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mentation in practice (primary) and the feasibility of study methods
and potential effectiveness (secondary) of a multidisciplinary dietary

gg’;g’rd: intervention offered to patients who start municipal rehabilitations
S . program.

Nutrition intervention R . X i .

Chronic diseases Methods: This study was a single arm intervention study with a pre-

Pulmonary rehabilitation post design. Participant were recruited from five different municipal

Physical activity rehabilitation centers and received three individualized dietary

counselling's. The primary outcome was retention, compliance to the
intervention and complement of data collection. Secondary outcomes
included changes in dietary intake, body composition and physical
function. Analysis of the primary and secondary outcomes was pri-
marily based on descriptive statistics.

Results: In total, 111 (77%) of 145 eligible patients from five different
municipalities consented to participate. Of them 99 (89%) completed.
Before the intervention 67 (63%) of the participants had 75% or more
of their requirement of energy covered, and 48 (45%) had 75% or more
of their protein requirements covered. At the end of the intervention,
76 (77%) of the participants had 75% or more coverage of energy
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requirements and 80 (83%) had 75% or more coverage of their protein
requirements. In general, the level of completeness was high.
Conclusion: We found recruitment to be feasible, a high rate of
retention, a high compliance to the intervention and high compl-
eteness of the data collection.
© 2023 The Authors. Published by Elsevier Ltd on behalf of
European Society for Clinical Nutrition and Metabolism. This is an
open access article under the CC BY-NC-ND license (http://creative
commons.org/licenses/by-nc-nd/4.0/).

Introduction

Chronic obstructive pulmonary disease (COPD) has been known throughout the past decades.
Approximately 50,000 Danish patients suffer from severe and very severe COPD, defined by having a
reduction of forced expiratory volume in one second (FEV1) below 50% of the predicted value [1,2].
Approximately 25,000 hospital admissions each year are caused by COPD as main diagnosis, and many
Danish patients with severe COPD have more than one hospitalization every year due to exacerbations
[1,3]. The development of the disease is significantly dependent on lifestyle factors [4].

Rehabilitation programs (RP), including physical exercise, are recommended for COPD-patients
with a dyspnea score corresponding to a disease severity of MRC 2 or higher (inability to keep track
of peers in even terrain). In the Danish COPD RP, physical exercise is a main component, aiming to
improve physical function and reduce shortness of breath [5,6]. Annually 4,500 COPD-patients
participate in RP throughout Denmark.

Malnutrition is common in COPD and is associated with significantly increased mortality and
impaired quality of life [7,8]Studies of body composition in COPD show, that both fat mass and fat free
mass are decreased. Muscle wasting is common, and this wasting may be of great importance as muscle
fatigue may predispose to respiratory failure and further functional decrease [9—12].

Systematic reviews have demonstrated that nutritional interventions in COPD patients have a
positive impact on several outcomes, including energy and protein intake, length of stay (LOS) and
hospital readmissions as well as other nutritional and patient-centered outcomes [7,13,14]. This
beneficial effect seems to be further improved when combined with exercise [8,15].

In order to achieve the highest benefit of the exercise rehabilitation, the participants need to be in
energy and protein balance; otherwise, they may risk a (further) loss of weight, muscle mass and
function [7,9,14—16]. A sufficient intake of protein seems of utmost significance in this context
[7,16—18]. In a former study among patients referred to PR it was however shown that most of the
patients did not achieve a healthy diet and further, one third of the patients indicated no specific in-
terest in their own nutritional status or intake and were not aware of the significance of their diet [8]. In
a study of 79 patients from the group behind the present article, we documented that almost 50% of the
patients had insufficient intake of protein and energy, when they entered a RP. In addition, we found a
significant positive association between protein intake and functional capacity [16] Lack of strength to
participate in the exercise rehabilitation, due to insufficient dietary intake, might be one explanation to
the high drop-out rates seen in pulmonary rehabilitation [19].

In our former study we found that 80% of the participants suffered from concomitant diseases such
as cardiovascular diseases, diabetes mellitus, musculoskeletal or rheumatoid diseases, cancers, or
others [16]. One third suffered from eating obstacles, and the most profound nutrition impact symp-
toms (NIS) were: a reduced appetite, not having the strength to eat very much, large meals evoking
shortness of breath and dysphagia. These findings indicate the need for an individual multidisciplinary
intervention, which should preferably start before the pulmonary exercise rehabilitation is initiated.
Today this is not the case in Denmark, where limited time in PR is spent on nutritional care, compared
to the time spent on the physical exercise [20].

