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Abstract
Introduction: Pulmonary rehabilitation (PR) is a cost-effective management
strategy in chronic obstructive pulmonary disease (COPD) patients which
improves exercise performance and health-related quality of life. However,
adherence to PR is common issue and this may be compounded by reduced
muscle mass and/or malnutrition. The use of nutritional supplementation to
overcome malnutrition and enhance outcomes for COPD patients during PR
has been limited by the absence of rigorous evidence.
Aim:

To

investigate

relationships

between

malnutrition,

nutritional

supplementation, and PR in COPD. Specifically, to investigate the effect of
protein-supplementation (Fortisip Compact Protein, FCP) during a COPD PR
program on exercise capacity, peripheral muscle strength, anthropometrics
measurements, anxiety and depression, health related quality of life, and
physical activity. To assess whether any changes in exercise capacity,
peripheral muscle strength, anthropometrics measurements, anxiety and
depression, health related quality of life, and physical activity associated with
nutritional supplementation are maintained at six weeks following PR.
Methods: A systematic review was conducted to summarise the current
evidence for using nutritional supplementation during PR in stable COPD to
enhance PR outcomes. The systematic review facilitated the development of
the research questions and main hypothesis. To identify the prevalence of
malnutrition in our population, we conducted a study in a COPD population
referred to PR, examining relationships between nutrition and disease severity.
We then conducted a double-blind randomised controlled trial using FCP as
an intervention and preOp (a carbohydrate supplement) as control in COPD
3

patient who participated in a six-week PR programme. Participants were
required to consume the intervention twice a day and attended PR sessions
two hours long, twice each week for six weeks, with complete pre- and postmeasures, including incremental shuttle walk test (ISWT) as the primary
outcome. We conducted a follow-up study to identify if changes in exercise
capacity and other outcomes were maintained six-week following completion
of PR. Finally, participants’ experience using both products was assessed in a
survey.
Results: It was impossible to draw definitive conclusions in the systematic
review due to heterogeneity, but nutritional supplements may enhance the
benefit of PR with a need for further well-designed and rigorous research to
address this area. In our PR population, the prevalence of malnutrition was
17% and lower BMI was significantly associated with lower FEV1, FEV1% and
FEV1/FVC. There were no statistically significant differences between
intervention and control groups in exercise capacity measured by ISWT at the
end of the PR, however, there was a clinically meaningful difference favouring
the intervention group (intervention: 342 m ±149 vs. control: 305 m ±148, p
>0.05). Individuals who reached that improvement had larger mid-thigh
circumference (responder: 62 cm ±4.5 vs. non-responder: 55 cm ±6.2; p
<0.05). Appetite did not change and the majority of participants were satisfied
with product
Conclusion:
Malnutrition is common in stable COPD patients referred for PR and lower BMI
is associated with lower lung function (FEV1). Using a high protein nutritional
supplementation in individuals with COPD who were enrolled in PR resulted in
4

a clinically meaningful difference favouring the intervention in exercise
capacity measured by ISWT, and that improvement was maintained least six
weeks later. A larger study would be necessary to demonstrate statistical
significance. Individuals who reached that improvement had larger mid-thigh
circumference. Nutritional supplements are acceptable to patients.
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Impact statement
The key findings of my thesis are 1) there remains insufficient evidence on
using nutritional supplements to improve outcomes during PR in COPD
patients; 2) malnutrition is common in COPD patients referred to PR and lower
BMI is associated with greater COPD severity of airflow obstruction; 3) a
clinically meaningful difference in exercise capacity favouring the proteinsupplementation group was seen in COPD patients during PR but a larger trial
would be needed to demonstrate this definitively, and 4) participants accepted
nutritional supplementation. Our results have potentially important implications
for clinical practice. First, nutritional assessment should be integrated as part
of PR assessments and should be performed routinely before, during, and
after PR with a validated screening tool given that malnutrition is common and
associated with poor outcomes in COPD. Second, our study suggests that
nutritional assessment should account for BMI, unintentional weight loss, and
body composition as some patients had abnormal muscle mass with stable or
normal BMI. Lastly, nutritional supplementation should be further studied in
adequately powered trials as part of PR research, as it appears to have a
positive effect on exercise capacity in some COPD patients. Findings from this
PhD highlighted the need for appropriately powered double-blind RCT studies
with larger sample size to investigate the effect of using high energy/high
protein nutritional supplement in enhancing PR outcomes in COPD, and
longer-term clinical outcomes, especially those who are at high-risk of
malnutrition. This would support recommendations to incorporate nutritional
intervention in PR management. The findings have been and/or will be
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disseminated through scientific journals, conferences, and social media to
maximise the reach of our research.
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1. Introduction

23

The scope of this introduction is to discuss the essential aspects or background
areas investigated in this Ph.D. thesis, considering Chronic Obstructive
Pulmonary

Disease,

Pulmonary

Rehabilitation

and

nutritional

supplementation.

1.1 Chronic Obstructive Pulmonary Disease (COPD)
In simple terms, COPD is a lung condition in which it is difficult to empty air out
of the lungs because of narrowed airways, making it difficult to breathe. COPD
is a common cause of morbidity and mortality worldwide (1); in fact it was the
fourth leading cause of mortality in 2015 (1). Without any further action, COPD
is expected to be the third leading cause of death by 2030 worldwide (2). It has
significant implications both on quality of life and financially, both for individuals
with the disease and healthcare organisations.
The Global Initiative for Chronic Obstructive Lung Disease (GOLD) definition
of COPD is "a common, preventable, and treatable disease that is
characterised by persistent respiratory symptoms and irreversible airflow
limitation that is due to airway and/or alveolar abnormalities usually caused by
significant exposure to noxious particles or gases."(3)
COPD often coexists with emphysema and chronic bronchitis. Emphysema is
pathologically defined as a permanent enlargement of the air spaces by
destruction of the alveolar wall (Figure 1) (4). As a consequence of this
destruction, pulmonary capillaries can be damaged, causing a significant
reduction in the effective gas exchange surface area of the lungs. Unlike
emphysema, chronic bronchitis is defined based on major clinical
manifestations. It is an inflammatory process that causes chronic productive
24

cough for three or more months in two or more consecutive years (5). As a
result of this chronic inflammation, the bronchial airways narrow due to both
congestion and mucosal oedema. Patients with chronic bronchitis usually have
an excessive amount of secretions. Both emphysema and chronic bronchitis
can develop together. In order to confirm the existence of COPD, pulmonary
function testing (spirometry) is required, as discussed further below.
Patients with COPD tend to have daily symptoms such as dyspnoea, cough
with or without sputum production, wheeze, and chest tightness. They also
have reduced exercise capacity, and susceptibility to frequent chest infections
or worsening of their symptoms, which are referred to as ‘exacerbations’ all of
which lead to impaired health related quality of life (6, 7).
COPD develops over many years after exposure to a causative factor, and
usually becomes more prevalent after the age of 40. Smoking is the most
common risk factor, although it can also be caused by indoor and/or outdoor
air pollution, and/or occupational dust, or biomass fuel exposure (1, 3).
Individuals with COPD are commonly diagnosed at a later stage, after the
lungs have already undergone significant damage (8). They rarely seek
medical care until more severe stages, when symptoms such as coughing,
breathlessness or decreasing physical activity are present, because people
with COPD often consider these symptoms to be normal changes due to
smoking and the ageing process (8).
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Figure 1: A, normal alveoli. B, alveoli with emphysema, which show collapsed
airway and damaged alveoli with loss of elasticity (9).

Figure 2: A, healthy airway. B, airway with chronic bronchitis, showing
inflammation of epithelium & mucous accumulation (10).
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1.1.1 Epidemiology
COPD is a common cause of morbidity and mortality worldwide (1). According
to the World Health Organization (WHO) report, COPD is the fourth leading
cause of mortality worldwide, and was responsible for the death of 3.2 million
worldwide in 2015 (11). In 2016, around 251 million cases were reported
globally (11). The prevalence of COPD was estimated to be 7.6% globally,
especially in adult males who are 40 years old and above (12). COPD is
expected to be the third leading cause of death by 2030 with 4.5 million deaths
annually (13, 14).
The total economic cost of COPD in 2015 was 1.75 trillion GBP globally, which
has a negative economic impact on the health care systems, and it is expected
to increase by 2030 to 4 trillion GBP (15).
According to the British Lung Foundation (BLF), around 1.2 million people in
the UK are diagnosed with COPD, making it the second-most common lung
disease in the country. Around 4.5% of adults over 40 live with COPD, and
two-third of people with COPD are still undiagnosed (16).
In the past, COPD in males was higher than in females but recent evidence
has reported almost equal prevalence (3). In 2012, the mortality rate was
around 30,000 deaths, 5% of total number of deaths in the UK, and 26% of
those with lung disease (16). COPD is the third leading cause of pulmonary
death in the UK (16, 17).
Annually, COPD costs the National Health Service (NHS) in the UK around 1.9
Billion GBP, with 140,000 emergency admissions, and more than one million
bed days (15).
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COPD has become a serious burden on health care systems globally, and
further research to mitigate this is a must.
1.1.2 Aetiology
Individuals who either regularly smoke tobacco or are exposed to indoor and/or
outdoor air pollution, and/or occupational dust, or biomass fuel, are at risk of
developing COPD (1, 3). All possible COPD risk factors are explained in detail
below (Table 1).
Table 1: Risk factors for Chronic Obstructive Pulmonary Disease (18).
Genetic factors (e.g. α -antitrypsin

Smoking

deficiency)
Age and sex

Occupational dust and
chemicals

Airway hyper-reactivity and asthma

Indoor and outdoor air
pollution

Chronic bronchitis

Recurrent bronchopulmonary
infections

Diet

Lung growth

1.1.2.1 Smoking
Globally, tobacco smoking has been and remains the most common risk factor
for COPD (18, 19). According to the WHO, smoking is responsible for 73%
and 40% of COPD mortality in high-income countries and low- to middleincome countries, respectively (18). Eight in nine cases are caused by
smoking, which indicates a higher risk of developing COPD for those who
smoke, and means the more one smokes, the more likely one is to develop
COPD; however, some smokers never develop COPD. There is also genetic
predisposition (e.g. alpha-1 antitrypsin deficiency) in those who have never
28

smoked (18). Some smokers are more susceptible to respiratory symptoms
such as shortness of breath and chest tightness, and have a greater decline
in forced expiratory volume in one second (FEV1), which is a disease marker
in COPD patients, higher mortality and morbidity rate, and have higher risk for
lung cancer than non-smokers (3, 18). The harm of smoking cigarettes not only
affects those who smoke (active smokers), but also affects people who have
been exposed to others’ cigarette smoke (passive smokers) (18).
1.1.2.2 Genes
Besides alpha-1 antitrypsin, other genetic variation such as in alpha-nicotinic
acetylcholine receptor and hedge-hog interacting protein genes, might be
considered as a risk factor for developing COPD (20). McCloskey et al. found
that people who smoke and have a family history of COPD are at higher risk
of airflow limitation development (21). Alpha1-antitrypsin (AAT), a proteinase
inhibitor, is a protein that belongs to the SERPINA1 gene and protects lung
tissue by inhibiting neutrophil elastase (19, 22). When a mutation takes place,
a reduction of alpha1-antitrypsin (AAT) concentration in the blood occurs,
which predisposes to emphysema. Alpha-1 antitrypsin deficiency (AATD) or
Alpha-1 proteinase inhibitor deficiency is an autosomal codominant genetic
disorder induced by a deficiency or variation of alpha-1 antitrypsin levels which
leads to persistent tissue breakdown. AATD is considered a risk factor that
accelerates lung function reduction and COPD (22). Individuals with AATD
may live normally without developing COPD, but exposure to risk factors such
as smoking cigarettes, occupational dust and chemicals, or indoor and outdoor
air pollution increase the risk of having the disease. To confirm a diagnosis, a
blood test is conducted to measure the alpha-1-antitrypsin concentration in the
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blood and if diagnosis is confirmed, a further testing is performed to identify
phenotype and or genotype.
1.1.2.3 Occupational exposure
Working as a sculptor, gardener or in a warehouse, amongst many other
occupations, might expose workers to fumes, chemical agents, organic and
inorganic dust which promote mucus hypersecretion. It has been estimated by
the American Thoracic Society (ATS) that 10% to 20% of COPD cases develop
due to occupational exposure such as dust, fumes or chemicals linked with
lung function decline or disease symptoms (23). According to Hnizdo et al.,
19.2% of cases of COPD in the United States were due to occupational
exposure (24). Several longitudinal studies have reported a relationship
between occupational dust exposure, a significant decline in FEV 1 and a higher
mortality rate (18, 25, 26). Also, Paulin et al. studied the effect of occupational
exposure on 1,075 COPD and healthy smoker participants and found
decreased quality of life and exacerbation were associated with occupational
exposure (27).
1.1.2.4 Indoor and outdoor pollution
Globally, around 33.3% of humans are exposed to indoor or outdoor factors
such as industrial pollution or indoor air pollution (28). People use animal dung,
biomass fuel such as wood and coal, crop residues such as sticks, twigs,
grass, straw, dried leaves, and charcoal as sources for heating and cooking
(28, 29). Air pollution may significantly reduce lung function and increase the
risk of developing COPD, lung cancer and other lung conditions (29, 30). Rural
women are three times more likely than urban women to develop COPD due
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to higher exposure (31). In the last 20 years, the prevalence of COPD and the
mortality rate has accelerated at a faster rate for women than for men in the
world (32). To minimise the risk of COPD occurrence and to reduce lung
function deterioration, researchers have suggested using biogas as an
alternative to biomass for cooking, and enhancing household ventilation (30,
33).
1.1.2.5 Age and sex
Age is usually considered a risk factor for COPD occurrence. According to
Mercado et al., some of the physiological changes in airway and lung
parenchyma in healthy older individuals are similar to changes in COPD
patients (34). In the past, researchers have reported that the COPD
prevalence is higher in men than in women; however, recent studies have
identified that the prevalence of COPD is equal or even higher in women than
in men due to the later increase in smoking among women (35). Other
scientists have found that both males and females have an equal chance of
developing COPD, based on changes in their respective smoking habits (19,
36).
1.1.2.6 Chronic bronchitis
Chronic bronchitis is considered a risk factor for developing COPD. In the past,
researchers did not find any relationship between the reduction in lung function
or FEV1 and chronic bronchitis (37). Subsequently, Allinson did find that there
was an association between continuous FEV1 decline and chronic bronchitis
(38). Furthermore, chronic bronchitis increases the incidence of airflow
limitation, which leads to a higher mortality rate in adult smokers who are under
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the age of 50 (39). Additionally, individuals with chronic bronchitis tend to have
a higher number of and more severe exacerbations (40).
1.1.2.7 Asthma
Individuals with asthma have increased frequency of COPD. The existing
literature concludes that patients with asthma have a 12-fold higher risk of
developing COPD over time, compared with those who were non-asthmatic
(41). A longitudinal study was carried out by Vonk et al. (2003) which followed
228 asthma patients for 33 years to identify risk factors of developing
irreversible airway obstruction (42). They found that irreversible airflow
limitation developed in almost 20% of these asthma patients (42). People who
reported with asthma had significantly higher FEV1 reduction than those who
did not (43). A meta-analysis conducted in 2018 by Boaheng et al. concluded
that people with a prior history of asthma in childhood or adulthood had seven
times higher risk of developing COPD at a later age (44). Exacerbations, lung
function decline, and low quality of life are seen in patients with both asthma
and COPD (45, 46). According to the Global Initiative for Asthma (GINA),
asthma is a disease of heterogeneity described by chronic airway inflammation
and a history of wheezing, chest tightness, shortness of breath and cough, and
expiratory airflow limitation which all vary in intensity over time (47). The
Asthma - COPD overlap (ACO) has not yet been precisely defined by GINA
due to variation in clinical phenotypes, but it can be described as persistent
airflow limitation, with several features associated with both asthma and COPD
(47). Individuals with ACO usually experience symptoms of both asthma and
COPD.
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1.1.2.8 Recurrent bronchopulmonary infections
According to Mercado et al., severe respiratory tract infections that occurred
during childhood play a major role in the development of COPD during
adulthood (34). The literature reports that patients with Tuberculosis (TB),
Human Immunodeficiency Virus (HIV), and other infectious diseases are also
associated with COPD. Byrne et al.‘s systematic review found that TB and
COPD during adulthood had a strong association with COPD (48).
1.1.2.9 Lung growth
Lung development may be affected by pre term birth, exposure to noxious
agents during childhood and adolescence. According to GOLD, infants born
prematurely are at risk of developing airway obstruction (3). Barker et al.
followed up 5,718 men to examine whether weight at birth and infancy, and
childhood respiratory infections, were associated with lung function and death
from COPD during adulthood (49). They found that low birth weight, bronchitis,
whooping cough, and pneumonia during infancy are associated with
worsening lung function during adulthood, and that mortality rate correlated
with low birth weight and weight at infancy (49).
1.1.2.10 Diet
Only one study so far has linked chronic bronchitis with diet. It found that there
was a correlation between lung function and consuming fresh fruit (18).
According to the National Health and Nutrition Examination Survey, Vitamin C
deficiency is related to the diagnosis of chronic bronchitis.
In summary, smoking remains the most common risk factor for COPD in highincome countries so smoking cessation is crucial to reduce the chance of
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COPD occurrence. It is also important to reduce exposure to risk factors early
in the life.
1.1.3 Diagnosis of COPD
To confirm the diagnosis of COPD, post-bronchodilator pulmonary function
testing using spirometry is required, together with a history of risk factor
exposure (50).
This test is usually considered when the following respiratory symptoms are
present: dyspnoea, chronic cough, sputum production, wheezing, history of
frequent lower respiratory tract infection, and there is a history of risk factors
such as smoking cigarettes, biomass fuel exposure, or any other risk factors.
Pulmonary function testing (spirometry) is the only objective diagnostic test
used to confirm the presence of airflow limitation due to COPD (3). In
individuals with COPD, spirometry measures the exhaled volume of air in the
first second (FEV1), the exhaled volume of air starting from maximal inspiration
(FVC), and the ratio of FEV1/FVC ratio is calculated to confirm the diagnosis.
To confirm someone has COPD, the ratio of FEV1/FVC must be less than 70%
after bronchodilator administration with an appropriate clinical context (3), or
below the lower limit of normal. The FEV1 percentage is used to define the
severity (grade) of airflow obstruction, which is based on the value of a
matched healthy subject for the same height, sex, age, and ethnicity (Table 2).
Based on GOLD recommendation, spirometry measurements must be
repeated three times for quality assurance, with no difference in FEV 1 of more
than 150 ml or 5%. Figure 3 shows a normal spirometry flow- volume loop
versus COPD flow- volume loop.
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Table 2: Classification of airflow limitation severity in COPD (based on postbronchodilator FEV1) (3).
GOLD grade

