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The impact of a 6-week physical activity intervention on the aerobic capacity,
guality of life, and physical activity levels in patients with chronic disease.

Abstract

Introduction: Maintaining a physically active life is crucial for people with chronic diseases.
It provides many health benefits and can slow or even prevent disease progression. The
aims of this evaluation were to determine whether changes existed in aerobic capacity (AC),
quality of life (QoL), and physical activity (PA) levels after a PA intervention, and if these
were sustained long-term. It also sought to determine which diagnosis groups incurred the
greatest benefits.

Methods: A 6-week PA intervention was conducted. Patients completed tests for AC (VO3
and six-minute walk), QoL (SF-36 questionnaire), and PA levels (R&G questionnaire) at
baseline, immediately post-intervention, 6-months post-intervention, and 12-months post-
intervention.

Results: Currently, 383 patients are enrolled and comprise 6 different diagnosis categories
(Cancer, HIV/AIDS, cardio-metabolic, respiratory, neuromuscular, and mental disorders).
Those with respiratory disease commenced the intervention with the lowest AC, whilst those
with mental disorders had the lowest baseline QoL. The PA levels at the beginning of the
intervention were remarkably low (67% inactive) and did not differ by diagnosis group. For
the 275 patients who have completed the intervention, a significant (p<0.05) change was
determined for all outcomes. Those with mental disorders had the largest increase in their
QoL scores and those with cancer had the largest change in PA levels. Only 34% of patients
were classified as inactive immediately post-intervention; which was sustained at 12-months
post intervention. The initial increase in VO2 (+10%) was no longer significant after 12-
months, but a lasting change was seen in the 6-minute walk test. Physical QoL remained
elevated, and was largely explained by PA levels, while mental QoL returned to baseline.
Conclusion: A 6-week PA intervention can induce long-term changes in PA levels and AC in
a broad range of chronic disease patients. The increased levels of PA in turn can lead to

increased physical QoL.

Key Words: physical activity; chronic disease; quality of life; aerobic capacity; exercise
intervention



L'impact d'une intervention de six semaines d'activité physique sur la
capacité aérobie, les niveaux d'activité physique et la qualité de vie de
patients atteints de maladies chroniques

Résumé

Introduction : Le maintien d'une vie physiqguement active est crucial pour les personnes
atteintes de maladies chroniques. Cela procure de hombreux bienfaits pour la santé et peut
ralentir, voir méme prévenir la progression de la maladie. Les objectifs de cette évaluation
étaient de déterminer s'il y avait des changements dans la capacité aérobique (CA), la
qualité de vie (QdV) et les niveaux d'activité physique (AP) aprés une intervention d’AP, et si
ceux-ci étaient durables a long terme. Elle a également cherché a déterminer quels groupes
de diagnostics en retiraient le plus grand bénéfice.

Méthodes : Une intervention d’AP de 6 semaines a été effectuée. Les patients ont subi des
tests de dépistage de la CA (VO2 et marche de six minutes), de la QdV (questionnaire SF-
36) et des taux d'AP (questionnaire R&G) au départ, immédiatement apreés l'intervention,
puis six et douze mois aprés l'intervention.

Résultats : Actuellement, 383 patients sont inscrits et présentent des diagnostics répartis
dans 6 catégories différentes (cancer, VIH/SIDA, troubles cardiométaboliques, respiratoires,
neuromusculaires et troubles mentaux). Les personnes atteintes d'une maladie respiratoire
ont commencé l'intervention avec la CA la plus faible, tandis que celles atteintes de troubles
mentaux avaient la QdV de base la plus faible. Les taux d'AP au début de l'intervention
étaient remarquablement bas (67 % d'inactivité) et ne différaient pas selon le groupe de
diagnostic. Pour les 275 patients qui ont terminé l'intervention, un changement significatif
(p<0,05) a été déterminé pour tous les résultats. Les personnes atteintes de troubles
mentaux ont connu la plus forte augmentation de leur score de QdV et celles atteintes d'un
cancer ont connu le changement le plus important dans les taux d'AP. Seulement 34 % des
patients ont été classés comme inactifs immédiatement aprés l'intervention, ce qui a été
maintenu 12 mois apreés l'intervention. L'augmentation initiale de la VO2 (+10%) n'était plus
significative aprés 12 mois, mais un changement durable a été observé dans le test de
marche de 6 minutes. La qualité de vie physigue est restée élevée et s'explique en grande
partie par les taux d'AP, tandis que la qualité de vie mentale est revenue au niveau de base.
Conclusion : Une intervention de 6 semaines peut induire des changements a long terme
dans les taux d’AP et de la CA chez un large éventail de patients atteints de maladies
chroniques. L'augmentation des niveaux d’AP a son tour peut entrainer une augmentation de

la QdV physique.

Mots clés : activité physique ; maladie chronique ; qualité de vie ; capacité aérobique ;
intervention d'exercice.
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1. Introduction

1.1 Physical Activity in the Population

Awareness of the decreasing levels of physical activity (PA) in the global population has
existed for many years.! This is attributed to many lifestyle changes, such as transportation
methods and increased urbanization.? ® The rising number of people who work in desk jobs
has also altered PA levels.*® In France specifically, the PA guidelines published by Public
Health France (Santé Publique France) recommend that adults spend at least 30
minutes/day for 5 days/week completing moderate-to-vigorous activity, with strength training
exercises at least 2 days/week, and stretching exercises 3 days/week.® Unfortunately, only
50.6% of French adults report being physically active during their leisure time and only
42.5% of adults currently attain levels of PA that allow for health benefits to occur.” This is
lower than the global average 59.4%, based on data generated for 145 countries and 14
World Health Organization (WHO) subregions.® Raising this number is of great importance
as the health benefits of PA are numerous. They include increased cardiorespiratory and

muscular fithess, bone health, increased functional health, and improved cognitive ability.® 1°

Conversely, long periods with low PA (time spent sedentary) are linked to many health
detriments, including all-cause mortality, development of chronic diseases, and an increased
risk of falling.® 1! These detriments are present regardless of whether the subject also
engages in periods of high PA.*? Thus, it is important to not only increase PA levels but
decrease bouts of sedentary time. Public Health France recommends that bouts of sitting
and lying be broken up with walking to ensure that sedentary periods span no more than 2
hours at one time.® However, in spite of these guidelines, sedentary time is still on the rise,
as screen time increases throughout all population groups, and occupational sedentary time
continues to escalate.> 3¢ According to a study published in The Lancet by Lee et al.,
sedentary time can be attributed to 5.3 million deaths worldwide every year through both all-
cause mortality and the chronic diseases that stem from low PA.*! In France specifically, low
PA was associated with 5.4% of coronary heart disease. It was attributed to 6.7% of type 2
diabetes and 9.6% of both breast and colorectal cancer.!* Overall, lack of PA was linked to
8.7% of all-cause mortality. Thus, it is pertinent that people participate in PA as a prevention
tool against the development of chronic diseases. But is this still the case after a chronic

disease develops?

1.2 Activity Levels in People with Chronic Diseases
According to the WHO, chronic diseases contributed to approximately 46% of the global

burden of disease in 2001.1” A more recent paper, published in 2015, showed that chronic



diseases have increased significantly, by 54.2%, between 1990 and 2013, with an age
standardized increase of 1.4%.® Within France alone, there are roughly 10 million people
currently living with a chronic disease, which equates to 15% of the population.'® For a large
part of the 20" century, bedrest, not PA, was prescribed for these people; in fact, PA was
even seen as detrimental.’® However, in the last 70 years a vast amount of evidence has
been gathered that demonstrates the benefits of PA for people with chronic diseases. This
began with a large epidemiological paper in 1953 published by Jeremiah Morris, who has
since been labeled the father of PA epidemiology.?’ Unfortunately, the level of PA in this
population remains low. A study conducted in Canada in 2009 showed that only 23% of
elderly people with chronic diseases met the PA guidelines, significantly lower than the group
with no chronic disease.?! In a large UK study published in 2019, participants with a chronic
disease over the age of 40 completed 51 minutes/week less moderate PA and 3
minutes/week less vigorous PA than their healthy peers.?? The most drastic differences were
seen in the group with mental health conditions where participants spent on average 2.5
hours/week less in moderate PA than their healthy peers, and in the cardiovascular group
who spent the lowest amount of time on average in vigorous PA.?? Thus, specific focus on
this population is required, especially as the number of people with chronic diseases rises,
with the WHO predicting that chronic diseases will be associated with 73% of all deaths and
60% of the global burden of disease by 2020."

1.3 Effects of Physical Activity Interventions in People with Chronic Diseases

In attempts to increase the levels of PA in people with chronic diseases, many PA
interventions have been performed, and systematic reviews compiled to determine a
consensus in the overall findings.?*?’ These interventions have focused on a variety of
chronic diseases and have ranged from a few weeks to several months. They have included
a plethora of activities, along with mentoring opportunities, and they continue to be
conducted due to the incontrovertible evidence that PA provide benefits to this population.?®
A large number of these interventions have been randomized control trials, but many have
also been prospective cohort studies. The results of these interventions are affected by
length, type of intervention, and by the chronic disease group that the intervention targets.
Currently, there is some discrepancy, due to intervention differences, on whether PA level
changes are sustained long-term, whether changes in quality of life (QoL) exist, and if the

disease course is altered.

