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ABSTRACT

Introduction Physical and mental health are often
affected in chronic obstructive pulmonary disease

(COPD) adversely affecting disease course and quality

of life. Abnormalities in whole body and cellular energy
metabolism, dietary and plasma nutrient status and
intestinal permeability have been well established in these
patients as systemic determinants of functional decline
and underexplored treatable traits. The aim of this study
is to investigate the efficacy of 1year targeted nutrient
supplementation on physical activity level and health-
related quality of life in patients with COPD.

Methods and analysis This study is a single-centre
randomised, placebo-controlled, double-blind trial

in 166 patients with COPD recruited from multiple
hospitals in the Netherlands. The intervention group will
receive a multinutrient supplement, including vitamin D,
tryptophan, long-chain polyunsaturated fatty acids and
prebiotic dietary fibres as main components (94 kCal per
daily dose). The control group will receive an isocaloric
isonitrogenous placebo. Both groups will ingest one portion
per day for at least 12 months and will additionally receive
counselling on healthy lifestyle and medical adherence
over the course of the study. Coprimary outcomes are
physical activity assessed by triaxial accelerometry and
health-related quality of life measured by the EuroQol-5
dimensions questionnaire. Secondary outcomes are
cognitive function, psychological well-being, physical
performance, patient-reported outcomes and the
metabolic profile assessed by body composition, systemic
inflammation, plasma nutrient levels, intestinal integrity
and microbiome composition. Qutcomes will be measured
at baseline and after 12 months of supplementation. In
case patients are hospitalised for a COPD exacerbation, a
subset outcome panel will be measured during a 4-week
recovery period after hospitalisation.

Ethics and dissemination This study was approved

by the local Ethics Committee of Maastricht University.
Subjects will be included after written informed consent
is provided. Study outcomes will be disseminated through
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Strengths and limitations of this study

» Adouble-blind, randomised, placebo-controlled clin-
ical trial investigating the effect of a novel nutritional
intervention product relative to placebo on objective
and subjective health status in patients with chronic
obstructive pulmonary disease (COPD).

» The study design resembles a real-life setting.

» Next to investigating overall efficacy, the study de-
sign allows additional insight in the relative effica-
cy of the nutritional intervention in clinically stable
disease as well as in response to acute disease
flare-ups.

» The study product is a newly developed nutritional
supplement targeting nutrient status and metabolic
alterations in COPD.

» The study population targets patients with moderate
to very severe COPD; inclusion, long-term compli-
ance and outcome assessment may be challenging.

presentations at (inter)national conferences and through
peer-reviewed journals.
Trial registration NCT03807310.

INTRODUCTION

Chronic obstructive pulmonary disease
(COPD) is a progressive lung disease char-
acterised by persistent airflow limitation
resulting from loss and remodelling of the
airways." During the course of the disease,
patients with COPD experience periods of
acute worsening of respiratory symptoms
called exacerbations. During severe COPD
exacerbations (requiring hospitalisation)
disease-related detrimental factors such as
systemic inflammation, hypoxia, physical
inactivity, malnutrition and treatment with
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glucocorticoids and antibiotics, converge and intensify.”
Patients with frequent exacerbations constitute a specific
disease phenotype with a worse prognosis, specifically
a faster decline in lung function and muscle function,
a greater worsening of health status and a substantial
reduction in daily physical activity.”® In turn, physical
inactivity drives further physical impairments, thereby
increases the risk of recurrent exacerbations, leading to
avicious cycle of deterioration.’ It is this circle that has to
be broken and adapting a more healthy lifestyle may help
achieving this. Adapting a healthier lifestyle, however, is
not always easy and may need additional support, espe-
cially in the affected health domains.

Symptoms of dyspnoea and fatigue in patients with
COPD often affect their lifestyle. Alongside with disease
exacerbations and malnutrition, a sedentary lifestyle
contributes to extrapulmonary manifestations including
depression, cognitive decline loss of muscle mass and
function and gastrointestinal (GI) problems,”"" causing
a vicious cycle towards physical inactivity. Overall high
percentages of impaired cognitive function (25%) and
depression (27%) have been observed in patients with
COPD'*™ and are negatively influenced by chronic
stress and systemic inflammation.'” '® The risk of devel-
oping cognitive dysfunction or depression is even further
increased in advanced disease stages.'” '* Skeletal muscle
weakness is another well-established extrapulmonary
manifestation of COPD resulting from loss of muscle
mass and a decreased muscle oxidative phenotype.'” The
latter is characterised by a muscle fibre type shift from
oxidative type I towards more glycolytic type II fibres and
decreased expression of oxidative enzymes and regulatory
proteins (eg, peroxisome proliferator-activated receptors
and their coactivator lo. (PGC-1at)),%’ which render the
skeletal muscle more susceptible to fatigue.' *’ Systemic
inflammation and physical inactivity have also been iden-
tified as determinants of muscle mass loss in COPD.*"*
During an exacerbation, enhanced systemic inflamma-
tion and physical inactivity lead to acute muscle wasting,
which may not be fully restored during recovery as there is
evidence for an impaired regenerative potential in these
patients.” Disturbances of intestinal integrity manifested
by increased GI permeability and alterations in intes-
tinal fatty acid-binding protein (IFABP) have also been
reported in COPD.'"" These disturbances are not only
observed in stable COPD, but also during hospitalisation
for a COPD exacerbation.” Moreover, several factors
associated with COPD, including age, gender, smoking,
use of corticosteroids and antibiotics, body mass index
and diet, are known to cause dysbiosis in the gut micro-
biome.** However, up till now no published studies of the
COPD gut microbiome are available.

The extrapulmonary manifestations in COPD are
linked by the cross-talk between the gut-muscle—brain axis
which includes the vagus nerve, gut hormone signalling,
the immune system, serotonin and tryptophan metabo-
lism and microbial metabolites such as short-chain fatty
acids.” All routes might be disturbed in patients with

COPD, but especially serotonin and tryptophan metabo-
lism has recently been shown to be impaired in patients
with COPD leading to unfavourable higher kynurenine/
tryptophan ratios in the circulation.”® ¥ By modulating
tryptophan availability, the microbiota can regulate the
kynurenine pathway decreasing plasma kynurenine
levels. In muscle, kynurenine can also be metabolised and
cleared by kynurenine aminotransferases that are regu-
lated by PGC-1o.. Interestingly, a recent study of our group
showed reduced expression levels of these aminotrans-
ferases in skeletal muscle of patients with COPD, which
might explain the elevated plasma kynurenine levels.?’
Impairments in the kynurenine pathway have been linked
to anxiety, depression and cognitive decline.*®

Extrapulmonary manifestations as well as impairments
in the cross-talk between these extrapulmonary organs
could adversely affect daily physical activity level and
quality of life,” accelerating the vicious cycle towards phys-
ical inactivity and deterioration of physical and mental
status. Interventions facilitating a more physically active
lifestyle in patients with COPD are therefore needed. For
instance, physical activity coaching interventions may
enhance physical activity levels in patients with COPD.”
However, current pulmonary rehabilitation strategies
mainly focus on improving physical performance by exer-
cise training and counselling targeting respiratory and
skeletal muscle function,31 but behavioural translation of
improved physical performance to a more active lifestyle
in COPD has been disappointing.”™ Therefore, addi-
tional interventions need to be investigated.

Nutritional supplementation targeting impairments
of skeletal muscle and gut, by preventing or restoring
disease-specific deficiencies in patients with COPD and
modulation of the function of the gut-brain axis, might
be beneficial in patients with COPD. As systematically
summarised in table 1, omega-3 polyunsaturated fatty
acids (N-3 PUFAs), tryptophan, vitamin D and nutritional
fibres are particularly interesting nutritional components
to explore. Intake of these components is generally low in
patients with COPD, and we hypothesise that supplemen-
tation of these nutrients has positive effects on different
pathways of the gut-muscle-brain axis which may jointly
facilitate adaptation to a more physically active lifestyle
and improved health status. To minimise risk of other
nutritional deficiencies and to ensure presence of essen-
tial cofactors, supportive micronutrients are provided
together with these core ingredients in the supplement.

We hypothesise that this newly developed multinutrient
product facilitates maintenance of a more active lifestyle
in patients with COPD and improves objective and subjec-
tive physical and mental health status relative to placebo.
Therefore, the primary aim of this study is to investigate
the effect of lyear targeted nutrient supplementation
compared with placebo supplementation on daily phys-
ical activity level as well as general health status in patients
with COPD. Secondary aims are to investigate the effect
of targeted nutrient supplementation on potential media-
tors: cognitive function, psychological well-being, physical
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Table 1 Rationale for the core components to be included in the multimodal nutritional intervention

Component Proposed effects and underlying mechanisms

Intake, status and supplementation in COPD

N-3 PUFAs

Tryptophan

Vitamin D

Prebiotic
fibres

Proposed effect: lowers the risk on depression, improves cognitive
function, muscle function and muscle mass as well as mitochondrial

function.”>"®

Possible underlying mechanisms:

» Substrate inhibition of proinflammatory prostaglandin E2”° and four
series leukotrienes EPA and DHA give rise to resolvins and lipid
related signalling molecules such as protectins.®

» N-3 PUFAs are natural ligands for PPAR gamma that attenuates
NF-kB activation and inflammatory gene expression and NF-kB
activation reducing systematic inflammation.®' 8

» Altering membrane lipid composition®® and increasing membrane
fluidity which facilitate the activation of receptors, eg, adenosine
A2A and dopamine D2 receptors in the brain.®*

» Decreasing indoleamine-2,3-dioxigenase expression and increasing
hippocampal serotonin, a neurotransmitter in the central and

enteric nervous system.®

» Stimulating skeletal muscle anabolism via the Akt-mTOR-p70S6K

pathway.®®

» Stimulating muscle oxidative metabolism and boosting

mitochondrial function.”®

Proposed effect: lowers the risk for depression, improves mood,

behaviour and cognitive function.%-%*

Possible underlying mechanisms:

» Being a precursor of serotonin.®?%4

» Being a precursor for melatonin which may improve sleep quality
which can improve functional capacity, skeletal muscle strength,
cognitive function and general QoL in COPD.% %

» Being a precursor for niacin (vitamin B3) which for example is

essential for mitochondrial function.®’

Proposed effect: low plasma vitamin D concentrations are associated
with depressive symptoms and low muscle function.