Severity

FEV1% predicted

GOLD 1

Mild

FEV1 ≥80% predicted

GOLD 2

Moderate

50%≤ FEV1 <80%
predicted

GOLD 3

Severe

30≤ FEV1 <50% predicted

GOLD 4

Very Severe

FEV1≤30% predicted

Figure 3: Normal spirometry flow loop vs COPD flow loop: note the curve ‘scoped
out’ during expiration which represent airflow obstruction (51).
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There are four GOLD stages in COPD based on the published ABCD
assessment tool. The level of severity is determined by degree of
breathlessness by using the Medical Research Council (MRC) dyspnoea
scale, or quality of life using the COPD Assessment Test questionnaire (CAT),
and the number of previous exacerbations and hospitalisation. According to
GOLD, the first stage or mild COPD is characterised as a mild airflow
obstruction and may have symptoms of chronic cough and sputum production
(5). Moderate COPD, or the second stage, quite often has symptoms of
dyspnoea, cough, and sputum production. At the second stage, patients often
start seeking health care due to their respiratory distress. Stage III, or severe
COPD, is characterised by worsening airflow limitation. Patients with severe
COPD often have symptoms of shortness of breath, fatigue, and often
repeated exacerbations, which affect the patient’s quality of life. The last stage,
or very severe COPD, has the characteristics of very severe airflow
obstruction, and symptoms of dyspnoea, chronic cough, sputum production,
and perhaps chronic respiratory failure (Figure 4).
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Figure 4: The refined ABCD assessment tool for COPD (3).

1.1.3 Management of stable COPD
Several studies have shown that COPD is a treatable disease, and its
outcomes can be improved with careful management. The WHO recommends
that effective COPD management should aim to prevent disease progression,
relieve symptoms, improve exercise tolerance and health status, prevent and
treat complications and exacerbations, and reduce mortality rate with the
lowest risk possible (52). Cost-effective treatment approaches for stable
COPD, assessed using the cost per quality adjusted life year (QALY), a
method used to assess value of interventions in relation to cost, and as ,
described in the London Respiratory ‘Value Pyramid’, include: smoking
cessation,

influenza

vaccination,

and

pulmonary

rehabilitation,

then

medications such as long acting muscarinic antagonists (LAMA), long acting
beta agonist (LABA), triple therapy (LABA+LAMA and inhaled corticosteroids),
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(53) (Figure 5). As part of the management an individual with the disease
should understand its nature and causes of deterioration. It is also important
to reduce exposure to risk factors such as smoking or indoor and outdoor air
pollution. Management should be tailored to each COPD individual and based
on symptom level and exacerbation risk. GOLD guidelines support lifelong reevaluation for the effectiveness and possible side effects of specific treatment,
lung function, and smoking status, level of symptoms, frequency of
exacerbation, comorbidities, and the need for oxygen therapy, ventilator
support, and lung volume reduction surgery.
Figure 5: The COPD value pyramid (53).

Abbreviation: QALY, quality adjusted life year.
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1.1.3.1 Smoking cessation
Many studies have established that tobacco smoking has been and remains
the most common cause of COPD worldwide; consequently, smoking
cessation is an essential element of COPD management (19, 54). Fletcher and
Peto indicated that smoking accelerates FEV1 decline, and quitting smoking
could not recover lost lung function; however, it would return the average rate
of decline to normal in FEV1, confirming the importance of smoking cessation
(37) (Figure 5). Smoking cessation remains the most efficient intervention to
reduce FEV1 annual decline rate (55). Smoking cessation demonstrably
improves respiratory symptoms in COPD patients (56).
Figure 6: The difference in FEV1% decline between non-smoker, ex-smoker
and susceptible smokers (37).
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Josephs et al. performed an observational cohort study to investigate the
relationship of smoking status on mortality and hospitalisation in the UK (n =
16,479) COPD patients (57). Around 1.9 % had never smoked, ex-smokers
accounted for 54.3% (n = 8,941), and current smokers were 35.1% (n = 5,787).
They concluded that quitting smoking significantly reduced the risk of mortality,
the chance of hospitalisation, and emergency department presence (57).
Another randomised clinical trial was carried out by Anthonisen et al. in ten
centres across the U.S and Canada. Male and female smokers (n = 5,887)
were randomised to an intensive smoking cessation programme with
bronchodilator, smoking cessation with placebo, and control groups. Smoking
cessation significantly reduced the accelerated decline in FEV 1 when
compared with the control group (58). The European Respiratory Society
(ERS) recommends an integrated approached consisting of counselling and
pharmacotherapy as the most effective approach for active smokers with
COPD (55). Counselling sessions should include but not be limited to the effect
of smoking on COPD, the effect of smoking on bronchodilators treatment, the
benefits of quitting such as improved symptoms, and patient motivation.
Pharmacotherapy includes nicotine gum, nicotine sublingual tablets,
bupropion, nortriptyline, and varenicline (55). A strategy was introduced by
GOLD to help healthcare providers to support patients who are interested in
quitting smoking (Table 3).
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Table 3: The five A’s of smoking cessation (3).

1.1.3.2 Vaccination
Respiratory infections in individuals with COPD might lead to COPD
exacerbations or "chest infection"; therefore, it is crucial to identify effective
ways to minimise current infection or stop future infections. Viral infection such
as that caused by the influenza virus might be responsible for 33% of COPD
exacerbation; therefore, influenza vaccination is highly recommended in
COPD patients. Influenza vaccination is highly effective and cost saving in
preventing or reducing respiratory infection that is caused by the influenza
virus, with fewer hospitalisation and exacerbation frequency compared with
people who did not get vaccinated, and a lower mortality rate in COPD patients
(59-61). Seasonal vaccination is recommended by Bekkat-Berkani et al. after
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a systematic review which evaluated the seasonal influenza vaccination in
COPD patients (62).
Pneumococcal vaccinations such as Pneumococcal Conjugate vaccine
(PCV13) and Pneumococcal Polysaccharide Vaccine

(PPSV23) are

recommended by GOLD for individuals with COPD, especially those aged 65
years old and above (3). The GOLD guidelines also recommend using
PPSV23 for younger adults who have COPD with significant lung diseases or
chronic heart conditions. According to Walters et al.’s systematic review of the
efficacy of pneumococcal vaccination for preventing pneumonia in COPD, the
risk of COPD exacerbation was significantly reduced for vaccinated individuals
with COPD (63). Furthermore, they found that polyvalent pneumococcal
vaccination and PPSV23 significantly reduced the risk of developing
community-acquired pneumonia in COPD patients; COPD exacerbation did
not happen in one out of every eight COPD patients who received vaccinations
(63, 64). Bonten et al. confirmed that PCV13 reduced the incidence of
pneumonia in COPD patients (65).
1.1.3.3 Pulmonary Rehabilitation (PR)
Pulmonary Rehabilitation (PR) is a multi-disciplinary programme that offers
patient assessment, exercise training, and education, e.g. on COPD,
nutritional counselling, and psychological counselling, to improve quality of life
and exercise performance in patients with chronic respiratory disease (66-69).
Models vary but the duration typically lasts between 4 and 12 weeks, and
patients attend two or three times per week as out-patients (70). Multiple highquality randomised controlled trials and meta-analysis have demonstrated that
PR is an effective management strategy in COPD patients which improves
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exercise performance, reduces dyspnoea, reduces the risk of exacerbation,
and improves health-related quality of life (66-69, 71, 72). More details about
PR are provided below in Part 1.2.
1.1.3.4 Pharmacological Therapy
The main goals of pharmacological therapy in stable COPD are to improve
symptoms, lower the frequency and minimise the severity of exacerbations,
improve exercise capacity and improve quality of life (3). Each treatment
regime should be tailored to each individual and based on the severity of
symptoms, airflow limitations, exacerbations, and more recently by considering
biomarkers such as blood eosinophils (3). The pharmacological therapy in
stable COPD includes: bronchodilators, corticosteroids, methylxanthines,
phosphodiesterase-4 inhibitors, antibiotics, and mucolytic agents.
Bronchodilators are considered the cornerstone and the first- line of
pharmacological therapy in COPD management. Bronchodilators include
beta2 agonists, both short-acting beta2 agonists (SABA) and long-acting beta2
agonists (LABA), and antimuscarinics including short-acting antimuscarinics
(SAMA) and long-acting antimuscarinics (LAMA). Beta2 agonist drugs work by
targeting the beta2 adrenergic receptors to relax the airway smooth muscles.
The duration of action remains for 4 to 6 hours for SABA, or 12 to 24 hours for
LABA. SABAs are fenoterol, levalbuterol, Salbutamol, and Terbutaline while
LABAs are arformeterol, formeterol, indacaterol, olodaterol, and salmeterol (3).
Antimuscarinic drugs work by blocking the muscarinic receptors to prevent
bronchoconstriction effect; as a consequence, they relax the airway smooth
muscles. The duration of action remains for 6 to 9 hours for SAMA, or 12 to 24
hours for LAMA. SAMAs include ipratropium bromide and oxitropium bromide,
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while LAMAs include aclidinium bromide, glycopyrronium bromide, tiotropium,
umeclidinium, and glycopyrrolate (3).
According to Sestini et al., in a systematic review assessing the clinical
effectiveness of SABA in stable COPD which included thirteen RCTs, SABA
alone improved lung function and symptoms (73). Also, a systematic review
by Kew et al., assessed effectiveness of LABA in stable COPD which included
26 RCTs, and found that LABA significantly improved quality of life and
reduced future COPD exacerbations related to hospitalisation (74).
Appleton et al. performed a systematic review of seven RCTs, with a sample
size of 2,652 to compare the effectiveness of ipratropium bromide versus
SABA, and found that ipratropium bromide alone improved disease symptoms
and exercise endurance, when compared with SABA alone in stable COPD
patients (75). Several studies and reviews have compared tiotropium bromide
to placebo or other bronchodilators, and found that tiotropium bromide
protected and reduced the risk of exacerbation, prevented moderate and
severe exacerbation occurrence, and improved the quality of life (76-78). In
the context of PR, tiotropium bromide improved the duration of activity,
dyspnoea, health status, and exercise tolerance (79, 80).
Over the last decade, researchers have studied the efficiency of combining
bronchodilators which have different durations and mechanisms of action to
optimise a COPD management plan. Several studies have investigated the
effect of combination therapy and concluded that combining bronchodilators
from different classes resulted in significant improvement of lung function,
quality of life measured by St. George's Respiratory Questionnaire (SGRQ),
respiratory symptoms, and lower the risk of COPD exacerbations (81-84).
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Methylxanthines include theophylline (most commonly) and aminophylline.
The exact mechanism of xanthines is not fully understood and remains
controversial. A double- blind RCT by ZuWallack et al., including 803 stable
COPD patients concluded that a combination of beta 2 agonists such as
salmeterol and theophylline significantly improved FEV1, disease symptoms,
dyspnoea, and reduced exacerbation when compared to salmeterol or
theophylline alone (85, 86).
Anti-inflammatory agents such as inhaled corticosteroids (ICS) may have
beneficial effect when used alone. However, a combination therapy (LABA+
ICS) appeared to be more effective than using ICS alone. ICS include
beclomethasone, budesonide, ciclesonide, flunisolide, fluticasone, and
mometasone. In a systematic review of COPD patients to compare the efficacy
of ICS and LABA combined, against LABA alone, Nannini et al. concluded that
a combination therapy (ICS and LABA) reduced exacerbation and improved
quality of life measured by SGRQ, dyspnoea, respiratory symptoms, FEV 1 (87,
88). Researchers have also investigated the effect of using triple therapy
(LAMA+LABA+ICS) on lung function and exacerbation. Lipson et al.
conducted