1.3.1 Long-term physical activity changes
Almost all studies evaluating long-term changes in PA agree that interventions evoke a short-

term spike in PA levels but that reductions in adherence to PA occur post intervention.



However, there is disagreement surrounding whether patients return all the way to baseline
levels or are able to maintain a lifestyle with slightly elevated PA levels. A study with chronic
obstructive pulmonary disease (COPD) patients showed that after 12 months any changes
observed in light physical activity immediately after the intervention, as measured by an
accelerometer, were not sustained.?® This is in contrast to breast cancer patients, who
maintained higher levels of PA after an intervention, supported by both accelerometer and
self-reported questionnaire. However, they were only assessed at one time point, 3 months
post intervention.®® Another study conducted on patients with cardiovascular disease had an
intervention that included 120 minutes of walking/week and a sociocultural gathering
once/month.3! The intervention spanned the course of 9 months, but the authors found
adherence to regular physical activity was still higher two years post intervention using the

International Physical Activity Questionnaire (IPAQ) questionnaire.

1.3.2 Aerobic capacity

Many studies have shown improvements in aerobic capacity following PA interventions,
although once again with mixed results on the lasting impacts.?® In addition, one study found
that these changes were only present immediately post-intervention for the group of diabetes
patients who engaged in high-intensity activity, and not for those in the moderate-intensity
group.®? In a study by Coultas et al. on COPD, the findings demonstrated that patients in the
intervention group maintained a 6 minute walking distance that was significantly higher than
their initial level,*® and in 2 other studies breast cancer survivors saw an increase in aerobic
fitness that was still statistically significant 3 months post intervention.3® ** For patients with
human immunodeficiency virus (HIV), similar changes were seen in aerobic capacity
assessed with maximum rate of oxygen consumption (VO_) post intervention, although no
documentation was made about lasting impacts.® Only 2 of 5 studies reviewed in a meta-
analysis on mental disorders and PA demonstrated an increased exercise capacity in this
population.®® These discrepancies are due to methodological differences, as well as sample

size issues, and do not provide conclusive results.

1.3.3 Quality of life

The effects of a PA intervention on QoL are not conclusive. In a systematic review of patients
with coronary heart disease, no difference was seen between controls and intervention
participants.®” Whereas, studies in breast cancer patients have shown improved QoL from
supervised PA interventions.3? 343840 |ncreases in PA were also associated with benefits in
QoL in a study on patients with COPD and in pooled meta-analyses on patients with HIV and
mental disorders.® 3 4! The use of different measurement tools that evaluate different

aspects of QoL makes comparisons between studies difficult.



1.3.4 Disease progression

Large benefits have been seen for cardiovascular patients after PA interventions. A
systematic review and meta-analysis of 48 different cardio-metabolic studies showed a
significant reduction in premature death upon increasing PA, along with a slowing of the
progression of coronary artery disease and plaque reduction.®” Another study saw a
significant decrease in the number of adverse cardiovascular events in the intervention group
compared to the control group.3! For breast cancer patients, an increase in the
chemotherapy completion rates was noted for participants of PA interventions compared to
those with usual care.*> However, in one study on diabetic patients, no change in insulin
levels, fasting glucose, or fat mass occurred between the intervention and control group
throughout the intervention.*® In a recent HIV randomized control trial (RCT) that included 70
patients, significant improvements were seen after the intervention. The intervention group
had an increased CD4 count while also improving their glucose levels, lean mass, and
cholesterol levels.* The changes in disease progression have been strongly correlated with
changes to PA levels, with a study in COPD patients demonstrating a parallel between the
decline in PA levels and the worsening of lung function.* It is therefore vital that PA levels be

sustained post-intervention to slow or potentially prevent disease progression.

1.4 Study Motivation

Currently, most primary studies have focused on only one specific chronic disease and have
had a limited sample size. Systematic reviews have done well to synthesize the information,
but meta-analyses are difficult to conduct due to different tests, different intervention
protocols, different follow-up timelines, and different chronic diseases. The program
conducted at Hétel Dieu includes a wide variety of chronic diseases (heart disease,
pulmonary disease, cancer, HIV/AIDS, etc.) allowing for comparison between disease
groups. This will enable the researchers to determine if the current discrepancies within the
literature stated above (whether PA level changes are sustained, whether changes in QoL
exist, and if the disease course is altered), are due to differences in intervention design or
due to difference between patients of different chronic diseases. The PA intervention also
evaluates participants on a wide range of tests (aerobic tests, QoL measures, and self-
reported PA level measures) which allows for a comprehensive understanding of the benefits
of the intervention. The intervention itself is short and feasible, which if long-term lifestyle

changes are sustained would indicate that 6-weeks is sufficient for an intervention.

1.5 Aims and Objectives

The two principle objectives of the evaluation where:



1. To determine if a PA intervention spanning 6-weeks instils long lasting PA
behavioural changes in people with a chronic disease

2. To determine the short- and long-term effects of a 6-week PA intervention on the
aerobic capacity, PA levels, and QoL of people with a chronic disease

The secondary objectives were:

1. To determine the differences and similarities in benefits from a PA intervention
between the groups of chronic diseases and whether these groups act as effect
modifiers in the link between the intervention and the outcomes.

2. To determine if the number of intervention sessions attended by participants played a
role in the long-term success of the intervention

3. To determine if various medications, comorbidities, or additional risk factors act as

confounding factors and affect the patient’s outcome after the intervention.

2. Methods

2.1 Sample

Patients with a chronic disease who were undergoing a 6-week PA intervention at the Hotel
Dieu hospital were included in this evaluation. In order to be eligible to participate in the
intervention, patients needed to be referred by their treating specialist, have a chronic
disease listed on the “affections de longue durée 30", and be declared by a physician at the
sports medicine clinic within Hotel Dieu to be in poor physical condition. The intervention
commenced January 2017 and is still ongoing. Patients who had entered the intervention

before 1 April 2019 were used for analysis.

2.2 The Intervention

The intervention took place at the Centre de Réhabilitation par le Sport — Centre
d’Investigation en Médicine du Sport (CIMS) at the Hotel Dieu Hospital in Paris, France. It
spanned 6-weeks. Each week participants attended 3 sessions/week lasting 1.5 hours each
where they participated in a 15-minute warm-up, a 45-minute strength building activity, and a
30-minute cardiovascular activity. Having both aerobic and resistance training components in
the intervention has previously been shown to be of high importance as changes in aerobic
capacity and changes in strength affect different long-term outcomes on health.*® Six of the
sessions also included a 30-minute classroom component where participants were educated
on various topics including healthy eating, heart rate, and long-term behaviour change.
These sessions were led and monitored by a trained “Enseignant en Activité Physique
Adaptée” (Teacher of Adapted Physical Activity). A doctor was available in case of any

adverse event.



2.3 Outcome Measures

Tests were completed on all participants at four time points (1) pre-intervention, (2) post-
intervention, (3) 6-months post-intervention and (4) 12-months post-intervention in order to
assess both the short and long-term benefits of the intervention. Tests were divided into 5
categories that are displayed in Table 1.

Table 1. Tests Performed at Each Hospital Visit

Test Description

Medical Tests
Sports Medicine Consult To ensure patient safety during the intervention

Specialist Consult To monitor disease progression or reversion during the intervention
Anthropometric Tests

Height and Weight Measured in centimeters and kilograms

Muscle and Fat Mass A scan performed to determine body composition

Bone Density A scan performed to determine body composition

Waist/Hip Circumference  Measured in centimeters around the waist and hips
Aerobic Assessment

VO2 Max Test Max effort test completed on an ergo cycle

6 Minute Walk Test Distance covered in 6 minutes of walking
Quality of Life Assessment

SF-36 Quality of Life Questionnaire (Mental and Physical)
Activity Level Assessment

Ricci & Gagnon Questionnaire evaluating PA Score in Dalily Life

Medical tests were conducted to monitor disease progression and ensure patient safety
throughout the intervention. Anthropometric tests were completed as part of standard patient

care and were used as potential explanatory variables in the analysis.

Three outcomes were of interest in this evaluation: 1) Aerobic Capacity, 2) QoL, and 3) PA
Levels. These were assessed through 5 outcome measures. Aerobic capacity was assessed
using both a VO, max test and 6-minute walk test. These two tests were highly correlated
(68%) but were kept separate in analysis as different variables were explanatory and

differing amounts of variation were present between the two variables.

The SF-36 Questionnaire was used to assess QoL throughout the intervention.*’ This
questionnaire has previously been validated.*® Two scores are generated from this test: a
physical QoL score and a mental QoL score. These assess two substantially different
components of QoL and were not merged to create a global QoL score as the balance
between the components and their contributions to overall QoL are unknown.*® The creators
of the questionnaire also advise against the use of one global score.*® Many previous studies
have used this questionnaire allowing for comparison to the general population and other

chronic disease groups.5* 2



Lastly, to assess the PA levels of participants outside of the intervention the Ricci & Gagnon
Questionnaire (R&G) was administered.>® The R&G returns a score between 0-40, with 40
representing the highest activity levels, and O representing the lowest sedentary activity
levels. Persons with scores < 18 are considered to be inactive, while persons with scores
between 18 and 35 are classified as active, and those with scores >35 are considered very
active.>® This questionnaire has not been validated, but a study that utilized both the R&G
and the validated International Physical Activity Questionnaire saw those deemed inactive by
the R&G had a significantly lower amount of vigorous activity than those who were classified
as active by the R&G.>* Several studies evaluating chronic disease patients have also used
the R&G questionnaire. This includes a study on cancer patients following an exercise
program and another study on a general group of chronically ill patients post hospital

rehabilitation.5% 56

2.4 Potential Confounders, Effect Modifiers, and Mediators

Many parameters have previously been associated with aerobic capacity, QoL, and PA
levels. These include, but are not limited to patient diagnosis, medications, age, sex, BMI,
comorbidity scores, level of studies, baseline activity levels, tobacco consumption, and

alcohol consumption.

