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Background: Cardiovascular and metabolic comorbidities in chronic obstructive pulmonary disease (COPD) are associated with
higher symptoms burden. Few center-based studies have evaluated the impact of these comorbidities on short-term pulmonary
rehabilitation outcomes with contrasting results.

Research Question: This study aimed to determine whether cardiovascular diseases and metabolic comorbidities impacted long-
term outcomes of a home-based PR program in COPD patients.

Study Design and methods: Data of 419 consecutive COPD patients addressed to our pulmonary rehabilitation program between
January 2010 and June 2016 were retrospectively analyzed. Our program consisted of once-weekly supervised home sessions,
including therapeutic education and self-management support, with unsupervised retraining exercises and physical activities the
other days for 8 weeks. Exercise capacity (6-min stepper test [EMST]), quality of life (visual simplified respiratory questionnaire),
and anxiety and depression (hospital anxiety and depression scale) were assessed respectively, before (M0) and at the end (M2) of the
pulmonary rehabilitation program, and at 6 (M8) and 12 months (M14) after its achievement.

Results: Patients (mean age 64.1+11.2 years, 67% males, mean forced expiratory volume in one second (FEV;) 39.2+17.0%
predicted) were classified as having cardiovascular comorbidities (n=195), only metabolic disorders (n=122) or none of these
comorbidities (n=102). After adjustment, all outcomes appeared similar between groups at baseline and improved after pulmonary
rehabilitation with a greater effect at M 14 for patients with only metabolic disorders on anxiety and depression score (—5.00.7 vs —2.9
+0.8 and —2.6+0.6, p=0.021). Quality of life and exercise capacity improvements were not significantly different between the three
groups at M2 and M14.

Conclusion: Cardiovascular and metabolic comorbidities do not preclude COPD patients from obtaining clinically meaningful
improvements in exercise capacity, quality of life and anxiety-depression up to 1 year after a home-based pulmonary rehabilitation.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a common disease characterized by persistent respiratory symptoms and
airflow limitation due to airway and/or alveolar abnormalities. It is usually caused by significant exposure to noxious
particles among which tobacco smoking is the main factor in France.' Despite being preventable and treatable, COPD
prevalence is still increasing and represents a major source of morbidity, mortality and a significant economic burden.?

Progression of the disease is associated with increased respiratory disability and health-related quality of life (HRQoL)

alteration.
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Pulmonary rehabilitation (PR) is an effective and comprehensive treatment for COPD patients combining retraining
exercises, therapeutic education, nutritional and psychological supports but remains underused.® Therefore, new models
have emerge last years to improve access to PR such as home-based PR programs, which are useful for patients living far
from PR centers and were also shown interesting for limiting contact during the SARS-CoV2 epidemic.* However,
impact of comorbidities on PR outcomes, particularly with these new PR modalities, is not well known.

Cardiovascular diseases such as ischemic heart disease, arrhythmia, heart failure, peripheral arterial diseases and metabolic
disorders such as arterial hypertension and diabetes mellitus are frequently associated with COPD." These associations may be
related to common underlying molecular mechanisms, but also to common risk factors such as smoking and decreased
physical activity.” These comorbidities were reported to be associated with higher symptoms burden and lower HRQoL in
COPD.® Moreover, cardiovascular diseases are associated with prolonged hospital length of stay after acute exacerbation of
COPD and with increased mortality.”'® However, it is proven that cardiac rehabilitation is effective in improving exercise
capacity and HRQoL in patients with cardiovascular diseases.'' Only a few studies have evaluated the impact of cardiovas-
cular comorbidities on PR-related outcomes in COPD patients and reported contrasting results.'> ' Furthermore, all of these
studies were center-based and none evaluated benefits up to a year after the end of the PR program.

The aim of our study was to determine whether established cardiovascular diseases and metabolic comorbidities impacted
long-term effects of a home-based PR program on exercise capacity, HRQoL and anxiety-depression in COPD patients.