Possible underlying mechanisms:

» An increased region-specific expression of vitamin D receptors in

brain areas play a key role in mood regulation.

» Has anti-inflammatory effects leading to neuroprotective

properties. % 104

» Maintaining a normal calcium and phosphorus balance in skeletal
muscle; low vitamin D levels reduce calcium reuptake into
sarcoplasmic reticulum, impairing muscle function.*®

» Improving mitochondrial function, dynamics and enzyme function in

skeletal muscle.'®

Proposed effect: improve gut function.'®*™"”

Possible underlying mechanisms:

» Fibres are substrate for intestinal microbes and support their

growth.""®

» Can be converted into SCFA that support gastrointestinal integrity

and fuel coloncytes.'"’

» Change gut microbial composition towards a less inflammatory

profile.®

» A mixture of prebiotic fibre may prevent alveolar wall destruction,
right ventricle hypertrophy and neutrophil infiltration into the lungs

after LPS instillation in mice.'®

Intake and status in COPD:

» Dietary intake of PUFAs is generally low.

» High intake is positively associated with
lung function.*®

» Blood levels decrease in time with disease
progression in patients with COPD.”"

Supplementation in COPD:

» As an adjunct to exercise training, PUFAs
significantly enhanced improvement in
exercise performance and physical activity
level in COPD in an 8-week and 4 months
placebo-controlled RCT, respectively.® !

87-89

Intake and status in COPD:

» Plasma tryptophan levels are decreased
during acute exacerbations.®®

» Circulating KYN and KYN/tryptophan ratios
are elevated compared with controls and
is associated with disease severity,?® KYN
clearance might be reduced in skeletal
muscle tissue of patients with COPD due
to reduced PPAR/PGC-10-mediated KAT
expression.?’

Supplementation in COPD: not available

Intake and status in COPD:

» Vitamin D levels are low and deficiency is
highly prevalent. 1%

» Deficiency is associated with COPD
severity, osteoporosis, depression and lower
muscle strength.®” 107110

Supplementation in COPD:

» Significantly improves inspiratory muscle
strength, maximal oxygen uptake and QoL
in patients with COPD in a 3months and
8weeks placebo-controlled RCT.""" 112

» Supplementation reduces number of acute
exacerbations in patients with COPD with
low vitamin D plasma levels as shown in two
meta-analyses.''® 114

Intake and status in COPD:

» Dietary intake is generally low.®”

» Low fibre intake is associated with reduced
measures of lung function''® and high intake
with a 30% lower risk of COPD.'?°

» Dietary intake has an inverse relationship
with poor lung function and COPD risk.""®

Supplementation in COPD: not available

COPD, chronic obstructive pulmonary disease; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; KAT, kynurenine
aminotransferase; KYN, kynurenine; LPS, lipopolysaccharide; NF-kB, nuclear factor kappa-light chain enhancer of activated B cells;
PPARs, peroxisome proliferator-activated receptors; PUFA, polyunsaturated fatty acids; QoL, quality of life; RCT, randomised controlled
trial; SCFA, short-chain fatty acids.
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Figure 1

Follow-up

Study design. Measurements at baseline, after 3 months and at the end of the study are indicated as M1, M2 and

M3, respectively. After a hospitalisation for a chronic obstructive pulmonary disease exacerbation (H) the recovery phase of 4
weeks will be monitored (T1 and T2). In case patients will be recruited during a hospitalisation for a COPD exacerbation, M1 will
take place 4 weeks after discharge. In case the hospitalisation will be within 3 months after baseline, M2 will not take place.

performance, patientreported outcomes and the metabolic
profile assessed by body composition, systemic inflammation,
plasma nutrient levels, intestinal integrity and microbiome
composition in patients with COPD. As an additional explor-
ative aim, we will investigate the relative effect of targeted
nutrient supplementation during the recovery phase after
hospitalisation for a COPD exacerbation.

METHODS AND ANALYSIS

Study design

The study design was developed according to the Stan-
dard Protocol Items: Recommendations for Interven-
tional Trials 2018 recommendations.”® In a single-centre
randomised, placebo-controlled, double-blind clinical
trial the active nutritional supplement will be compared
with a placebo supplement in patients with COPD. Previ-
ously, after 3months and after 12 months (extended in
case of hospitalisation in the previous 4 weeks), measure-
ments will be performed at the Maastricht University
Medical Centre+ (figure 1). A l-year follow-up period is
chosen to investigate the long-term effect of nutritional
supplementation in a real-life setting during which COPD
exacerbations might occur. We will investigate in an
explorative analysis the relative effect of targeted nutrient
supplementation on clinical outcome during a 4-week
recovery phase after hospitalisation for a COPD exacerba-
tion. First of all, because disturbances in the gut-muscle—
brain axis as well as specific nutrient deficiencies might
be affected by severe COPD exacerbations.”®*” Second,
because the recovery period after severe COPD exacer-
bations is a completely neglected phase for nutritional
interventions thus far.” For this, we will perform a subset
panel of outcome measures within 1week after discharge
and 1 month later (recovery phase) each time a patient is
hospitalised for a COPD exacerbation during the inter-
vention period. In case the last measurement day will take
place within the postexacerbation recovery phase, the
intervention period will be lengthened until the end of
the recovery phase, with a maximum of 2 months. See
figure 1 for these different scenarios. The study has been
started in October 2020 and is planned to last 3 years.

Participants

The study population will consist of patients with
moderate to very severe, but medically stable, COPD
according to the GOLD criteria' (see table 2 for detailed
inclusion and exclusion criteria). Participants will be
recruited via respiratory physicians from multiple hospi-
tals in the southeast of the Netherlands or via advertise-
ments. Potential eligible participants will receive detailed
information of the study including the informed consent
form (online supplemental appendix 1). Patients who are
willing to participate will be screened by the researchers

Table 2 Eligibility criteria
Eligibility
criteria

Inclusion  » Moderate to very severe COPD according to GOLD
criteria criteria (ie, GOLD stage lI-1V).

» Medically stable (no hospital admission <4 weeks
prior to the start of the study and no temporary
oral steroid or antibiotics use due to a COPD
exacerbation in the last 4 weeks).

Exclusion P> Age <18 years.

criteria » Allergy or intolerance to components of the study

product.

» Other acute or unstable chronic diseases that will
compromise the study outcome (eg, active cancer
requiring treatments).

» Participation in any other study involving
investigational or marketed products concomitantly
or within 4 weeks prior to entry into the study.
Terminal iliness.

Lung malignance in the previous 5 years.

Diagnosis of dementia or neurodegenerative

disease (eg, Alzheimer’s disease, Parkinson’s

disease, Huntington’s chorea, frontotemporal
dementia) in the medical records.

» Recent diagnosis of cerebral conditions (<1 year,
eg, cerebral infarction, haemorrhage, brain tumours,
transient ischaemic attack) in the medical records.

» Any medical condition that significantly interferes
with digestion and/or Gl function (eg, short bowel
syndrome, inflammatory bowel disease, gastric
ulcers, gastritis, (gastro)-enteritis, Gl cancer) as
judged by the investigator.

vvyy

COPD, chronic obstructive pulmonary disease; Gl, gastrointestinal;
GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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and study physician based on the eligibility criteria. The
first participant was enrolled in October 2020.

Trial interventions

Nutritional intervention

One group will receive the targeted nutrient supplement,
and one group will receive an isocaloric isonitrogenous
placebo for at least 12 months. Both study products will
be provided as a flavoured powder in labelled sachets that
are blinded for both the participants and investigators.
Participants will be randomly assigned to one of the inter-
vention groups (see randomisation and blinding). Both
supplements will be produced and supplied by Danone
Nutricia Research, Utrecht, the Netherlands. The active
supplement consists of 4g proteins and free amino acids,
4 g fat (fish oil; N6/N3 ratio=0.12), 8 g carbohydrates and
6 ¢ fibres, providing 1g of N-3 long-chain PUFAs (600 mg
eicosapentaenoic acid (EPA) and 400mg docosahexae-
noic acid (DHA)), 200mg tryptophan, 20pg vitamin D
and 6g of prebiotic fibres as core components (table 1).
To minimise risk of other nutritional deficiencies and to
ensure presence of essential cofactors, supportive micro-
nutrients are provided at dosages present in a normal
diet and below no observed adverse effect levels together
with these core ingredients in the supplement. The dose
of components are all within the recommendations and
safety levels as provided by the European Food and Safety
Authority, as published in their report of December
2017.%® The active supplement includes a daily dose of
94 kCal. The placebo product is isocaloric and isoni-
trogenous where protein and free amino acid levels are
compensated with L-alanine as neutral amino acid that is
known to not modulate outcome parameters in patients
with COPD, fish oil is replaced by vegetable oils (palm
and soy oil; N6/N3 ratio=12.3) without EPA and DHA,
and fibre/energy is compensated by maltodextrin. The
micronutrients will not be added to the placebo powder.
Each day, one sachet will be consumed after suspension
in 60mL water or any other drink. In case patients are
hospitalised during the intervention period, patients
will have to quit supplement ingestion temporarily until
discharge in order to avoid interactions of the supple-
ment with the medical care. The subjects will receive the
nutritional supplements for a period of 2months. New
nutritional supplements will be provided at home by the
investigators or sent by mail.

