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BACKGROUND 

Multimorbidity, defined as the co-occurrence of two or more chronic conditions, poses a significant health 

burden globally, affecting a third of the adult population.1 Individuals with multimorbidity experience 

complex health challenges, including increased risk of disability, reduced quality of life, and increased 

healthcare costs.2-4 Additionally, multimorbidity is associated with elevated levels of systemic inflammation, 

impaired glycaemic control, lipids cholesterol, and blood pressure, which are linked to accelerated 

progression of chronic conditions and premature mortality.4-11  

Systematic reviews have shown that exercise therapy appears safe and beneficial for people with 

multimorbidity.12,13 Additionally, our recent trial has demonstrated that personalized exercise therapy, 

combined with self-management support, can have positive long-term effects on health-related quality of 

life in people with multimorbidity.14 These interventions help people manage their health more proactively 

and underscore their potential to also mitigate the underlying inflammatory, metabolic, and symptomatic 

processes that contribute to poor health outcomes in this population.1 

While cross-sectional studies have shown an association between physical activity and lower levels of 

inflammatory biomarkers in people with multimorbidity,15,16 it remains unclear if increased physical activity 

in the form of a structured exercise therapy intervention can achieve similar effects. Additionally, trials 

including people with single chronic conditions such as diabetes, hypertension, and obesity have shown 

that exercise therapy can improve glycaemic control, cholesterol, and blood pressure, 17-19 but evidence on 

people with multimorbidity is lacking.1 Therefore, in this pre-planned secondary analysis of the MOBILIZE 

trial, we aim to explore whether a personalized exercise therapy and self-management program, compared 

to usual care, can reduce low-grade systemic inflammation, glycaemic control, cholesterol, and blood 

pressure. 

 

METHODS 

The RCT protocol has been published elsewhere,20 and the statistical analysis plan for the main trial is 

available for download at 

https://findresearcher.sdu.dk/ws/portalfiles/portal/260212804/SAP_MOBILIZE_final.pdf. ClinicalTrials.gov 

registration: NCT04645732. Data in the MOBILIZE trial were assessed at baseline, 4 months (approx. 16 

weeks; immediately after the treatment program), 6 months and 12 months after randomization. This pre-

planned secondary analysis includes data from the baseline and 4-month assessment, where the molecular 

biomarkers were collected. 

 

Interventions 

https://findresearcher.sdu.dk/ws/portalfiles/portal/260212804/SAP_MOBILIZE_final.pdf


Briefly, the MOBILIZE RCT investigates the effects of personalized exercise therapy and self-management 

support in addition to usual care in patients with multimorbidity. 228 participants were randomized (1:1) to 

a 12-week intervention in addition to usual care or usual care alone. The program comprised 24 supervised 

exercise sessions (60 minutes/session) and 24 self-management sessions (30 minutes/session).Detailed 

descriptions of the program, including the co-development phase  involving various stakeholders, and 

significant patient and carer participations, are available elsewhere20,21 

 

Outcomes 

Objectively measured outcomes 

Molecular biomarkers were collected at baseline and 4 months (approx. 16 weeks; immediately after the 

treatment program).20  The participants were informed to fast by not eating or drinking anything except 

water for 10 hours before the test.  Concentration of the following molecular biomarkers will be included: 

Interleukin-1 receptor antagonist (IL-1ra pg/ml), high-sensitivity C-reactive protein (hs-CRP pg/ml), Tumor 

necrosis factor (TNF pg/ml), Interleukin 6 (IL-6 pg/ml), High-Density Lipoprotein (HDL) cholesterol (mmol/l) 

and Low-Density Lipoprotein (LDL) cholesterol (mmol/l), triglycerides (mmol/l), HbA1c (pg/ml), fasting 

glucose (mmol/l) and fasting insulin (mUL/L). The samples were stored at the local Departments of Clinical 

Biochemistry in Holbæk, Roskilde, Næstved, Slagelse, Nykøbing Falster and at Rigshospitalet in 

Copenhagen. Fasting plasma samples were centrifuged and stored at -80 ◦C until analyses. They were 

measured using immunoassay kits from Meso Scale Discovery, USA, as follows: IL-1Ra (V-PLEX Cytokine 

Panel 2 (human) kit), CRP (V-PLEX vascular injury Panel 2 (human) kit), TNFα and IL-6 (V-PLEX 

Proinflammatory Panel1(human)). Systolic and diastolic blood pressures after 5 minutes of rest were 

measured as the mean of three consecutive measurements using the Rossmax X5 blood pressure monitor 

(Rossmax, Heerbrugg, Switzerland) at baseline and 4-month follow-up. Participants were asked to avoid 

smoking, consuming alcohol, or drinking coffee for half an hour before the blood pressure measurement 

 

Randomization procedure and blinding 

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 centres. Allocation numbers were concealed in 

opaque sealed envelopes, which were only accessible to a study coordinator after informed consent and 

baseline assessment were completed. Only outcome assessors and the statistician were blinded to 

randomization. 