2.4.1 Age

The age-aerobic capacity relationship has been well-researched. Aerobic capacity initially
increases with age and then begins to decrease. Age was transformed using the integrative
model of age-performance (IMAP) where a represents a performance increase at the level of
cellular division and 3 represents the age-related decline of cell functionality in relation to
time (t).*’

Equation 1: Integrative model of age-performance (IMAP)

Qo —art
P(t) = BoNoo * €7@ x (1= efrtt)
As age-related increase was not applicable to this population due to a mean age of 59 years,
the a-terms were not used to transform age. The transformed variable was an appropriate fit
between age and aerobic capacity (VO. and six-minute walk test) in our sample as
demonstrated in Figure 1. This transformed variable was therefore used in the aerobic

capacity models.
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Figure 1. A. The relationship between age and the six-minute walk test using a modified
integrative model of age-performance (IMAP) equation, displayed in Equation 1. B. The
relationship between age and the VO, test using a modified IMAP equation, displayed in

Equation 1.

The relationship between age and QoL has also been extensively researched. QoL is
negatively affected by many things including: difficulty with everyday activities, limitations in
mobility, long standing illness, and relatively poor financial situations, all of which have the
potential to be mediated and moderated by age and differing chronic diseases.*® Age-related
activity declines have also been observed for moderate-intensity activity, but not for other
intensity levels.%® This decline was shown to be related to sex in a linear fashion. A non-
transformed age variable was included in the models for SF-36 mental, SF-36 physical, and
R&G.

2.4.2 Sex

Sex is strongly correlated to both aerobic and strength performance with men having
statistically higher performance levels than women.%® Men also tend to be more active than
women.®® Sex-related differences also exist in QoL related measures. One study showed that
high QoL was associated with high SES, whereas this was not the case for women.5!
Another study, focused on those with heart failure, showed that women had a worse QoL
when compared to men for physical function but found no difference in emotional distress.®?
It will therefore be evaluated as a confounder for all 5 outcome models, and as a potential

effect modifier for the 2 QoL outcomes.



2.4.3 BMI

Body Mass Index (BMI) is also significantly related to aerobic capacity and could confound
the effects of the intervention.®® BMI affects physical aspects of QoL more than the mental
aspects but is significantly associated with both.®* Those with higher BMIs are also less likely
to have high levels of PA. As such, it was taken into account as a potential confounder in all

5 outcome models.

2.4.4 Diagnosis

Diagnoses were collected from patient charts. Diagnosis codes are recorded by physicians
using the 10" revision of the International Statistical Classification of Diseases and Related
Health Problems (ICD) developed by the WHO.® All the codes for each patient were used for
the generation of chronic disease groups. Six major groups of patients are seen by CIMS: 1)
patients with cardio-metabolic diseases, 2) patients with cancer, 3) patients with HIV, 4)
patients with respiratory diseases and sleep apnea 5) patients with mental disorders, and 6)
patients with rheumatology and neuromuscular issues. A full list of classifications is shown in
Figure 2. For some analyses, mental disorders were split into depression and other mental
disorders due to varying modifying effects. Sleep apnea was also separated from other
respiratory diseases in certain instances where the two diagnosis groups incurred
significantly differing results.

These disease categories are not mutually exclusive, and participants could be included in
more than one category. In order to factor the lack of mutual exclusivity into the analysis, a
comorbidity score was generated. The ICD-10 codes were input into the R package
“comorbidity” to generate a comorbidity score for each patient.®® Two scores are commonly
used to control for severity of illness: the Elixhauser score and the Charleson score.®” The
Elixhauser scoring system was used in this study because previous literature has shown it to
be better at predicting mortality and health service use than the Charleson index in varying
chronic disease populations.®®7° It also allowed for a greater number of classifications to be
included with 31 categories compared to the Charleson index that only has 17 groups.®’
Weighted scores were used to distinguish the severity of different diseases. These are
constructed from work done by Moore et al. and Van Walraver et al. who assigned a score to

each category based on mortality and hospital readmission risk.’* 72

Differing diagnosis groups were predicted to modify the results of the intervention due to

differences in pathology, onset, and treatment.
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Figure 2. Diagnosis groups based on ICD-10 codes recorded in patient charts.

2.4.5 Medications

Medications were retrieved from patient clinic notes. The total medications for each patient
was summed. Medications were also grouped according to the WHO classification system
that uses the anatomical therapeutic chemical (ATC),”® and the total number of medication
types for each patient was tallied. Polypharmacy is a term used to describe the prescription
of multiple medications. There is no definitive threshold for defining polypharmacy with
papers using varying cutoffs, however a systematic review published in 2017 identified the
most common definition to be 5+ medications.” Polypharmacy has previously been shown to
be strongly related to QoL, with higher total medications associated with lower QoL."
Medication types have the ability to affect aerobic capacity. Inhalers tend to improve capacity

in patients with COPD, whilst non-steroidal anti-inflammatory drugs can lead to increased
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breathlessness through fluid retention.”® Various medication side effects could also cause

changes in PA levels through nausea, drowsiness, or electrolyte derangement.”®

2.4.6 Tobacco and Alcohol Consumption

Tobacco is quantified for each patient using the equation “packets/day * years”. The clinic
notes specify whether tobacco is currently used, previously used, or never used. Alcohol
consumption is recorded in clinic notes if patients indicate consumption of more than 2 drinks
per day. Both tobacco usage and alcohol consumption have been linked to lower aerobic
performance and lower PA levels.”” ”® The QoL of chronic disease patients is also affected

by smoking and alcohol consumption.”9-82

2.4.7 Other potential confounders

The level of education was retrieved for all patients and grouped into 3 categories 1) less
than a high school diploma, 2) high school diploma, and 3) tertiary studies. Secondary and
tertiary education have previously been associated with a higher QoL and were therefore
included in the two-by-two analysis for the two SF-36 outcomes.® There was no evidence
that education affects aerobic capacity but it potentially affects PA levels through knowledge
of health benefits and PA guidelines.®* If education level was strongly associated with
socioeconomic status, PA levels might also be affected through neighbourhood safety and

free-time.?

The number of sessions attended within the intervention was also examined for potential
effects on the outcome variables. Researchers were interested in determining if a
relationship existed between the number of attended sessions and the outcome variables, or

if a threshold number of sessions exists that explains changes in the outcome variables.

2.5 Ethical Approval

Formal ethics approval for this study was not required from the University of Sheffield Ethics
Committee as the study utilized secondary data. A declaration form has been completed and
supporting documents have been obtained (Appendix 1). Only hospital patients that
consented to the use of their data for research purposes where included in the analysis and
all data was anonymized. Authorization for IRMES to use the data was provided by

Assistance Publique - Hopitaux de Paris.
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2.6 Statistical Analysis
Statistical analysis was carried out using R software (Version 3.5.2).% Statistical significance
was set at p<0.05.

2.6.1 Imputation

For variables with missing data, where the missing values were deemed to be missing at
random, imputation was conducted to replace the missing data with substituted values. This
included the following variables: VO; test, six-minute walk test, SF-36 questionnaire, R&G
guestionnaire, BMI, and tobacco consumption. For all these variables, the amount of missing
data was below 25%, which is recommended to ensure the variance structure.® Imputation
was completed using the ‘mice’ package in R.8” A predictor matrix was created based on
significantly correlated variables. The imputation was run 5 times and imputations were
pooled for all regression analyses. Multiple imputation was done instead of using a single
imputation as this allows for a better estimate of the uncertainty and variance associated with
imputing the data.® Plots and tests from the R package “mitools” were conducted to ensure

the multiple imputation was successful and did not bias the results.®

2.6.2 Descriptive Statistics and Baseline Analysis

Descriptive statistics were completed using frequency tables and median (IQR) calculations.
Generalized linear models were made for the 5 aforementioned outcome variables (VO., six-
minute walk, SF-36 physical, SF-36 mental, and R&G). To determine which variables to
include in the regression Pearson or spearman correlations were conducted for continuous
variables and Students’ T-tests or Wilcoxon-Rank tests were conducted for instances where
the explanatory variable was binary. All tests with p-values under 0.2 were included in the
starting generalized linear model. A backward stepwise approach was used, to achieve the
model with the lowest AIC number and thus, best fit. Effect modification was tested through
interaction terms within the model. The assumptions of each model were tested with the tests

used outlined in Appendix 2.