About 23% of all COPD-patients drop out of pulmonary rehabilitation [19]. The many challenges for
the COPD-patients due to comorbidities, poor functional level, and insufficient dietary intake, might be

97


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

A.M. Beck, L. Geisler, S.L. Mikkelsen et al. Clinical Nutrition Open Science 52 (2023) 96—109

one explanation to the high drop-out rates seen in pulmonary rehabilitation, which makes it difficult to
design an intervention, where the patients complete. Further, most of the studies looking at the benefit
of nutrition in relation to PR took place several years ago and hence might not reflect the current praxis
[21]. In addition, it seems like the focus has been on provision of oral nutritional supplements (ONS) to
COPD-patients participating in PR, and to our knowledge only a few studies has included dietary
counselling [13,22]. Hence sufficient and updated methodological evidence about the design, planning,
and justification of a trial among COPD patients is lacking, and feasibility studies may be beneficial to
investigate where improvements need to be made to the design and conduct of relevant trials.

The aim of this study therefore was to examine the feasibility of implementation in practice (pri-
mary) and the feasibility of study methods and potential effectiveness (secondary) of a multidisci-
plinary dietary intervention offered to patients who start municipal rehabilitations program to be used
in future practices and studies.

Methods

This study was a single arm feasibility intervention study with a pre-post design, measuring the
outcomes at baseline and again at the end of the ten weeks intervention period. The results were
reported according to the guidelines for non-randomized pilot and feasibility studies [23].

Participants

Danish municipalities who had participated in our former studies [16,20] were asked to participate
in the present study. Of these, four municipality health care centers agreed. Three of these were sit-
uated in the Northern Jutland, so to secure a more even distribution of municipalities an additional
municipality health care center from the eastern part of Denmark was invited to participate. The five
health care centers included consecutive COPD-patients referred to pulmonary rehabilitation. All pa-
tients enrolled in pulmonary rehabilitation (PR) during a specified time-period were approached and
invited to participate in the study, by the primary contact person, which in all communities was the
COPD-nurse. There were no other inclusion criteria.

Exclusion criteria were alcohol abuse, severe psychiatric disorders, or non-willingness to
participate.

The recruitment took place in the period September 2020 to May 2021 and was planned according
to the start of new PR groups in the municipalities. The COPD-nurse provided oral and written infor-
mation about the project. Interested patients then signed the written informed consent. After this, the
baseline data were collected by the nurse, by use of questionnaires used in our former study [16].
Further, the patients had their body composition and physical strength assessed. In addition, the pa-
tients were provided with a dietary record and instructed how to fill this in before the first appoint-
ment to the individual dietary counselling. Finally, the nurse booked the first appointment with the
nutrition expert.

Baseline characteristics

After inclusion, and before the start of the exercise rehabilitation, the COPD-nurse collected the
following background information: Age, gender, education level, work status, living status, type of
exercise rehabilitation and other kinds of pulmonary rehabilitation prescribed, smoking and alcohol
status, comorbidities (e.g., ischemic heart disease, diabetes, musculoskeletal and rheumatic diseases,
cancer), and use of home care, home nursing and meals-on-wheels.

Intervention
The content of the multidisciplinary intervention was developed in close collaboration with health

care staff from the participating health care centers. Before the study the length of the exercise
rehabilitation differed but for comparison, this was standardized to ten weeks for all centers.
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The individual dietary counselling consisted of three individualized nutritional guidance sessions
with the patient, before the start of the exercise rehabilitation, approximately half-way and at the end
of the exercise rehabilitation.

The individual dietary counselling was provided by nutrition experts, already affiliated with the
community and PR.

The nutrition experts received standardized material to support the individual dietary counselling
including different hand-out nutritional information material, a scheme for a dietary plan, supportive
material regarding assessment of energy, protein and fluid intake and requirement, and Danish
guidelines for dietary counselling provided to older adults.

In addition, the nutrition experts were provided with a questionnaire to assess NIS at the second
meeting. At the first and third meeting information about NIS was obtained from the dietary record, -
see below. In connection to the assessment of NIS, there were suggestions for multidisciplinary con-
tacts/appointments if problems were observed (see also below).