Methods

Patients

Data of all consecutive COPD patients addressed for the FormAction home-based PR program between January 2010
and June 2016 were prospectively collected in the computerized medical record CARE ITOU® and retrospectively
analyzed. All patients were addressed by a respiratory physician who confirmed the diagnosis of COPD according to
GOLD definition and checked for absence of PR contraindications, ie active lung cancer, unstable cardiovascular disease,
significant cognitive disorders, uncontrolled psychiatric illness, neurological sequelae or major osteoarticular
restrictions.'” The choice of home-based vs center-based PR was determined according to patients’ wishes and/or lack
of PR center close to their home. Adverse events and reasons for withdrawals were recorded with a systematic
assessment of their relationship to the program. The study protocol was conducted in accordance with the Declaration
of Helsinki and approved by the Observational Research Protocol Evaluation Committee of the French Society of
Respiratory Disease (CEPRO 2017-007). All participants signed a written informed consent prior to the start of the
program which included their approval to use the collected data for research purposes and the computerized medical
record declared to the National Commission for Informatics and Liberties.

Cardiovascular and Metabolic Comorbidities

Comorbidities were self-reported by patients and then completed and corrected from medical reports provided by the
patient and their respiratory physician. Comorbidities were then registered in the computerized medical record when
patients entered the PR program. Patients with a diagnosis of ischemic heart disease, chronic heart failure, cardiac
arrhythmias, pulmonary hypertension or peripheral arterial disease were classified as having at least one established
cardiovascular disease (Cardiovascular group). Patients without previous cardiovascular comorbidities but with at least
one comorbidity used to diagnose a metabolic syndrome, ie hypertension, hypercholesterolemia, diabetes mellitus, or
obesity (defined by a body mass index [BMI] >30 kg/m”) were classified as having metabolic comorbidities (Metabolic
group). Patients having both metabolic and cardiovascular comorbidities were classified in the Cardiovascular group.
Finally, patients who were not classified in these two groups were considered with no cardiovascular and metabolic

comorbidities and considered as the Reference group. Underweight was defined by a BMI < 21 kg/m?.'®

Pulmonary Rehabilitation Program
Our home-based PR program was described in previous studies.'® Briefly, this 8-week program included exercise training and
physical activities, therapeutic education, nutritional support and behavioral and motivational approaches. Patients were
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supervised in-person by a member of the PR team during a weekly 90-min session and encouraged to continue exercises the
rest of the week in autonomy and after the end of the PR program. Patients started with individual endurance exercises on
a cycle ergometer at the target heart rate in 10-min sequences, at least 5 days per week, with the goal of reaching 3045 min
per sequence in one or several sessions. After the end of the program, the PR team performed home-visits at 6 and 12 months
to assess encountered difficulties, find solutions and strengthen patients and caregivers’ motivation.

Study Design and Measurements

Assessments were performed at baseline before the PR program (M0), immediately at the end of the program (M2), and at 6
and 12 months after its end (M8 and M 14, respectively). Exercise capacity was assessed using the 6-min stepper test (6MST)
that measures the number of steps performed in 6 min on a stepper with a minimal clinically significant difference (MCID) of
40 steps.”>*! Health-related quality of life (HRQoL) was assessed using the visual simplified respiratory questionnaire
(VSRQ) ranging for 0 (worse) to 80 (better) with a MCID of 3.4 points.? Finally, anxiety and depression were assessed using
the hospital anxiety and depression scale (HAD) distinguishing overall score, and anxiety and depression sub-scores. These
scores increase with anxiety and depression with a MCID of 1.5 points for each score and sub-scores.”?