For VO, 3 outliers were present in the data. These outliers had significantly higher VO
values compared to the mean, with scores that would not be classified as having a poor
aerobic condition.®® They were included in the study because of low PA scores in their daily
lives. When these 3 outliers were removed from the regression, the assumptions of the
regression were met, however the coefficients of the regression did not change greatly. The
model statement of the initial regression, with all variables that had p< 0.2, for VO, was as
shown in Equation 2. Inclusion of all variables with p<0.2 in the initial model was to ensure

that no interactions between explanatory variables were missed.
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Equation 2. Initial Baseline Regression Equation including all variables with p <0.2

VO, = ag+ Bix1s+ Baxo + Baxs + Baxs + PBsxs + Bexe + Brx; + BgXg + BoXg + BioX10 + Bi1X11
+ Bi2X12 + BisXiz + PraXia + BisXis

ay = intercept

x, = sex (binary: reference is female)

x, = age (continuous)

x3 = BMI (continuous)

x4 = number of medications (continuous)

weighted comorbidity score (continuous)

=
9
Il

x¢ = current level of physical activity as assessed by R&G questionnaire (continuous)
X, = tobacco consumption (continuous)

xg = cancer (binary:reference is no cancer diagnosis)

X9 = cardiometabolic (binary:reference is no cardiometabolic diagnosis)

X109 = respiratory (binary:reference is no respiratory diagnosis)

X1, = Sleep apnea (binary:reference is no sleep apnea diagnosis)

X1, = HIV (binary:reference is no HIV diagnosis)

X13

= mental disorder except depression (binary:reference is no mental disorder diagnosis)
X14 = depression (binary:reference is no depression diagnosis)

X15 = neuromuscular (binary: reference is no neuromuscular diagnosis)

For the six-minute walk test, outliers were also present. One patient walked significantly
more than the rest and one walked significantly less. The patient who walked significantly
less was shown to have only completed 2 of the 6 minutes of walking due to low O
saturation and was removed from the analysis. The patient who walked significantly more
was included in the intervention due to low PA level scores. When removed, it had little
influence on the coefficients of the regression but allowed the assumptions of the regression
to be met. The six-minute walk test was strongly negatively skewed. To compensate for this

a squared transformation was performed on the outcome variable.

For the QoL data obtained from the SF-36, a squared transformation was conducted for the
mental score to correct for a negative skew, whilst the physical score required no corrections
for all the regression assumptions to be met. The R&G score was positively skewed and

corrected through a log transformation to achieve normality.
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T-tests and chi-squared tests were also conducted between patients who were lost to follow
up and patients who remained in the study to assess for a difference between groups that
could lead to bias in the outcomes.

2.6.3 Pre/Post Intervention Analysis

A subset of participants was created to remove those who were still in the process of
completing the intervention and had not yet completed the post-intervention tests. Paired t-
tests were conducted for all outcome variables to establish whether a significant difference
existed between pre-intervention and post-intervention. A significant difference was observed
for all 5 outcome variables. A generalized linear regression was performed with absolute
change as the outcome variable (outcome at time point 2 — outcome at time point 1) to
determine if any diagnosis group experienced a significantly different change and what

variables explained a significantly smaller or larger mean change.

Variables were once again added to the regression based on 2x2 significance. For all
continuous variables, centering was conducted so that the intercept reflected the mean
change when all binary variables were 0, and all significant explanatory variables
represented deviations from the mean. A backwards stepwise regression was once again
conducted to determine the best model. All model statements included similar explanatory
variables and an example model statement for physical activity levels assessed by the Ricci
& Gagnon question is included in Appendix 3.

Tests of the regression assumptions were conducted. For change in VO all the assumptions
were met. The six-minute walk test did not meet the assumptions due to a large number of
outliers in the data. Outliers present here, but not in the VO, are most likely due to acute
musculoskeletal pains that exist at one of the two appointments and therefore do not
represent a true test. These pains are not present on the bicycle ergometer and thus,

abnormally large changes between the two visits do not exist for VO..

The SF-36 physical component met all the assumptions. The mental component had a
slightly negative skew but graphically appeared to meet all assumption requirements. The
R&G score had a negative kurtosis value, but this can be attributed to the scoring system,

and graphically it still met all the assumptions of the generalized linear regression.

2.6.4 Longitudinal Analysis
For the subset of participants who had completed the 12-month post-intervention visit, a

mixed effects model was used to allow for the unknown correlation between the outcomes
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within each patient which violates the independent errors assumption of a normal model.
This model allows for time varying information and for outcome variables to be assessed
over the 4 visits to determine if patients return to baseline levels after the intervention or
maintain at an elevated level. The model statement for the six-minute walk test is included

below as an example (Equation 3).

Equation 3. Mixed Effects Model for Six Minute Walk including all variables with p <0.2

sixminwalk = (ag|factor) + Bix1 + Loxy + B3xz 4+ Laxs + Bsxs + Lexe + Lrx; + Pgxg

+ Boxg+ B1oX10 + Bi11X11 + Bi2X12 + BizX1z + PraXis + Bisxis + €

ag|factor = intercept — random intercept given for each study participant

x, = sex (binary: reference is female)

x, = age (continuous)

x3 = BMI (continuous)

x4 = number of medications (continuous)

x5 = weighted comorbidity score (continuous)

x¢ = current level of physical activity as assessed by R&G questionnaire (continuous)
x; = cancer (binary:reference is no cancer diagnosis)

xg = cardiometabolic (binary:reference is no cardiometabolic diagnosis)

X9 = respiratory (binary:reference is no respiratory diagnosis)

X109 = Sleep apnea (binary:reference is no sleep apnea diagnosis)

X1, = HIV (binary:reference is no HIV diagnosis)

X12

= mental disorder except depression (binary:reference is no mental disorder diagnosis)
x13 = depression (binary:reference is no depression diagnosis)

X14 = neuromuscular (binary: reference is no rheumatological /neuromuscular diagnosis)
X15 = visit number (categorical:reference is baseline visit)

€; = error term

The assumptions of the mixed model were confirmed through a histogram of the residuals to
determine normality, a plot of the residuals against the fitted values to establish that the
errors of constant variance, and plots of the explanatory variables against the residuals to
determine a linear response. To determine if the errors were independent of each other a
scale-location plot was made. The graphs for all the linear mixed models appeared to meet

assumptions.
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3. Results

3.1 The Population
Between 1 January 2017 and 31 March 2019, 383 people with chronic diseases entered the
intervention program at the Hotel Dieu Hospital (Figure 5).

103 patients

171 patients A 12 Months Post-

j | Intervention
275 patients 6 Months Post- »12 drop outs
* 56 with upcoming

j ] Intervention appointments
383 patients Post-Intervention *23 drop outs
81 with upcoming
] *46 drop outs appointments

45 currently
completing the
intervention

17 with upcoming
appointments

Pre-Intervention

Figure 3. Number of patients currently enrolled in the intervention at Hétel Dieu.

These patients were highly heterogeneous, ranging greatly in age, BMI, and comorbidities.
Their baseline characteristics by diagnosis grouping are displayed in Table 2. Those with
mental disorders and HIV were significantly younger than those without a mental disorder or
HIV, whilst those with cancer, respiratory diseases and cardio-metabolic diseases were
significantly older than those without (p <0.01). Those with cardio-metabolic diseases had a
significantly higher BMI, whilst those with cancer and respiratory disease had significantly
lower BMIs (p <0.01). Those with cancer and respiratory diseases had higher weighted
comorbidity scores, whilst those with cardio-metabolic diseases, mental disorders, and HIV
had a statistically lower score (p<0.01). Cardio-metabolic patients took a significantly higher
amount of medications and those with cancer took a significantly lower amount of medication
(p< 0.01).

3.2 Loss to follow up

Of the 383 people who began the intervention, 81 (21%) were lost to follow up throughout the
duration of the year. The 3 main reasons listed for these dropouts include medical reasons,
lack of commitment to the intervention, and social reasons. As this intervention was not
conducted as a study but rather as part of patients’ standard of care treatment, prescribed by
their treating physicians, a retention rate of 79% was deemed to be highly effective at

participant retention. Longitudinal studies with detailed consent procedures and patient
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awareness often report attrition rates between 30% — 70%, and anything less than 20% is

considered to be a high retention rate.%* ®2

Those who were lost to follow up were compared to those who remained for outcome and
explanatory variables. There was no statistically significant difference in baseline VOZ2, six-
minute walk, R&G score, age, BMI, sex, or diagnosis. A slight difference existed within the
SF-36 questionnaire, with drop-outs having lower scores than those who remained in the

intervention.

3.3 Multiple Imputations

The success of the multiple imputations was assessed both graphically and statistically.
Density plots (Figure 4), strip plots, and correlation plots were all visually acceptable.
Kruskal-Wallis tests conducted to compare the distribution of each imputation set and the
original data all returned non-significant values demonstrating no difference in the
distributions. All values of the Gelman-Rubin convergence statistic (R) were below 1.1
indicating convergence of the imputations, which occurs at R = 1.9
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Figure 4. Density plots for all imputed variables.
The non-imputed density is shown in blue and the 5 imputed densities are displayed in red.
All the density plots follow similar patterns demonstrating that the multiple imputations were

completed successfully.



Table 2. Baseline Descriptive Statistics by Diagnosis

Mental
All Cancer HIV/AIDS Resp Disease Cardio-metabolic . Neuromuscular
Disorders
Number of Patients 383 135 53 80 203 48 39

Age ?