Finally, the nutrition experts received an algorithm to assist in the decision of whether oral
nutritional supplements (ONS) were needed. If this was the case ONS was provided to the patients for
free. Every individual dietary counselling had a duration of between 45 minutes to an hour.

Flow chart of the rehabilitation program including the individual dietary counselling is seen in
Figure 1.

Outcomes

Feasibility of study methods

Feasibility of recruitment were assessed in terms of the percentage of participants who accepted the
invitation to participate.

Feasibility of the intervention was assessed in terms of the percentage if participants finished the 10
weeks intervention period (retention). In a former study including dietary counselling provided to
COPD patients attending PR, the percentage who completed the intervention was 80% [22] so this was
the percentage expected in this study as well.

To assess representativeness a comparison between completers and non-completers were
performed.

Feasibility of the intervention was also evaluated in relation to the percentage of participants who
achieved an intake of energy and protein above 75% of their requirement. Nutritional studies per-
formed among COPD patients attending PR has not used this an outcome before [21]. However, in a
recent Danish nutritional intervention study using individual dietary counselling three times, 93%

TEN WEEKS COPD REHABILITATION PROGRAM

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week 10
2 x group 2 x group 2 x group 2 x group 2 x group 2 x group 2 x group 2 x group 2 x group 2 x group
exercise exercise exercise exercise exercise exercise exercise exercise exercise exercise

! ! !

First individual Second individual Third individual

dietary counseling dietary counseling dietary counseling
(including NIS)

Completing Completing
questionnaires questionnaires
Bioelectrical Bioelectrical
Impedance Analyze Impedance Analyze
Physical test Physical test

Figure 1. Flow chart of the rehabilitation program.
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reached this goal for energy and 73% for protein [24]. Hence, this was the percentage expected in this
study as well.

In addition to these assessments of feasibility, the compliance to the other outcome assessments
was also documented, see details below. Data completeness of >80 % was required for an outcome to be
considered for a definitive trial [25].

Other outcomes

Data were collected at baseline, and at the end of the PR period by the COPD-nurses, dietitians and
by a research assistant. Data collection was made at the PR-municipal center, except for some post-
measurements that were made in participants home due to risk of COVID-19 contamination. All
data collectors received standardized written procedures for the collection of data, which were pre-
sented and discussed at a kick-off meeting to secure uniform data collection.

Questionnaires

Dietary intake

To get valid data about the intake of protein and energy a total of four days of dietary registration is
needed [26]. The participants were therefore provided with a three-days dietary record and instructed
by the local contact person or the nutrition expert on how to fill it in at home. At the first appointment
with the nutrition expert an additional 24-h dietary recall was made. In addition to the 24-h recall, the
nutrition expert also went through the patient registered dietary record together with the patient, to
check for missing information (e.g., regarding fat content of milk, cheese, and meat, and use of in-
between meals). This method was the same as used in the former study [16].

Subsequently, dietary records were entered in the “Vitakost.dk” dietary data program by a research
assistant. The program allows detailed calculation of the content of the food's distribution of nutrients
according to estimated portion size. The results of the calculation were assessed against the individual
energy requirement. The total four days food intake was then used to assess whether the intake of
energy and protein was above or below 75% of the estimated requirements [27]. Requirements for the
individual with BMI 18.5—25 were based on information of weight as a pragmatic cut-off of energy 25
kcal/kg/d and protein 1.1 g/kg/d [15,28,29]. Requirements were regulated for obesity (BMI> 30) and
underweight patients (BMI< 18.5) according to the recommendations from the Danish National Health
Authority [30]. The amount of dietary record delivered and returned in completed form were
documented.

Nutritional impact symptoms

The prevalence of different NIS was assessed as part of the dietary registration, at baseline and end
of RP. Furthermore, NIS data were also gathered at the second dietary counselling. A total of 16 items
were scored including nausea, constipation, mouth sores, chewing and swallowing problems, early
satiety, pain, depression, and fatigue. Measures were none (0), green [1—3] over yellow [4—7] to red
[8—10], where 10 relates to worst thinkable symptoms that reduces food intake [31]. In connection
with the questionnaire there were suggestions for whom to contact if problems were observed, e.g., an
occupational therapist in the case of chewing and swallowing problems. The number of dietary records
with information about NIS from the patient were documented at baseline and at the end of inter-
vention and compared to the possible amount.

