
sis, participants randomized to exercise therapy and self-management
supportbut who attended fewer than 18 of the 24 sessions, participants
in the usual care group who participated in 12 or more supervised
exercise therapy sessions for one of their conditions during follow-up,
and participantsin both groups who underwent major surgery or were
hospitalized for more than 7 days during follow-up, were excluded.

Continuous outcomes (including the primary outcome) were
analyzed using a repeated measures mixed-effects linear model with
participants as random effect, which accounts for missing data®.
Visit (baseline, 4, 6 and 12 months), treatment arm (Exercise therapy
and self-management support program, Usual care) and interaction
between visit at time point 12 months and treatment armwere included
as fixed effects. The interaction term is the main test of effect. The
modelwas adjusted for the randomization stratification factors (num-
ber of chronic conditions (2 or 3+) and recruitment center (hospitals,
general practitioners, and self-referrals)) by including them as fixed
effects. Missing values were handled according to the guidelines for
each specific outcome. If noguideline was available, conditional mean
imputation was used. No adjustments for multiplicity were needed®’.

The number of AEs and SAEs per patient during the 12 month
follow-up was compared between groups using the chi-squared test
for mortality and the number of persons affected, and the Wilcoxon
signed-rank test for all other AEs and SAEs. All analyses were performed
inSAS v9.4 (SAS Institute Inc.).

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

De-identified dataand data dictionaries from the MOBILIZE study are
available fromthe principal investigator (Prof. Sgren T. Skou, stskou@
health.sdu.dk) after publication of the primary publications and until
Syearsafter the publication of this manuscript. However, restrictions
apply to the availability of the de-identified data due to GDPR and
study-specific regulations, and access requires a data sharing agree-
mentand aresearch proposal that will be evaluated by the study group.
Requests to access data can expect to be answered within 3 months.

Code availability

No novel code was used for the current study.
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team member provided detailed information about the study and assessed their eligibility for enrollment by phone. A
MOBILIZE-affiliated medical specialist evaluated self-referrals to ensure they complied with the eligibility criteria on being
diagnosed with the listed conditions, not having unstable health conditions or were at risk of serious adverse events.
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were enrolled in the study. Participants received reimbursement for transportation to the outcome assessments and study
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The RCT was powered to detect a difference of 0.074 points between the two groups in the primary outcome (EQ-5D) from baseline to the
12-month follow-up. A priori, the R-function blockrand was used for sample size calculation. To detect the 0.074 difference in change, 95
participants per group were required according to the sample size calcuation, assuming a common standard deviation of 0.156, with 90%
power and an alpha level of 0.05. A total of 228 participants were recruited to account for a potential 20% loss to follow-up.

No data was excluded.

The two statisticians double-coded and conducted the primary and secondary endpoint intention-to-treat analyses independently (baseline to
12 months) as defined in the statistical analysis plan. They then compared results and finalized the analyses. No other replication was
conduction.

Participants who met the eligibility criteria and signed the informed consent form were randomized in a 1:1 allocation ratio following baseline
assessment. The statistician had previously prepared a computer-generated randomization schedule using permuted blocks of four or six
individuals, stratified by the number of chronic conditions (2 or 3+) and by recruitment centers. Allocation numbers were concealed in opaque
sealed envelopes, which were only accessible to a study coordinator after informed consent and baseline assessment were completed.

The outcome assessors, the research assistant handling the data, and the statisticians were blinded to the randomization.
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Clinical trial registration
Study protocol

Data collection

Outcomes

ClinicalTrials.gov (NCT04645732).
https://journals.sagepub.com/doi/10.1177/26335565231154447

Self-reported outcomes were collected using electronic or paper-based self-reported questionnaires completed at home (EasyTrial
ApS, Aalborg, Denmark) at baseline, 4 months (approximately 16 weeks, immediately after the treatment program), 6 months, and
12 months. If a participant was either unable to access the questionnaire electronically or did not wish to complete it electronically,
he or she would receive a paper version by mail along with a prepaid return envelope and completed it at home. Objectively
measured outcomes were collected at baseline, 4 months, and 12 months at the intervention sites by blinded assessors who had
undergone specific training in the test protocol during a one-day course. From January 18, 2022, through to May 30, 2023, we
assessed 663 patients with multimorbidity. Ultimately, 228 patients were randomized (36 %, recruitment rate), 115 to the exercise
therapy and self-management support intervention group and 113 to the usual care group (Figure 1).