 



Sample size and hypothesis 

Sample size was determined for the main primary analysis reported separately.20 This study presents an 

exploratory analysis. 95% confidence intervals are reported throughout to show a precision of the 

estimates. We hypothesized the exercise therapy and self-management group to reduce molecular 

biomarkers related to inflammation, glycaemic control, lipids, and blood pressure to a greater extent than 

the usual care group.  

 

Statistical analysis 

Between-group comparisons of change from baseline to the follow-up at 4 months in continuous outcomes 

will be analysed using repeated measures mixed-effects linear model, in line with the analysis of the 

primary report.20 Participants will be included as a random effect thereby assuming that missing data is 

missing at random. Visits (baseline and 4 months), treatment arm (Exercise therapy and self-management 

support program versus Usual care), and interaction between the 4 months visit and treatment arm will be 

included as fixed effects. The interaction term is the main test of effect. The model will be 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. MOCK Table 1 

illustrates how the results will be presented in the manuscript. 

All randomized participants with at least a valid assessment of the outcomes of interest will be included in 

the primary analysis. In the per-protocol analysis, the following participants will be excluded: 1) participants 

in the exercise and self-management group participating in less than 18 out of the 24 self-management and 

exercise sessions (this was a pre-defined threshold chosen to deem the attendance to the intervention 

satisfactory); 2) participants in both groups experiencing serious adverse events such as hospitalization or 

surgery during the 4-month follow-up, 3) participants who had undergone major surgeries and/or were 

hospitalized for more than 7 consecutive days during the 4-month follow-up. 

Dissemination and protocol amendments 

The results, regardless of whether they are in favor of the intervention or comparator group or inconclusive 

in relation to the study hypothesis, will be communicated in scientific papers, at relevant conferences, to a 

broader audience in the news and social media, through online support tools including multimedia and 

print education resources, in oral presentations and popular science magazines. Authorship eligibility will 

be based on the recommendations from the International Committees of Medical Journal Editors (ICMJE). 
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Mock table 1. 

Outcome Total no. of 

assessments 

Mean score at 4 

months in the 

exercise therapy 

and self-

management 

group 

Mean 

score at 4 

months in 

the usual 

care group  

Change from 

baseline to 4 

months in the 

exercise therapy 

and self-

management group  

Change from 

baseline to 4 

months in 

usual care 

group  

Between-Group 
difference in 

mean 
improvement 

(crude) 
(95% CI) 

Between-Group 
difference in 

mean 
improvement 

(adjusted)2 
(95% CI) 

Interleukin-1 

receptor 

antagonist (IL-

1ra pg/ml) 

       

High-sensitivity 

C-reactive 

protein (hs-CRP 

pg/ml) 

       

Tumor necrosis 

factor (TNF 

pg/ml) 

       

Interleukin 6 (IL-

6 pg/ml) 

       



High Density 

Lipoprotein 

(HDL) 

cholesterol 

(mmol/l) 

       

Low Density 

Lipoprotein 

(LDL) 

cholesterol 

(mmol/l) 

       

Triglycerides 

(mmol/l) 

       

HbA1c (pg/ml) 
       

Fasting glucose 

(mmol/l) 

       

Fasting insulin 

(mUL/L) 

       

Systolic blood 

pressure 

       



Diastolic blood 

pressure 

       

2 Adjusted for the randomization stratification factors (number of chronic conditions (2 or 3+) and recruitment centre (hospitals, general practitioners, and 

self-referrals)) by including them as fixed effects 
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Supplementary Table 1. Sensitivity analysis including individuals that completed at least (75%) 18 out of the 24 sessions available (N=86). 
Outcome Between-Group difference in mean 

improvement (crude) (95% CI) 
Between-Group difference in mean 
improvement (adjusted)2 (95% CI) 

Interleukin-1 receptor antagonist (pg/ml) -48.5 (-118.4 to 21.3) -48.9 (-118.8 to 21.0) 

High-sensitivity C-reactive protein (pg/ml) -2.04 (-4.88 to 0.80) -2.03 (-4.87 to 0.80) 

Tumor necrosis factor (pg/ml) -0.02 (-0.18 to 0.13) -0.02 (-0.18 to 0.14) 

Interleukin 6 (pg/ml) -0.43 (-1.24 to 0.37) -0.43 (-1.24 to 0.37) 

High Density Lipoprotein cholesterol (mmol/l) -0.0003 (-0.06 to 0.06) -0.0006 (-0.06 to 0.06) 

Low Density Lipoprotein cholesterol (mmol/l) -0.05 (-0.21 to 0.11) -0.05 (-0.21 to 0.11) 

Cholesterol (total from plasma) (mmol/l) -0.07 (-0.25 to 0.11) -0.07 (-0.25 to 0.11) 

Triglycerides (mmol/l) -0.10 (-0.28 to 0.08) -0.10 (-0.28 to 0.08) 

HbA1c (pg/ml) -0.69 (-2.06 to 0.67) -0.69 (-2.06 to 0.67) 

Fasting glucose (mmol/l) -0.09 (-0.28 to 0.11) -0.09 (-0.28 to 0.11) 

Fasting insulin (mUL/L) 1.66 (-3.05 to 6.37) 1.64 (-3.06 to 6.36) 

Systolic blood pressure (mmHg)  -5.01 (-9.22 to -0.80) -5.03 (-9.24 to -0.82) 

Diastolic blood pressure (mmHg)  -2.61 (-5.85 to 0.63) -2.67 (-5.90 to 0.56) 

2 Adjusted for the randomization stratification factors (number of chronic conditions (2 or 3+) and recruitment centre (hospitals, general 

practitioners, and self-referrals)) by including them as fixed effects; SD =standard deviation; mmHg= millimetres of mercury.  