Risk of sarcopenia

Risk of sarcopenia was assessed by means of A Simple Questionnaire to Rapidly Diagnose Sarco-
penia (SARC-F). This is a questionnaire consisting of 5 questions to screen for sarcopenia. For every
question there are three possible answers: ‘none’ giving a score of 0, ‘some’ giving a score of 1, and ‘a
lot/unable/with help’ giving a score of 2. Thus, a total score of 0—10 can be achieved, where a score > 4
represent risk of ‘sarcopenia’ [32,33]. The percentage of participants where a score could be calculated
at baseline and at 10 weeks were documented.
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Severity of COPD

Severity of COPD was evaluated by questions on whether in Prednisolone maintenance treatment.

In addition, self-reported dyspnea was assessed by means of the modified Medical Research Council
(mMRC) dyspnea scale, range 1-5 [34].

The percentage of patients where these data were collected at baseline and at week 10 were
documented.

Measurements

Body composition

Height was measured or self-reported if patients had their height measured within the past year.
Body composition was measured by means of Bioelectrical Impedance Analysis (BIA) (InBody 230).
Data were gathered regarding body weight; muscle mass, total fat mass, total lean body mass (LBM);
LBM in arms, LBM in legs, LBM in torso, and total body water (TBW). Patients were encouraged to fully
fast for two hours and avoid physical activity for eight hours prior to the measurement. Furthermore,
patients were asked to empty their bladder just before measurement.

The baseline and post-intervention measurements took place at the same time of the day. Patients
with pacemakers and metallic implants were excluded from the BIA measurement.

The percentage of patients offered this measurement at baseline and 10 weeks follow-up were
documented.

Lung function

Lung function was measured by means of FEV1 [35]. If a recent measurement was available in the
medical records, this result was used. The percentage of patients where these data were available at
baseline were documented.

Physical function

To measure physical function, the patients performed a 30-second chair-stand test (30-s CST), and a
six-minute walking test (6MWT).

Regarding 30-s CST, participants were asked to fold their arms across their chest and to stand up and
sit down on a chair, as many times as possible for 30 seconds [36]. The seat should be a height of at least
43 cm. The score was the total number of times the person managed to stand within 30 seconds.
Initially, the patients were shown the test in a slow tempo (stand-sit), to demonstrate the technique.
Number of stand ups were recorded and divided according to the prevalence below 9, 9 to 11 and above
11 repetitions using the criteria developed for the healthy oldest old [36,37].

The 6MWT was performed at sight according to standards from the Pulmonary Rehabilitation
Toolkit, and evaluated for walking distance <350 meters, between 350 and 450 meters and >450
meter [38].

The percentage of patients offered these measurements and completing these at baseline and 10
weeks follow-up were documented.

Statistical analysis

All collected data was entered in REDCap (Research Electronic Data Capture) hosted by Aalborg
University Hospital, and exported to the Statistical Software Program, STATA, version 17. All statistical
analyses were performed in STATA. The feasibility outcomes were reported descriptively and narra-
tively. For the clinical endpoints only descriptive statistics, mean (standard deviation) for continuous
outcomes and raw count (%) for categorical outcomes were reported.

If all participants did not reply to the given question, the number of replies is reported in the results.
P-values of less than 0.05 are considered statistically significant.
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Ethical considerations

Prior to inclusion, the patients were given written and oral information about the study. The par-
ticipants were informed that they could withdraw from participation at any time during the study. The
study was conducted according to the Helsinki Declaration of 2002. The study was put forward to the
local ethic committee of Region North Denmark, who concluded that the project could be performed as
described. The study was approved by The Danish Data Protection Agency (number 2020—017).

Results
Participants and feasibility of recruitment

One-hundred-and-forty-five COPD-patients were invited to participate in the study, and feasibility
of recruitments was found as a total of 111 (77%) COPD patients from five different municipalities
started (see Figure 2). Two did not want to participate due to the risk of COVID 19, 22 patients thought it
was unmanageable, one patient passed to cancer rehabilitation, one had earlier completed a dietitian
course, one patient was engaged in a dietitian course elsewhere, one patient could not get more time
off from work and four patients just rejected without a reason.