an

RCT

to

examine

the

benefits

of

triple

therapy

(ICS+LAMA+LABA) as compared with dual therapy (either ICS–LABA or
LAMA–LABA) for 10,355 COPD patients. They found that triple therapy
significantly reduced COPD exacerbations and hospitalisation due to
exacerbations when compared with dual therapy (89). Halpin et al. explored
the effect of triple therapy in 1,810 COPD patients and concluded that triple
therapy improved lung function (FEV1), health-related quality of life measured
by SGRQ, and reduced annual COPD exacerbations (90). However,
researchers noticed an increased risk of pneumonia, especially in moderate
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and severe COPD patients. Therefore, GOLD recommends using ICS as an
additional therapy to bronchodilators. To evaluate and predict the benefit of
using ICS, researchers have linked eosinophil levels in the bloodstream with
ICS effects (91).
Phosphodiesterase-4 inhibitors (PDE4) work to reduce inflammation by
preventing the breakdown of adenosine monophosphate AMP. Roflumilast is
the most common drug used with COPD patients to reduce COPD
exacerbations and hospitalisation with severe COPD patients despite using
ICS and LABA/LAMA in combination therapy (92).
Antibiotic therapy used as prophylactic treatment had previously shown no
benefit in reducing COPD exacerbations; however, recent studies have proven
the opposite. Ni W et al. conducted a systematic review and meta-analysis,
including nine RCTs with 1,666 COPD patients, to evaluate the effect of
prophylactic use of erythromycin or azithromycin treatment. They showed that
using azithromycin or erythromycin as a prophylactic treatment reduced the
number of COPD exacerbations (93). Herath et al. found in a systematic review
that using prophylactic antibiotic for three days a week with moderate to severe
COPD resulted in COPD exacerbation reduction and health related quality of
life improvement, which may reduce healthcare system cost, mortality rate,
and conserve lung functions (94).
Mucolytic agents are commonly used to help loosen sputum and make it easy
to cough up (95). Common drugs include, but are not limited to, acetylcysteine,
carbocisteine, and erdosteine.
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1.1.3.5 Oxygen therapy and ventilatory support
When breathlessness occurs during exercise, especially in severe COPD,
oxygen therapy is needed to relieve oxygen desaturation, momentarily
improve exercise tolerance, and reduce disability. Cranston et al. performed a
systematic review including six RCTs and 567 COPD patients, and concluded
that continuous oxygen therapy significantly reduced mortality rate after two
years, when compared with overnight oxygen therapy in COPD patients with
acute exacerbation and mild hypoxaemia. They also discovered that
domiciliary oxygen therapy for more than 15 hours per day significantly
lowered mortality rate over five years when compared with the no oxygen
therapy group (96). Based on NIEC and British Thoracic Society guidelines,
long term oxygen therapy should be considered for stable COPD patients
when resting PaO2 ≤7.3 kPa or PaO2 ≤8 kPa with signs of peripheral oedema,
or with confirmed polycythaemia or pulmonary hypertension (97).
Ventilatory support such as non-invasive (NIV)/ bi-level positive airway
pressure (BiPAP) ventilation has been used during hypercapnic respiratory
failure with COPD patients, and showed significant reduction in hospital
admission and higher survival rate (11). Using domiciliary ventilatory support
has its benefit for individuals with COPD. According to Murphy et al.’s RCT to
investigate the effect of using home NIV plus oxygen on readmission and death
rate in 116 patients (59 used home oxygen only; 57 patients used NIV and
oxygen) with persistent hypercapnia after a severe COPD exacerbation, NIV
significantly postponed the readmission rate in the NIV plus oxygen group
when compared with the oxygen group only. At the 12-month period, the
mortality rate was reduced in the NIV plus oxygen group (16 deaths) versus
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the oxygen only group (19 died) (98). A retrospective study in 2018 conducted
by Melloni et al. concluded that the ten year- survival rate for COPD patients
who received NIV with or without long-term oxygen therapy was much better
(32.3% vs 11.8%) compared with COPD patients who received long-term
oxygen therapy only (99). Other researchers have reported that NIV improved
lung function, quality of life, and exercise tolerance in comparison with control
groups.
1.1.3.6 Surgical Interventions
Lung volume reduction surgery (LVRS) is an invasive surgical procedure
performed by resecting the over-inflated lung tissue to reduce hyperinflation,
improve elastic recoil, and allow the remaining lung tissue to function well
(100). LVRS showed other benefits such as improved peak expiratory flow,
health status, exercise capacity, survival rate, and reduced exacerbations.
Washko et al. conducted an RCT involving 1,218 COPD patients to investigate
the efficacy, safety, and cost-effectiveness of LVRS, and concluded that LVRS
significantly improved FEV1 and elastic recoil. Lung function improvement
consequently increased expiratory air flow, exercise capacity, and secretions
clearance compared to participants who received standard treatment (101).
Nevertheless, other researchers reported that LVRS increased mortality rate
and some COPD individuals were unlikely to benefit from the procedure (102).
Bullectomy is an invasive surgical procedure performed to remove dilated air
space called bulla to allow for a better gas exchange, improve respiratory
symptoms, lung function, and exercise capacity in highly selected COPD
patients (103). Several complications have been reported by researchers such
as pulmonary hypertension and weight loss.
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Lung transplantation improves overall health status and exercise tolerance in
highly selected severe COPD cases (103). Due to the lack of organ donors,
lung transplantation is very limited. Common complications after surgery
include but are not limited to acute and chronic rejection, and infections (104).
1.1.3.7 Bronchoscopic interventions
Several less invasive bronchoscopic approaches such as endobronchial valve
placement have been proposed and examined by researchers to minimise
mortality rate that is associated with LVRS, improved lung function and
respiratory muscle mechanics. Endobronchial valve placement significantly
improves lung function, six minute walk test (6MWT), and reduces COPD
exacerbation (3). Pneumothorax is one of the most serious complications of
endobronchial valve placement, and further research is needed to identify the
most appropriate bronchoscopic procedure with fewer complications.
1.1.4 COPD comorbidities
COPD frequently co-exists with other diseases, or ‘comorbidities’ that might
significantly influence a patients’ condition. Overall, the management of COPD
must include a treatment plan for the comorbid diseases.
1.1.4.1 Lung cancer
Individuals with COPD are at three to four-fold higher risk of lung cancer than
the healthy population who smoke and was associated with higher mortality
rate, especially the severe cases (105). Turner et al. followed 448,600 COPD
non-smokers for 20 years in an observational study and concluded that lung
cancer was predominant in COPD individuals (106). According to Butler et al.’s
systematic review and meta-analysis of 21 studies, the pooled prevalence of
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lung cancer in COPD patients was 2.79%. Although this percentage is very
low, it is higher than the prevalence of lung cancer in the general population
(107).
Smoking cessation along with other considerations such as chemotherapy,
radiation therapy and lung resection surgery are considered during lung cancer
management.
1.1.4.2 Cardiovascular comorbidities
Hypertension is a common comorbid disease in COPD patients. In the
general population, the prevalence of high blood pressure in adults is 13.1%,
with a higher figure in COPD individuals, which might be due to shared similar
risk factors, especially smoking and age (108-112). Usually, high blood
pressure is an asymptomatic condition; however, it might lead to
cardiovascular disease (CVD) by damaging the artery walls, causing more
plaque to build- up (113, 114). Early management of hypertension is crucial
and should be based on current guidelines.
The relationship between ischemic heart disease (IHD) and COPD is an
interesting area for many researchers due to common shared risk factors such
as smoking, and high morbidity and mortality rate (115, 116). COPD patients
are at a higher risk of developing IHD, especially acute coronary syndrome
(ACS), compared to the general population (116). Soriano et al. studied 450
participants with IHD and reported that 60% of CVD patients had airflow
limitation; of these, 87% had coronary artery disease (117). It is challenging to
detect IHD such as ACS in COPD patients because of shared common
symptoms such as dyspnoea instead of chest pain occurrence. Pulmonary
evaluation and cardiovascular (CV) risk profile should be checked, and an
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integrated treatment approach should be considered for patients with COPD
and IHD such as exercise training, smoking cessation, or medication.
Heart failure (HF) which is often the result of IHD frequently coexists with
COPD because both conditions share similar risk factors such as smoking.
The prevalence of heart failure among stable COPD individuals ranges
between 3.8% to 16% (118). According to Jackson et al, almost nine out of ten
HF cases resulted from either hypertension or IHD (119). A retrospective
cohort study conducted by Sidney et al, included 45,000 COPD patients in
order to investigate hospitalisation and cardiovascular mortality rates; they
concluded that HF was the leading cause of hospital admission and death,
compared to non COPD, and these findings were stronger for individuals < 65
years old (120). Beta- Blockers are the usual treatment choice for COPD
patients with HF along with other treatment options, such as angiotensinconverting-enzyme (ACE) inhibitors and the guidelines do not suggest an
alternative approach (121).
Stroke is a serious condition which can affect everyone including COPD
patients (122). The relationship between stroke occurrence and COPD
including COPD treatment approach and the reduction of stroke occurrence,
has not been fully established. Kim et al. carried out a systematic review and
meta-analysis which included eight studies, and concluded that COPD
independently was associated with a higher risk of developing stroke or other
similar risk factors for CVD, but more studies are urgently needed to further
explore the nature of this relationship and identify efficient preventive approach
(122).
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Peripheral vascular disease (PVD) in simple terms is a circulatory disorder
outside the heart and brain, where blood vessels, either veins or most
commonly arteries, become narrowed, blocked, or spasm. Smoking is
considered the most common risk factor for developing PVD. Smoking leads
to a build-up of fatty deposits on artery walls which might restrict the blood flow
to the legs by narrowing the arteries (atherosclerosis). Houben-Wilke et al., in
a longitudinal study to determine the prevalence of peripheral artery disease
(PAD) and its association with functional capacity and health status in >2,000
COPD patients, reported that 8.8% of COPD patients were diagnosed with
PAD (123). COPD patients with PAD health status and exercise function were
significantly worse compared to COPD without PAD; therefore, it is crucial for
healthcare professions to understand PVD and quantify the damage that might
be caused by PVD (123).
1.1.4.3 Osteoporosis
Osteoporosis is a disease characterised by reduced or weakened skeletal
resistance causing lowered bone mass. Due to its nature, osteoporosis is
usually diagnosed at a later stage when fractures occur. In COPD population,
several risk factors play a major role in developing osteoporosis, including but
not limited to ageing, being inactive, smoking, malnutrition, sarcopenia, use of
steroids (118, 124). Osteoporosis with multiple fractures lead to frequent
hospitalisation, higher mortality rate, and worsening quality of life (125). A
systematic review and meta-analysis of 64 studies were conducted by Chen
et al. to identify the prevalence of osteoporosis. They reported that 38% of
COPD patients were diagnosed with osteoporosis (125). Health care providers
must screen COPD patients for osteoporosis and provide an evidence-based
52