Statistical Analysis

Quantitative variables are expressed as means +standard deviation (SD) and categorical variables are expressed as
frequencies (percentage). Among patients who initiated PR, differences in baseline characteristics between patients
evaluated and those not evaluated at 12 months after end of PR (due to death or loss to follow-up) were assessed by
calculating the absolute standardized difference (ASD); an ASD >20% was interpreted as a meaningful difference.
Comparisons in baseline characteristics between the three groups were performed using one-way analysis of variance
(ANOVA) for quantitative variables or chi-squared tests for categorical variables. Evolution of outcomes (HRQoL,
exercise capacity, anxiety, and depression) from baseline (M0) to M2, M8 and M14 were analyzed using linear mixed
models for repeated measures (an unstructured covariance pattern model to account the correlation between repeated
measures) by including time as fixed effect. Comparisons in evolution of outcomes from baseline (M0) to M2, M8 and
M14 between the three groups were also performed using linear mixed models including groups, time, interaction
time*groups, baseline outcome values and predetermined confounding factors (age, sex, BMI, FEV,, and long-term
oxygen therapy (LTOT) status) as fixed effects;** post hoc comparisons of 2-, 8- and 14-month changes were done using
linear contrasts. Comparisons in evolution of outcomes between the three groups were also done after excluding
underweight patients as a sensitivity analysis. Normality of residuals of linear mixed models were checked using
quantile-quantile (Q-Q) plots. All statistical tests were done at the two-tailed o level of 0.05 without correction for
multiple comparisons. Data were analyzed using SAS software version 9.4 (SAS Institute, Cary, NC, USA).

Results

Population Description

Four hundred and nineteen consecutive COPD patients were addressed to the home-based PR program, among which 413
started the program and 380, 333, and 303 were evaluated at M2, M8 and M14, respectively (Figure 1). None of them
had any contraindication to PR and no incident related to the PR program was reported. The population included 67%
men. The mean age was 64.1+11.2 years. Most patients had severe COPD (mean FEV; 39.2+17% predicted, 66.3%
GOLD stages III and IV) and were ex-smokers (80.9%) with cumulative smoking estimated at 48+30 pack-years
(Table 1). Only 23.6% did not receive LTOT, noninvasive ventilation (NIV) or continuous positive airway pressure
(CPAP). The most prevalent reported comorbidities were hypertension (40.8%), obesity (30.7%), underweight (22.8%),
hypercholesterolemia (22.4%), ischemic heart disease (22.2%) and diabetes (21.7%) (Tables 1 and 2). Other self-reported
comorbidities are detailed in Supplementary Table 1. One hundred and twenty-two patients (29.1%) were classified as

having metabolic comorbidities without an established cardiovascular disease (Metabolic group) and 102 patients
(24.3%) as having no cardiovascular nor metabolic comorbidities (Reference group). Therefore, 195 patients (46.5%)
were classified as having at least one established cardiovascular disease (Cardiovascular group). Altogether, 83% had at
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COPD patients addressed to home-based PR n=419

PR programs not initiated (n=6)
_______ » - Death ﬁn=2)

- Refusal to attend the visit (n=3)
- Other unspecified reasons (n=1)

PR initiation n=413 (98.6%) — MO

PR programs interrupted (n=33)
- Death (n=5)
------- » - Exacerbations (n=5)

- Refusal to attend the visit (n=10
- Other unspecified reasons (n=13)

v
Evaluation at the end of PR n=380 (90.7%) - M2

Patients not evaluated at 6 months (n=47)

- Death (n=22)

Exacerbations (n=1)

Refusal to attend the visit (n=7)
Transplantation (n=4)

Other unspecified reasons (n=13)

Evaluation 6 months after the end of PR n=333 (79.5%) - M8

Patients not evaluated at 12 months (n=30)

- Death (n=9)

-------- =» - Refusal to attend the visit (n=9)

- Transplantation (n=2)

- Other unspecified reasons (n=10)

Evaluation 12 months after the end of PR n=303 (72.3%) - M14

Figure | Flowchart of the whole population.
Abbreviation: PR, pulmonary rehabilitation.
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Table | Baseline Description of the Population