BMI2

Male/Female P

Level of Studies "¢
(<HS/HS/>HS)

Types of

Medications 2¢

Total Medications &

Comorbidity Score 2¢

59.2 (47.9-69.1)

26.8 (22.6-31.8)

42.8/57.2

9.6/15.9/74.5

2.0 (1.0 - 4.0)

4.0 (2.0 -6.0)

13.0 (10.0 — 18.0)

63.1 (52.2-70.4) *

23.5 (20.9-27.2) *

46.7/53.3

5.8/11.7/82.5 *

2 (1-3.5)

3(1-5)*

18.0 (17.0 — 18.0) *

50.4 (44.0-58.7) *

27.9 (23.7-32.2)

47.2/52.8

20.0/20.0/60.0 *

2.0 (1.0 - 4.0)

4.0(3.0-7.0)

11.0 (10.0 — 11.0) *

68.4 (54.5-73.2) *

25.3 (20.9-29.6) *

40.0/60.0

6.9/11.9/81.4

3.0 (20-4.0)*

5.0 (3.0 -8.0) *

14.0 (13.0 — 14.0) *

61.9 (50.8-70.4) *

29.5 (25.9-34.9) *

45.0/55.0

14.6/18.1/67.3 *

3.0 (20-5.0)*

5.0 (3.0 - 8.0) *

10.0 (7.0 - 16.0) *

49.2 (38.0-61.3) *

28.0 (22.5-31.9)

22.9/77.1*

2.6/18.4/79.0

3.0 (2.0-4.0)*

5.0 (3.0 - 6.5)

6.0 (5.0 — 11.5) *

61.0 (51.2-71.8)

26.9 (22.5-31.5)

30.8/69.2

3.2/9.7/87.1

2.0 (1.0-3.5)

4.0 (2.0-6.0)

12.0 (11.0 — 16.0)

a — Median (IQR)
b — Frequency (%)

¢ — <HS =less than a high school diploma; HS = high school diploma; > HS = tertiary education
d — Medications classified using the anatomical therapeutic chemical (ATC) classification system from the WHO™
e — Using the Elixhauser scoring system and ICD-10 codes 5% 67 7172
* — Those with the diagnosis are significantly different to those not in the diagnosis group (p < 0.05)
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3.4 Initial Outcome Values

Baseline aerobic capacity was low in this population. The median (IQR) VO2was
20.5mL/min/kg (16.8 mL/min/kg — 23.8 mL/min/kg), which is classified as ‘very poor’ or ‘poor’
according to VO; normative data.®® The median (IQR) of the six-minute walk was also low,
530m (461m — 595m), again below norms. Similar explanatory variables were present in both
aerobic tests. Men, younger patients, and patients with lower BMI all had higher aerobic
capacities. Those who took fewer medications and had higher PA levels also had higher
aerobic capacities. For just the VO3 test, tobacco consumption was significantly related to a
lower aerobic capacity. Those with respiratory disease had a lower aerobic capacity than
those without a respiratory condition, and those with mental illness had a higher capacity

compared to those with other chronic conditions as shown in Table 3.

Table 3. Generalized Linear Regression for Baseline Aerobic Capacity (VO, and Six-Minute
Walk) with Significant Explanatory Variables.

VO,? Six-Minute Walk P
B p-value B p-value
Intercept 14.43 p<0.001 170.24 p<0.001
Sex (ref: female) 411 p<0.001 40.33 p<0.001
Age (transformed) © 0.58 p<0.001 0.78 p<0.001
BMI -0.30 p<0.001 -2.94 p<0.001
Total Medication Number -0.35 p<0.001 -8.88 p<0.05
Baseline Activity Level ¢ 0.17 p<0.001 2.69 p<0.001
Tobacco (Packets/Day * Years) -0.04 p<0.01
Respiratory Disease (ref: none) -3.22 p<0.001 -70.74 p<0.001
Mental Disorder excluding 2.02 p<0.05
Depression (ref: none)
Depression (ref: none) 39.76 p<0.05
Adjusted R? 0.46 p<0.001 0.42 p<0.001

Models of aerobic capacity assessed by VO2 and six minute walk test; The independent variables
explained 46% of the variance in VOzand 42% of the variance in the six-minute walk test

2VO2 measured in mL/min/kg

b Six-minute walk test measured in meters. All B coefficients have been de-transformed from their
squared form to allow for ease in interpretation

¢ Age transformed using IMAP

d Assessed through R&G Questionnaire.

Patients had a higher mental QoL score than physical QoL score at baseline, with a median
(IQR) of 67/100 (45/100 — 78/100) for the mental score and of 55/100 (43/100 — 70/100) for
the physical score. The SF-36 showed different predictors for mental and physical QoL
(Table 4). Sex and baseline PA levels were significantly associated with both QoL scores and

those with sleep apnea had a lower QoL overall than other diagnosis groups. Patients with a
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respiratory disease had lower physical QoL, whilst those with mental disorders and
depression had a significantly lower mental QoL. Only 15% of the variance for baseline QoL

was explained with these parameters.

Table 4. Generalized Linear Regression for Baseline Quality of Life (Mental and Physical)
with Significant Explanatory Variables.

Mental QoL @ Physical QoL

B p-value B p-value
Intercept 47.06 p <0.001 52.16 p <0.001
Sex (ref: female) 28.66 p<0.01 9.65 p<0.001
Age (years) 3.89 p=0.105
Baseline Activity Level® 7.67 p < 0.001 0.32 p <0.05
Total Medication Number -0.94 p<0.01
Sleep Apnea (ref: none) -40.69 p <0.05 -14.96 p<0.01
Respiratory Disease (ref: none) -6.71 p<0.01
Mental Disorders excluding -3390 p<0.05

Depression (ref: none)

Depression (ref: none) -31.42 p <0.05
Adjusted R? 0.15 p<0.001 0.15 p<0.001

Models of QoL assessed by the SF-36; the independent variables explained 15% of the variance in
both mental and physical QoL

a All B coefficients have been de-transformed from their squared form to allow for ease in interpretation
b Assessed through R&G Questionnaire.

At baseline, the PA levels in this group were dismal, with 67.9% being classified as inactive
by the R&G questionnaire. Age, sex, BMI, and diagnosis were all not significantly related to
the level of PA, with only the number of medications having statistical significance. Only 3%

of the variance in PA levels was explained by the number of medications.

3.5 Intervention Effects

Large changes in aerobic capacity were seen post-intervention for the 275 patients who had
finished the intervention and had completed their second set of testing. The paired t-test for
VO, showed a mean absolute change of 1.8 mL/min/kg (p < 0.001) between the two visits. Of
the initial 131 people who had a VO classified as ‘very poor’, 30 improved their VO, rating to
a higher category. An absolute change of 31.8m was also present for the six-minute walk (p
< 0.001). Those with lower aerobic scores before the intervention had larger absolute
changes in VO, (Table 5). Age and the total number of medications were also significantly
related, with a non-significant trend between those with cardio-metabolic disease having a

lower VO, change than those without the disease.

20



Table 5. Generalized Linear Regression for Absolute VO, Change with Significant
Explanatory Variables.

B p-value
DV: Pre/Post VO, Change

Intercept 1.79 p<0.001
Sex (ref: female) 1.00 p=0.07
Mean Centred Age (transformed) 2 0.26 p<0.05
Mean Centred Total Medication Number -0.14 p<0.05
Mean Centred Baseline VO -0.14 p<0.01
Cardio-metabolic Disease (ref: none) -0.93 p=0.08
Adjusted R? 0.08 p<0.001

Explanatory variables that are associated with an absolute change in VO: after the intervention
a Age was transformed using the IMAP equation.

Positive changes in QoL were also seen after the intervention, with a mean change of 8.3
points in the physical component of the SF-36 and a mean change of 7.9 points in the mental
component of the SF-36. A larger amount of variance was explained with the independent
variables in the SF-36 mental component (34%) compared to the physical component where
only 20% of the variance for the absolute change was explained (Table 7). Once again, those
with lower baseline scores had a significantly larger change than those with scores above the
mean. Those with depression and other mental illnesses had a significantly higher increase
in their mental QoL scores compared to other groups, accounted for in the regression
through low baseline scores. There was a 5.5-point change in PA levels (on a 40-point scale)
after the intervention, decreasing the number of inactive patients from 67.9% to 34.2%
(Figure 5). This change in PA levels was highly significant and was significantly related to the
number of intervention sessions attended by the patient (p< 0.01) and to their baseline PA
level (p < 0.001). Patients with a diagnosis of cancer had a larger self-reported change in PA
levels than the rest of the diagnosis groups (p <0.05). These three explanatory variables
explained 34% of the variance in the absolute change of PA levels.

Table 6. Generalized Linear Regression for Absolute QoL Changes with Significant
Explanatory Variables.

SF-36 Mental SF-36 Physical
B p-value B p-value
Intercept 7.19 p<0.001 8.86 p<0.001
Sex (ref: female) 3.94 p<0.05
Mean Centred BMI 0.33 p=0.05
Mean Centred Total Medication Number -0.80 p<0.05 -0.81 p<0.05
Mean Centred Post-Intervention Activity Score? 0.27 p<0.05 0.25 p<0.05
Mean Centred Baseline SF-36 Score -0.48 p<0.001 -0.36 p<0.001
Depression (ref: none) 6.23 p=0.15
Adjusted R? 0.34 p<0.001 0.20 p<0.001

Explanatory variables that are associated with an absolute change in QoL (mental and physical) after
the intervention
a Assessed through R&G Questionnaire
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Inactive

Figure 5. Change in
physical activity levels
between pre- and post-
intervention visits
assessed with the R&G
guestionnaire.