management approach such as smoking cessation, vitamin D and calcium
supplementation, and PR.
1.1.4.4 Psychological disturbances
Anxiety is an emotional status characterised by an unpleasant state of feeling
insecure, and worrying thoughts usually associated with nervous behaviour.
Anxiety affects between 10% and 19% of the COPD population, and this
percentage rises in those who are oxygen dependent. It has been reported
that anxiety in COPD is under diagnosed and treated due to shared common
symptoms. Researchers have reported the effect of being anxious in moderate
to severe COPD individuals resulted in deterioration of SOB, health status and
exercise capacity (126).
Depression is “mental disorder characterised by persistent sadness and a
lack of interest or pleasure in previously rewarding or enjoyable activities”
(127). It was reported that depression exists in 42% to 60% of COPD patients
(126). It usually coexists with anxiety, and it is hard to differentiate between
the two conditions. The exact mechanisms of anxiety and depression are not
fully understood, and researchers have speculated that several factors such
as smoking and systemic inflammation might increase the risk of occurrence.
Both conditions are independently responsible for a significant reduction
quality of life (126). A retrospective study by Abrams et al. included over 26,000
COPD patients to explore the relationship between COPD and anxiety with
depression; it reported that the mortality rate and readmission rate were
significantly higher for COPD patients who are anxious and depressed (128).
Additionally, Sampaio et al. (2019) discovered in a systematic review that
COPD patients were 1.9 times more likely to commit suicide than non COPD
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(129). Hospital anxiety and depression scale (HADS) is a recommended,
validated, easy to use, and self-administered questionnaire used to identify
people who are at risk of anxiety and depression. Anxiety and depression
should be treated as per guidelines, for example antidepressants and
comprehensive PR (3). Franssen and Rochester reported that PR which
included educational sessions for psychosocial support had a significant
positive short term effect in reducing anxiety and depression (126).
1.1.4.5 Metabolic syndrome and diabetes
Diabetes mellitus is a chronic disease characterised by insufficient secretion
of insulin, or in which the body becomes resistant to insulin. Both metabolic
syndrome and diabetes type 2 are common in COPD populations, and the
exact mechanism is not fully understood. According to Lipovec et al., a
systematic review including 19 studies with 4,208 COPD patients reported that
the prevalence of diabetes type 2 was 34%. Diabetes type 2 was significantly
more common in COPD than the non-COPD population, and in smokers
versus non-smokers, especially in COPD stage 3 and 4 (130, 131). Diabetes
with COPD disease was associated with a higher risk of hospital admission
and five-year-mortality rate than COPD disease alone (132). Metabolic
syndrome and diabetes should be managed based on the usual guidelines for
both conditions.
1.1.4.6 Peripheral Muscle dysfunction
In general, the function of body muscles in humans is to allow body movement;
therefore, any disruptions to those muscles might lead to abnormality.
Peripheral muscle dysfunction is a common issue reported with multiple
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chronic diseases such as COPD. Muscle dysfunction is caused by reduced
muscle mass, altered muscle metabolism or muscle fiber structure (133).
Muscle dysfunction is more prominent in lower extremities than upper
extremities, and more common in emphysematous patients than chronic
bronchitis patients (134). COPD patients may lose skeletal muscle mass,
which leads to muscle weakness and dysfunction or muscle disuse, thus
negatively affecting activity, mobility, gait speed, quality of life, overall strength
and fertility (133, 135). Muscle disuse is caused by a prolonged sedentary
lifestyle and voluntary immobilisation which leads to muscle deconditioning;
hence, reduced muscle strength and endurance (135). COPD is associated
with myopathy, which is driven by systemic inflammation, hypoxia, smoking,
corticosteroids usage, energy imbalance, and malnutrition (133, 136). At a
cellular level, several pathophysiological factors such as protein imbalance
due to more breakdown than synthesis, apoptosis, and mitochondria and
oxidative stress dysfunction lead to muscle dysfunction (133).
Muscle wasting is associated with worsening outcomes such as hospitalisation
and mortality rate in COPD (137). Two studies have demonstrated that rectus
femoris cross-sectional area (RFCSA) was reduced by 17% and 25%
respectively, in patients with COPD compared to healthy subjects (138, 139).
RFCSA and quadriceps strength are positively correlated in COPD patients,
thus RFCSA is a good surrogate marker of muscle strength which correlates
with mortality and morbidity (140, 141). Swallow et al. found that the mortality
risk was increased in those individuals with COPD and reduced quadriceps
strength (140). Therefore maintaining muscle mass is of the utmost
importance.
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In 1988, the term sarcopenia was introduced by Professor Irwin H. Rosenberg
and defined as a loss of muscle mass or function due to disease or the normal
aging process (142). According to The European Working Group on
Sarcopenia in Older People (EWGSOP) (143) sarcopenia is an acute or
chronic condition defined as "a syndrome characterised by progressive and
generalised loss of skeletal muscle mass and strength with a risk of adverse
outcomes." A systematic review and meta-analysis conducted by Benz et al.
included ten articles with 2,565 COPD patients to determine the prevalence of
sarcopenia and its association with pulmonary function, exercise capacity, and
prognosis. They concluded that the average prevalence of sarcopenia was
21.6% with a higher percentage in older malnourished COPD patients who
were more severely ill and had limited physical activity, exercise endurance
and functional performance (144).
To confirm the diagnosis of sarcopenia in COPD, muscle mass should be
measured by Dual energy X-ray absorptiometry (DEXA) or Bio-impendence
analysis (BIA), muscle strength by handheld dynamometer or five-times sit-tostand, and physical performance by gait speed or Timed-up-and-go test
(TUAG) should be measured (145). Each measurement has a cut-off score
based on the technique used to confirm the presence or absence and the
severity of sarcopenia. Management approaches with sarcopenia should be
based on EWGSOP recommendations. Nutritional supplements might be
considered to optimise the recommended level of protein intake (1.2 to 1.5 g
protein/kg body weight/day) for sarcopenic COPD patients (146). PR is an
effective management approach which was confirmed by Jones et al. in a
study to identify the relationship between PR and sarcopenia in 622 stable
COPD patients; they reported that sarcopenia did not affect the response to
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PR, moreover, participants who completed PR reversed muscle dysfunction
sarcopenia (147). PR will be discussed further in the next section.
1.2 Pulmonary rehabilitation (PR)
1.2.1 History and definition
In 1895, the concepts of physical activity and healthy diet were introduced for
the first time by Dr Denison, Professor of Diseases of the Chest and of
Climatology at the University of Denver, in his book titled Exercise and Food
for Pulmonary Invalids (148). Dr. Denison emphasised how important and
beneficial exercise training and healthy diet are for those with lung disease, in
terms of well-being.
In the middle of the 20th century, Barach et al. conducted a study which
involved patients with pulmonary emphysema to investigate how to reduce
dyspnoea (149). They discovered that using oxygen therapy alone in two
patients reduced their dyspnoea during daily activities. When an exercise
programme was initiated for these two patients, a remarkable improvement in
dyspnoea and exercise capacity, as measured by daily steps, were observed.
In addition, Barach and his colleagues noticed a substantial improvement
without oxygen use in walking and minimal dyspnoea. Ten year later, Barach
and his colleagues recommended exercise training be integrated into the
management of patients with chronic lung diseases, based on their findings.
Physical therapy and breathing retraining were reported to be beneficial for
patients with pulmonary emphysema, and these are considered fundamental
components of PR today (149).
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Thomas Petty was the first to describe exercise programme short-term and
long-term benefits for individuals with chronic airway obstruction (150). Petty
et al. described the components of the exercise programme, starting with an
initial evaluation of patients followed by daily instruction lasting one hour, for
bronchial hygiene and breathing techniques, with tailored exercises and home
visits. At the end of the programme and one year later, Petty evaluated the
programme and reported that there was an improvement in daily symptoms,
exercise capacity, hospitalisation, and length of hospital stay.
In the past, the benefits of PR were not fully understood by patients with
reduced lung volume and limited exercise abilities, who usually believed their
physical functions were irreversible; therefore, it was hard to persuade those
patients to exercise. However, a report published in 1992 showed that PR was
a beneficial management approach for individuals with COPD (151). According
to the ERS taskforce, PR aims to: ‘1) decrease of physical and psychological
impairment due to the disease, 2) increase in physical and mental fitness and
performance, and 3) maximise social reintegration of the patient to lower the
handicap.’
PR consists of exercise and education, where the exercise component is
aerobic exercise for both lower and upper extremities. The beneficial effects of
PR can be acquired regardless of the patient’s smoking status, age, gender,
or lung abnormality. Based on the evidence supporting PR utilisation, several
guidelines and organisations recommended that every COPD patient should
be referred to a PR programme. In 1981, the first official definition of PR was
published by ATS, in which PR (152) was defined as ‘an art of medical practice
wherein an individually tailored, multidisciplinary programme is formulated
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which through accurate diagnosis, therapy, emotional support and education,
stabilises or reverses both the physio- and psychopathology of pulmonary
diseases and attempts to return the patient to the highest possible capacity
allowed by his pulmonary handicap and overall life situation’. Recently, PR has
been defined by the ERS and ATS as ‘an evidence-based, multidisciplinary,
and comprehensive intervention for patients with chronic respiratory diseases
who are symptomatic and often have decreased daily life activities’ (153).
1.2.2 Aims and effectiveness of PR
PR is recognised as an effective non-pharmacological management approach
for reducing hospitalisation, unscheduled hospital visits, symptoms of
dyspnoea, leg discomfort, anxiety and depression, and healthcare costs (154).
According to the ATS statement in 2013, PR intervention significantly improves
exercise capacity, muscle strength and endurance, emotional function, healthrelated quality of life, exercise capacity, disease self-management, nutritional
status and likelihood of improving physical activities in COPD individuals (153,
155-157).Handgrip strength is a valid measurement of peripheral muscle
strength, and can be measured using a handgrip dynamometer, A reduction in
muscle strength, measured by handgrip, is associated with longer length of
stay in hospital, poorer quality of life, and higher morbidity and mortality rates
in COPD patients (158, 159).
The exercise component of PR may improve FFM in COPD patients with low
muscle mass by stimulating protein synthesis (68). Increased protein synthesis
is a normal reaction to exercise. It has been reported that individuals with
COPD may lose weight and skeletal muscle mass (FFM) which leads to
muscle weakness. Franssen et al, reported a study that included 50 COPD
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patients who participated in 8 week PR, and showed that weight and FFM
significantly increased after PR (160).
The main goal of PR is to enhance exercise capacity, which is usually limited
by shortness of breath, especially in individuals with chronic respiratory
diseases, and to promote self-dependency in relation to activities of daily living
(161). It is essential to differentiate between exercise capacity and physical
activity, as they are related but must not be confused. The WHO has defined
physical activity as ‘any bodily movement produced by skeletal muscles that
requires energy expenditure – including activities undertaken while working,
playing, carrying out household chores, travelling, and engaging in recreational
pursuits’, whereas exercise capacity is the capability of someone to tolerate
exercise, which usually consists of multiple physical activities to improve
physical fitness (162, 163).
It is important to measure physical activity due to its benefits on health, and
the negative consequences of not being active (164). Being inactive is
considered one of the leading contributors to premature death worldwide, and
is associated with increased risk of diabetes and ischaemic heart disease
(162). In COPD, low physical activity is associated with higher risk of
exacerbation, hospitalization due to COPD exacerbation, and mortality (165).
It has been shown that physical activity reduces the incidence of high blood
pressure, coronary heart disease, type 2 diabetes, stroke, and the metabolic
syndrome. Several methods have been proposed to measure physical activity,
such as pedometers. A pedometer is a device used to objectively measure
physical activity (steps only), using motion-sensor technology.
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The BTS describes PR as a comprehensive management approach whose
components should improve exercise capacity, breathing retraining, disease
education, pharmacological usage, and psychological and nutritional support
(166). Thus, a PR programme is administered by a multidisciplinary team that
includes but is not limited to doctors, nurses, physiotherapists, psychologists,
occupational therapists, dietitians or nutritionists, psychologists and social
workers.
To assess the effectiveness of PR intervention, exercise capacity evaluation
is usually performed before starting and at the end of a programme (167). The
incremental shuttle walk test (ISWT) and 6MWT are the most common field
tests for evaluating exercise capacity and overall performance (168). The
ISWT is a maximum exercise test, with 20 minutes as the maximum duration,
where the patient walks between two cones ten meters apart and an audio
recording plays the test instructions. The test starts once three bleeps are
heard, and the person should gradually increase their speed of walking to
synchronise with the bleeps (169). By contrast, the 6MWT is a submaximal
exercise test to measure the patient’s ability to walk back and forth on a
marked 30-meter hallway for six minutes, and rest is allowed if needed (167).
To identify the impact of ISWT or 6MWT, oxygen saturation, heart rate, level
of dyspnoea are measured before and after both field walking tests. ISWT and
6MWT field tests are both valid and reliable for measuring exercise capacity
function and the effectiveness of a PR intervention in patients with chronic lung
disease (169).
Individuals with COPD have shown an improvement in self-dependence level
and confidence by modifying these behaviours in the safe multidisciplinary
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environment of a PR class (163). Troosters et al. reported in a review article
(2010) that high-intensity exercise training during PR reduces oxygen
requirement and reverses peripheral muscle abnormalities (170). PR changed
the COPD individuals’ perception of shortness of breath, improved levels of
confidence and lowered fear, showing that PR has a favourable impact on
patients’ quality of life (171). COPD patients are advised to increase their
physical activities, as this would further enhance their daily walk and
independence level with regard to working, playing, carrying out household
chores, travelling, and engaging in recreational pursuits. During PR, COPD
patients become better at managing their symptoms and conditions due to
sharing their experience and knowledge with other patients with the same
condition and their healthcare practitioner (172, 173). PR improves functional
outcomes such as walking and quality of life by reducing the unfavourable
adverse psychological effects of the disease (156).
COPD patients with ventilatory disturbances and muscle dysfunction showed
a significant benefit after attending the PR programme (156). The benefits of
PR might not be maintained as the effect might differ for each patient, but those
patients who do benefit from being in PR are more likely to continue exercising
after the end of the PR programme PR and would be the most likely persons
to favour future PR follow-up (174, 175). COPD patients who have been
referred to PR more than once are more likely to maintain the benefits of PR
for three months up to a year (176).
To conclude, PR benefits may vary based on various factors; therefore BTS
guidelines recommend offering PR in addition to other management
approaches to further enhance patients’ quality of life (177).
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1.2.3 Structure and content of PR
Globally, regular PR attendance depends on accessible locations (156, 178).
The content of PR programmes varies between sites, based on geographical
area, with regards to capacity, intensity of exercise, length, and number of
sessions (179). According to the National PR audit report in 2019 there were
remarkable differences around the UK between programmes in location, care
process, referral criteria, PR healthcare teams, and patients’ attendance (179).
For instance, referral processes and criteria mentioned in the report vary, as
some PR services accept self-referral, re-referral, or auto-referral after being
hospitalised, while other PR services do not. The majority of PR services have
multidisciplinary teams including physiotherapists, nurses, dieticians, and
occupational therapists to administer PR. However, respiratory physicians and
psychologists are restricted in some PR services and their availability based
on the area where the PR services are held (180). PR service locations may
vary, with some programmes taking place at convenience or community
centres, practice surgeries, or hospitals (179). The National PR audit reported
variations in the services being provided and the acceptability criteria for
enrolment on PR programmes in the UK. For instance, only 8% of PR
programmes in the UK accept patients who are in the late stage of their
disease process and have an MRC grade of 5. BTS guidelines recommend
that COPD patients who are admitted to hospitals with acute exacerbations of
COPD (AECOPD) should be referred to PR at discharge (166). According to
the National PR audit report, only 71% of PR services accept early posthospital discharge referral, while 29% of PR services offer this one month after
hospital discharge. Therefore, the group of experts who carried out the PR
audit recommended that PR service providers and leaders should establish
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clear and standard referral criteria. Furthermore, they recommend offering PR
service to patients with an MRC score of 2 – 5, despite their exercise capacity
status and disease severity (179).
The BTS guidelines summarised the essential components of an effective PR
programme. Effective PR should consist of exercise, self-management, and
education, nutritional and psychological support. Bolton et al. recommended that
PR duration should be minimally twice a week for 6 to 12 weeks of supervised
sessions, because this increases the chance of patient improvement (166). The
guidelines also recommend that patients with mild to severe COPD who are
admitted to hospital due to AECOPD should be offered PR following discharge.
Man et al. (2015) recommend that COPD patients should participate in a PR
programme following exacerbation of COPD, as exacerbation has an undesirable
psychological and physical impact on patients (181).
1.2.4 Patient suitability for PR
The National Institute for Health and Care Excellence (NICE) guidelines
recommend a PR programme for patients who have mobility disability and
scored 3 to 5 on the MRC. NICE also advised referral to PR programmes for
individuals with a stable condition and limited exercise ability due to
breathlessness. The BTS supported the NICE guidelines and highlighted the
importance of referral following discharge and within four weeks, especially for
patients who were hospitalised with COPD (166). Hence, the time and location
of a PR programme should be organised based on the individual's
convenience

to

maximise

their

chance

of

attendance.