All Patients | Reference | Metabolic | Cardiovascular p
n=419 n=102 n=122 n=195
Age (years) 64.1x11.2 58.2+10.6 62.0+11.1 68.5+9.6 <0.001
Male n (%) 279 (66.6) 65 (63.7) 70 (57.4) 144 (73.8) 0.008
BMI (kg/m?) 27.1x7.7 21.2+3.8 30.5+6.7 28.1+8.1 <0.001
Obesity n (%) 128 (30.7) 0 62 (50.8) 66 (34.0) <0.001
Underweight n (%) 95 (22.8) 51 (50) 8 (6.6) 36 (18.6) <0.001
Smoking status n (%)
Current smoker 55 (13.5) 9 (8.9) 19 (16) 27 (14.4) 0.26
Former smoker 330 (80.9) 87 (86.1) 90 (75.6) 153 (81.4)
Never smoker 23 (5.6) 5(5) 10 (8.4) 8 (4.3)
Spirometry
FEV, (L) I.1 £0.5 1.0+0.6 1.2+0.6 1.0+0.4 0.015
FEVI (% predicted) 39.2£17.0 347173 43.7£16.1 38.8+16.7 <0.001
FVC (L) 2.2+0.9 24%1.0 2.3£0.9 2.0£0.8 0.007
FVC (% predicted) 64.4£19.7 67.3%21.2 68.5£19.6 59.5£18.0 0.002
FEV\/FVC (%) 50.5+14.4 50.7x14.4 52.4%133 49.2+14.9 0.30
COPD stages n (%)
GOLD | 2 (0.6) I (1.1) 0 1 (0.6) 0.02*
GOLD 2 77 (21.6) 15 (16.7) 31 (29.2) 31 (19.3)
GOLD 3 155 (43.4) 33 (36.7) 50 (47.2) 72 (44.7)
GOLD 4 123 (34.5) 41 (45.6) 25 (23.6) 57 (37.5)
Home ventilatory equipment n (%)
LTOT 276 (65.9) 62 (60.8) 68 (55.7) 146 (74.9) 0.001
NIV 138 (32.9) 27 (26.5) 32 (26.2) 79 (40.5) 0.009
CPAP 34 (8.1) I (1.0) 16 (13.1) 17 (8.7) 0.004

Notes: Results are given as meantstandard deviation for quantitative variables or frequencies (percentage) for categorical variables. Obesity
and underweight are defined by BMI 230 kg/m? and <21 kg/m?, respectively. p-value <0.05 are considered statistically significant. *Due to too
small Gold | size, Gold | and 2 were pooled together for the statistical analysis comparing patient repartitions between GOLD [+2, GOLD
3 and GOLD 4.

Abbreviations: BMI, body mass index; CPAP, continuous positive airway pressure; FEV, forced expiratory volume in the first one second;
FVC, forced vital capacity; GOLD, global strategy for the diagnosis, management, and prevention of chronic obstructive lung disease; LTOT,
long-term oxygen therapy; NIV, noninvasive ventilation.

Table 2 Patients’ Reported Cardiovascular and Metabolic Comorbidities

Whole Population n=419 | Metabolic n=122 | Cardiovascular n=195
Cardiovascular diseases n (%) 195 (46.5) 0 195 (100.0)
Ischemic heart disease 93 (22.2) 0 93 (47.7)
Chronic heart failure 54 (12.9) 0 54 (27.7)
Heart rhythm disorder 76 (18.1) 0 76 (39.0)
Peripheral arterial disease 29 (6.9) 0 29 (14.9)
Pulmonary hypertension 14 (3.3) 0 14 (7.2)
Metabolic diseases n (%) 270 (64.6) 122 (100.0) 148 (75.9)
Hypertension 171 (40.8) 69 (56.6) 102 (52.3)
Obesity 128 (30.7) 62 (50.8) 66 (34.0)
Hypercholesterolemia 94 (22.4) 34 (27.9) 60 (30.8)
Diabetes mellitus 91 (21.7) 37 (30.3) 54 (27.7)

least three reported comorbidities. The 110 patients who initiated the program and were lost to follow-up during the 14
months were more likely to have an established cardiovascular comorbidity, to be underweight, to present a very severe
airflow limitation and to require LTOT or NIV (Supplementary Table 2).
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Baseline Assessment

At baseline, patients performed 30949 steps during the 6MST and had an altered HRQoL reflected by a low VSRQ score
(31.1+0.8) (Supplementary Table 3). They exhibited elevated anxiety and depression scores (9.7+0.2 and 8.0+0.2,
respectively) with 52% and 34% of them showing anxiety and depression scores greater than or equal to 11, respectively.