Healthy lifestyle counselling

Both groups will receive counselling on healthy lifestyle
(in particular physical activity and smoking cessation),
weight management (loss or gain) and medical adher-
ence. Counselling is based on the Self-Determination
Theory (SDT) and will be operationalised through moti-
vational interviewing by one of the trained researchers.™
The counselling aims at increasing self-regulation skills
of the participants, as well as competence and autonomy.
Briefly, at baseline subjects will be informed about the
results of their physical activity level, body composition

and dietary intake. Subsequently, subjects will be asked
to construct specific learning goals based on their phys-
ical activity level, smoking status and weight manage-
ment. Every month, one of the counsellors will contact
the subjects and perform a short interview in which the
subjects will be asked to recall and name the specific
learning goals. Furthermore, the learning goals will be
discussed and potentially adjusted using motivational
interviewing. During this interview, researchers will also
record any adverse events and researchers will ask the
subjects the number of supplements they have left in
order to check for compliance. This monthly contact will
additionally give the researchers the opportunity to keep
the subjects motivated for participation in this study.

Study procedures and outcomes

Table 3 gives an overview of measurements taking place
at each measurement day in order to assess the study
outcomes. Figure 2 provides a timeline of a baseline or end
measurement day (M1 and M3). The subset of measure-
ments included at M2, T1 and T2 will be performed in
the same order as depicted in figure 2.

Primary outcomes

In line with the joint American Thoracic Society/Euro-
pean Respiratory Society taskforce on outcome measures
in COPD, which recommends a multioutcome approach
in trials with COPD, this study includes both daily phys-
ical activity level and general health status as coprimary
outcomes.”’ Both primary outcomes will be measured on
each measurement day (table 3). Physical activity level
will be measured using the activPAL (PAL Technologies,
Glasgow, Scotland), which is capable of recording step
count and physical activity pattern and intensity for a
continuous period. The activPAL has been validated in
patients with COPD.*" The activPAL will be attached to
the centre of the right thigh and subjects have to wear
this device for 7 consecutive days, 24 hours per day. The
activPal calculates total amount of steps which is one
of the primary outcomes in this study. Additionally, the
activPAL calculates body posture as sitting, lying, standing
and stepping in hours per day, and energy expenditure
in metabolic equivalent of tasks (value) using static and
dynamic acceleration information,* which will be anal-
ysed as secondary outcomes. Following the recommen-
dation by Demeyer et al, only measurements including
a minimum of three completely measured days will be
considered valid to be included in the analysis.*

General health status will be assessed by the Euro-
Qol-5 dimensions (EQ-5D), which is a generic classifica-
tion system used to characterise current health states of
patients. The EQ-5D consists of five domains (mobility,
self-care, usual activity, pain/discomfort, anxiety/depres-
sion) and a Visual Analogue Scale (EQ-VAS). Subjects
will be asked to indicate their level of health by checking
one of three levels of functioning for each domain. For
the VAS, subjects draw a line from a box to the point on
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Outcome Measurement

x
=
=
x
x

Physical activity level Accelerometry

Secondary outcomes

Cognitive function CANTAB X X X X

Depression and anxiety DASS-21* X X X X

Level of stress PSS* X X X X

Chronic stress Hair cortisol X X X X

Lower extremity performance SPPB X X X X

Mouth pressure MicroRPM monitor X X X X

Body composition

Weight

=
x
=
>

Blood markers

x
x
x
x

Nutrient levels Vitamin E and D, PUFAs, amino acids, homocysteine X

Fatigue Cls*

x
x
x
x

<
>
<
P

Sleep quality PSQl*

x
<
x
x

Intestinal integrity IFABP rest

x
=
=

Microbiome composition Stool sampling (optional)

<
x

Lung function Spirometry and body plethysmography

Impact of COPD CAT*

x
x
x
x

Breathlessness Modified MRC-scale*

x
=
x
x

x
x
x
x
<

Medication use Medical records and self-report

x
<

Food intake 3-day food diary
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Measurements at baseline, after 3 months and at the end of the study are indicated as M1, M2 and M3, respectively. The recovery period after a hospitalisation for a COPD
exacerbation is indicated as T1 and T2.

*Questionnaire.

TSubjects will be requested to refrain from the use of nutritional supplements during the course of the study. In subjects who do not stop due to their medical condition or other
arguments, frequency, dose and type of nutritional supplement are recorded.

CANTAB, Cambridge Neuropsychological Test Automated Battery; CAT, COPD Assessment Test; CCQ, Clinical COPD Questionnaire; CIS, Checklist Individual Strength; COPD,
chronic obstructive pulmonary disease; DASS-21, Depression Anxiety Stress Scale; DEXA, dual-energy X-ray absorptiometry; EQ-5D, EuroQol 5 dimensions; HADS, Hospital Anxiety
and Depression Scale; Hs-CRP, high-sensitive C reactive protein; IFABP, intestinal fatty acid-binding protein; IL, interleukin; MRC, Medical Research Council; 6BMWT, 6 min walking
test; PSQI, Pittsburgh Sleep Quality Index; PSS, Perceived Stress Scale; PUFAs, poly unsaturated fatty acids; SDT, Self-Determination Theory; SECPT, Socially Evaluated Cold-Pressor
Test; SPPB, short physical performance battery; VAS, Visual Analogue Scale.
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Sending materials for stool
sampling, questionnaires
and food diary

. Reception + sampling stool, questionnaires and food diary
(=) . Measurement of height, weight and waist circumference
@ [l First blood sampling
. SECPT + hair sampling

CANTAB part |
First 6GMWT
SPPB

10:00h

CANTAB part Il

Second blood sampling

Breakfast

Mouth pressure test

Handgrip strength test

Spirometry

DEXA-scan

Second 6MWT

. Attach accelerometer + supply supplements

11:00h

12:00h

13:00h

Figure 2 Timeline of measurement day. This outline
provides a timeline of a measurement day at M1 and M3.
During M2, T1 and T2 a selection of these measurements

will be performed as described in table 3. Measurements

will be performed in this order unless logistically not

possible. BMWT, 6 min walking test; CANTAB, Cambridge
Neuropsychological Test Automated Battery; DEXA, dual-
energy X-ray absorptiometry; SECPT, Socially Evaluated
Cold-Pressor Test; SPPB, short physical performance battery.

the thermometer-like scale corresponding to their health

state, 0100 (100 is best health state).*

Secondary outcomes

Cognitive function

Cognitive function will be measured by the Cambridge
Neuropsychological Test Automated Battery (CANTAB,
Cambridge Cognition, Cambridge, UK) which has been
widely used in a large range of clinical studies, and has
been thoroughly documented, replicated and validated.®
The CANTAB will be performed on a tablet computer
under supervision of the researchers and will include the
following tasks: motor screening task, reaction time task,
paired associated learning, delayed matching-to-sample,
spatial working memory and stop signal task.

Psychological well-being

Multiple questionnaires will be used to assess depression,
anxiety and stress. The Depression Anxiety Stress Scale
21 (DASS-21) and the Hospital Anxiety and Depres-
sion Scale (HADS) will be used to assess vulnerability
to depression. The DASS-21 is a clinical assessment that
measures the three related states of depression, anxiety
and stress." It consists of 21 negative emotional symp-
toms and subjects will be asked how often they have expe-
rienced each symptom over the past week, on a 4-point
severity/frequency scale. The HADS is a 14-item instru-
ment designed to detect the presence and severity of
mild degrees of mood disorder, anxiety and depression
in hospital and community settings and outside.” It will

allow us to measure domain-specific quality of life. The
Cohen’s Perceived Stress Scale, which is a measure of the
degree to which situations in one’s life are appraised as
stressful,” will be used to assess the level of stress. Ten
items assess how unpredictable, uncontrollable and over-
loaded respondents have found their lives to be over the
last month. The scale also includes a number of direct
queries about current stress levels.

Acute as well as chronic cognitive stress susceptibility
will be measured. To assess acute stress, the Socially Eval-
uated Cold-Pressor Test (SECPT) following the protocol
described by Schwabe et al will be used.” Briefly, the
subject will immerse his or her right hand including the
wrist into ice water (0°C—4°C) for a maximum of 3min.
Before and afterwards, blood pressure, heart rate and
cortisol in the saliva will be measured. Furthermore,
subjects will be asked to rate how stressful, painful and
unpleasant this has been, on a scale from 0 (‘notatall’) to
100 (‘very’). To assess chronic stress cortisol levels in hair
samples will be measured, since this reflects the long-term
impact of stress.”’ Therefore, a small piece of hair will be
sampled before the SECPT to determine cortisol level in
hair as a marker for long-term stress. Both saliva and hair
cortisol will be determined using liquid chromatography
with tandem mass spectrometry.”

Physical performance

To measure physical performance, the lower extremity
performance will be measured by the short physical perfor-
mance battery (SPPB) and the three individual types of
physical manoeuvres: the balance test, the gait speed test
and the chair stand test.”* The SPPB is commonly used in
older populations, but has also been shown to be a valid
and simple assessment tool to measure functional impair-
ment in COPD, independent of the severity of airflow
obstruction.”

Muscle strength will be measured by the handgrip
strength test, which has been widely used as a general indi-
cator of frailty with predictive validity for both mortality
and functional limitation.”**® The handgrip strength will
be measured in the dominant hand using a hydraulic grip
strength dynamometer.

The 6 min walking test (6MWT) will be used to measure
functional exercise performance. First, a practice test
will be performed as recommended by the American
Thoracic Society whereupon the highest walking distance
will be reported.”® Before and after the 6MWT dyspnoea
and overall fatigue using the Borg scale will be rated. The
6MWT is commonly used in clinical practice to assess
impairment and functional level in patients with pulmo-
nary disease.”