Self-reported outcomes were collected using electronic or paper-based self-reported questionnaires completed at home (EasyTrial
ApS, Aalborg, Denmark) at baseline, 4 months (approximately 16 weeks, immediately after the treatment program), 6 months, and
12 months. If a participant was either unable to access the questionnaire electronically or did not wish to complete it electronically,
he or she would receive a paper version by mail along with a prepaid return envelope and completed it at home. Objectively
measured outcomes were collected at baseline, 4 months, and 12 months at the intervention sites by blinded assessors who had
undergone specific training in the test protocol during a one-day course. The outcomes were selected to reflect the anticipated
impact of the intervention and to include most of the recommended core outcomes for multimorbidity trials.38

Primary outcome measure

The primary outcome was the descriptive index of the self-reported, EQ-5D-5L questionnaire (5-level version, ranging from -0.758 to
1, higher is better) at 12 months. The EQ-5D-5L is a reliable and valid measure of health-related quality of life.39The descriptive index
includes five dimensions (mobility, self-care, usual activities, pain/discomfort and anxiety/depression) which each has five levels. The
participants self-reported their problems for each of the dimension, which was then calculated into an overall index value using the
Danish EQ-5D-5L value set.40

Secondary outcome measures

All secondary outcomes were evaluated in all participants.

Functional performance was assessed at baseline and at follow-up at 4 and 12 months using the 6-minute walk test and the 30-
second chair-stand test, which are commonly used, valid and reliable measures of functional capacity, lower extremity strength and
endurance in older adults.41,42 Steps per day and minutes/day of at least light intensity were measured at the same time points
using two Axivity® AX3 accelerometers (Axivity Ltd, Newcastle, UK) worn on the right thigh and the wrist of the non-dominant hand.
Participants wore them for seven consecutive days, and valid data required at least 22 hours of wear per day on 3 weekdays and 1
weekend day. The measurement followed a protocol previously found valid and reliable.43,44

Self-reported outcomes included the Bayliss burden of illness measure (on a 1-5 scale for each individual condition, summed to a
total score for all conditions, higher is more severe disease burden),31 the Personal Health Questionnaire Depression Scale (PHQ-8,
ranging from 0-24 points, higher is more severe depression),45,46 the General Anxiety Disorder-7 (GAD-7, ranging from 0-21, higher
is more severe anxiety),45 the Self-Efficacy for Managing Chronic Disease scale (ranging from 1 to 10, higher scores indicating higher
self-efficacy),47 the 12-item WHO Disability Assessment Schedule (WHODAS 2.0; ranging from 0 (no disability) to 100 (full
disability),48,49 and the EQ-VAS of the EQ-5D-5L questionnaire (ranging from 0-100, higher is better self-rated health).39 Finally,
self-reported patient acceptable symptom state for quality of life was assessed (yes/no),50 and in those responding no, treatment
failure was assessed (yes/no).51,52 The self-reported outcomes instruments have previously been found valid and reliable. The
Bayliss burden of illness measure was translated into Danish for this study.

Furthermore, the number of adverse events (AEs) and serious adverse events (SAEs) were self-reported or identified by reviewing
medical records during follow-up. AEs and SAEs were defined as any undesirable experience during follow-up leading to contact with
the health-care system. They were categorized according to body system or mortality, and assessed for severity by an adjudication
committee (UB and PG) experienced in evaluating AEs (e.g., such as pain, falls and fatigue) and SAEs (e.g., hospitalization, disability or
permanent damage) based on definitions of SAEs from the U.S. Food and Drug Administration.53

The outcomes were selected to reflect the anticipated impact of the intervention and to include most of the recommended core
outcomes for multimorbidity trials and pre-defined in the clinicaltrials.gov registration.
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