The baseline characteristics of the participants can be found in table 1. Of the population, 88%
suffered from concomitant diseases such as cardiovascular diseases, diabetes mellitus, musculoskeletal
or rheumatoid diseases, cancers, mental illness, or others. Few participants (11%) had never smoked.
Pulmonary Function (FEV1) was widely distributed in the patients, but almost all patients (96%) had a
FEV1 below 80% of the predicted value. Most patients (98%) had moderate or severe dyspnea rated on
the MRC dyspnea scale. Only a few of the participants (6%) received permanent treatment with
Prednisolone.

Feasibility of study methods

Feasibility of the intervention was assessed in terms of the percentage if participants (retention)
finished the 10 weeks intervention period: Of the 111 COPD-patients who started, 99 (89%) completed.
This is a drop-out rate of 11%. The patients dropped out due to hospitalizations and fear of COVID-19.

Regarding the representativeness a comparison between completers and non-completers showed
that those who dropped out of the study were younger, with higher weight, muscle mass, had better
lung function and a higher prevalence of diabetes. Details can be found in Appendix table 1.

Feasibility of the intervention was also evaluated in relation to the percentage of participants who
achieved an intake of energy and protein above 75% of their requirement. Before the intervention 68%
of the patients, who completed the intervention, had coverage of 75% or more of their requirement on
energy intake, and 45% had coverage of 75% or more of their requirement on protein intake. At the end
of the intervention 78% of these patients had 75% or more coverage of energy requirement and 84% had
75% or more coverage of their protein requirement.

In addition to these assessments of feasibility, the compliance to the other outcome assessments
was also documented. The result of these can be found in Table 2. In addition, a flowchart of the
intervention and compliance to other outcome assessments is shown in Figure 2. In general, the level of
completeness was high.

Discussion
In this study we aimed to develop, test, and evaluate a multidisciplinary dietary intervention offered

to patients who start a RP including pulmonary exercise rehabilitation and to investigate the feasibility
of the recruitment, retention and provision of a dietary intervention offered to COPD-patients.
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Invited to participate in the
study

n=145

Interested in participation:
receiving the study
documents (nutritional diary

& questionaries) n=34 (23%)

Did not want to participate

n=111 (77%)

Participant who returned the
T - Dropouts (no return or no
nutritional diary and documentation)
questionaries —4 (49
n=107 (96%) IS8 (2

Participant who completed
30-CST (n=100, 90%) and
6MWT 102, 92%) at
baseline Interdisciplinary
collaboration between the
COPD team about the
participant
Participant who completed n=28 (25%)
the first individual nutrition
counseling
n=107 (96%) Participant who started up
ONS after first nutrition
counseling n=15 (14%)
(8 already used ONS before
Participant who completed the start of the intervention)
the second individual
nutrition counselling
n=100 (90%)

Participant who completed
30-CST (n=84, 76%) and
6MWT (n=88, 80%) at the
end of the intervention

Participant wno completed
the third individual nutrition
counseling
n=99 (89%)

Participant who returned the
nutritional diary at the end
of the intervention
n=96 (86%)

Participants who completed
the rehabilitation program

including the three nutrition

counselings _ )

n=99 (89%) intervention

n=23 (21%)

Participants who used
ONS at the end of the

Figure 2. Flowchart of the participants and compliance to outcome assessments.
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Table 1

Baseline characteristics of included participants
Included participants Characteristics
Gender (female), n (%) (n=111) 52.0 (46.9)
Age, mean (SD) (n=111) 70.8 (+8.7)
Smoking habits (n=110)
Actual smokers, n (%) 24 (21.8)
Former smokers, n (%) 74 (66.3)
Never smokers, n (%) 12 (10.9)
Drinking habits (n=101)
Never drink alcohol, n (%) 32(28.8)
Units per week, for those who reports drinking alcohol (n= 69), mean (SD) 7.6 (+10.3)
BMI kg/m2, mean (SD) (n=110) 28 (+5.9)
Below 20, n (%) 10(9.1)
20—-24.9, n (%) 22 [20]
25-29.9, n (%) 42 (38.2)
30-34.9, n (%) 20 (18.2)
>35, n (%) 16 (14.6)
Comorbidities
Cardiovascular disease, n (%) 44 (39.6)
Diabetic, n (%) 14 (12.6)
Musculoskeletal and rheumatic diseases, n (%) 33 (29.7)
Cancer, n (%) 7 (15.3)
Mental illness, n (%) 15 (13.5)
Other comorbidities than the above, n (%) 33(29.7)
No comorbidities, n (%) 13 (11.7)
Prednisone (n=109)
Continuous treatment, n (%) 7 (6.4)
Short treatment within the last year, n (%) 24 (22)
None, n (%) 78 (71.6)
Lung function FEV1 mean L/s (SD) (n=82) 54.5 (+17.8)
<30, n (%) 10 (12.2)
30-49, n (%) 22 (26.8)
50-79, n (%) 43 (52.4)
>80, n (%) 7 (8.5)
Medical Research Council (MRC) dyspnea scale (n=98)
1. Breathless with strenuous exercise (Mild), n (%) 2(2)
2. Short of breath when hurrying on the level of walking of a slight hill (Moderate), 32(32.7)