The

MRC

breathlessness scale is considered one of the most common scales used for
referring individuals to PR. However, the healthcare provider should not only
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rely on the MRC breathlessness scale as it cannot detect improvement or
deterioration, such as exercise capacity during PR. BTS recommended that
healthcare providers should have a sufficient knowledge about PR and its
benefit before referral to educate, motivate, and encourage patients to start
PR (166).
1.3 COPD and Malnutrition
1.3.1 Malnutrition definition and background
Malnutrition can be considered to be both over- nutrition, where someone is in
overweight or obese, or under- nutrition, where someone is underweight or
losing weight. According to the European Society for Parenteral and Enteral
Nutrition, malnutrition or “undernutrition” is defined as ‘a state resulting from
lack of intake or uptake of nutrition that leads to altered body composition
(decreased fat free mass) and body cell mass leading to diminished physical
and mental function and impaired clinical outcome from disease’ (182). In
simple terms malnutrition is defined as an abnormal balance of protein, energy
or other nutrients that leads to negative effects on body function, size, shape,
or its composition. In COPD patients, malnutrition co-exists with higher protein,
energy, other nutrient requirements, a reduction in food intake, and
unintentional weight loss (183). The exact relationship between COPD and
malnutrition is not fully understood, but malnutrition could be a cause and/or
consequence of COPD. Ezzell and Jensen reported that COPD individuals
with malnutrition, especially emphysema phenotype, were found to have
higher air trapping, lower exercise capacity and diffuse capacity compared to
patients of normal weight with same the condition (184). De Blasio et al.
compared

COPD

symptoms,

nutritional

variables

and

inflammatory
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parameters among COPD patients with and without malnutrition, and reported
that malnutrition in COPD patients was associated with worsening gas
exchange, functional status measured by 6MWD, and symptoms measured by
COPD assessment test (CAT) tool (185). Sun et al. (2019) carried out a
systematic review and meta-analysis which included five RCTs to identify the
relationship between Body mass index (BMI) and FEV 1 decline. They
concluded that being underweight was a risk factor for accelerating lung
function decline in COPD patients (186). Marco et al. conducted a cohort study
including 118 patients with COPD to predict hospitalisations and mortality in a
two-year follow-up period (187). They reported that COPD patients who were
malnourished were at almost four times higher risk of mortality in a two-year
period, and those with a low fat free mass index FFMI (which will be described
further below) were 17 times more likely to die. Being underweight was
associated with a higher risk of hospitalisation (187).
In the UK the cost of treating an individual with malnutrition is three to four
times higher than non-malnourished patients (188). It was estimated that the
annual cost of malnutrition in the UK is equal to £19.6 billion, with 15% higher
spending on healthcare (188).
1.3.2 Prevalence
In COPD patients, malnutrition may progress rapidly following COPD
exacerbation, or develop gradually over years. Several studies have reported
the prevalence of malnutrition in COPD patients, which usually varies based
on disease severity, patient settings, and the diagnostic method (189).
According to Steer et al. in a prospective study conducted in the UK which
included 608 COPD patients who were hospitalised due to COPD
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exacerbation, the prevalence of malnutrition was 33% (190). In UK, Ng and
colleagues reported in 2013 the overall prevalence of malnutrition for 778
COPD patients who were referred to PR was 11%; 6% were at medium risk
and 5% were at high risk (191). Collins et al. reported that the prevalence of
malnutrition in 425 outpatients with COPD who were screened with the
Malnutrition Universal Screening Tool ‘MUST’ was 21% (192). Malnutrition
Pathway, who are a group of experts, concluded that around one in three
hospitalised COPD patients or one in five outpatients, are malnourished or at
risk of being malnourished (188).
1.3.3 Causes and consequences
COPD is recognised not only as a disease of lung alone, but also a systemic
inflammatory disorder that is characterised by higher production of
inflammatory cytokines such as tumor necrosis factor (TNF)-α, IL-8, interleukin
IL-6, IL-8, and chemokines (193, 194). A higher production of inflammatory
cytokines might negatively prompt the hypermetabolism noticed in individuals
with COPD. Several studies have been conducted on COPD patients to
identify the relationship between TNF-a and weight loss. They found that TNFlevels were ten times higher in underweight than normal weight groups, and
the increase in TNF-alpha production is the likely cause of weight loss
associated with malnourished COPD patients (193, 195, 196). Individuals with
COPD might have a lack of appetite or anorexia due to breathlessness or other
factors which further contribute to weight loss. Koehler et al. have linked a lack
of appetite with an IL-6 inflammatory cytokine, which higher production of the
IL-6 was associated with anorexia (197) (Table 4).
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Elevated energy requirements, especially resting energy expenditure (REE),
have been observed in COPD patients and are considered a cause of their
malnutrition. Schols et al. conducted a study to measure REE in 68 stable
COPD patients and 34 healthy controls with stable weight, and they concluded
that REE was significantly higher in undernourished COPD patients when
compared with COPD patients with normal weight and control (198). Similarly,
Wilson et al. supported the same conclusion when they discovered REE was
significantly higher in undernourished COPD patients (199). Work of breathing
is higher in COPD due to breathlessness; therefore, the increase in REE in
COPD patients who are undernourished may be due to the higher cost of
oxygen breathing; however; the higher work of breathing is not the only cause
of undernutrition in COPD patients.
The use of corticosteroids medication by COPD individuals may indirectly lead
to malnutrition by inhibiting protein synthesis and promoting catabolism. The
type of steroid, dose, and the duration of use have a major impact on the
unfavourable effect on muscle; therefore, a higher dose of corticosteroids
might lead to respiratory muscle weakness, which further leads to muscle
mass abnormality and malnutrition (200). As a consequence of malnutrition,
researchers have reported that the number of hospital admissions doubled,
and six- month mortality rate increased three times when compared with
normal weight COPD patients (201).
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Table 4: Causes and Consequences of malnutrition in COPD (188).
Causes of malnutrition

Consequences of
malnutrition

Disease effects, e.g. breathlessness,
anorexia, inflammation

Increased mortality

Psychological factors, e.g. motivation,
apathy, depression

Increased healthcare
costs

Social factors, e.g. social isolation, death
of a partner, lack of practical support

Longer hospital stays

Environmental factors, e.g. living
conditions, access to shops

More frequent
readmissions

Increased nutritional requirements, e.g.
energy, protein

Reduced muscle strength

Medication:
- inhaled therapy and oxygen therapy,
e.g. taste changes, dry mouth
- frequent or prolonged use of
corticosteroids adversely affecting
bone density and muscle mass

Reduced respiratory
muscle function

Collins et al. calculated the total healthcare cost over a one-year period for 424
COPD patients. They found the cost of healthcare for underweight COPD
patients was two to three-fold higher than for normal weight and obese COPD
patients (202). Other consequences are listed in Table 4.
1.3.4 Body composition
Body composition abnormalities are common in COPD patients, especially
those who are moderate or severe and referred to PR. As previously
discussed, the body starts to lose fat as the energy expenditure exceeds the
available energy and when food intake is reduced, whereas muscle mass is
affected by an imbalance of protein synthesis and breakdown. Body weight
and height are usually measured to calculate BMI. BMI is a value calculated
from someone’s ‘weight in kilograms divided by the height in meters squared’.
69

BMI is categorised into: underweight less than 21 kg/m 2, normal weight from
21 to 25 kg/m2, overweight from 25–30 kg/m2, and obese more than 30 kg/m2.
Several studies have linked BMI abnormalities with COPD outcomes. Marti et
al. conducted a retrospective study to examine the association between body
weight and respiratory mortality in 128 COPD patients. They found that low
BMI was a predictor for respiratory mortality (203). Additionally, Park et al.
compared the effect of BMI on the development of COPD using data from a
cohort data of 437, 584 Korean participants. They discovered that low BMI is
a risk factor for developing COPD (204). The measurement of BMI is easy and
common; however, it does not accurately indicate the true changes in body
composition especially COPD patients. Fat mass (FM) and fat free mass
(FFM), which are considered the main components of body mass, are a more
detailed indicator of body composition, and usually reflect the true changes if
measured by validated techniques. Bioelectrical impedance is a validated
technique that measures body composition based on the different electrical
properties of FFM and FM by sending electrical current through the body.
Slinde et al. examined whether body composition measured by bioelectrical
impedance predicted mortality rate over one year in 86 stable COPD patients.
They reported that body composition measured by bioelectrical impedance
was an independent predictor of mortality in COPD patients enrolled in a PR
programme (205).
For many years, measuring FFM accurately has been a concern for many
researchers due to its association with COPD outcomes. Hopkinson et al.
examined the association between body composition, disease severity, and
exacerbation frequency over one year in 46 stable COPD patients. They
reported that a reduction in FFM in COPD patients was associated with a
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reduction in lung function (206). Additionally, Rutten et al. stated that continued
decline of FFM in COPD patients was associated with more frequent
exacerbations (207). It is well established that COPD individuals with a low or
“depleted” FFM had impaired exercise capacity as measured by a 12-minute
walk distance, and lower quality of life as measured by the St George's
Respiratory Questionnaire (SGRQ), when compared with COPD patients who
had preserved or “not depleted” FFM (208, 209).
In the last 30 years, several studies have measured and defined the normal
range of FFM by calculating FFMI, which is equal to FFM divided by height
squared (68). FFMI less than 16 kg/m2 for men and less than 15 kg/m2 for
women are considered abnormal with COPD patients (210). FFMI is very
important in COPD patients since it correlates well with exercise function,
breathlessness, respiratory muscle function, and FEV1, so it might be a useful
predictor of COPD severity (211). Vestbo et al., in the Copenhagen City Heart
Study which included almost 2,000 COPD patients, and reported that low FFMI
was associated with mortality rate even in COPD patients with normal BMI
(212). A lower quality of life was also detected in COPD patients with low FFMI
who were in a PR programme (213). Therefore, it is very important to measure
body composition with COPD patients to reveal any abnormality such as
muscle depletion or malnutrition.
1.3.6 Screening for Malnutrition
It is of interest for many healthcare providers to detect and manage
malnutrition in the whole population, and especially those with an existing
medical condition such as COPD that might lead to malnutrition. Early
recognition and management of malnutrition in COPD might be beneficial in
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reversing malnutrition, improving clinical relevant outcomes, and reducing
healthcare utilisation (214, 215).
Several tools such as the Malnutrition Screening Tool (MST), Mini Nutritional
Assessment (MNA), and MUST have been introduced and validated across
several healthcare settings. MUST is the most common, easy to use and
recommended screening tool that has been used to identify COPD adults at
risk of malnutrition in different healthcare settings. It is a five-step tool that
assesses BMI, recent unintentional weight loss and the presence of illness
(188). MUST has been useful in predicting the risk of mortality rates in
hospitals and early readmission with COPD patients (190).
The NICE has advised healthcare providers to calculate BMI in all COPD
patients and pay attention to unintended weight loss, especially in older adults
(216). They also recommend that healthcare providers should routinely screen
for malnutrition risk with a valid screening tool in all COPD patients, and
attention should be paid to the percentage of unplanned weight loss in older
people (216).
1.3.7 Management
Once malnutrition has been identified, a specific management approach
should be started and should be based on the level of risk (low, medium, or
high risk). With stable COPD individuals, one should aim for an increase in
muscle mass and body weight; usually two kilograms is a recommended
threshold. Healthcare facilities should offer a variety of management
approaches such as but not limited to: dietary instruction or advice to increase
the intake of all nutrients, modified diet plans, and oral nutritional supplements
(ONS) (188).
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There are many different types of ONS available for patients with COPD.
Nutritional supplements may be classified as either caloric or non-caloric, and
can be obtained as powder, liquid or tablet forms. High fat and high
carbohydrate caloric supplements are used to increase body weight, especially
in malnourished COPD patients who have a higher REE (217). They likely work
by protein supplementation has been used in COPD patients due to positive
effect in promoting exercise performance and protein synthesis (218). By
promoting protein synthesis, body mass and muscle mass is increased . Non
caloric supplements may also include micro-nutrients. For example, vitamin
B12 is essential since it has a crucial role in homocysteine, hematopoietic and
muscle metabolism (219). Vitamin D is crucial to maintain strong bones since
COPD patients are susceptible to osteoporosis. Vitamin D has also been
shown to reduce the risk and rate of exacerbations in COPD patients (220,
221).

1.4 Nutritional supplementation during pulmonary rehabilitation in COPD
Nutritional supplements have been used to overcome malnutrition in patients
with COPD. Nutritional support, integrated with exercise training, may improve
exercise activity, decrease the risk of mortality, and improve muscle strength
in undernourished COPD patients (222, 223). A meta-analysis of nutritional
supplementation for stable COPD published by Ferreira et al. in 2012 included
17 randomised clinical trials, which indicated that nutritional supplements
increased muscle mass and body weight, improved respiratory function and
exercise tolerance in COPD patients who were poorly nourished (224).
Additionally, Collins et al. demonstrated in their meta-analysis of nutritional
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support and functional capacity in COPD that nutritional supplements
improved weight and handgrip strength in COPD patients (225). Both reviews
included randomised clinical trials only, and participants did not need to be
engaged in a PR programme.
An integrated approach of exercise training and nutritional support may offer
the greatest potential benefit and might be the best way to seek functional
improvements

with

COPD

patients;

however,

this

question

remain

unanswered. Therefore, we conducted and published a systematic review
(226) to investigate the additional effect of using ONS during PR to enhance
PR outcomes. Our main hypothesis is that nutritional supplementation taken
by COPD patients during PR will enhance PR outcomes.
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2. Hypothesis and aims
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This

thesis

examines

relationships

between

malnutrition,

nutritional

supplementation, and PR in COPD. We hypothesised that nutritional
supplementation over a six week period of PR will enhance exercise capacity,
muscle strength, health related quality of life and result in improvements in
physical activity of stable COPD patients.
Aims of project


To report and summarise the current evidence for using nutritional
supplementation during PR in stable COPD patients to enhance PR
outcomes.



To investigate the effect of a nutritional supplement (FCP) during a pulmonary
rehabilitation program when compared with control group (preOp) at PR
discharge and six weeks post discharge on:
I.

Exercise capacity.

II.

Peripheral muscle strength.

III.

Anthropometrics measurements (body weight, BMI, FM, FFM, and
FFMI, waist, hip, and mid-thigh circumference).

IV.

Level of anxiety and depression.

V.

Health related quality of life.

VI.

Physical activity.



To evaluate the level of agreement between the (Yamax Digi-walker
SW-200) and Fitbit Alta HR (Fitbit Inc, USA) on counting steps.



To investigate participants acceptability and experience of the using the
products.
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3. Methods
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3.1 Ethical approval
Ethical approval was obtained from Central Research Ethics Committee and
Health Research Authority (HRA) (reference 18/LO/1842) Appendix 1. Written
informed consent was obtained for each participant before participating in the
study. The study was registered at ClinicalTrials.gov (227).
3.2 Study setting
Subjects were recruited from Central and North West London (CNWL) NHS
Foundation Trust the Peckwater Centre and St. Pancras Hospital pulmonary
rehabilitation classes in (London, UK). To gain an access, an honorary contract
was obtained from CNWL on 1012/2018 (appendix 2).
3.3 Eligibility criteria


Inclusion criteria
 Confirmed COPD (post-bronchodilator FEV1: FVC ratio <0.7)
 > 10 smoking pack year history.
 Enrolling on a PR programme.
 Age of 18 and above.



Exclusion criteria
 Patients with any physical or mental health disorders preventing
compliance with trial protocol.
 Unable to communicate in English.
 Malabsorption syndrome.
 Unable to perform the Incremental Shuttle Walk Test.
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 Patients already using other types of oral dietary supplement, under the
care of a dietitian.
 Galactosaemia (contraindication).
 Known cow's milk protein allergy or lactose intolerance.
 BMI >30kg/m2 without recent weight loss of >5%.
3.4 Randomisation method and intervention
Participants were randomised using a web-based service called ‘sealed
envelope’ to an interventional group or control group. To ensure BMI was
similar between groups, randomisation was stratified based on BMI < and ≥ 20
kg/m2. The intervention and control products were used from the starting date
until the completion date of PR. Each participant would either receive twice a
day supplement of Fortisip Compact Protein (Nutricia, B.V. Zoetermeer,
Netherlands) (125 ml bottle has 300 kcal, 24% protein; 41% carbohydrate;
35% fat), or the control twice a day of PreOp (Nutricia, B.V. Zoetermeer,
Netherlands) (200 ml bottle has 100 Kcal, 100% carbohydrate). We could not
provide a placebo identical to the intervention – this would have required a
separate production run which Nutricia were unable to supply - so we had to
select an alternative, available zero-protein supplement (preOp).
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Figure 7: Fortisip Compact protein.