The purple link
demonstrate patients
who improved their
physical activity
category level from
inactive pre-intervention
to active post-
intervention. The
percentage of inactive
patients decreased
significantly from 67.9%
to 34.2%.

Pre-Intervention (% active vs inactive)
Post-Intervention (% active vs inactive)

= Very Active Very Active B

3.6 Long-term Effects

For the 103 people that had completed the 12-month visit, a longitudinal analysis was
conducted to determine if the outcome variables maintained the initial increase observed
after the intervention. The change in VO;was not sustained at the 6-month and 12-month
post intervention visits when the model was adjusted for age, BMI, sex, activity level and
diagnosis (Table 7). The between-person variance was responsible for 71% of variance
within the adjusted model and the model explained 41.8% of variance with the fixed effects.
The six-minute walk test showed different results with relation to the visits. The number of
meters walked was significantly higher even at 12-months post-intervention in both the
unadjusted and adjusted models (Table 8). The adjusted model’s fixed effects explained

49.7% of the total variance within the model.

In the SF-36, the mental score was not significantly different from baseline at any long-term
follow-up. The physical score was significantly different from baseline at all 3 post-
intervention time-points in the unadjusted model, but were no longer significantly different
when adjusted for PA levels at each time-point, suggesting mediation through PA levels
(Table 9). The PA levels were also significantly different from baseline at all time-points after
the intervention, with only the number of intervention sessions and BMI as explanatory
variables (Table 10). The overall trends for each of the 5 outcome variables are displayed in

Figure 6.
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Table 7. Unadjusted and adjusted mixed-effects models for explaining changes in VO,

Model 1 Model 2
Fixed Effects B p-value B p-value
DV: VO2
Intercept 22.08 p<0.001 10.22 p=0.093
Post Intervention Visit 1.61 p<0.001 125 p<0.01
6 Months Post Intervention Visit 1.11 p<0.05 1.01 p=0.053
12 Months Post Intervention Visit 0.16 p=0.69 -0.13 p=0.75
Age (Transformed) 2 0.90 p<0.001
BMI -0.32 p<0.05
Sex (ref: female) 5.00 p<0.001
Activity Level (R&G Questionnaire) 0.06 p<0.05
Respiratory Disease (ref: none) -7.90 p<0.001
Cardio-metabolic Disease (ref: none) -3.27 p<0.05
Random Effects
g2b 7.96 7.59
Too Patient ¢ 38.28 18.92
ICC Patientd 0.83 0.71
Marginal R? / Conditional R?® 0.010 0.830 0.418 0.833
AIC 2339.54 2278.35

Model 1 is unadjusted with only the visit number explaining the change in VO2. Model 2 is adjusted on other
explanatory variables and the R2for the fixed effects increases from 0.010 to 0.418. The visits are all
compared to the pre-intervention visit; a = Age was transformed using the IMAP equation; b = the within-
person variance; ¢ = the between-person variance; d = the intra-class coefficient (ICC), which is the percent
of variance explained by between-person variance; e = marginal R? is the variance explained by the fixed-
effects portion of the model, conditional R2is the variance explained by both the fixed and random effects; f
= the Akaike Information Criterion, which estimates the quality of the statistical model. A lower number is
associated with a better model.

Table 8. Unadjusted and adjusted mixed-effects models for explaining changes in the Six
Minute Walk

Model 1 Model 2
Fixed Effects B p-value B p-value
DV: Six Minute Walk Test
Intercept 528.12 p<0.001 119.25 p=0.149
Post Intervention Visit 29.99 p<0.001 19.58 p<0.05
6 Months Post Intervention Visit 34.13 p<0.001 27.83 p<0.01
12 Months Post Intervention Visit 33.40 p<0.001 25.29 p<0.01
Age (Transformed) 2 1.00 p<0.001
BMI -6.45 p<0.001
Sex (ref: female) 51.64 p<0.001
Activity Level (R&G Questionnaire) 1.72 p<0.001
Respiratory Disease (ref: none) -105.41 p<0.001
Depression (ref: none) 5455 p<0.05
Random Effects
g2b 2716.27 2613.22
Too Patient © 7224.12 2663.19
ICC patient ¢ 0.73 0.50
Marginal R? / Conditional R2¢ 0.021 0.732 0.497 0.755
AIC 4687.67 4592.09

Model 1 is unadjusted with only the visit number explaining the change in the six-minute walk test. Model 2
is adjusted on other explanatory variables and the R2for the fixed effects increases from 0.021 to 0.497.
The visits are all compared to the pre-intervention visit; a = Age was transformed using the IMAP equation;
b = the within-person variance; ¢ = the between-person variance; d = the intra-class coefficient (ICC), which
is the percent of variance explained by between-person variance; e = marginal R? is the variance explained
by the fixed-effects portion of the model, conditional R?is the variance explained by both the fixed and
random effects; f = the Akaike Information Criterion, which estimates the quality of the statistical model. A
lower number is associated with a better model.
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Table 9. Unadjusted and adjusted mixed-effects models for explaining changes in SF-36
Physical Component

Model 1 Model 2
Fixed Effects B p-value B p-value
DV: SF-36 Physical
Intercept 5758 p<0.001 26.59 p<0.001
Post Intervention Visit 749 p<0.01 436 p=0.131
6 Months Post Intervention Visit 561 p<0.05 270 p=0.424
12 Months Post Intervention Visit 6.17 p<0.01 3.76 p=0.199
Activity Level (R&G Questionnaire) 0.52 p<0.001
Number of Intervention Sessions 146 p<0.01
Random Effects
23 199.79 206.47
Too Patient ° 121.67 80.00
ICC Patient © 0.38 0.28
Marginal R? / Conditional R2d 0.028 0.396 0.117 0.363
AlCe 3486.79 3471.59

Model 1 is unadjusted with only the visit number explaining the change in the SF-36 physical component.
Model 2 is adjusted on other explanatory variables and the R2for the fixed effects increases from 0.028 to
0.117. The visits are all compared to the pre-intervention visit; a = the within-person variance; b = the
between-person variance; ¢ = the intra-class coefficient (ICC), which is the percent of variance explained by
between-person variance; d = marginal R? is the variance explained by the fixed-effects portion of the
model, conditional R2is the variance explained by both the fixed and random effects; e = the Akaike
Information Criterion, which estimates the quality of the statistical model. A lower number is associated with
a better model.

Table 10. Unadjusted and adjusted mixed-effects models for explaining changes in Physical
Activity Levels

Model 1 Model 2
Fixed Effects B p-value B p-value
DV: R&G Activity Score
Intercept 17.25 p<0.001 12.00 p<0.001
Post Intervention Visit 6.51 p<0.001 6.37 p<0.001
6 Months Post Intervention Visit 5.07 p<0.001 5.11 p<0.001
12 Months Post Intervention Visit 5.28 p<0.001 529 p<0.001
Number of Intervention Sessions 0.73 p<0.01
BMI -0.21 p<0.05
Random Effects
g22 45.68 44.95
Too Patient ° 24.43 22.95
ICC patient © 0.35 0.33
Marginal R2 / Conditional R2¢d 0.076 0.398 0.109 0.401
AlCe® 2869.53 2849.57

Model 1 is unadjusted with only the visit number explaining the change in physical activity levels as
assessed by the R&G questionnaire. Model 2 is adjusted on other explanatory variables and the R2for the
fixed effects increases from 0.076 to 0.109. The visits are all compared to the pre-intervention visit; a = the
within-person variance; b = the between-person variance; ¢ = the intra-class coefficient (ICC), which is the
percent of variance explained by between-person variance; d = marginal R? is the variance explained by
the fixed-effects portion of the model, conditional R?is the variance explained by both the fixed and random
effects; e = the Akaike Information Criterion, which estimates the quality of the statistical model. A lower
number is associated with a better model.
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4. Discussion

4.1 Overall Benefits

The intervention was attributed to a significant initial change in all 5 outcome variables (VO,
six-minute walk, SF-36 mental, SF-36 physical, and PA levels). PA levels remained
significantly higher than baseline levels even one-year post-intervention, demonstrating that
this intervention was able to instill a lasting impact on patient’s lifestyle. This lasting change in
PA levels is crucial for slowing and potentially preventing further disease progression, with
previous research demonstrating a decreased progression of coronary artery disease and
decreased cardiovascular events with increased PA. 3! 3" Other studies have reported
increased CD4 counts in patients with HIV, increased chemotherapy completion rates in
breast cancer patients, and an attenuated decline in lung function for those with moderate-to-

severe COPD due to increased PA levels.*> 4494

Benefits of the intervention were also affected by other factors. Those who commenced the
intervention with an aerobic capacity, QoL, or PA level below the mean saw a greater
increase than those who commenced above the mean. Those with a higher attendance rate
during the intervention increased their PA levels by a greater amount, and in turn those with
higher PA levels post intervention had a significantly higher physical QoL. Those who took
fewer medications also saw a greater change in aerobic capacity and QoL. The total number
of medications could be considered a potential proxy for disease severity and comorbidities

insinuating that those with less severe conditions have greater improvements.