n (%)
3. Walks slower than people of the same age on the level or stops for breath while 42 (42.9)
walking at own pace on the level (Moderate), n (%)

4. Stops for breath after walking 100 meters (Severe), n (%) 19 (19.4)
5. Too breathless to leave the house or breathless when dressing (Severe), n (%) 3(3.1)

Table 2
Number and percentage of the patients (n=99), who completed the intervention where data for different outcomes were
available
Outcome assessed At baseline At the end of intervention
All NIS data in dietary records, n (%) 87 (88) 83 (84)
Risk of sarcopenia score, n (%) 99 (100) 99 (100)
Prednisolone maintenance treatment, n (%) 97 (98) 97 (98)
Medical Research Council dyspnea scale, n (%) 82 (83) 82 (83)
Patient questionnaire completed, n (%) 97 (98) 92 (93)
Body composition measurement, n (%) 92 (93) 92 (93)
Lung function data, n (%) 87 (88) -
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In this study 77% of the patients accepted the invitation to participate. This is equal to what has been
seen in another study, where attendance to pulmonary rehabilitation was assessed and 79% accepted to
participate [19]. In the study by Fischer and co-authors no intervention was provided, and the par-
ticipants were only asked to provide answers to questionnaires which might be considered much less
challenging than the intervention and outcome assessments in our study. Further, these authors found
that 23% of the COPD-patients dropped out of pulmonary rehabilitation [19]. In contrast we had a high
rate of retention, despite the COVID-19 pandemic, and the drop-out rate in our study was only 11%. The
low drop-out rate may be because the participants feel obligation to stay in the rehabilitation program
knowing they are part of a research project. However, in a former study also including dietary coun-
selling provided to COPD-patients attending PR, the percentage who completed the intervention was
80% [22] and hence lower than in our study.

Another explanation for the high compliance in our study might therefore be the single-arm design,
where all participants are invited to receive the same intervention. Regarding the social aspects of the
group RP, this might have influenced the firm participation. This aspect needs to be taken into
consideration when defining a future RCT and determining the number of participants and design,
where a cluster randomization might be beneficial, although the evidence grading is lower.

Feasibility of the intervention was also evaluated in relation to the percentage of participants who
achieved an intake of energy and protein above 75% of their requirement.

At the end of the intervention 78% of the participants had 75 % or more coverage of energy
requirement and 84% had 75% or more coverage of their protein requirement. Former nutritional
studies among COPD-patients attending PR have not used this as an outcome [21], but another study
using individual dietary counselling three times as in our study has used this. They found a comparable
result, i.e., that, respectively, 93% and 73% reached an energy and protein intake of 75% or more of
coverage [39]. Hence an intervention consisting of three dietary counselling, seems to be sufficient to
reach the goal for energy and protein intake for most patients. Still, some participants might need some
additional counselling. This could be in the form of telephone consultations, which has also proven to
be effective [40].

In addition to these assessments of feasibility, the compliance to the other outcome assessments
was also documented. Data completeness of >80 % was required for an outcome to be considered for a
definitive trial [25]. All the outcomes used in the present study might therefore be considered for a
future RCT. One explanation for the high completeness rate might be that almost all the outcomes
chosen has been used by us in our former studies among this patient group [16,20] and hence found
feasible. Also, several of the methods are already used by the municipalities in their present COPD
rehabilitation and were therefore well-known to the COPD-nurses who assisted with the data
collection. Since the COPD-nurse was also involved in the successful recruitment it seems very relevant
to include the assistance of the local COPD-nurses in a future RCT. Finally, in three of the participating
municipalities all included participants were handed out the questionaries at a joint meeting of all
participants, where the professionals of COPD-rehabilitation (nutrition expert, COPD-nurse, etc.) also
joined, and were able to help if the participant had any questions about the questionary. Here they
were also handed out the nutritional diary and were instructed in how to fill it out and booked an
individual appointment with the nutritional expert. Due to the different organization of the PR in
Danish municipalities this set-up might not be possible in a randomized design, which should be taken
into consideration when planning a future RCT.