Patients from the Cardiovascular group were more often men (73.8%), were older (mean age 68.5+9.6 years) and more
frequently treated with LTOT and NIV (Table 1). Patients from Metabolic and Cardiovascular groups had a higher BMI
(30.5+6.7 and 28.1+8.1 kg/m?, respectively, vs 21.2+3.8 kg/m® for the Reference group) and were more often treated
with CPAP (13.1 and 8.7%, respectively, vs 1% for the Reference group). Proportion of GOLD stage IV COPD was
higher in Reference group (45.6% vs 23.6% and 37.5% in Metabolic and Cardiovascular groups, respectively) while
GOLD stages I and II COPD were more frequent in Metabolic group (29.2% vs 17.8% and 19.9% for Reference and
Cardiovascular groups, respectively). At baseline, patients from Cardiovascular group performed significantly fewer
steps on the 6MST (272+141 steps vs 343161 and 339+164 for Reference and Metabolic groups, respectively), while
VSRQ and HAD scores were similar between the three groups (Supplementary Table 4). Taking into account only

patients evaluated at M2 and after adjustment to age, sex, BMI, FEV1 and LTOT status, the three groups were similar for
all baseline assessments (Table 3).

Outcomes Improvement After PR

In the whole population, all outcomes significantly improved between baseline and the end of the program (M2), 6
months (M8) and 12 months after PR completion (M14) (Table 4). After adjustment on age, sex, BMI, FEV,, and LTOT
status, changes in all outcomes remained significant for all three groups for all three assessments (M2, M8 and M14),
except for the 6MST at M8 and M14 in Reference group (Table 5). The proportion of patients exceeding the MCID for at
least one of the outcomes, ie HRQoL, anxiety-depression or exercise capacity, was 69.8%, 56.7%, and 50.7% at M2, M8
and M14, respectively (Figure 2). When comparing groups to each other, mean HAD global score was significantly more
improved at M14 in patients from Metabolic group versus the two other groups and depression subscore at M14 between
Metabolic and Cardiovascular groups (Table 3). There were no significant differences between groups for other time
point and outcomes. Results were similar after exclusion of underweight patients (Supplementary Table 5).

Discussion

This retrospective observational study evaluated the impact of cardiovascular and metabolic comorbidities on the
outcomes of a home-based PR program in COPD patients over 1 year after the end of this program. COPD patients
with metabolic comorbidities but no established cardiovascular disease exhibited a significant greater improvement in
depression at 12 months after PR achievement compared to control group. No other outcome was significantly different
between the three groups. To our knowledge, this is the first real-life study to evaluate impact of cardiovascular and
metabolic comorbidities after 6 and 12 months of a home-based PR program.

Cardiovascular comorbidities are frequently associated with COPD and remain the most common causes of mortality
in these patients.”> We confirm this strong association with only 24.3% of patients who had no cardiovascular disease nor
cardiovascular risk-factors excluding smoking and by the observation that 81% of patients who died during the 14 month
follow-up had at least one cardiovascular comorbidity. Moreover, at baseline, patients with established cardiovascular
disease exhibited significant lower exercise capacity. Although in our study this group of patient was older than others,
this is concordant with previous studies reporting decreased physical activity in COPD patients with concomitant
cardiovascular disease, a diminished capacity partly mediated by deleterious cardiorespiratory interactions.?
Comprehensive care integrating all comorbidities is therefore essential to improve the prognosis of these patients.

We chose to group patients with established cardiovascular comorbidity regardless of metabolic comorbidity because
only 24% of those patients did not have metabolic comorbidity and those cardiovascular comorbidity are associated with
a significant exercise capacity limitation.?” 2° The choice to categorize hypertension as a metabolic comorbidity and not
as a cardiovascular comorbidity is questionable. However, definitions of metabolic syndrome consider hypertension as
one of their diagnostic criteria and hypertension is clearly identified as a risk factor for adverse cardiovascular
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Table 3 Absolute Variations of Exercise Capacity, Quality of Life and
Anxiety-depression for each Group of Patients