The MicroRPM monitor (Micro Medical/CareFusion,
Basingstoke, UK), will be used to assess the maximum
inspiratory and expiratory mouth pressures (MIP/
MEP), as a measure for respiratory muscle strength.‘r’7
To measure MIP, the subjects will be asked to exhale to
residual volume and then perform a ‘Mueller’ manoeuvre,
a forced inhalation against the MicroRPM with as much
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effort as possible for as long as possible (minimum 25s).
To measure MEP, subjects will be asked to inhale to total
lung capacity and then perform a ‘Valsalva’ manoeuvre,
a forced exhalation against the MicroRPM with as much
effort as possible for as long as possible (minimum 2s).
Both MIP and MEP procedures are repeated three times,
of which the highest value is used.

Body composition

To assess whole body composition a dual energy X-ray
absorptiometry (DEXA) scan will be performed. Using
the DEXA scan lean mass, fat mass and bone mass can
be measured at whole body level and for the extremities.
Furthermore, height and weight will be measured using a
wall-mounted stadiometer and a standard balance beam
scale.

Systemic inflammation and nutrient levels

Blood samples (both serum and plasma) will be stored at
—-80°C and will be analysed after completion of the trial.
Markers of systemic inflammation (such as high-sensitive
C-reactive protein, procalcitonin, interleukin-6, interleu-
kin-8 and leucocyte levels), nutrient status (such as vitamin
E,vitamin D, PUFAs, amino acids (tryptophan) and homo-
cysteine) and mechanistic markers of gut-muscle—brain
cross-talk (such as kynurenine and kynurenic acid) will
be determined as previously described.”” ** The nutrient
levels will be used to check for compliance.

Patient-related outcomes

The Checklist Individual Strength (CIS) will be used to
assess fatigue. The CIS is a 20-item self-report question-
naire that measures several aspects of fatigue: fatigue
severity, concentration, motivation and physical activity
level.”

The VAS will be used to assess pain. In case patients
experience pain in a specific part of the body, the loca-
tion of the pain will be reported.

Pittsburgh Sleep Quality Index (PSQI) will be used to
assess sleep quality. The PSQI is a self-report question-
naire to assess sleep quality. The questionnaire consists
of 19 individual items, creating seven components that
produce one global score.”

Intestinal integrity and gut microbiome
To evaluate the presence and the extent of small intes-
tine injury, plasma intestinal fatty acid-binding protein
(IFABP) will be determined in rest and after the 6MWT
using an enzyme-linked immunosorbent assay.'' IFABP
is exclusively present in the gut, especially in the mature
enterocytes of the small intestine and to a lesser extent
in the colon. It rapidly diffuses through the interstitial
space into the circulation on enterocyte membrane integ-
rity loss, making it an early and sensitive marker of small
intestine injury.”” One hour after the 6MWT, IFABP will
again be determined, since activities of daily living led to
enterocyte damage in patients with COPD."

In addition, composition of the gut microbiome will
be measured in selected stool samples. Stool sampling

is voluntary for each subject. Preferably, the day before
the measurement day subjects will gather stool samples
at home in a container and store them in a cool environ-
ment. The consistency of the stool samples will be scored
using the Bristol stool form scale,” ranging from 1 (ie,
hard lumpy) to 7 (ie, watery/liquid stools). Stool samples
will be aliquoted and stored at —80°C until microbiome
composition and functionality is analysed using state-of-
the-art metagenome sequencing.”

Other study outcomes

In addition to the secondary outcomes, lung function
will be measured using postbronchodilator spirometry
according to the GOLD criteria.' Additionally, ques-
tionnaires will be used to determine disease impact on
well-being and daily life,”> COPD-specific health status®
and breathlessness.”” Medication use medical history
and history of exacerbations will be recorded based on
self-report and based on medical records. Furthermore,
subjects will be asked to record everything they eat
and drink for 3 entire days (3-day food diary) in order
to assess the food intake. For everything they consume
subjects are asked to record the time of consumption, the
type of food, the brand name and a detailed description
and the amount consumed and anything that was added
to the food (eg, sugar, salt). Additionally, subjects under-
lying motivational regulations for being physically active
and eating healthy will be determined using multiple
SDT-based questionnaires.“F7O In case a subject will be
hospitalised for a COPD exacerbation, details of the exac-
erbation (eg, duration, viral/bacterial infection based on
sputum and blood markers including C-reactive protein
and eosinophils, blood gases) will be recorded from
medical records.

Statistical analysis

Sample size calculation

The recruitment target is calculated to ensure adequate
statistical power to detect a difference in the primary
outcomes step count and general health status after 1year
supplementation with the active nutritional supplement
compared to the placebo supplement. Both outcomes
have been assessed in our previous NUTRAIN trial,” "'
so we expect a mean difference between the intervention
and placebo group of 900 steps/day (which is also consid-
ered a clinically important difference’®) with a SD of 1790
steps/day and a mean difference in EQ-5D index score
of 0.0775 with a SD of 0.153. Using a power of 80% and
a significance level of 0.05, we conclude that 62 patients
per group finishing the intervention will be sufficient.
Based on our experiences with the NUTRAIN trial, we
estimate that the drop-out rate will be 25%. Therefore, 83
patients per group will be included.

Randomisation and blinding

Participants meeting the eligibility criteria will be
randomised to the active or placebo supplement by an
independent researcher. A block randomisation will be
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conducted to ensure equal allocation of patients in the
intervention and control group. The block size will be 10,
including five interventions and five controls. The inde-
pendent researcher will use the minimisation method
to maintain an equal distribution in age, gender, lung
function and history of exacerbations of the subjects.73 "
Briefly, the independent researcher will regularly check
(after every 25 included subjects) if these factors are statis-
tically comparable between both groups. In case of large
differences, the independent researcher will influence
the randomisation scheme by manually appointing future
subjects to one of the groups until groups are compa-
rable again. The independent researcher will provide the
investigator with a number corresponding to a batch of
sachets which the investigator will provide to the subjects.
The dependent investigators as well as the subjects will be
blinded throughout the study.

Data analysis and statistical methods

Data analyses will be conducted using the statistical
package IBM SPSS Statistics for Windows (SPSS Inc,
Chicago, Illinois, USA). Kolmogorov-Smirnov normality
test will be used to evaluate normal distributions. If neces-
sary, data will be transformed with appropriate functions
to achieve normality. In normally distributed data baseline
values for the two groups will be compared by the inde-
pendent sample t-test. If transformation does not result in
normally distributed data, non-parametric methods will
be used. x* analysis will be performed for categorical vari-
ables. Generally, all analyses will be performed according
to the intention-to-treat (ITT) principle. Only subjects’
compliant to the intervention will be included in the per
protocol analysis, which will be used as a sensitivity anal-
ysis for the ITT analyses. A second per protocol analysis
will be performed excluding subjects that used nutritional
supplements other than the study products. Within the
subset of patients who have been hospitalised for a COPD
exacerbation, the effect of nutritional supplementation
on the recovery phase (Tl and T2) will be investigated
as an explorative analysis. To determine the effects of the
nutritional supplementation on the primary, secondary
and other parameters, repeated measures analysis will
be used to compare mean changes between M1 and M2,
M1 and M3 and between T1 and T2. Two-sided p values
<0.05will be claimed as statistically significant.

Safety assessment

Adverse events and serious adverse events will be recorded
during the study. An independent data safety monitoring
board (DSMB) will be assigned to perform analysis on
the serious adverse events data. The DSMB will meet
after 25%, 50% and 75% of the inclusion is completed
or when principal investigators do striking observations
that need further investigation. The DSMB will check
whether serious adverse events are related to the study
product and will subsequently give the principal investi-
gators advice on the continuation of the study.

Patient and public involvement

A patient advisory panel is included in the current study
and gave feedback on the study design and patient infor-
mation during a face-to-face meeting that was organised
by the researchers. During the study, this panel will be
informed about the study progression and at the end
of the study they will be involved in interpretation and
dissemination of the results towards the patient popu-
lation. Additionally, all individual participants will be
informed about their personal results after a measure-
ment day. After the full study has been finished, all partic-
ipants will be informed about the total study results.

ETHICS AND DISSEMINATION

The study has been approved by the Medical Ethics
Committee from Maastricht University Medical Centre+
(MUMC+ (NL66543.068.18/METC18-011)) and is regis-
tered at clinicaltrials.gov (NCT03807310). The study
will be conducted according to the principles laid down
in the Declaration of Helsinki (Brazil, October 2013).
Subjects will be provided with at least 1week to consider
their participation and will be given an opportunity to
ask questions before they will sign the informed consent.
Subjects will be informed that they can leave the study at
any time for any reason. Handling of the personal data
in this study will conform to the General Data Protection
Regulation. Data will be handled confidentially. To trace
data of individual subjects, the study will use a subject
identification code list that is linked to the data of the
participating subjects. Only the principal investigators
have access to this code list. The results of this study will
be disseminated through presentations at national and
international respiratory and nutritional conferences and
through publications in peer-reviewed journals.

Twitter Ardy van Helvoort @ArdyvanHelvoort

Acknowledgements The researchers want to thank the patient advisory panel for
their involvement thus far in the development of the current study.

Contributors RB, HG, AvH, RJJH and AS developed the protocol. RB and LEJvl
drafted the manuscript. All authors (RB, LEJvl, LS, RJJH, SOS, AvH, HG, AS) reviewed
the protocol as well as this manuscript.

Funding This work was supported by a LSH-TKI Lung Foundation grant
10.2.16.119, 2017 ‘Food for thought and active lifestyle in COPD’.

Competing interests AvH is employed by Danone Nutricia Research. RJJH is
retired from Danone Nutricia Research. AvH and RJJH report that a patent might
derive from the research described in this paper. SOS reports grants and personal
fees from GlaxoSmithKline, personal fees from Chiesi, grants from Boehringer
Ingelheim, grants from AstraZeneca, all outside the submitted work. HG and AS
were granted PPP Allowance made available by Health Holland, Top Sector Life
Sciences & Health to Lung Foundation Netherlands and matching by UM, UU,
Nutricia Reasearch. All other authors report no competing interests.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability

Beijers RJHCG, et al. BMJ Open 2022;12:059252. doi:10.1136/bmjopen-2021-059252

“ybuAdoo Aq parosroid 1sanb Aq 120z ‘6T |1Mdy uo ywod fwg uadolwg//:dny woiy papeojumod "2zZ0z YdJeN 9T U0 25Z26S0-T20g-uadolwag/osTT 0T st paysiignd 1sai :uado NG


https://twitter.com/ArdyvanHelvoort
http://bmjopen.bmj.com/

of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error

and/or

omissions arising from translation and adaptation or otherwise.