Figure 8: PreOp.

.

3.5 Sealed envelope
The sealed envelope service is an online service for randomisation.
Participants’ study number and BMI were required to run the randomisation
process which was conducted by a member of our team not involved in the
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study (Figure 9). For each participant, sealed envelope generated a random
unique reference number (code). Then an email with the code was sent to the
trial email address. This code was matched with a pre-existing list of codes,
and subjects were allocated either to the intervention group or to the control
group.
3.6 Method of sampling
Consecutive sampling approach was used in this research.

Figure 9: Sealed envelope randomisation page.
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3.7 Recruitment of participants
In this study, the initial approach was made by clinicians running the PR
programme and any patient who expressed an interest in taking part was
provided with a written information leaflet (appendix 3). Patients expressing
willingness to take part were introduced to the research team and a recruitment
visit was scheduled. The recruitment visit started by giving a clear verbal
description about the research including the purpose and potential benefits of
participating in this study. Also, there was time for any questions that needed
to be clarified by the researcher; furthermore, the participant was provided with
the researcher’s contact details for any further information. At this stage, any
interested COPD patient who agreed to participate was asked to sign a
consent form (appendix 4).
3.8 Study Design
This was a double-blind randomised control trial. Both products were
unlabelled and directly delivered to the participants’ residential address with
both researcher and participants being blinded. The following diagram 10
describes and summarise the study design.
3.9 Pulmonary rehabilitation programme
PR is a comprehensive out-patient rehabilitation programme consisting of one
hour of exercise training and one hour of education which participants attend
twice a week for a total of 12 sessions. The PR programme is supervised by
respiratory physiotherapists and follows the BTS guidelines (228). The
exercise training portion starts with a warm-up and is followed by low intensity
of aerobic exercises such as cycling, treadmill walking and level walking, and
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resistance exercise, such as progressive resistance of upper and lower body
with free weights, step up, thigh muscle training with or without weight cuffs
and sit to stand. Participants were encouraged during exercise by the
respiratory physiotherapists to reach a score of 3 or 4 on the modified Borg
scale but the intensity of exercises were depends upon the tolerance of each
individual. The education part includes but is not limited to: stress
management, signs of chest infection: early recognition, dyspnoea and
symptom management, nutrition and healthy food, techniques using inhalers
and nebulizers, energy conservation, smoking cessation and chest clearance
techniques. All education topics were delivered by doctors, physiotherapists,
nurses, psychologists, occupational therapists, and dietitians.
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Figure 10: Study design.
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3.10 Study Procedure
The following procedure describes the way that the data were collected in the
consented patients. The researcher collected demographic data and
distributed questionnaires to subjects who met the eligibility criteria: CAT to
identify the impact of COPD on health-related quality of life, HADS to identify
the levels of anxiety and depression, MRC and BORG scales to measure
dyspnoea on exertion, SGRQ to assess health related quality of life, and MUST
to identify subjects who at high risk of malnutrition. Number of chest infections
and hospital admissions due to COPD exacerbation in the past 12 months
were gathered. At the assessment date, the researcher measured the ISWT
with Sit to Stand– Five Test (STS5) and baseline characteristics height and
weight. Post-bronchodilator spirometry was done by hand-held spirometry
using Micro 1 (CareFusion, Basingstoke, UK) to confirm the diagnosis of
COPD. The researcher recorded waist, hip, and mid-thigh circumferences.
Body composition was assessed using BMI, bio-electrical impedance to
measure FM, and FFMI were assessed by a device called BodyStat (Bodystat,
Douglas, Isle of Man). Handgrip strength was measured by handgrip
Dynamometer. All measurements were recorded in a data collection sheet
(appendix 5). Participants were given a simple step-counter (pedometer) and
asked to record daily steps at the time of consent for 14 consecutive days
before the start date (appendix 6). Also, Participants were also given drink
diary to record daily intake of the products (appendix 7).
At the date of completion, all the measures described above were repeated.
Participants were given a simple step-counter (pedometer) and asked to
record daily steps post PR for 14 consecutive days (appendix 8), except
showering and sleeping time. At the end of the study, the acceptance of the
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intervention was assessed by using a bespoken survey (appendix 9). Six
weeks after the completion of PR, participants were assessed at a final visit
and repeated all the measurements.


Spirometry ( FEV1, FVC and FEV1/FVC ratio)

Post-bronchodilator hand-held spirometry were performed using a Micro 1
Handheld Spirometer (CareFusion, Basingstoke, UK) to confirm a diagnosis of
COPD. The Micro 1 device is accurate, rechargeable, portable and works in
accordance with the ATS/ERS standards of lung function (229). Participant
were seated in upright position with head slightly elevated and during the test.
Your patient needs to place his/her mouth around mouthpiece, and take a deep
breath in as big as possible and blows out as hard and fast as possible until
no air left in the lungs. Test were repeated three times to conform the published
quality-assurance criteria (230).

Figure 11: Micro 1 Handheld Spirometer.
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3.10.1 Questionnaires
Five validated questionnaires were used: 1: CAT, 2: HADS, 3: SGRQ, 4:
MUST, 5: MRC


COPD Assessment Test (CAT)

CAT is an 8- item questionnaire used to identify the impact of COPD, it has a
score range of 0-40. The eight items used assess COPD symptoms (cough,
sputum, dyspnoea, chest tightness, and one question assess the impact of
sleep) (Appendix 10). Several studies have demonstrated that CAT is a valid
and reliable tool to identify the impact of COPD on health-related quality of life
(231, 232). The minimal clinically important difference is 2 points (233). Each
participant was asked to fill the questionnaire at the assessment date, after the
PR completion, and 6 weeks post PR.


Hospital Anxiety and Depression Score (HADS)

HADS is used to measure both anxiety and depression. It consists of seven
items for anxiety and seven items for depression, each item has a score from
0-3 (234). This means that a person can score between 0 and 21. Scores of
seven and less in each domain is consider to be normal. Scores between eight
and eleven in each domain indicate mild anxiety and/or depression; 11 to 14
suggests moderate anxiety and/or depression and 14 to 21 suggests severe
anxiety and/or depression, respectively (234). The minimal clinically important
difference of the HADS is 1.4 points (235). Each participant were asked to fill
the questionnaire at the assessment date, after the PR completion, and 6
weeks post PR. (Appendix 11)
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Modified Medical Research Council (mMRC)

MRC breathlessness scale is used to classify the level of disability associated
with breathlessness (236). MRC is a valid and simple tool to classify COPD
according to disability level (236). Each subject was asked to fill the
questionnaire pre and post PR after explaining the importance and the purpose
of it. (Appendix 12)

Table 5: Medical research council grading of dyspnoea and description.
Grade of
MRC

Description of Breathlessness

Grade 0

I only get breathless with strenuous exercise

Grade 1

I get short of breath when hurrying on level ground or
walking up a slight hill

Grade 2

On level ground, I walk slower than people of the
same age because of breathlessness, or I have to
stop for breath when walking at my own pace on the
level

Grade 3

I stop for breath after walking about 100 yards or
after a few minutes on level ground

Grade 4

I am too breathless to leave the house or I am
breathless when dressing



St. George’s Respiratory Questionnaire

SGRQ is an instrument design to measure the impact of obstructive airway
disease on health, daily life, and wellbeing. It consists of 50 questions divided
between symptoms, daily activities limited by breathlessness, and impact
components which include psychological disturbances and social functioning
(Appendix 13). Scoring range from 0 to 100 where 100 indicates more
limitation (237). The minimal clinically important difference of the total score is
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4 units (238). Each participant was asked to fill the questionnaire at the
assessment date, after the PR completion, and 6 weeks post PR.


Malnutrition Universal Screening Tool (MUST)

MUST has been created to identify adult subjects who are malnourished or at
risk of becoming malnourished. It consists of five steps: 1) is to calculate BMI,
2) weight loss, 3) acute disease effect, and 4) (overall risk of malnutrition) is a
sum of all scores from the previous three steps to identify step five
(management guidelines). It has been used and validated with different adult
population (239). (Appendix 14)
3.10.2 Functional Outcomes


The Incremental Shuttle Walk Test (ISWT)

The test was conducted based on the ERS/ATS recommendations (169). Two
cones were placed a distance of 9 m apart. The course is nine m in length and
the cones are placed with an inset of 0.5 m from either end (Figure 12). An
audio recording has the test instructions played to avoid any variation in the
test. Once the recording is finished, the researcher confirmed that the patient
understood the test. The research recorded heart rate, blood pressure, level
of dyspnoea using modified Borg scale, and oxygen saturation before the test
starts. The modified Borg scale is used to rate breathlessness, starting at 0
where breathing is not difficult at all and progressing to 10 where breathing is
maximally difficult (240). The patient is positioned next to one of the cones,
and the test is started once three bleeps are heard. Once the researcher hears
triple bleeps, the patient was instructed to increase the speed of walking by
saying ‘‘you need to increase your speed to keep up with the test.’’ Each
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participant did the ISWT before enrolling in the PR twice, after the PR
completion, and 6 weeks post PR to measure the change of exercise capacity
Figure 12: Incremental Shuttle Walk Test. The arrows demonstrate the direction
of patient walks.
with the effect of protein supplement. The minimal clinically important
difference of the ISWT between 35.0 and 36.1 m (241).



Physical Activity Monitoring

This is an important aspect due to its benefits for health and consequences of
not being active (164). Participants were asked to wear a step counter
pedometer (Yamax Digi-walker SW-200) on the left side of waist on the waist
belt or waistband as per manufacturer manual and other studies (242, 243).
Participants were required to record all daily steps for 14 days, except when
showering and sleeping, before starting PR program. Again, each participant
was asked to wear the pedometer for 14 days after PR completion. A diary
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card was provided each period (Appendix 6 and 8). Participants were
contacted once to make sure they are using the pedometer and to minimise
confusion. (Figure 13)
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Figure 13: Yamax Digi-Walker SW-200 pedometer device and instructions.
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Sit to Stand – Five Test (STS5)

STS5 is a functional outcome measure used commonly with COPD patients.
It is simple and reliable tool which indicates exercise capacity and lower limb
strength (244). It also correlates well with health related quality of life (244).
Participants were instructed to sit on a straight-backed chair without arms with
feet flat on the floor and hands folded across the chest, and asked to stand up
and sit down without using arms support as fast as possible five times (Figure
14). For those who cannot do the manoeuvre, the test was terminated. The
researcher used a stop-watch to count the time (245). It has been validated for
participants with COPD and the MCID is 1.7 second (244, 245). The
measurement was taken at the assessment date, after the PR completion, and
6 weeks post PR.

Figure 14: Sit to stand five test steps (246).
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Handgrip strength

The Jamar smart handheld dynamometer (Patterson Medical Ltd, Warrenville,
Illinois, USA) (Figure 15) was used to measure the highest isometric strength
of forearm muscles and the hand. The researcher asked participants to hold
the device by one hand each time in order to measure both hands strength
following specific guidelines during the procedure (247). The research used
the best three measurements. It has been validated as a suitable method for
monitoring change in muscle strength with COPD patients (247). The
measurement was taken at the assessment date, after the PR completion, and
6 weeks post PR.
Figure 15: Jamar smart handheld dynamometer.
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Body weight and height

Body weight was measured in light clothing using a digital scale (EB4074C,
Anaheim, US) while height was measured one time using a wall-mounted
stadiometer and without shoes.
3.10.3 Body mass measurements


Bioelectrical impedance analysis (BIA)

This is a safe non-invasive method used to determine body composition. Body
composition means the percentages of bone, muscles, and water in human
bodies. Participants were instructed to be in supine position. Bodystat Touch
1500 (Bodystat Ltd, Douglas UK) (Figure 16) was used to measure body
composition. Two electrodes were placed on the anterior surface right hand
and right ankle. Participants were requited to rest at supine position for three
to four minutes. It has been validated with COPD patients by Schols et al.(248).
The measurement was taken at the assessment date, after the PR completion,
and 6 weeks post PR.
Figure 16: BodyStat Touch 1500.
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Waist, Hip, and Mid-Thigh circumference

Waist circumference
Participants were asked to wear light clothes. The researcher asked the
participants to stand up with feet closed together, both hands close to the body,
and relaxed. A stretch- resistant tape was placed top of the iliac crest and the
lower margin of the least palpable rib with the measurement taken at the end
of normal exhalation. The researcher repeated the measurement twice, and
the mean was calculated with both measurements within 1 cm difference
(249). The measurement was taken at the assessment date, after the PR
completion, and 6 weeks post PR.
Hip circumference
Participants were asked to wear light clothes and stand up with feet closed
together, both hands close to the body, and relaxed. A stretch- resistant tape
was used horizontally to measure the widest portion of the buttocks with the
measurement taken at the end of normal exhalation. The researcher repeated
the measurement twice, and the mean was calculated with both
measurements within 1 cm difference (249). The measurement was taken at
the assessment date, after the PR completion, and 6 weeks post PR.
Mid-thigh circumference
Measurements were recorded for both legs. The participants were told to wear
light clothes and stand on both legs. Measurement was made directly under
gluteal fold with tape horizontally to the floor. Two measurements were made
and the mean was calculated. The measurement was taken at the assessment
date, after the PR completion, and 6 weeks post PR.
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3.11 Power (sample size) calculation
The outcome variable of interest is the ISWT. The power calculation for the
Steiner paper was adapted to calculate the sample size (250). Mean and
standard deviation increases in ISWT performance from our own rehabilitation
programme are 47 ±66 m. The clinical significance of further increases in
performance resulting from treatment adjunctive to rehabilitation is unknown
but we judged that an additional increase of 35 m as used in the Steiner paper
would be of functional benefit to patients. The sample size was calculated with
90% power at 5% significant level and standard deviation of 53 m (the
difference in a change between pre and post in ISWT from Steiner paper) to
ensure we would detect this additional increase in ISWT performance in the
intervention group, assuming a 29% dropout rate from rehabilitation. To
achieve this we need to recruit 138 COPD patients, with 98 completing the
study.
3.12 Statistical consideration
1. Primary outcome
The difference in change in ISWT distance (in meters) pre and post PR
between intervention and control groups.
2. Secondary outcomes
A. The difference in change between intervention and control groups of the
following measurements:
1. Peripheral muscle strength measured by Jamar Handgrip Dynamometer.
2. Body composition values (BMI, weight, FM, FFM, FFMI measured by
BodyStat- bioelectrical impedance.
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3. Waist, hip, and mid-thigh circumferences measured by a tape
4. Daily physical activity level by using step counter pedometer.
5. The impact of in health-related quality of life by recording CAT and SGRQ.
6. Levels of anxiety and depression by Hospital anxiety and depression Scale
(HADS).
7. Malnutrition risk measured by MUST
8. In any re-assessed evaluation six-week post PR programme.
B. Participant’s feedback and experience using nutritional supplementation.
3.13 Statistical analysis
Two end points were used for statistical analysis: 1) a per protocol
analysis which include all participants who take 80% of the supplements and
attend 75% of PR program within a maximum 10 weeks period and did not
miss two or more consecutive weeks of PR, 2) intention- to- treat analysis
which include all participants. Baseline characteristics of each group
(interventional group vs. control group) were reported using mean and
standard deviation/ median and interquartile range and percentage as
appropriate. For the main outcome ISWT Between‐group differences were
compared by ANCOVA considering pre‐ISWT value as covariate. Pre and post
PR measurements for each group (intervention group vs. control group) were
compared by using paired t-test analysis for normally distributed data and
Wilcoxon signed-rank test if not normally distributed. Independent t-tests were
used to compare the difference between both groups. Interim analysis and
ANOVA to analyse results allowing for variation in baseline were proposed
when we reach half of the calculated sample size but due to the COVID-19
pandemic we had to stop the recruitment. Data were assessed for normally by
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visual inspection of the histogram, and the Kolmogorov-Smirnov test. Subjects
were also stratified into depleted (Body mass index ≤21 kg/m2 and/or FFMI
≤15 kg/m2 for women or 16 kg/m2 for men) vs. non-depleted patients to
compare the effect of intervention in these subset (251). The Statistical
Package for the Social Sciences (SPSS), Version 26 (IBM Corp, Armonk,
USA) software was used to analyse our data.
Confidentiality
Participant’s data was kept confidential. A study code number was assigned
for storing confidential information. In the study, original paper questionnaires ،
assessment forms and participants' contacts were collected from patients in
accordance with the patient consent form and patient information sheet. The
participants' data (original paper questionnaires ،assessment forms and
participants' contacts) were appropriately kept within locked space at UCL
Respiratory, London, NW3 2QG. University College London acted as the data
controller for the study. Mr. Abdulelah Aldhahir (primary researcher), University
College London processed and stored original paper questionnaires ،
assessment forms and participants' contacts in accordance with all applicable
legal and regulatory requirements, including the GDPR and any amendments
thereto. Mr. Abdulelah Aldhahir (primary researcher), University College
London will dispose of original paper questionnaires, assessment forms and
participants' contacts in accordance with all applicable legal and regulatory
requirements, including the GDPR and any amendments thereto. This project
is covered by the UCL Data Protection Registration, reference No
Z6364106/2018/06/10 health research.
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All identification data such as name, address, file number, and phone number
were saved in a password protected file on a UCL computer and kept
separately from research data, with patients identified using study number only
the researcher, chief investigator, and the research assistant in the respiratory
medicine department as necessary.
Quality assurance
This study was performed in accordance with Good Clinical Practice (GCP).