Reference Metabolic Cardiovascular P
6MST
MO 307 £ 16 340 £ 13 308 + 13 0.14
M2-M0 38+ 14 80 % |1 54+ 11 0.054
M8-M0 2317 66 = 14 38+ 15 0.064
MI14-M0 14+ 19 72+ 15 3717 0.15
VSRQ
MO 29.6 + 1.8 336% 15 312+ 14 0.24
M2-MO 77 %16 83+ 13 68 %12 0.34
M8-M0 64 % 1.7 9.7+ 14 8313 0.71
MI14-MO 63%18 85+ 1.5 56*14 0.36
HAD
MO 18.7 £ 0.9 179 £ 0.7 17.6 +0.7 0.6l
M2-MO -25%07 -3.6 £ 06 —28 %05 0.45
M8-M0 -33%08 —5.0+06 -35+06 0.13
MI4-MO | —29£08 | —5.0 £ 0.7%** —2.6 £06 0.021
HA
MO 10.0 £ 0.5 10.4 + 0.4 10.0 + 0.4 0.75
M2-M0 -05+04 -1.7+£03 -12+03 0.088
M8-M0 -1.5%05 -2.1 £04 -1.6 £04 0.51
MI4-MO0 | —1.0£05 —22+04 -1.6 £04 0.16
HD
MO 88+ 0.5 7504 78+04 0.15
M2-M0 -1.9£05 —20+03 -1.7£03 0.77
M8-MO0 -1.7+£04 -3.0+03 —20+03 0.051
MI14-MO | —1.9+05 —2.9 + 0.4+ -1 £04 0.004

Notes: Basal evaluation (M0) and evolutions of exercise capacity, quality of life and anxiety and
depression assessed with the 6MST, VSRQ and HAD, respectively for each group of patients at
the end of pulmonary rehabilitation (M2) and at 6 and 12 months after the end of PR (M8 and
M14, respectively). Results are adjusted to age, sex, BMI, FEV| and LTOT status, and given as
meanzstandard error. ¥p<0.05 when comparing Metabolic group to Reference group, *p<0.05
when comparing Cardiovascular group to Metabolic group. p<0.05 are considered significant.
Abbreviations: 6MST, 6-min stepper test; HAD, hospital anxiety and depression scale; HA,
anxiety HAD subscore; HD, depression HAD subscore; VSRQ, visual simplified respiratory

questionnaire.

Table 4 Absolute Variations of Exercise Capacity, Quality of Life and Anxiety-

depression for the Whole Population

M2-M0 M8-Mo0 MI14-M0 p
6MST (number of steps) +64 + 6 +4] £ 8 +43 9 <0.001
VSRQ (score) +78+07 | +8.1 £08 | +6.8+ 0.8 <0.001
HAD (score) -30+03 | 40%03 | 3404 <0.001
HA -13+£02 | 1902 | -1.6+£0.2 <0.001
HD -18+02 | 22+02 | —-1.8+02 <0.001

Notes: Absolute variations of exercise capacity, quality of life and anxiety and depression assessed
with the 6MST, VSRQ and HAD, respectively, compared to MO0. Results are given as meantstandard

error. p<0.05 are considered significant.

Abbreviations: 6MST, 6-min stepper test (MCID 40); HAD, hospital anxiety and depression scale
(MCID 1.5); HA, anxiety HAD subscore (MCID 1.5); HD, depression HAD subscore (MCID 1.5); M2,
end of pulmonary rehabilitation; M8, 6 months after PR completion; M4, |2 months after PR

completion; VSRQ, visual simplified respiratory questionnaire (MCID 3.4).
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Table 5 Comparisons to Baseline of Exercise Capacity, Quality of Life and
Anxiety-depression Assessed at the End of the Rehabilitation Program and after
6 and 12 Months for each Group of Patients

Reference Metabolic Cardiovascular

Values | p (vs M0) | Values | p (vs M0) | Values | p (vs MO)

6MST
MO 307x16 340%13 308+13
M2 347+18 0.001 425+14 <0.0001 370+14 <0.0001
M8 332421 0.13 40717 <0.0001 354%17 0.001
M14 322422 0.40 41518 <0.0001 348+19 0.013
VSRQ
MO 29.6 +1.8 33.6%1.5 31.2+1.4

M2 383 +1.9 <0.0001 41.6%1.6 <0.0001 38.0%1.5 <0.0001
M8 37.0 £2.0 <0.0001 42.8+1.7 <0.0001 39.6x1.5 <0.0001
Ml4 | 37.0 £2.0 <0.0001 41.5%1.7 <0.0001 36.9%1.6 0.0001