20

Remels AHV, Gosker HR, Langen RCJ, et al. The mechanisms of
cachexia underlying muscle dysfunction in COPD. J Appl/ Physiol
2013;114:1253-62.

. . o . ) 21 Langen RCJ, Haegens A, Vernooy JHJ, et al. NF-«xB activation is

Open access This is an open access article distributed in accordance with the required for the transition of pulmonary inflammation to muscle

Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which atrophy. Am J Respir Cell Mol Biol 2012;47:288-97.

permits others to distribute, remix, adapt, build upon this work non-commercially, 22 Remels AHV, Gosker HR, Schrauwen P, et al. Tnf-Alpha impairs

and license their derivative works on different terms, provided the original work is regulation of muscle oxidative phenotype: implications for

properly cited, appropriate credit is given, any changes made indicated, and the use cachexia? Faseb J 2010;24:5052-62.

is non-commercial. See: hitp://creativecommons.org/licenses/by-nc/4.0/. 23 Sprooten RTM, Lenaerts K, Brasken DCW, et al. Increased small
intestinal permeability during severe acute exacerbations of COPD.

ORCID iDs 24 Cesp;']ratioAn |2:O18;9§ﬁ3:—1|_425 PM, et al. Copd and th

" . . 'aughan A, Frazer ZA, Hansbro PM, et al. Copd and the

Rosa.nne jJHCG Beijers http.//orCId.org/OOOO-0001 -8192-0543 gut-lung axis: the therapeutic potential of fibre. J Thorac Dis

Sami 0 Simons http://orcid.org/0000-0002-4296-5076 2019;11:52173-80.

Ardy van Helvoort http://orcid.org/0000-0002-3585-0676 25 Foster JA, Rinaman L, Cryan JF, Stress CJF. Stress & the gut-
brain axis: Regulation by the microbiome. Neurobiol Stress
2017;7:124-36.

26 Zinellu A, Fois AG, Zinellu E, et al. Increased kynurenine plasma
concentrations and kynurenine-tryptophan ratio in mild-to-
moderate chronic obstructive pulmonary disease patients. Biomark

REFERENCES Med 2018;12:229-37.

1 Vogelmeier CF, Agusti A, Anzueto A, et al. Global strategy for the 27 Gosker HR, Clarke G, de Theije CC, et al. Impaired skeletal
diagnosis, management, and prevention of chronic obstructive lung muscle kynurenine metabolism in patients with chronic obstructive
disease (2021 report), 2021. Available: https://goldcopd.org/ pulmonary disease. J Clin Med 2019;8. doi:10.3390/jcm8070915.

2 Lainscak M, Gosker HR, Schols AMWJ. Chronic obstructive [Epub ahead of print: 26 06 2019].
pulmonary disease patient journey: hospitalizations as window of 28 Kennedy PJ, Cryan JF, Dinan TG, et al. Kynurenine pathway
opportunity for extra-pulmonary intervention. Curr Opin Clin Nutr metabolism and the microbiota-gut-brain axis. Neuropharmacology
Metab Care 2013;16:278-83. 2017;112:399-412.

3 Demeyer H, Costilla-Frias M, Louvaris Z, et al. Both moderate and 29 Duefias-Espin I, Demeyer H, Gimeno-Santos E, et al. Depression
severe exacerbations accelerate physical activity decline in COPD symptoms reduce physical activity in COPD patients: a
patients. Eur Respir J 2018;51. doi:10.1183/13993003.02110-2017. prospective multicenter study. Int J Chron Obstruct Pulmon Dis
[Epub ahead of print: 25 01 2018]. 2016;11:1287-95.

4 Donaldson GC, Seemungal TAR, Bhowmik A, et al. Relationship 30 Coultas DB, Jackson BE, Russo R, et al. Home-Based physical
between exacerbation frequency and lung function decline in activity coaching, physical activity, and health care utilization
chronic obstructive pulmonary disease. Thorax 2002;57:847-52. in chronic obstructive pulmonary disease. chronic obstructive

5 Miravitlles M, Ferrer M, Pont A, et al. Effect of exacerbations pulmonary disease self-management activation research trial
on quality of life in patients with chronic obstructive pulmonary secondary outcomes. Ann Am Thorac Soc 2018;15:470-8.
disease: a 2 year follow up study. Thorax 2004;59:387-95. 31 Spruit MA, Singh SJ, Garvey C, et al. An official American thoracic

6 Gosker HR, Langen RC, Simons SO. Role of acute exacerbations Society/European respiratory Society statement: key concepts and
in skeletal muscle impairment in COPD. Expert Rev Respir Med advances in pulmonary rehabilitation. Am J Respir Crit Care Med
2021;15:1-13. 2013;188:e13-64.

7 Falck RS, Davis JC, Liu-Ambrose T. What is the association 32 Egan C, Deering BM, Blake C, et al. Short term and long term
between sedentary behaviour and cognitive function? A systematic effects of pulmonary rehabilitation on physical activity in COPD.
review. Br J Sports Med 2017;51:800-11. Respir Med 2012;106:1671-9.

8 Teychenne M, Costigan SA, Parker K. The association between 33 Mador MJ, Patel AN, Nadler J. Effects of pulmonary rehabilitation
sedentary behaviour and risk of anxiety: a systematic review. BMC on activity levels in patients with chronic obstructive pulmonary
Public Health 2015;15:513. disease. J Cardiopulm Rehabil Prev 2011;31:52-9.

9 Zhai L, Zhang Y, Zhang D. Sedentary behaviour and the risk of 34 Steele BG, Belza B, Cain KC, et al. A randomized clinical trial of an
depression: a meta-analysis. Br J Sports Med 2015;49:705-9. activity and exercise adherence intervention in chronic pulmonary

10 Gea J, Pascual S, Casadevall C, et al. Muscle dysfunction in disease. Arch Phys Med Rehabil 2008;89:404-12.
chronic obstructive pulmonary disease: update on causes and 35 van de Bool C, Rutten EPA, van Helvoort A, et al. A randomized
biological findings. J Thorac Dis 2015;7:E418-38. clinical trial investigating the efficacy of targeted nutrition as adjunct

11 Rutten EPA, Lenaerts K, Buurman WA, et al. Disturbed intestinal to exercise training in COPD. J Cachexia Sarcopenia Muscle
integrity in patients with COPD: effects of activities of daily living. 2017;8:748-58.

Chest 2014;145:245-52. 36 Chan A-W, Tetzlaff JM, Altman DG, et al. Spirit 2013 statement:

12 Matte DL, Pizzichini MMM, Hoepers ATC, et al. Prevalence of defining standard protocol items for clinical trials. Ann Intern Med
depression in COPD: a systematic review and meta-analysis of 2013;158:200-7.
controlled studies. Respir Med 2016;117:154-61. 37 Zhu B, Zhu B, Xiao C, et al. Vitamin D deficiency is associated with

13 Hung WW, Wisnivesky JP, Siu AL, et al. Cognitive decline among the severity of COPD: a systematic review and meta-analysis. Int J
patients with chronic obstructive pulmonary disease. Am J Respir Chron Obstruct Pulmon Dis 2015;10:1907-16.

Crit Care Med 2009;180:134-7. 38 European Food Safety Authority. Dietary reference values for

14 Yohannes AM, Chen W, Moga AM, et al. Cognitive impairment in nutrients. summary report, 2017. Available: https://www.efsa.
chronic obstructive pulmonary disease and chronic heart failure: a europa.eu/sites/default/files/2017_09_DRVs_summary_report.pdf
systematic review and meta-analysis of observational studies. J Am 39 Resnicow K, Dilorio C, Soet JE, et al. Motivational interviewing
Med Dir Assoc 2017;18:451 e1-e11. in health promotion: it sounds like something is changing. Health

15 van Beers M, Janssen DJA, Gosker HR, et al. Cognitive impairment Psychol 2002;21:444-51.
in chronic obstructive pulmonary disease: disease burden, 40 Cazzola M, MacNee W, Martinez FJ, et al. Outcomes for COPD
determinants and possible future interventions. Expert Rev Respir pharmacological trials: from lung function to biomarkers. Eur Respir
Med 2018;12:1061-74. J 2008;31:416-69.

16 Barnes PJ, Celli BR. Systemic manifestations and comorbidities of 41 Cindy Ng LW, Jenkins S, Hill K. Accuracy and responsiveness
COPD. Eur Respir J 2009;33:1165-85. of the stepwatch activity monitor and ActivPAL in patients with

17 Poot B, Travers J, Weatherall M, et al. Cognitive function during COPD when walking with and without a rollator. Disabil Rehabil
exacerbations of chronic obstructive pulmonary disease. Intern Med 2012;34:1317-22.

J 2019;49:1307-12. 42 Lyden K, Keadle SK, Staudenmayer J, et al. The activPALTM

18 Schneider C, Jick SS, Bothner U, et al. Copd and the risk of accurately classifies activity intensity categories in healthy adults.
depression. Chest 2010;137:341-7. Med Sci Sports Exerc 2017;49:1022-8.

19 Maltais F, Decramer M, Casaburi R, et al. An official American 43 Demeyer H, Mohan D, Burtin C, et al. Objectively measured
thoracic Society/European respiratory Society statement: update on physical activity in patients with COPD: recommendations from an
limb muscle dysfunction in chronic obstructive pulmonary disease. international Task force on physical activity. Chronic Obstr Pulm Dis
Am J Respir Crit Care Med 2014;189:e15-62. 2021;8:528-50.