Method Development
I wanted to use an inexpensive (Yamax) pedometer to measure physical
activity. Because this has not previously been validated, I needed to complete
some development work to compare the Yamax device against a ‘Fitbit’ which
has been validated to measure step counts. This development work is the
subject of the next section of my thesis.

100

3.14 Validation study:

Study 1: To evaluate the level of agreement between the (Yamax Digi-walker
SW-200) and Fitbit Alta HR (Fitbit Inc, USA) on counting steps.
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3.14.1 Comparison between Yamax
Pedometer and Fitbit Alta Hr.
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Introduction
Physical activity is defined by the WHO as “any bodily movement produced by
skeletal muscles that requires energy”(162). Being inactive, is considered one
of the leading contributors to premature death worldwide, associated with
diabetes and ischaemic heart disease (162). It has been shown that physical
activity reduces the incidence of high blood pressure, coronary heart disease,
type 2 diabetes, stroke, and metabolic syndrome.
It is an important aspect of research to monitor physical activity due to its
benefits and the negative consequences of not being active (164). Several
methods have been introduced to measure physical activity, such as
pedometers and accelerometers. A pedometer is a device used to measure
physical activity (steps only) objectively using motion-sensor technology. An
accelerometer is a piece of advanced technology used to measure the
intensity and frequency of physical activity to estimate energy expenditure
(252). Researchers have examined the accuracy and validity of several types
of accelerometers and pedometers in certain populations. Fitbit One, Flex,
Force, Zip, and Charge HR wristbands have been shown to be accurate when
measuring steps in different populations (253). Fitbit works by collecting body
movements in 3-dimensional space using three microelectronic axis
accelerometer. The patterns of these movements were analysed to count
steps taken. Noah et al. compared a Fitbit tracker with an indirect calorimetry
in 23 subjects. The Fitbit was found to be a reliable and a valid device in
measuring steps (254). Additionally, Storm et al. found that the Fitbit was one
of the most accurate devices when steps were counted when compared to
seven activity monitors. However, the device requires charging, needs a
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smartphone connection, is relatively expensive, and can cause a rash.
Alahmari et al. have suggested that the pedometer (Yamax Digi-walker SW200) correlated well with steps during 6MWT in COPD patients (255).
However, there is no published data compared a pedometer (Yamax Digiwalker SW-200) and the Fitbit Alta HR (Fitbit Inc, USA) wristband together. I
wanted to use the pedometer (Yamax Digi-walker SW-200) because it is
inexpensive, simple to use and unobtrusive. Therefore, I want to assess its
accuracy against the Fitbit Alta HR which is part of the Fitbit generation.
Aim
To evaluate the level of agreement between the (Yamax Digi-walker SW-200)
and Fitbit Alta HR (Fitbit Inc, USA) on counting steps when worn by healthy
subjects.
Hypothesis
We hypothesise that there will be no significant difference in steps counted
between the (Yamax Digi-walker SW-200) and Fitbit Alta HR (Fitbit Inc, USA).
Methods
Study subject:
Eleven healthy subjects (7 males; 4 females) verbally consented and
participated in this study.
Measurement protocol:
Participants were asked to attach the pedometer (Yamax Digi-walker SW-200)
to their beltless trousers, skirts, training suit or belt on the left side at all times,
except when sleeping or showering, for five consecutive days. All participants
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were instructed on how to use the device. It required a manual setup prior to
use involving pressing the yellow button to reset it as shown in Figure 18. To
record their daily steps for each day, participants were issued with a diary card.
The participants were required to reset the pedometer each new day.
At the same time, participants were asked to wear the Fitbit Alta HR (Fitbit Inc,
USA) wristband for five consecutive days. Each Fitbit watch was connected to
a smartphone in order to record steps each day. Figure 18
Variable
To assess how similar the pedometer (Yamax Digi-walker SW-200) is in
comparison to the Fitbit Alta HR (Fitbit Inc, USA) in detecting steps prior to use
in future research.
Statistical Analysis
The Statistical Package for the Social Sciences (SPSS), Version 26 (IBM Corp,
Armonk, USA) software was used to analyse our data. To examine if our data
were normally distributed, the Kolmogorov-Smirnov test was used. To identify
the level of agreement between the pedometer (Yamax Digi-walker SW-200)
and the Fitbit Alta HR (Fitbit Inc, USA), the Intraclass correlation coefficient
(ICC) was used. An ICC of (0-0.20) indicates slight agreement; (0.21-0.40)
indicates fair agreement; (0.41-0.60) indicates moderate agreement; (0.610.80) indicates substantial agreement; and ˃ 0.81 indicates almost perfect
agreement (256, 257). Bland Altman analysis was used to test the strength of
the relationship of the two devices.
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Results
Seven male and four female subjects with a mean age of (32 ±5) years
participated. There was an excellent agreement between the pedometer
(Yamax Digi-walker SW-200) and the Fitbit Alta HR (Fitbit Inc, USA) with an
Intraclass correlation coefficient (ICC) = 0.98, 95% CI 0.93 to 0.99.. Figure 17
represent Bland-Altman plots with mean difference and SD of 273 ±955
steps/day for all participants, and the majority of values were within 95%
confidence interval (CI: -1598.21 to 2144.21).
Figure 17: Bland-Altman plot demonstrating agreement between Yamax Digiwalker SW-200 and Fitbit Alta HR.
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Figure 18: A) Pedometer (Yamax Digi-walker SW-200). B) Fitbit Alta HR (Fitbit
Inc, USA).

Discussion
The aim of this study was to identify the level of agreement between the Yamax
Digi-walker SW-200 pedometer and the Fitbit Alta HR (Fitbit Inc, USA)
wristband on counting steps in healthy subjects. Eleven healthy subjects (7
males) were included in our study, with a mean age of 32 years old. The level
of agreement between the wristband and the pedometer was almost perfect.
Our findings have demonstrated similar results to previous studies. Noah et al.
compared a Fitbit tracker with an indirect calorimetry in 23 subjects. The Fitbit
was found to be a reliable and a valid device in measuring steps (254).
Additionally, Storm et al. found that the Fitbit was one of the most accurate
devices when steps were counted when compared to seven activity monitors.
However, the device requires charging, needs a smartphone connection, is
relatively expensive, and can cause a rash. On the other hand, the Fitbit is
light, easy to use, has an alarm which can be used to motivate physical activity,
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and measures more than steps, for example heart rate and energy
expenditure.
Our findings suggest that the pedometer correlated well with the Fitbit.
Alahmari et al. have suggested that the pedometer (Yamax Digi-walker SW200) correlated well with steps during 6MWT in COPD patients (255). The
advantage of using a pedometer is that it is not expensive, it is simple to use,
and it is unobtrusive. However, it does not provide the intensity, frequency, or
distance of the physical activity.
Conclusion
The Yamax Digi-walker SW-200 and Fitbit Alta HR (Fitbit Inc, USA) showed
almost perfect agreement in counting steps in healthy subjects. The Yamax
Digi-walker SW-200 will be used in our main study.
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4. Nutritional

supplementation

during pulmonary rehabilitation in
COPD: A systematic review.
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4.1 Introduction
Patients with COPD experience daily symptoms, reduced exercise capacity,
and susceptibility to exacerbations, resulting in reduced health-related quality
of life (3, 6, 7). The international GOLD strategy document summarises current
approaches to COPD management (3). Cost-effective treatment approaches
for COPD, described in the ‘value pyramid’ (53) include smoking cessation,
influenza vaccination and PR. Multiple high-quality randomised controlled trials
(RCTs) and meta-analyses have demonstrated that PR is an effective
management strategy in COPD, since it improves exercise performance,
reduces dyspnoea, reduces the risk of exacerbation and improves healthrelated quality of life (66-69, 71, 72).
Exercise limitation is one of the most common problems for COPD patients
and this may be compounded by reduced muscle mass and malnutrition.
Some COPD patients may lose body weight and skeletal muscle mass, which
leads to muscle weakness and dysfunction, impacting functional ability and
quality of life (135). Muscle disuse, caused by a prolonged sedentary lifestyle
and voluntary immobilisation, leads to further muscle deconditioning and thus
reduced muscle strength and endurance (136). It has also been postulated
that COPD is associated with a myopathy, which may be driven by systemic
inflammation (136). Being underweight is associated with an increased risk of
mortality in COPD and weight loss predicts mortality and morbidity in chronic
lung disease patients (68, 137). Therefore, patients with COPD are at risk of
significant morbidity and mortality as a result of changes in body composition
and nutritional and metabolic status.
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It has been suggested that healthy older adults require additional nutrients
compared with younger adults to preserve bone and lean mass. For instance,
it is recommended that young adults require 0.7 g of protein/kg body weight
per day while the recommendation for older adults is 1.2–1.5 g protein/kg body
weight/day, especially for people with conditions that require higher levels of
protein, such as COPD (146). Nutritional supplements have been used to
overcome malnutrition in patients with COPD. It has been suggested that
nutritional support integrated with exercise training may improve exercise
activity, decrease mortality, and improve muscle strength in undernourished
COPD patients (222, 223). A meta-analysis of nutritional supplementation for
stable COPD by Ferreira et al. included 17 randomised clinical trials and
concluded that nutritional supplements increased muscle mass and body
weight and improved respiratory function and exercise tolerance in COPD
patients who were poorly nourished (224, 258). Additionally, Collins et al.
demonstrated in a meta-analysis of nutritional support and functional capacity
in COPD that nutritional supplements improved weight and handgrip strength
in COPD patients (225). Both reviews only included randomised clinical trials
and it was not necessary for participants to be engaged in PR. We
hypothesised that an integrated approach of exercise training and nutritional
support might be the best way to seek functional improvements. However, the
uptake of nutritional supplementation during PR, where the potential benefit
may be greatest, has been limited by the absence of rigorous evidence-based
studies supporting use. The objective of this systematic review was to report
and summarise the current evidence for using nutritional supplementation
during PR in stable COPD patients to enhance PR outcomes. This systematic
review has been published in Chronic Respiratory Disease (226). Appendix 19
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4.2 Methods
Search strategy
The preferred reporting items for systematic reviews and meta-analyses
guidelines were used for this systematic review, with Prospero registration
number CRD42018089142 (259). The search was conducted up to 7 July 2020
using Medical Literature Analysis and Retrieval System Online or MEDLARS
Online, Excerpta Medica dataBASE, Allied and Complementary Medicine
Database, the Cochrane Database of Systematic Reviews, Cumulative Index
of Nursing and Allied Health Literature and Web of Science database (Tables
A1 to A5). The search strategy and terms used in this systematic review are
described in the Appendix 19. The bibliography of eligible articles and existing
systematic reviews in the field were also screened.
Inclusion criteria
The PICO (P: population, patient, problem; I: intervention; C: control,
comparison or comparator; O: outcome) criteria for included studies appear in
Table 6. Studies were included in the systematic review if they met all of the
following criteria: studies of patients with a confirmed diagnosis of COPD; no
evidence of recent exacerbation, as described in the individual studies;
patients enrolled on a PR or other exercise training programme and patients
receiving nutritional supplementation (caloric, non-caloric, powder, liquid,
capsule or tablets) during PR.
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Table 6: PICO criteria used for inclusion of studies.
Criteria

Definition

Participants

Patients with a confirmed diagnosis of COPD, no
evidence of recent exacerbation, enrolled on a
pulmonary rehabilitation or other exercise training
program

Intervention

Any nutritional supplement given during pulmonary
rehabilitation

Comparator

Placebo, other nutritional supplement regime, no
nutritional supplements

Outcome

Exercise function, body composition, peripheral muscle
strength, respiratory muscle function, and quality of life.

Study
Design

No restrictions

Abbreviations: COPD: chronic obstructive pulmonary disease; PICO: P—population, patient, problem;
I—intervention; C—control, comparison or comparator; O—outcome.