Supplementary Table 2. Sensitivity analysis without individuals (n=11) in the usual care group that received supervised exercise therapy sessions 
or individuals that in both groups undergo surgery in the 4-month follow up. 
Outcome Between-Group difference in mean 

improvement (crude) (95% CI) 
Between-Group difference in mean 
improvement (adjusted)2 (95% CI) 

Interleukin-1 receptor antagonist (pg/ml) -36.9 (-105.1 to 31.1) -37.5 (-105.7 to 30.6) 

High-sensitivity C-reactive protein (pg/ml) -0.93 (-3.72 to 1.87) -0.92 (-3.71 to 1.87) 

Tumor necrosis factor (pg/ml) -0.02 (-0.17 to 0.13) -0.02 (-0.17 to 0.13) 

Interleukin 6 (pg/ml) -0.21 (-0.99 to 0.56) -0.22 (-0.99 to 0.55) 

High Density Lipoprotein cholesterol (mmol/l) 0.02 (-0.04 to 0.09) 0.02 (-0.04 to 0.09) 

Low Density Lipoprotein cholesterol (mmol/l) -0.11 (-0.31 to 0.08) -0.11 (-0.31 to 0.08) 

Cholesterol (total from plasma) (mmol/l) -0.11 (-0.31 to 0.09) -0.11 (-0.31 to 0.09) 

Triglycerides (mmol/l) -0.10 (-0.29 to 0.08) -0.10 (-0.29 to 0.08) 

HbA1c (pg/ml) -0.89 (-2.18 to 0.39) -0.89 (-2.17 to 0.39) 

Fasting glucose (mmol/l) -0.11 (-0.29 to 0.08) -0.11 (-0.29 to 0.08) 

Fasting insulin (mUL/L) 1.79 (-2.72 to 6.31) 1.76 (-2.76 to 6.28) 

Systolic blood pressure (mmHg)  -5.13 (-9.35 to -0.91) -5.20 (-9.42 to -0.98) 

Diastolic blood pressure (mmHg)  -2.54 (-5.70 to 0.62) -2.69 (-5.84 to 0.47) 



2 Adjusted for the randomization stratification factors (number of chronic conditions (2 or 3+) and recruitment centre (hospitals, general 

practitioners, and self-referrals)) by including them as fixed effects; SD =standard deviation; mmHg= millimetres of mercury.  



Supplementary Table 3. Sensitivity analysis with imputed data for the biomarkers of interest. 
Outcome Between-Group difference in mean 

improvement (crude) (95% CI) 
Between-Group difference in mean 
improvement (adjusted)2 (95% CI) 

Interleukin-1 receptor antagonist (pg/ml) -40.7 (-105.7 to 24.3) -41.1 (-106.1 to 23.9) 

High-sensitivity C-reactive protein (pg/ml) -1.56 (-4.29 to 1.18) -1.55 (-4.29 to 1.19) 

Tumor necrosis factor (pg/ml) -0.03 (-0.26 to 0.20) -0.03 (-0.18 to 0.12) 

Interleukin 6 (pg/ml) -0.30 (-1.06 to 0.45) -0.31 (-1.06 to 0.44) 

High Density Lipoprotein cholesterol (mmol/l) 0.01 (-0.05 to 0.07) 0.01 (-0.05 to 0.07) 

Low Density Lipoprotein cholesterol (mmol/l) -0.11 (-0.30 to 0.08) -0.11 (-0.29 to 0.08) 

Cholesterol (total from plasma) (mmol/l) -0.11 (-0.30 to 0.09) -0.11 (-0.30 to 0.09) 

Triglycerides (mmol/l) -0.09 (-0.27 to 0.09) -0.09 (-0.27 to 0.09) 

HbA1c (pg/ml) -0.70 (-2.00 to 0.60) -0.70 (-2.00 to 0.60) 

Fasting glucose (mmol/l) -0.08 (-0.27 to 0.11) -0.08 (-0.27 to 0.10) 

Fasting insulin (mUL/L) 1.72 (-2.58 to 6.01) 1.71 (-2.58 to 6.01) 

Systolic blood pressure (mmHg)  -4.64 (-8.74 to -0.55) -4.73 (-8.82 to -0.64) 

Diastolic blood pressure (mmHg)  -2.23 (-5.29 to 0.82) -2.39 (-5.45 to 0.66) 

2 Adjusted for the randomization stratification factors (number of chronic conditions (2 or 3+) and recruitment centre (hospitals, general 

practitioners, and self-referrals)) by including them as fixed effects; SD =standard deviation; mmHg= millimetres of mercury. 
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