10 Beijers RJHCG, et al. BMJ Open 2022;12:059252. doi:10.1136/bmjopen-2021-059252

“ybuAdoo Aq parosroid 1sanb Aq 120z ‘6T |1Mdy uo ywod fwg uadolwg//:dny woiy papeojumod "2zZ0z YdJeN 9T U0 25Z26S0-T20g-uadolwag/osTT 0T st paysiignd 1sai :uado NG


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-8192-0543
http://orcid.org/0000-0002-4296-5076
http://orcid.org/0000-0002-3585-0676
https://goldcopd.org/
http://dx.doi.org/10.1097/MCO.0b013e328360285d
http://dx.doi.org/10.1097/MCO.0b013e328360285d
http://dx.doi.org/10.1183/13993003.02110-2017
http://dx.doi.org/10.1136/thorax.57.10.847
http://dx.doi.org/10.1136/thx.2003.008730
http://dx.doi.org/10.1080/17476348.2021.1843429
http://dx.doi.org/10.1136/bjsports-2015-095551
http://dx.doi.org/10.1186/s12889-015-1843-x
http://dx.doi.org/10.1186/s12889-015-1843-x
http://dx.doi.org/10.1136/bjsports-2014-093613
http://dx.doi.org/10.3978/j.issn.2072-1439.2015.08.04
http://dx.doi.org/10.1378/chest.13-0584
http://dx.doi.org/10.1016/j.rmed.2016.06.006
http://dx.doi.org/10.1164/rccm.200902-0276OC
http://dx.doi.org/10.1164/rccm.200902-0276OC
http://dx.doi.org/10.1016/j.jamda.2017.01.014
http://dx.doi.org/10.1016/j.jamda.2017.01.014
http://dx.doi.org/10.1080/17476348.2018.1533405
http://dx.doi.org/10.1080/17476348.2018.1533405
http://dx.doi.org/10.1183/09031936.00128008
http://dx.doi.org/10.1111/imj.14259
http://dx.doi.org/10.1111/imj.14259
http://dx.doi.org/10.1378/chest.09-0614
http://dx.doi.org/10.1164/rccm.201402-0373ST
http://dx.doi.org/10.1152/japplphysiol.00790.2012
http://dx.doi.org/10.1165/rcmb.2011-0119OC
http://dx.doi.org/10.1096/fj.09-150714
http://dx.doi.org/10.1159/000485935
http://dx.doi.org/10.21037/jtd.2019.10.40
http://dx.doi.org/10.1016/j.ynstr.2017.03.001
http://dx.doi.org/10.2217/bmm-2017-0280
http://dx.doi.org/10.2217/bmm-2017-0280
http://dx.doi.org/10.3390/jcm8070915
http://dx.doi.org/10.1016/j.neuropharm.2016.07.002
http://dx.doi.org/10.2147/COPD.S101459
http://dx.doi.org/10.1513/AnnalsATS.201704-308OC
http://dx.doi.org/10.1164/rccm.201309-1634ST
http://dx.doi.org/10.1016/j.rmed.2012.08.016
http://dx.doi.org/10.1097/HCR.0b013e3181ebf2ef
http://dx.doi.org/10.1016/j.apmr.2007.11.003
http://dx.doi.org/10.1002/jcsm.12219
http://dx.doi.org/10.7326/0003-4819-158-3-201302050-00583
http://dx.doi.org/10.2147/COPD.S89763
http://dx.doi.org/10.2147/COPD.S89763
https://www.efsa.europa.eu/sites/default/files/2017_09_DRVs_summary_report.pdf
https://www.efsa.europa.eu/sites/default/files/2017_09_DRVs_summary_report.pdf
http://www.ncbi.nlm.nih.gov/pubmed/12211511
http://www.ncbi.nlm.nih.gov/pubmed/12211511
http://dx.doi.org/10.1183/09031936.00099306
http://dx.doi.org/10.1183/09031936.00099306
http://dx.doi.org/10.3109/09638288.2011.641666
http://dx.doi.org/10.1249/MSS.0000000000001177
http://dx.doi.org/10.15326/jcopdf.2021.0213
http://bmjopen.bmj.com/

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

Pickard AS, Wilke C, Jung E, et al. Use of a preference-based
measure of health (EQ-5D) in COPD and asthma. Respir Med
2008;102:519-36.

Lowe C, Rabbitt P. Test\re-test reliability of the CANTAB and
ISPOCD neuropsychological batteries: theoretical and practical
issues. Neuropsychologia 1998;36:915-23.

Lovibond PF, Lovibond SH. The structure of negative emotional
states: comparison of the depression anxiety stress scales (DASS)
with the Beck depression and anxiety inventories. Behav Res Ther
1995;33:335-43.

Zigmond AS, Snaith RP. The hospital anxiety and depression scale.
Acta Psychiatr Scand 1983;67:361-70.

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived
stress. J Health Soc Behav 1983;24:385-96.

Schwabe L, Haddad L, Schachinger H. Hpa axis activation by a
socially evaluated cold-pressor test. Psychoneuroendocrinology
2008;33:890-5.

O'Brien KM, Tronick EZ, Moore CL. Relationship between hair
cortisol and perceived chronic stress in a diverse sample. Stress
Health 2013;29:337-44.

van Ockenburg SL, Schenk HM, van der Veen A, et al. The
relationship between 63days of 24-h urinary free cortisol and hair
cortisol levels in 10 healthy individuals. Psychoneuroendocrinology
2016;73:142-7.

Guralnik JM, Simonsick EM, Ferrucci L, et al. A short physical
performance battery assessing lower extremity function: association
with self-reported disability and prediction of mortality and nursing
home admission. J Gerontol 1994;49:M85-94.

Patel MS, Mohan D, Andersson YM, et al. Phenotypic
characteristics associated with reduced short physical performance
battery score in COPD. Chest 2014;145:1016-24.

Rantanen T, Guralnik JM, Foley D, et al. Midlife hand grip strength
as a predictor of old age disability. JAMA 1999;281:558-60.
Rantanen T, Harris T, Leveille SG, et al. Muscle strength and body
mass index as long-term predictors of mortality in initially healthy
men. J Gerontol A Biol Sci Med Sci 2000;55:M168-73.

ATS Committee on Proficiency Standards for Clinical Pulmonary
Function Laboratories. Ats statement: guidelines for the six-minute
walk test. Am J Respir Crit Care Med 2002;166:111-7.

ATS/ERS statement on respiratory muscle testing. Am J Respir Crit
Care Med 2002;166:518-624.

Vercoulen JH, Swanink CM, Fennis JF, et al. Dimensional
assessment of chronic fatigue syndrome. J Psychosom Res
1994;38:383-92.

Buysse DJ, Reynolds CF, Monk TH, et al. The Pittsburgh sleep
quality index: a new instrument for psychiatric practice and
research. Psychiatry Res 1989;28:193-213.

Pelsers MMAL, Namiot Z, Kisielewski W, et al. Intestinal-Type

and liver-type fatty acid-binding protein in the intestine. tissue
distribution and clinical utility. Clin Biochem 2003;36:529-35.
Lewis SJ, Heaton KW. Stool form scale as a useful guide to
intestinal transit time. Scand J Gastroenterol 1997;32:920-4.
Ramiro-Garcia J, Hermes GDA, Giatsis C, et al. NG-Tax, a highly
accurate and validated pipeline for analysis of 16S rRNA amplicons
from complex biomes. F1000Res 2016;5:5.

Jones PW, Harding G, Berry P, et al. Development and first validation of
the COPD assessment test. Eur Respir J 2009;34:648-54.

van der Molen T, Willemse BWM, Schokker S, et al. Development,
validity and responsiveness of the clinical COPD questionnaire.
Health Qual Life Outcomes 2003;1:13.

Bestall JC, Paul EA, Garrod R, et al. Usefulness of the medical
Research Council (MRC) dyspnoea scale as a measure of disability
in patients with chronic obstructive pulmonary disease. Thorax
1999;54:581-6.

Markland D. Self-determination moderates the effects of perceived
competence on intrinsic motivation in an exercise setting. J Sport
Exercise Psy 1999;21:351-61.

Markland D, Ingledew DK. The measurement of exercise motives:
factorial validity and invariance across gender of a revised exercise
motivations inventory. Br J Health Psychol 1997;2:361-76.
Markland D, Tobin V. A modification to the behavioural regulation

in exercise questionnaire to include an assessment of Amotivation.
Journal of Sport and Exercise Psychology 2004;26:191-6.

Rose EA, Markland D, Parfitt G. The development and initial
validation of the exercise causality orientations scale. J Sports Sci
2001;19:445-62.

McAuley E, Duncan T, Tammen VV. Psychometric properties of

the intrinsic motivation inventory in a competitive sport setting: a
confirmatory factor analysis. Res Q Exerc Sport 1989;60:48-58.
van Beers M, Rutten-van Mélken MPMH, van de Bool C, et al.
Clinical outcome and cost-effectiveness of a 1-year nutritional

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

intervention programme in COPD patients with low muscle mass:
the randomized controlled NUTRAIN trial. Clin Nutr 2020;39:405-13.
Demeyer H, Burtin C, Hornikx M, et al. The minimal important
difference in physical activity in patients with COPD. PLoS One
2016;11:e0154587.

Han B, Enas NH, McEntegart D. Randomization by minimization for
unbalanced treatment allocation. Stat Med 2009;28:3329-46.
Pocock SJ, Simon R. Sequential treatment assignment with
balancing for prognostic factors in the controlled clinical trial.
Biometrics 1975;31:103-15.

Nurk E, Drevon CA, Refsum H, et al. Cognitive performance among
the elderly and dietary fish intake: the Hordaland health study. Am J
Clin Nutr 2007;86:1470-8.