4.2 Benefits by Diagnosis

For patients with mental disorders and depression, a significantly greater increase was seen
through this intervention in the mental QoL scores compared to those with other chronic
diseases, with a large increase also present in the physical QoL score. While many studies
have researched the link between PA and QoL, less have discussed the link between PA
interventions and QoL in these patients. One study found a statistically significant increase in
physical QoL, but not in any of the other QoL domains, for women with depression over an 8-
week intervention period.®® Another study with a PA intervention spanning 10 weeks for
people with schizophrenia determined that a significant change in the physical and mental
domains of QoL occurred post-intervention, which matches the findings of this study.®® The
greater change in this group compared to the others could be due to their significantly lower
baseline mental QoL. Another potential explanation for the change in this population could be
the group dynamic of this intervention. The 18 sessions were completed as a cohort by the

same 6 participants. The inverse relationship between depression and social activities has
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been widely researched and studies have shown that individuals who patrticipate in social
community-based programs see increased QoL. .°" % Future comparison between group and
individual PA interventions could further determine the relationship between these variables
in this population.

Changes in PA levels were very impressive for all diagnosis groups. However, patients with
cancer increased significantly more post-intervention than those without cancer. This finding
is specific to our intervention as no previous study has compared the changes in PA levels
between various chronic disease diagnoses. One possible explanation for this finding is that
in this specific population, patients with cancer were the only group to have a baseline
median BMI classified as healthy, and the lowest median total number of medications,
suggesting that they began the intervention in an overall healthier physical state then those
without cancer. These patients included different types of cancer, different stages of cancer,
and different levels of treatment. Those at the end of their treatment course or those with low
stage cancer could have less hindering them from improving their PA levels compared to

others.

All diagnosis groups followed a similar pattern of change for aerobic capacity, with no
significant difference between the trends. However, when a categorical variable that grouped
participants as either having a ‘very poor’ or ‘not very poor’ VO, was included, those with a
respiratory diagnosis saw the largest change in the percentage of people that moved from
‘very poor’ to ‘not very poor’ VO, after the intervention. Initially 70.6% of patients with a
respiratory disease were classified as having a ‘very poor VO based on normative data but
after the intervention this had decreased significantly to 56.9% of people.®® This has the
potential to be clinically important as those with ‘very poor’ VO, values (the lowest aerobic
capacity) have the highest risk for many postoperative complications and mortality. They
have also been shown to have worse cognitive processing speed than those with higher VO»

values.% 100

4.3 PA levels and Physical QoL

It is not surprising that PA levels and physical QoL are significantly correlated and there is
undoubtedly an effect of each variable on the other with improved PA levels corresponding to
increased QoL and increased QoL leading to a greater increase in PA levels. However, it is
likely that the main direction for this relationship is PA levels effecting QoL. Several studies
and a systematic reviews have demonstrated the increased benefits to QoL through PA,
while also explaining through focus groups that enhanced QoL is one of the motivating

factors for people to increase their PA levels.1°%1 The changes in physical QoL in this

27



intervention were shown to be mediated by the PA levels of patients. In the mixed effects
regression for SF-36 physical, all post-intervention visits were statistically significant
compared to the pre-intervention visit when ‘visit’ was the only explanatory variable.
However, when the PA levels were added as a second explanatory variable, no post-
intervention visit was significantly different from the pre-intervention visit, implying full
mediation through PA levels. Another mixed effects regression with PA levels as the outcome
variable was created. Once again, when ‘visit’ was the singular explanatory variable all post-
intervention visits were significantly different from the pre-intervention level. Physical QoL
was added as a second explanatory variable and, whilst significantly related to PA levels did
not negate the significance of the visit variable. This demonstrates only partial mediation and
implies, as previous research has shown, that PA levels have a larger effect on QoL than

QoL does on PA levels.

4.4 1s a 6-Week Intervention Enough?

There was a lasting impact seen on PA levels throughout all diagnosis groups after only a 6-
week PA intervention, and the number of sessions was strongly correlated to the PA levels
reported by participants (Table 10). Unlike other studies that did not evaluate the number of
intervention sessions attended as an explanatory variable, this was considered highly
important by the evaluation team because this intervention was not conducted as a study but
as patient’s ‘standard of care’ treatment. Thus, maximizing the benefits of the ongoing
intervention with the least effort required from participants and staff was of great importance.
When participants were split into quartiles based on session attendance and those in the
bottom quartile were compared to the top 3 quartiles, a significant difference between the
groups was seen in the PA levels post intervention with those in the bottom quartile having
lower scores. However, when the top quartile was compared to the three bottom quatrtiles, no
significant difference in post-intervention PA levels was seen, implying a tapering of the

association curve.

However, finding the optimal PA intervention program requires numerous considerations. It is
very plausible that duration is not the most important factor, but instead the intensity of the
intervention, and the intervention components are what ensure lasting changes to PA levels.
Incorporating both aerobic and resistance training allows for greater overall benefits to
participants whilst incorporating teaching sessions enables participants to gain an
appreciation for the benefits of PA and recommendations for how to incorporate PA into their

daily lives. Overall, this is a very feasible PA intervention, with a relatively short duration time.
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4.5 Strengths and Limitations

The intervention at Hotel Dieu incorporates a broad range of patients and tests which allowed
for a global assessment on the impact PA has on these patients’ lives. Due to the large range
of diagnosis groups included in the study, novel comparisons between diagnosis groups
were performed. Including this wide range of diagnoses also allows for easier generalizability
of the results to the general population as it is often the case that comorbidities exist in
people with a chronic disease. This intervention was also conducted as part of patients’
standard of care and not as a study. The high level of retention within the intervention and
the benefits to PA levels, QoL, and aerobic capacity signify both that PA is important to this
population and that it can have lasting effects on patient’s lives.

Several limitations existed in this evaluation. The patients lost to follow up differed in their
QoL baseline questionnaire in comparison to those who remained. Another limitation was the
lack of validation for the R&G questionnaire used to assess PA levels. However, it is a well-
used questionnaire in France which allows for comparison between populations. It has also
previously been used in conjunction with the IPAQ to an agreeable level.>* In addition,
because this was conducted as patient’s standard of care, no control group existed that could
be used comparison, but the mixed-effects regression allowed for a strong analysis by taking
into account person differences. However, as currently only 103 participants have completed
the 12-month visit, no long-term effects have been evaluated by diagnosis. It will be
important to evaluate if the differences between groups that were shown immediately post-

intervention are still present after both 6 and 12 months.

4.6 Future Considerations

Completing an evaluation of the long-term effects by diagnosis will allow a more in depth
understanding of the benefits experienced through the intervention. Whilst conducting a
specific analysis for each diagnosis group could allow for better comparisons to other studies
that focus on only one diagnosis, while also allowing for more focused conclusions on the
effects of medications and treatment within the group. The potential to expand the
intervention through tele-communication to those unable to attend the sessions in person due
to distance or time should be considered, although the risk of unsupervised exercise in each

specific patient would need to be independently assessed.

Moving forward, utilising another PA questionnaire in conjunction with the R&G questionnaire
would be useful for confirming validated PA levels in these patients, however even the
French version of the self-administered IPAQ has still not been validated. Therefore, patients

would need to be capable of speaking another language that has a validated IPAQ in order to
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establish validated PA levels in a French population through a self-administered
guestionnaire. Alternatively, validating the widely used R&G questionnaire through objective
measures could be considered. This would be a cost-heavy task since objectively measured
PA devices are relatively costly.

The social aspects of the intervention, especially for patients with mental disorders could be
examined through an assessment of their social QoL. This could be conducted through the
completion of the WHOQOL-Bref questionnaire, which has established norms for the French
population in physical health, psychological health, and social relationship dimensions.4

An additional analysis that should be considered in the future is an economic analysis of this
program. Quality adjusted life years (QALYs) could be generated through the SF-36
guestionnaire using the SF-6D in order to perform a cost utility analysis.'% Cost information
could be retrieved through insurances databases and the Hospinnomics department at Hétel
Dieu to ensure that this intervention is financially cost-effective in addition to the individual

health and fithess benefits received by participants.

5. Conclusion
This evaluation demonstrates the many benefits of a PA intervention for a wide range of
chronic diseases. There is a significant reduction in the number of patients who are classified
as inactive after the intervention from 67.9% to 34.2%. This change is still significant 12
months after the intervention and, in turn, is associated with positive long-term physical QoL
changes. These improvements to QoL are greatest in those with mental disorders. VO, levels
are greatly improved with significantly fewer people classified as having ‘very poor’ VO, after
the intervention, especially in those with respiratory disease. This is complemented by a
significant lasting change in the distance walked over six minutes, even 12 months after the
intervention. PA should be highly considered as a form of treatment for these patients,
especially those with low initial PA. In addition, PA should be strongly recommended by
healthcare professionals in order for these patients to benefit from the demonstrated
advantages in aerobic capacity, QoL, and reduction in disease progression. These findings
highlight the benefits of simple PA interventions on many different chronic diseases. Future
research should continue to focus on intervention types like this that target a wide range of

patients, are accessible to many, and are able to be completed with lasting results.
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Doctorants

Thibaut Ledanois 01.41.74.41.86

thibaut.ledanois@insep.fr

Issa Moussa 01.41.74.41.24

issa.moussa@insep.fr

Quentin de Larochelambert
01.41.74.41.86

quentin.delarochelambert@insep.fr

Paris, le 25 février 2019

CONFIDENTIALITE

Je soussigné, Pr Jean-Francois Toussaint, Directeur de ''RMES
a 'INSEP 11 avenue du Tremblay — 75012 Paris et Directeur du
CIMS, Hbtel-Dieu, AP-HP autorise Melle Stéphanie Duncombe a
consulter et utiliser les données scientifiques de I'Institut et du
CIMS pour son étude : « Evalution of a 6-week physical activity
intervention for chronic disease patients »

Ces données sont anonymes.