HAD
MO 18.7+0.9 17.9+0.7 17.6+0.7
M2 15.6+0.9 <0.0001 14.4+0.7 <0.0001 14.9+0.7 <0.0001
M8 14.8+0.9 <0.0001 13.0+0.8 <0.0001 14.3+0.7 <0.0001
Ml4 15.1£0.9 <0.0001 13.0+0.8 <0.0001 15.1+0.7 0.0001
HA
MO 10.0+£0.5 10.4+0.4 10.0+0.4
M2 9.2+0.5 0.035 8.6+0.4 <0.0001 8.7+0.4 <0.0001
M8 8.2+0.6 0.0001 8.1+0.5 <0.0001 8.3+0.4 <0.0001
Ml4 8.7+0.6 0.005 8.1+0.5 <0.0001 8.3+0.4 <0.0001
HD
MO 8.8+0.5 7.5+04 7.8+0.4
M2 6.5+0.5 <0.0001 5.8+0.4 <0.0001 6.3+0.4 <0.0001
M8 6.7+0.5 <0.0001 4.9+0.4 <0.0001 5.9+04 <0.0001

Mli4 6.5+0.5 <0.0001 4.9+0.5 <0.0001 6.9+0.4 0.018

Notes: Comparisons to baseline (M0) for each group of patients of exercise capacity, quality of life and
anxiety and depression assessed with the 6MST, VSRQ and HAD, respectively at the end of pulmonary
rehabilitation (M2) and at 6 and 12 months after the end of PR (M8 and M4, respectively). Results are
adjusted to age, sex, BMI, FEV, and LTOT status, and given as meantstandard error. p<0.05 are
considered significant.

Abbreviations: 6MST, 6-min stepper test; HAD, hospital anxiety and depression scale; HA, anxiety
HAD subscore; HD, depression HAD subscore; VSRQ, visual simplified respiratory questionnaire.

outcomes.”® In a cohort of healthy adults who underwent a cardiac health check-up, Kim et al reported that exercise
capacity was more reduced, the level of coronary calcification more increased and the cardiac structure on echocardio-
graphy more altered when patients had more components of the metabolic syndrome including hypertension.®' This
suggests that the impact of comorbidities defining the metabolic syndrome have a cumulative effect. Conversely these
comorbidities are also improved and may be reversed to some extent by physical activity.*> Therefore, we chose to group
these comorbidities including hypertension for their intermediate impact on exercise tolerance and their recovery
potential.

Benefits of pulmonary rehabilitation for COPD patients are well described and our home-based PR program, as
center-based programs, exhibit benefits on exercise capacity, quality of life and anxiety-depression, not only at the end of
the program, but up to one year after its achievement in the whole population.'®? Ninety percent of patients completed
our home-based PR program. Compared to the British Thoracic Society objectives of achieving a 70% completion rate,
this suggests that this modality would remove some of the obstacles to finalizing the PR program for some patients.**
Other effective PR models including telerehabilitation have emerged in recent years to improve access and uptake to PR
and address issues related to the distance to rehabilitation centers or to constraints of the SARS-CoV2 epidemic.®
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Figure 2 Proportion of patients exceeding the MCID for exercise capacity, quality of life and anxiety-depression score according to the group.

Notes: Proportion of patients exceeding the MCID for exercise tolerance assessed by (A) the 6-min stepper test (6MST — MCID 40 steps), (B) quality of life assessed by the
visual simplified respiratory questionnaire (VSRQ — MCID 3.4 points) and (C) anxiety-depression assessed by the hospital anxiety and depression scale global score (HAD —
MCID I.5 points). Group |, Reference Group; Group 2, Metabolic Group; Group 3, Cardiovascular Group.

Abbreviations: 6MST, 6-min stepper test; HAD, hospital anxiety and depression scale; MCID, minimal clinically significant difference; VSRQ, visual simplified respiratory
questionnaire.
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Cardiovascular comorbidities may be perceived as an obstacle to out-of-center PR, but our study demonstrates that home-
based PR is feasible and effective for referred patients, provided that the prescriber first assesses the stability of these
comorbidities.