Grosso G, Micek A, Marventano S, et al. Dietary n-3 PUFA, fish
consumption and depression: a systematic review and meta-
analysis of observational studies. J Affect Disord 2016;205:269-81.
Ma W-J, Li H, Zhang W, Zhai J, et al. Effect of n-3 polyunsaturated
fatty acid supplementation on muscle mass and function with aging:
A meta-analysis of randomized controlled trials™. Prostaglandins
Leukot Essent Fatty Acids 2021;165:102249.

Remels AHV, Langen RCJ, Schrauwen P, et al. Regulation of
mitochondrial biogenesis during myogenesis. Mol Cell Endocrinol
2010;315:113-20.

Yaqoob P, Calder P. Effects of dietary lipid manipulation upon
inflammatory mediator production by murine macrophages. Cell
Immunol 1995;163:120-8.

Duvall MG, Levy BD. Dha- and EPA-derived resolvins, protectins,
and maresins in airway inflammation. Eur J Pharmacol
2016;785:144-55.

Remels AHV, Langen RCJ, Gosker HR, et al. Ppargamma inhibits
NF-kappaB-dependent transcriptional activation in skeletal muscle.
Am J Physiol Endocrinol Metab 2009;297:E174-83.

Giudetti AM, Cagnazzo R. Beneficial effects of n-3 PUFA on chronic
airway inflammatory diseases. Prostaglandins Other Lipid Mediat
2012;99:57-67.

Chapkin RS, Akoh CC, Miller CC. Influence of dietary n-3 fatty
acids on macrophage glycerophospholipid molecular species and
peptidoleukotriene synthesis. J Lipid Res 1991;32:1205-13.
Guixa-Gonzalez R, Javanainen M, Gémez-Soler M, et al.
Membrane omega-3 fatty acids modulate the oligomerisation
kinetics of adenosine A2A and dopamine D2 receptors. Sci Rep
2016;6:19839.

Carabelli B, Delattre AM, Waltrick APF, et al. Fish-Oil
supplementation decreases Indoleamine-2,3-Dioxygenase
expression and increases hippocampal serotonin levels in the LPS
depression model. Behav Brain Res 2020;390:112675.

McGilory C, Calder PC, Nunes EA. The influence of omega-3 fatty
acids on skeletal muscle protein turnover in health, disuse, and
disease. Front Nutr 2019;6:144.

van de Bool C, Mattijssen-Verdonschot C, van Melick PPMJ, et al.
Quality of dietary intake in relation to body composition in patients
with chronic obstructive pulmonary disease eligible for pulmonary
rehabilitation. Eur J Clin Nutr 2014;68:159-65.

Varraso R, Fung TT, Barr RG, et al. Prospective study of dietary
patterns and chronic obstructive pulmonary disease among US
women. Am J Clin Nutr 2007;86:488-95.

Varraso R, Fung TT, Hu FB, et al. Prospective study of dietary
patterns and chronic obstructive pulmonary disease among US
men. Thorax 2007;62:786-91.

Hirayama F, Lee AH, Binns CW, et al. Dietary intake of isoflavones
and polyunsaturated fatty acids associated with lung function,
breathlessness and the prevalence of chronic obstructive
pulmonary disease: possible protective effect of traditional
Japanese diet. Mol Nutr Food Res 2010;54:909-17.

Broekhuizen R, Wouters EFM, Creutzberg EC, et al. Polyunsaturated
fatty acids improve exercise capacity in chronic obstructive
pulmonary disease. Thorax 2005;60:376-82.

Cervenka |, Agudelo LZ, Ruas JL. Kynurenines: tryptophan's
metabolites in exercise, inflammation, and mental health. Science
2017;357. doi:10.1126/science.aaf9794. [Epub ahead of print: 28
Jul 2017].

Richard DM, Dawes MA, Mathias CW, et al. L-Tryptophan:

basic metabolic functions, behavioral research and therapeutic
indications. Int J Tryptophan Res 2009;2:45-60.

Young SN. The effect of raising and lowering tryptophan levels on
human mood and social behaviour. Philos Trans R Soc Lond B Biol
Sci 2013;368:20110375.

Vardar-Yagli N, Saglam M, Savci S, et al. Impact of sleep quality on
functional capacity, peripheral muscle strength and quality of life

in patients with chronic obstructive pulmonary disease. Expert Rev
Respir Med 2015;9:233-9.

Beijers RJHCG, et al. BMJ Open 2022;12:059252. doi:10.1136/bmjopen-2021-059252

11

“ybuAdoo Aq parosroid 1sanb Aq 120z ‘6T |1Mdy uo ywod fwg uadolwg//:dny woiy papeojumod "2zZ0z YdJeN 9T U0 25Z26S0-T20g-uadolwag/osTT 0T st paysiignd 1sai :uado NG


http://dx.doi.org/10.1016/j.rmed.2007.11.016
http://dx.doi.org/10.1016/S0028-3932(98)00036-0
http://dx.doi.org/10.1016/0005-7967(94)00075-u
http://dx.doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://www.ncbi.nlm.nih.gov/pubmed/6668417
http://dx.doi.org/10.1016/j.psyneuen.2008.03.001
http://dx.doi.org/10.1002/smi.2475
http://dx.doi.org/10.1002/smi.2475
http://dx.doi.org/10.1016/j.psyneuen.2016.07.220
http://dx.doi.org/10.1093/geronj/49.2.m85
http://dx.doi.org/10.1378/chest.13-1398
http://dx.doi.org/10.1001/jama.281.6.558
http://dx.doi.org/10.1093/gerona/55.3.M168
http://dx.doi.org/10.1164/ajrccm.166.1.at1102
http://dx.doi.org/10.1164/rccm.166.4.518
http://dx.doi.org/10.1164/rccm.166.4.518
http://dx.doi.org/10.1016/0022-3999(94)90099-X
http://dx.doi.org/10.1016/0165-1781(89)90047-4
http://dx.doi.org/10.1016/S0009-9120(03)00096-1
http://dx.doi.org/10.3109/00365529709011203
http://dx.doi.org/10.12688/f1000research.9227.2
http://dx.doi.org/10.1183/09031936.00102509
http://dx.doi.org/10.1186/1477-7525-1-13
http://dx.doi.org/10.1136/thx.54.7.581
http://dx.doi.org/10.1123/jsep.21.4.351
http://dx.doi.org/10.1123/jsep.21.4.351
http://dx.doi.org/10.1111/j.2044-8287.1997.tb00549.x
http://dx.doi.org/10.1123/jsep.26.2.191
http://dx.doi.org/10.1080/026404101300149393
http://dx.doi.org/10.1080/02701367.1989.10607413
http://dx.doi.org/10.1016/j.clnu.2019.03.001
http://dx.doi.org/10.1371/journal.pone.0154587
http://dx.doi.org/10.1002/sim.3710
http://dx.doi.org/10.2307/2529712
http://dx.doi.org/10.1093/ajcn/86.5.1470
http://dx.doi.org/10.1093/ajcn/86.5.1470
http://dx.doi.org/10.1016/j.jad.2016.08.011
http://dx.doi.org/10.1016/j.plefa.2021.102249
http://dx.doi.org/10.1016/j.plefa.2021.102249
http://dx.doi.org/10.1016/j.mce.2009.09.029
http://dx.doi.org/10.1006/cimm.1995.1106
http://dx.doi.org/10.1006/cimm.1995.1106
http://dx.doi.org/10.1016/j.ejphar.2015.11.001
http://dx.doi.org/10.1152/ajpendo.90632.2008
http://dx.doi.org/10.1016/j.prostaglandins.2012.09.006
http://www.ncbi.nlm.nih.gov/pubmed/1940643
http://dx.doi.org/10.1038/srep19839
http://dx.doi.org/10.1016/j.bbr.2020.112675
http://dx.doi.org/10.3389/fnut.2019.00144
http://dx.doi.org/10.1038/ejcn.2013.257
http://dx.doi.org/10.1093/ajcn/86.2.488
http://dx.doi.org/10.1136/thx.2006.074534
http://dx.doi.org/10.1002/mnfr.200900316
http://dx.doi.org/10.1136/thx.2004.030858
http://dx.doi.org/10.1126/science.aaf9794
http://dx.doi.org/10.4137/ijtr.s2129
http://dx.doi.org/10.1098/rstb.2011.0375
http://dx.doi.org/10.1098/rstb.2011.0375
http://dx.doi.org/10.1586/17476348.2015.1009041
http://dx.doi.org/10.1586/17476348.2015.1009041
http://bmjopen.bmj.com/

96

97

98

99

Cleutjens FAHM, Pedone C, Janssen DJA, et al. Sleep quality
disturbances and cognitive functioning in elderly patients with
COPD. ERJ Open Res 2016;2. doi:10.1183/23120541.00054-2016.
[Epub ahead of print: 28 09 2016].

Song SB, Park JS, Chung GJ, et al. Diverse therapeutic efficacies
and more diverse mechanisms of nicotinamide. Metabolomics
2019;15:137.

Gulcev M, Reilly C, Griffin T, et al. Tryptophan catabolism in acute
exacerbations of chronic obstructive pulmonary disease. Int J
Chron Obstruct Pulmon Dis 2016;11:2435-46.

Dzik KP, Kaczor JJ. Mechanisms of vitamin D on skeletal muscle
function: oxidative stress, energy metabolism and anabolic state.
Eur J Appl Physiol 2019;119:825-39.

110

111

112

A compherensive review for pulmonologists. Clin Respir J
2018;12:382-97.

Carson EL, Pourshahidi LK, Madigan SM, et al. Vitamin D status
is associated with muscle strength and quality of life in patients
with COPD: a seasonal prospective observation study. Int J Chron
Obstruct Pulmon Dis 2018;13:2613-22.

Hornikx M, Van Remoortel H, Lehouck A, et al. Vitamin D
supplementation during rehabilitation in COPD: a secondary
analysis of a randomized trial. Respir Res 2012;13:84.