Tous les sujets concernés ont consenti a voir leurs données
analysées statistiguement.

Si une personne venait a s’opposer par la suite a l'utilisation des
données qui la concernent, Stéphanie Duncombe s’engage a ne
pas les utiliser.

Pr Jean-Francois TOUSSAINT
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1.3 Patient Retrospective Data Consent

‘{’"‘\ HOPITAUX UNIVERSITAIRES ASS]STANCE HOP ITAUX
PAR[SCENTRE PUBLIQUE Q DE PARIS

HOTEL-DIEU
Centre d’Investigation en Médecine du Sport
CIMS

DOCUMENT A LIRE, A SIGNER et A DONNER A L'INFIRMIERE
LE JOUR DE L'HOSPITALISATION

INFORMATION, CONSENTEMENT ET ENGAGEMENT DES PATIENTS

AVANT INCLUSION DANS LE PROTOCOLE DE REHABILITATION PAR L’ACTIVITE
PHYSIQUE

Madame, Monsieur,

Vous allez intégrer le protocole de réhabilitation par le sport de 'H6tel-Dieu. Il s’agit d’une prise en
charge médicale et hospitaliere de votre pathologie. L’objectif est d’améliorer votre santé par la
pratique d’une activité physique adaptée (APA) et réguliere tout en recueillant des informations
utiles a la recherche scientifique.

Votre prise en charge se déroulera sur une période d’un an. Elle débutera par une hospitalisation
de jour permettant de faire un bilan objectif de vos capacités physiques et de votre état de santé :
consultation de médecine du sport, questionnaires, test d’effort cardio-vasculaire, bilan sanguin,
ostéodensitométrie, tests physiques.

Vous suivrez ensuite un protocole de 18 séances (3 séances par semaines pendant 6 semaines) de
réhabilitation par le sport encadrées par des éducateurs en APA. Ces séances seront divisées en 2
parties : une premiére partie d’activité sur vélo ou tapis avec des exercices fractionnés, et une
deuxieme partie destinée a améliorer votre souplesse, au renforcement musculaire et au travail de
posture et d’équilibre.

Au cours des 18 séances, vous serez vu chaque semaine par le médecin du sport afin de s’assurer
qu’aucun probléeme n’entrave votre activité et afin de mesurer les premiers effets de la pratique
d’une activité physique réguliere. Un médecin spécialiste de votre pathologie principale vous verra
également a mi-parcours.

A l'issu des 18 séances, nous vous proposerons la structure la plus adéquate pour poursuivre une
activité physique ludique et adaptée a votre pathologie. Bien évidemment, nous insistons sur la
nécessité d’étre présent a chacune des 18 séances de réhabilitation sauf empéchement
exceptionnel pour lequel vous aurez prévenu I'équipe au préalable.

Par ailleurs, nous allons évaluer les effets de I'activité physique sur votre santé en répétant les
mémes tests que ceux réalisés au cours de I'hospitalisation de jour initiale : a la fin du progamme,
et a 6 mois et 1 an du début du protocole. De méme, nous insistons pour que vous vous engagiez a
venir réaliser ces bilans avec assiduité.
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seront anonymisées lors de leur traitement statistique. Elles sont définies par la loi du 6 janvier
1978 (article 2), et soumises a la loi informatique, fichiers, libertés qui reconnait 4 droits

fondamentaux :

- droit d'information : toute personne a le droit de savoir si elle est fichée;

- droit d'accés (de curiosité) : toute personne peut consulter ses données personnelles ;

- droit de rectification : toute personne peut rectifier, compléter, actualiser, verrouiller ou faire
effacer des données erronées la concernant ;

- droit d'opposition : toute personne peut s'opposer sans justification a I'utilisation de données la
concernant a des fins de prospection

Le protocole d'étude sera soumis au Comité de Protection des Personnes (CPP). Les informations
nominatives et confidentielles seront supprimées au moment de la compilation informatique des
résultats. Si vous le souhaitez, vous pourrez décider de vous retirer de I'étude a n'importe quel
moment sans justification.

IDENTIFICATION DU SERVICE IDENTIFICATION DU MEDECIN

Ce document constitue une notice explicative du protocole qui vous est proposé.
Il ne constitue pas une décharge de responsabilité de I'équipe médicale qui vous prend en charge
et qui vous a commenté ces informations générales en les rapportant a votre situation particuliére.

Jaccepte de participer au protocole de réhabilitation par le sport de 'Hétel-Dieu et m’engage a
étre présent a chacune des étapes du protocole.

Fallid somsusssmssosmmmassismsmms
En deux exemplaires dont un remis au patient
et I'autre conservé dans son dossier

Signature du patient
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1.4 Confidentiality Agreement

@irmes

Institut de Recherche bioMédicale et Epidémiologie du Sport
http://www.insep.fr/fr/activites/recherchemedicales/Pages/IRMES-INSEP.aspx

Engagement relatif a la confidentialité et a la propriété intellectuelle

Dans l'exercice de mes fonctions de recherche a I'IRMES ou de mon stage a I'INSEP,
j'aurai possiblement acces a des données confidentielles.

En signant ce formulaire, je reconnais que les travaux menés au sein de I'Institut et leurs
résultats sont la propriété pleine et entiere de I'IRMES et m’engage a :

1. assurer la confidentialité des données recueillies et, en particulier, a ne divulguer ni
Iidentité ni aucune donnée personnelle concernant les participants aux études menées
ou initiées par I'Institut ;

2. assurer, de maniére pérenne, la sécurité physique et informatique des données
recueillies ;

3. ne pas conserver copie des documents présentant des données confidentielles ;

4, ne discuter des renseignements obtenus aupres des participants et recueillis dans les
documents ou banques de données qu’avec les membres de I'Institut ayant signé le
présent engagement ;

5. ne pas utiliser les données recueillies dans le cadre d'un projet a d'autres fins que
celles prévues par son protocole ;

6. maintenir le secret professionnel a I'égard de tout tiers sur les activités de I'Institut ;

7. faire avaliser par le directeur de I'IRMES toute transmission, rapport, communication
ou publications scientifiques qui pourraient résulter de ce travail.

Je soussigné, C\Dm\d(ﬂm@ mﬂwm% ;

m’engage a respecter I'ensemble de ces clauses de confidentialité.

PR 4

Q)
Signature Date ;> Yo~ 201




Appendix 2 — Model Assumptions

The assumptions of the generalized linear models were tested. Normality of the dependent
variable was assessed using a Shapiro-Wilk test, along with a histogram of the residuals to
graphically view normality. A Q-Q plot was also created to examine the normality of the
dependent variable and determined to follow a straight line. A scale-location plot was
generated to test for homoscedasticity whilst a Breush-Pagan test was conducted to confirm
no heteroscedasticity existed in the model. Residuals were plotted against fitted values to
ensure residuals were randomly scattered around the 0-line suggesting equal variance of the
error terms. Lastly a residuals vs leverage plot was created, and the plot was examined for
points in the corners outside of Cook’s distance. Points near this area were looked at for their

influence on the model fit (Figure 7).

Residuals vs Fitted Scale-Location
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-40
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Figure 7. Residual Plots of SF-36 Physical requiring no modification to meet regression

assumptions.
For the mixed-effects linear regression, residuals were once again plotted against the

explanatory variables, and also against the fitted values. A histogram was drawn to confirm

the normality of the residuals.
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Appendix 3 — Example Regression Equation for Pre/Post Intervention Changes

Equation 4. Initial Regression Equation for the Change in PA levels including all variables
with p <0.2

(RG Time 2 — RG Time 1)
= o+ Pixy + Boxy + Psxz + Paxs + Psxs + Bexe + Brx; + Bgxg + PoXo + PioXio
+ B11x11 + BiaX1z + PizXiz + BraXia

a, = intercept — representing mean change in R&G score
for a person with mean explanatory variables and no diagnosis
x, = mean centered R&G score at baseline (continuous)
X, = mean centered BMI(continuous)
X3 = mean centered age (continuous)
x4 = mean centered comorbidity score (continuous)
X5 = mean centered total medications (continuous)
x¢ = sex (binary: reference is female)
X, = mean centered number of intervention sessions attended (continuous)
xg = cancer (binary:reference is no cancer diagnosis)
X9 = cardiometabolic (binary:reference is no cardiometabolic diagnosis)
X19 = respiratory (binary:reference is no respiratory diagnosis)
x11 = Sleep apnea (binary:reference is no sleep apnea diagnosis)
X1, = HIV (binary:reference is no HIV diagnosis)
X13
= mental disorder except depression (binary:reference is no mental disorder diagnosis)
X14 = depression (binary:reference is no depression diagnosis)

x5 = neuromuscular (binary: reference is no neuromuscular diagnosis)

44