Specific influence of cardiovascular and metabolic comorbidities on PR and results was evaluated by some studies
immediately at the end of the PR program with contrasting effects. The association between having cardiovascular
comorbidities and exhibiting a greater improvement of dyspnea after PR was not observed in all studies and only one
retrospective study report an association between having cardiovascular comorbidities and exhibiting greater 6MWD
improvements.'%'*'¢ In a retrospective study, Crisafulli et al reported a weaker improvement of SGRQ score in patients
with cardiovascular comorbidities, but this negative association was not observed in their later prospective study nor in
the Mesquita et al or Butler et al studies.'* "> Conversely, Tunsupon et al reported greater improvement of quality of life
assessed with the chronic respiratory disease questionnaire in patients with cardiovascular diseases.'? None of these
studies have evaluated the impact on anxiety-depression nor the persistence of benefits after the end of the PR.
Considering metabolic comorbidities, to our knowledge no study reported an association between having a metabolic
disorder and reporting a greater dyspnea improvement after PR.'*!'*'® The impact of metabolic comorbidities on
exercise capacity improvement after PR is more controversial. Thus, Walsh et al have reported a greater improvement
associated with these metabolic comorbidities, as observed in our study, but there were no association in three other
studies.'*'>1%*¢ Moreover, in two other studies, exercise capacity improvement was weaker in patients with metabolic
comorbidities.'*'* Finally, as observed in our study, none reported an association between having metabolic comorbid-
ities and exhibiting greater quality of life improvement. Altogether, these discrepancies may suggest that comorbidities
did not impact PR outcomes per se except when they participate in the symptomatology and the impact of the disease.
A more precise phenotyping of the mechanisms involved in patient’s symptoms may help to clarify condition when
patients will benefit the most from a PR.

Our study is limited by its design as we included only patients addressed to our home-based PR program by their
physicians who may have made the choice to address their patients to our home-based program based on criteria
unknown to us. As our study included only patients managed in our home-based PR program, our results may not be
extrapolated to a center-based program despite the fact that studies have reported that these two modalities could produce
similar results and that characteristics of patients choosing one or the other of these modalities would not differ.**” As
comorbidities were self-reported by patients, we cannot exclude that some comorbidities were misdiagnosed. While
underdiagnosis of cardiovascular diseases was shown to be unlikely, overestimation is possible as hypertension or
hypercholesterolemia underdiagnosis.*®*® Therefore, there is still a risk of misclassifying patients despite we system-
atically corrected self-reported comorbidities from medical reports provided by patients. Moreover, due to the retro-
spective design of our study, some information was not available including precise dyspnea evaluation, exacerbations
rate, detailed evaluation of nutritional and muscular status, emphysema severity, distention level, and quantification of
physical activity after PR discharge. A significant proportion of underweight patients were present in the reference group
and their characteristics have similarities with the cachectic cluster described by Vanfleteren et al, a phenotype associated
with poorer HRQoL, more frequent exacerbations and higher mortality.*® However, the sensitivity analysis performed
after exclusion of these patients showed similar results to main analysis performed with adjustment for BMI demonstrat-
ing the modest impact of this heterogeneity in weight profile.

Conclusion

Stable cardiovascular and metabolic comorbidities are frequently associated with COPD and do not limit short- and long-
term improvement of exercise capacity, quality of life and anxiety-depression after a home-based pulmonary rehabilita-
tion. Whether specific personalization of the PR program is required to improve benefits for all patients according to their
comorbidities remains to be determined.

Abbreviation
6MST, 6-min stepper test; 6MWD, distance in the 6-min walking test; BMI, body mass index; COPD, chronic
obstructive pulmonary disease; CPAP, continuous positive airway pressure; FEV;, forced expiratory volume in
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one second; FVC, forced vital capacity; GOLD, global strategy for the diagnosis, management, and prevention of chronic
obstructive lung disease; HAD, hospital anxiety and depression scale; HRQoL, health-related quality of life; LTOT, long-
term oxygen therapy; MCID, minimal clinically significant difference; NIV, noninvasive ventilation; PR, pulmonary
rehabilitation; SGRQ, St George’s respiratory questionnaire; VSRQ, visual simplified respiratory questionnaire.
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