The primary aim of the present study was to assess the feasibility of the recruitment, retention and
provision of a dietary intervention offered to COPD-patients. As such we did not perform a power
calculation. This must be done in a future RCT, and hence the primary outcome needs to be decided.
Based on the data collected in the present study we now have information about e.g., the mean score
difference and 95% confidence intervals for mean difference for a huge number of outcomes, including
patient reported outcome measures. Also, we know from both the present study and our former study
[16], that COPD-patients starting rehabilitation has an insufficient intake of especially protein ac-
cording to their requirement and also that this can be optimized by a multifaceted dietary intervention.
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This can help us deciding the primary outcome and assist in the power calculation. Still, we have to be
aware of the impact of the COVID-19 pandemic on many of these outcomes.

Conclusion

In the present study we developed, tested, and evaluated a multidisciplinary dietary intervention
offered to COPD-patients who started a rehabilitation program and found the recruitment to be
feasible, a high rate of retention, a high compliance to the intervention and high completeness of the
data collection.

Clinical messages

Nutrition intervention is feasibility in COPD rehabilitation and a high percentage of the COPD pa-
tients achieved the goal for energy and protein intake.

Recruitment to a nutrition intervention is feasibility, there is a high rate of retention, and there is
high compliance to the dietary counselling.
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Appendix 1. Table. Comparison of participants who, respectively, completed the study and
dropped out.

Completed Dropout P-value
Sex (n=99,12) 0.321
Male 51 8
Female 48 4
Age, year (n=99,12) 71.4+8.4 65.8+9.9 0.037*
Body weight kg (n=99,12) 79.4+19.1 93.1+21.1  0.022*
Muscle Mass, kg (n=96,12) 31.2+10.0 38.2+16.0 0.035*
Total fat mass, % (n=96,12) 34.7+9.9 37.6+6.4 0.334
Quality of life, EQ-5D-5L, VAS (n=96,10) 61.6+17.1 50.7+21.1  0.063
30seconds-Chair Stand test (n=94,6) 10.8+2.9 11.8+2.9 0.406
6 minutes walking test (n=96,6) 374.6+128.8 413.7+83.1 0.466
Smoking (n=98,12) 0.401
Actual smokers 20 4
Former smokers 68 6
Never smokers 10 2
Prednisone (n=99,10) 0.885
No treatment 71 7
Continuous treatment, n (%) 6 1
Short treatment within the last year, n (%) 22 2
BMI, kg/m? (n=98,12) 27.6+6.0 31.0+4.8 0.070
BMI groups (n=98,11) 0.294
<20 10 0
20-24.9 21 1
25-29.9 38 4
30-34.9 16 4
>35 13 3
Lung function FEV1 (n=77,5) 53.3+17.6 72.7+8.5 0.017*
Lung function grp (n=77,5) 0.040*
<30, n (%) 10 0
30-49, n (%) 22 0
50-80, n (%) 40 3
>80, n (%) 5 2
Medical Research Council (MRC) dyspnea scale (n=93,5) 0.708
1. Breathless with strenuous exercise (Mild) 2 0
2. Short of breath when hurrying on the level of walking of a slight hill (Moderate) 30 2
3. Walks slower than people of the same age on the level or stops for breath while 41 1
walking at own pace on the level (Moderate)
4. Stops for breath after walking 100 meters (Severe) 17 2
5. Too breathless to leave the house or breathless when dressing (Severe) 3 0
Comorbidities (n=99,12)
Cardiovascular disease, yes 40 4 0.636
Diabetic, yes 9 5 <0.001*
Musculoskeletal and rheumatic diseases, yes 28 5 0.338
Cancer, yes 15 2 0.891
Mental illness, yes 12 3 0.218
Other comorbidities than the above, yes 30 3 0.704
No comorbidities, yes 13 0 0.182
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