Alavi Foumani A, Mehrdad M, Jafarinezhad A, et al. Impact of
vitamin D on spirometry findings and quality of life in patients with
chronic obstructive pulmonary disease: a randomized, double-
blinded, placebo-controlled clinical trial. Int J Chron Obstruct

100 Ryan ZC, Crgig TA, Fo_Imes CD, et al. 10(,25—.Dihydroxyvitan_1in I_DS Pulmon Dis 2019;14:1495-501.
Eegulatgsk '\f'tto‘l:?/clmdrl'alc?’l(lygjnBc_;?rgﬁmptz'%q22311?13/2?2“"2’; n 113 Jolliffe DA, Greenberg L, Hooper RL, et al. Vitamin D to prevent
101 S”“L? gevi L_‘SCDeV,? S- DIO g dem st - # exacerbations of COPD: systematic review and meta-analysis of
rer\)/ieew 'gg $ ﬁelc:rzraly.sisl c?::rllr;])ariig stuedFi);ZSvs\/Ii?k?.aiZyV\S/i;rgﬁtlc individual participant data from randomised controlled trials. Thorax
a 2019;74:337-45.
o2 biclogicel fg""".;’g”’g?”tg 201461201 ;Ts- on of the vitami 114 IV(IJar?iheaig:AR, iolliﬁe DA, Greenberg L, et al. Vitamin D
Dyrzie to’r ar:é 1 ai hlg?h ?jro’xe Iaasé i;shrixr:;;r?r;);in 3‘8:&” supplementation to prevent acute respiratory infections:
Neuro;:va ¢ 2005_29% 1_3g Y ) individual participant data meta-analysis. Health Technol Assess
103 Buell JS, Dawson-Hughes B, Vitamin D. Vitamin D and 115 ?’?er gr;ifr?g;geterson JD, Gosker HR, et al. Psychological co-
neurocognitive dysfunction: preventing "D"ecline? Mol Aspects grim LE, R , etal. Fsycholog )
Med 2008:29:415-22. mort;ldltles in COPD: targetlr?g sy.stemlc inflammation, a benefit for
104 van Etten E, Stoffels K, Gysemans C, et al. Regulation of vitamin 116 g‘.)gh' Egpij I;hirr?fac_cg iAOB19§4t2,99—1 1§'| i £ the h
D homeostasis: implications for the immune system. Nutr Rev foson {an, Robel _rf)' - Dietary modufation ot the human
2008:66:5125-34. colonic microbiota: introducing the concept of prebiotics. J Nutr
105 Manhlin C, von Sydow H, Osmancevic A, et al. Vitamin D status 1995;125:1401-12. i
and dietary intake in a Swedish COPD population. Clin Respir J 117 den Besten G, van Eunen K, Groen AK, et al. The role of short-chain
2014:8:24-32. fatty acids in the interplay between diet, gut microbiota, and host
106 Zhu M, Wang T, Wang C, et al. The association between vitamin D energy metabolism. J Lipid Res 2013;54:2325-40.
and COPD risk, severity, and exacerbation: an updated systematic 118 Janbazacyabar H, van Bergenhenegouwen J, Verheijden KAT, et al.
review and meta-analysis. Int J Chron Obstruct Pulmon Dis Non-Digestible oligosaccharides partially prevent the development
2016;11:2597-607. of LPS-induced lung emphysema in mice. PharmaNutrition
107 Romme EAPM, Smeenk FWJM, Rutten EPA, et al. Osteoporosis 2019;10:100163. . .
in chronic obstructive pulmonary disease. Expert Rev Respir Med 119 Hanson C, Lyden E, Rennard S, et al. The relationship between
2013;7:397-410. dietary fiber intake and lung function in the National health
108 Persson LJP, Aanerud M, Hiemstra PS, et al. Chronic obstructive and nutrition examination surveys. Ann Am Thorac Soc
pulmonary disease is associated with low levels of vitamin D. PLoS 2016;13:643-50.
One 2012;7:€38934. 120 Szmidt MK, Kaluza J, Harris HR, et al. Long-Term dietary fiber
109 Kokturk N, Baha A, Oh Y-M, et al. Vitamin D deficiency: what intake and risk of chronic obstructive pulmonary disease: a
does it mean for chronic obstructive pulmonary disease (COPD)? prospective cohort study of women. Eur J Nutr 2020;59:1869-79.
12 Beijers RJHCG, et al. BMJ Open 2022;12:059252. doi:10.1136/bmjopen-2021-059252

“ybuAdoo Aq parosroid 1sanb Aq 120z ‘6T |1Mdy uo ywod fwg uadolwg//:dny woiy papeojumod "2zZ0z YdJeN 9T U0 25Z26S0-T20g-uadolwag/osTT 0T st paysiignd 1sai :uado NG


http://dx.doi.org/10.1183/23120541.00054-2016
http://dx.doi.org/10.1007/s11306-019-1604-4
http://dx.doi.org/10.2147/COPD.S107844
http://dx.doi.org/10.2147/COPD.S107844
http://dx.doi.org/10.1007/s00421-019-04104-x
http://dx.doi.org/10.1074/jbc.M115.684399
http://dx.doi.org/10.3390/nu6041501
http://dx.doi.org/10.1016/j.jchemneu.2004.08.006
http://dx.doi.org/10.1016/j.jchemneu.2004.08.006
http://dx.doi.org/10.1016/j.mam.2008.05.001
http://dx.doi.org/10.1016/j.mam.2008.05.001
http://dx.doi.org/10.1111/j.1753-4887.2008.00096.x
http://dx.doi.org/10.1111/crj.12030
http://dx.doi.org/10.2147/COPD.S101382
http://dx.doi.org/10.1586/17476348.2013.814402
http://dx.doi.org/10.1371/journal.pone.0038934
http://dx.doi.org/10.1371/journal.pone.0038934
http://dx.doi.org/10.1111/crj.12588
http://dx.doi.org/10.2147/COPD.S166919
http://dx.doi.org/10.2147/COPD.S166919
http://dx.doi.org/10.1186/1465-9921-13-84
http://dx.doi.org/10.2147/COPD.S207400
http://dx.doi.org/10.2147/COPD.S207400
http://dx.doi.org/10.1136/thoraxjnl-2018-212092
http://dx.doi.org/10.3310/hta23020
http://dx.doi.org/10.1016/j.ejphar.2018.10.001
http://dx.doi.org/10.1093/jn/125.6.1401
http://dx.doi.org/10.1194/jlr.R036012
http://dx.doi.org/10.1016/j.phanu.2019.100163
http://dx.doi.org/10.1513/AnnalsATS.201509-609OC
http://dx.doi.org/10.1007/s00394-019-02038-w
http://bmjopen.bmj.com/

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

Bijlage 4: Toestemmingsverklaring

Voor deelname aan het wetenschappelijk onderzoek:
Het effect van een voedingsinterventie op de dagelijkse lichamelijke activiteiten en de
gezondheidstoestand van patiénten met COPD
(NUTRECOVER trial) (NL66543.068.18; versie 8 / 13/09/2021)

Ik heb de informatiebrief gelezen (Versie 6). Ook kon ik vragen stellen. Ik had genoeg tijd
om te beslissen of ik meedoe. Ik weet dat meedoen vrijwillig is. Ook weet ik dat ik op ieder
moment kan beslissen om toch niet mee te doen of te stoppen met het onderzoek.
Daarvoor hoef ik geen reden te geven.

- Ik geef toestemming voor het informeren van mijn huisarts en behandelend arts dat ik
meedoe aan dit onderzoek.

- Ik geef toestemming voor het opvragen van informatie bij mijn huisarts/specialist(en)
die mij behandelt voor COPD.

- Ik geef toestemming voor het verzamelen en gebruiken van mijn gegevens,
bloedmonsters en lichaamsmateriaal voor de beantwoording van de onderzoeksvraag in
dit onderzoek.

- Ik weet dat voor controle van het onderzoek sommige mensen toegang tot al mijn
gegevens kunnen krijgen. Die mensen staan vermeld in de informatiebrief. Ik geef
toestemming voor
die inzage voor deze personen.

- Ik geef toestemming voor het informeren van mijn huisarts en/of behandelend specialist
van onverwachte bevindingen die van belang (kunnen) zijn voor mijn gezondheid.

- Ik geef wel/geen (doorhalen wat niet van toepassing is) toestemming om mijn
persoonsgegevens langer te bewaren en te gebruiken voor toekomstig onderzoek op
het gebied van leefstijlveranderingen in COPD.

- Ik geef wel/geen (doorhalen wat niet van toepassing is) toestemming om mijn
lichaamsmateriaal na afloop van dit onderzoek te bewaren. En om dit later nog voor
ander onderzoek te gebruiken, zoals in de informatiebrief staat.

- Ik geef wel/geen (doorhalen wat niet van toepassing is) toestemming om mij na dit
onderzoek te benaderen voor een vervolgonderzoek.

- Ik wil wel/niet (doorhalen wat niet van toepassing is) geinformeerd worden over welke
behandeling ik heb gehad/in welke groep ik zat.

- Ik wil meedoen aan dit onderzoek.
NAAM PrOEFPEISOON: ettt ettt ettt s et s e st te st ssae et e s et easstesesseteasoas

Handtekening: .......cccoovuieeirnneneeneceeee e Datum: __/

In te vullen door de onderzoeker: 1k verklaar hierbij dat ik deze proefpersoon volledig
heb geinformeerd over het genoemde onderzoek. Als er tijdens het onderzoek informatie
bekend wordt die de toestemming van de proefpersoon zou kunnen beinvioeden, dan
breng ik hem/haar daarvan tijdig op de hoogte.

NAGM ONUEIZOCKEI: ottt st et r e sbesassaseebbesbeae et sbeeassebaenbensensee

HandteKening: ......ccuoeeeereereirece et Datum: __/_
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