Exclusion criteria
We excluded book chapters, systematic reviews (but screened the reference
lists), non-English manuscripts, conference abstracts with no full-text and nonfull text articles.
The main outcomes of interest were to investigate the impact of nutritional
supplementation during PR programmes on exercise function, body
composition, peripheral muscle strength, respiratory muscle function, and
quality of life.
Data collection
Three authors screened the titles and abstracts to exclude irrelevant studies.
Full texts of the relevant studies were read by the first author to evaluate if they
fulfilled the inclusion criteria. The reference lists of included studies and
excluded systematic reviews were also screened; two additional studies were
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found, and the senior authors discussed eligibility. Disagreements between
authors were resolved by discussion.
Quality assessment
The two authors performed risk of bias assessment using the Cochrane risk of
bias tool to assess randomised studies, which comprises seven questions, and
the modified Newcastle– Ottawa scale to assess cohort studies, which is also
made up of seven questions (260, 261). For the randomised trials, we scored
each of the seven domains as 0 (low risk of bias) or 1 (high risk of bias or bias
unclear). There was, therefore, a total score between 0 and 7 in which a higher
score equates to a higher risk of bias. For cohort studies, each of the seven
domains was scored from 0 (high risk of bias) to 3 (low risk of bias) and we
took a mean of the domains to result in a score between 0 and 3, where a
higher score represents a lower risk of bias.
Synthesis of results
The main purpose of this systematic review was to report and summarise the
current evidence of using nutritional supplementation during PR in stable
COPD. A meta-analysis was not attempted due to methodological
heterogeneity between studies. Our discussion focuses on the studies at lower
risk of bias.
4.3 Results
Initially, 580 studies were considered potentially eligible. However, after
removing duplicates, 449 titles and abstracts were included. Screening the
titles and abstracts resulted in 30 of 449 studies being considered for full-text
reading. After reading the full text of 30 studies, 10 further studies were
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excluded (table A6 in Appendix 19). Screening the reference list of eligible
studies revealed two further relevant studies. Thus 22 studies in total met the
inclusion criteria for the systematic review (see Figure 19).
The 22 studies comprised 5 cohort studies and 17 RCTs. The sample size and
study duration varied between 8 and 80 participants and 6 weeks to 4 months,
respectively. A full description of the included RCTs and cohort studies
appears in Tables 7 and 8, respectively. The risk of bias assessment for RCT
and cohort studies appears in Tables A7 and A8 in Appendix 19, respectively.
Figure 19: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) Flow Diagram.
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Table 7: Detailed description of the included RCT studies.
Author
and
Risk of
Bias

Mean
age,
GOLD
stage &
BMI

Subject

Interventio
n

Pulmonary
Rehabilitation

Outcome Measures

Results

Van de
Bool et al.
(262)

Age: 62
years old.

N= 73
(‘low
muscle
mass’).

Intervention:
125 mL of 9.4
g protein, 28.1
g carbohydrate
and 4.1 g fat,
leucine, n-3
PUFA and
vitamin D once
per day.

Duration: 4 months
Location: outpatient.
Session detail:
40 sessions two to
three times per
week.
1- High intensity
endurance exercise
by cycle ergometry.
2- Treadmill walking.
3- Progressive
resistance exercise
of upper and lower
body.
4- Education
session.

1. Body Composition: Body
mass, BMC, SMM, and FM.
2. Muscle Function:
Quadriceps muscle strength,
MIP.
3. Exercise Performance:
cycle endurance time (CET)
& 6MWT.
4. Anxiety/Depression:
HADS.
5. Physical Activity:
7 days.

1. Body Composition: Significant
improvement in body mass (1.5 ±
0.6 kg, p < 0.05) and FM (1.6 ±
0.5 kg, p < 0.01) in the
intervention group.
2. Muscle Function: No
significant differences between the
groups.
3. Exercise Performance: No
significant differences between the
groups.
4. Anxiety/Depression: No
significant differences between the
groups.
5. Physical Activity: Significant
benefit in physical activity (929.5 ±
459.2 steps/day p < 0.05).

Duration: 8 weeks.
Location: outpatient.
Session detail:
3 days/week, 40
minutes of aerobic
and resistance
exercise.

1. Cardiopulmonary
Exercise Testing:
Incremental or constant-load
protocols.

1. Exercise Performance:
No significant differences between
the groups.

GOLD: 2.
(2017)
Bias:
1/7

BMI: 22.7
kg/m2.

Placebo:
Flavoured
non-caloric
aqueous
solution.

Paulin et
al.(219)
(2016)
Bias:
1/7

Age: I
versus P
(56.5 vs.
65.2
years
old).
GOLD: 3
and 4.

N= 16

Intervention
(I):
B12 500 mg/
day for 8
weeks
Placebo (P):
Maltodextrin.

BMI: I
versus P
(24.5 vs.
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Ahnfeldt
et al.(218)
(2015)
Bias:
4/7

25.1
kg/m2).
Age: I
versus P
(67 vs. 70
years
old).

N= 35

GOLD: 2
and 3.
BMI: I
versus P
(24.3 vs.
23.4
kg/m2).

Gurgun et
al.(263)
(2013)
Bias:
2/7

Age: I
versus P
(64 vs. 66
years
old).
GOLD: 3
and 4.
BMI: I
versus P
(17.8 vs.
20 kg/m2).

Intervention
(I):
Protein bar
(each 134.8
kcal of energy,
9.3 g protein,
14.6
carbohydrate,
4.2 fat) two
times per day
for 9 weeks.

Duration: 9 weeks.
Location: outpatient
Session detail:
A- 1 hour two times
per week and homebased one time per
week of:
1- Endurance.
2- Resistance.
3- Interval training.
4- Educational class.

1. Muscle Function: lower
muscle strength.
2. Exercise Performance:
SWT.
3. Quality of Life: SGRQ.

1. Muscle Function:
No significant differences between
the groups.
2. Exercise Performance:
No significant differences between
the groups.
3. Quality of Life:
No significant differences between
the groups.

Duration: 8 weeks.
Location: outpatient.
Session detail:
Two times per week
60–80 minutes/day:
A- Education.
B- Exercise training
include:
1- Warm-up and
bicycle ergometer for
15 minutes.
2- Treadmill (15
minutes).
3- Upper and lower
extremity strength
(5–10 minutes).
4- Breathing and
relaxation therapies
(15–20 minutes
each).

1. Body Composition: Body
weight, BMI, and FFMI.
2. Exercise Performance:
6MWT, ISWT, and ESWT.
3. Quality of Life:
SGRQ.
4. Anxiety/Depression:
HADS.
5. Breathlessness Scale:
MRC and Borg.
6. Muscle Size:
QuadCSA.

1. Body Composition:
Significant improvement in weight
(1.1 ± 0.9 kg, p <0.05), BMI (0.2 ±
1.4 kg/m2, p <0.05), and FFMI (0.6
± 0.5 kg/m2, p <0.05) in
intervention group.
2. Exercise Performance:
No significant differences between
the groups.
3. Quality of Life:
No significant differences between
the groups.
4. Anxiety/Depression:
No significant differences between
the groups.
5. Breathlessness Scale:
No significant differences between
the groups.
6. Muscle Size: significant
increase in QuadCSA (2.5 ± 4.1
cm2, p < 0.05) in the intervention
group.

Placebo (P):
No.
N= 30
(‘wasted’)

Intervention
(I):
250 mL 83.3%
carbohydrate,
30% fat,
16.7%
proteins, three
times per day.
Placebo (P):
No.

117

Hornikx et
al.(264)
(2012)
Bias:
3/7

Age: I
versus P
(67 vs. 69
years
old).

N= 49

GOLD: 2,
3 and 4.

Placebo (P):
Arachidis
oleum: 4 mL.

BMI: I
versus P
(25 vs. 24
kg/ m2).
Sugawara
et al.
(265)

Age: 77
years old.
GOLD: 3.

(2012)
BMI: not
recorded.
Bias:
1/7

Intervention
(I):
vitamin D
monthly
dosage
(100.000 UI
cholecalciferol)

N= 31

Intervention:
Mein (contains
200 kcal 20%
protein, 25%
lipid, 53.2%
sugar, 1.8
fibre, Fisher is
3.7,
antioxidant
vitamin A, C
and E) (two
times per day
200 mL) for 12
weeks +
provided meal
with dietary
instruction.
Placebo:
No.

Duration: 3 months.
Location: outpatient.
Session detail:
Three times per
week 90 minutes
training of:
1- Cycling.
2- Walking on
treadmill.
3- Stair climbing and
arm cranking.
4- Strength exercises
for extremities.

1. Muscle Function:
quadriceps strength, MIP
and MEP.
2. Exercise Performance:
incremental cycle ergometer
and 6MWD.
3. Quality of Life: CRDQ.

1. Muscle Function:
Significant increase in MIP (11 ±
12 cmH2O, p = 0.004) but no
differences between groups in
quadriceps strength and MEP.
2. Exercise Performance:
No significant differences between
the groups.
3. Quality of Life:
No significant differences between
the groups.

Duration: 12 weeks.
Location: Homebased.
Session detail:
A- Breathing
retraining:
1- Pursed-lip
breathing.
2- Diaphragmatic
breathing.
3- Slow deep
breathing.
B- Exercise training:
1- Upper and lower
limb exercises.
2- Respiratory
muscle stretching
calisthenics.
3- Level walking for
least 15 minutes.
4- Inspiratory and
expiratory muscle
exercises.
C- Education
program.

1. Body Composition: Body
weight, FFM, FMI, (AC),
(AMC), %IBW.
2. Muscle Function:
MIP and MEP, quadriceps
strength
3. Exercise Performance:
6MWD.
4. Quality of Life:
CRQ.
5. Breathlessness Scale:
MRC.

Data reported as change in ratio in
interventional group vs placebo
group, not as absolute values.
1. Body Composition: Significant
improvement in body weight (2.6 ±
3 kg vs. -0.2 ±1.4 kg, p = 0.0010),
FMI (8.6 ± 10.7 kg/m 2 vs. 0.6 ±
10.6 kg/m2, p = 0.048), %AC (2.4
± 3.7% vs. -0.7 ± 2.4%, p =
0.0134) and %IBW (2.7 ± 3% vs. 0.2 ± 1.3%, p = 0.0017) in the
intervention group.
2. Muscle Function:
MIP (39.2 ± 38.9 cmH2O vs. 0.1 ±
24.1 cmH2O, p = 0.0030) and
quadriceps strength (10.0 ± 13.3
kg/kg vs. -1.6 ± 9.5 kg/kg, p =
0.0079) increased significantly in
the intervention group.
3. Exercise Performance:
6MWD (19.7 ± 24.7 m vs. -7.1 ±
50.8 m, p = 0.0137) improved
significantly in the intervention
group.
4. Quality of Life: total score (6.2
± 7.5 vs. -2.7 ± 13.1, p = 0.0374)
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D- Physiotherapist
supervision every 2
weeks in hospital.
E- Periodic visits at
home.

Baldi et
al.(266)
(2010)
Bias:
3/7

Age: I
versus P
(73 vs. 70
years
old).

N= 28
depleted.

GOLD: 3.
BMI: I
versus P
(19.9 vs.
21 kg/m2).

Laviolette
et al.(267)
(2010)
Bias:
2/7

Intervention
(I):
Amino acids 4
g two times
per day for 12
weeks.

Age: I
versus P
(63 vs. 68
years
old).
GOLD: 2
and 3.
BMI: I
versus P
(29.7 vs.

Placebo (P):
No.

N= 22.

Intervention
(I):
Whey protein
20 g in 120
mL/day for 16
weeks. (8
without PR
and 8 with
PR).
Placebo (P):
Casein 20 g in
120 mL/day for

and emotional domain (8.9 ± 14.4
vs. -3.9 ± 12.2, p = 0.0097)
increased significantly in the
intervention group.
5. Breathlessness Scale:
MRC 22.6 ± 40.6 vs. – 4.4 ± 17.2
(p = 0.0339) improved significantly
in the intervention group.

Duration: 4 weeks.
Location: inpatient
Session detail:
5 days per week.
30 minutes
submaximal cycle
ergometry.
30 minutes walking
and 1 arm exercise
session.
Then:
Duration:8 weeks
Location: Home
Session detail:
Twice per day 30
minutes unloaded
bicycle training.

1. Body Composition:
weight and FFM.

Data reported as change in
interventional group vs change in
placebo group.
1. Body Composition:
Significant increase in weight (3.8
± 2.6 kg, p = 0.0002) versus (-0.1
± 1.1 kg, p = 0.81) and FFM (1.5 ±
2.6 kg, p = 0.05) versus (-0.1 ± 2.3
kg, p = 0.94).

Duration: 8 weeks
Location: not
specified
Session detail:
Three times per
week. 90 minutes of:
1- Endurance.
2- Resistance
exercise.
3- Education and
self-management
strategies.

Baseline, 8th, and 16th
week:
1. Body Composition:
weight.
2. Muscle Function:
quadriceps muscle strength
and fatigue.
3. Exercise Performance:
constant work rate cycle
endurance.
4. Quality of Life:
CRQ.

1. BODY COMPOSITION:
No significant differences between
the groups.
2. MUSCLE FUNCTION:
No significant differences between
the groups.
3. EXERCISE PERFORMANCE:
No significant differences between
the groups.
4. QUALITY OF LIFE:
No significant differences between
the groups.
5. LUNG FUNCTION:
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26.7
kg/m2).

Wetering
et al.(268)

Age: 64
years old.

(2010)

GOLD: 2.

Bias:
3/7

N= 30
(‘wasted’)

BMI: 21.7
kg/m2.

Intervention:
Respifor (highcarbohydrate
supplement;
125 mL, 188
kcal) three
times per day
for 4 months.
Placebo:
No.

Deacon et
al. (269)
(2008)
Bias:
2/7

Age: I
versus P
(68 vs. 68
years
old).
GOLD: 3.
BMI: I
versus P
(28.1 vs.
25.7
kg/m2).

5. Lung Function:
spirometry and lung
volumes.

No significant difference between
groups.

Duration: 4 months.
Location: outpatient.
Session detail:
1- Two times per
week for 30 minutes
of intensive exercise.
2- 1, 2 and 3 months
dietician counselling
for weight losing and
muscle-wasted.
3- Education
program.
4- Smoking
cessation.

1. Body Composition: FFMI
and BMI.
2. Muscle Function:
MIP and quadriceps average
power.
3. Exercise Performance:
Peak exercise capacity
(Wmax), cycle endurance
test (CET) and 6MWD.
4. Quality of Life:
SGRQ.

1. Body Composition:
Significant increase in BMI (mean
difference 1 kg/m2, p < 0.05), and
FFMI (mean difference 0.9 kg/m 2,
p < 0.05).
2. Muscle Function:
Significant increase in MIP (mean
difference 1.4 kPa, p < 0.05) and
QAP (mean difference 13.1 W, p <
0.05).
3. Exercise Performance:
Significant increase in W max (mean
difference 11.7 W, p < 0.05), CET
(mean difference 525 second, p <
0.05), and 6MWD (mean
difference 27.2 m, p < 0.05).
4. Quality of Life:
No statistically significant
difference although absolute
difference between groups at 6.1
units is greater than the MCID.

Duration: 7 weeks.
Location: outpatient
Session detail:
Three times per
week of:
1- Endurance
training.
2- Individually
prescribed resistance
training using gym
equipment and free
weights.

1. Body Composition:
weight, FFM, and FM.
2. Muscle Function:
quadriceps, triceps, and
biceps.
3. Exercise Performance:
ISWT and ESWT.
4. Quality of Life:
CRQ-SR.

1. Body Composition:
No significant differences between
the groups.
2. Muscle Function:
No significant differences between
the groups.
3. Exercise Performance:
No significant differences between
the groups.
4. Quality of Life:
No significant differences between
the groups.

16 weeks. (8
without PR
and 8 with
PR).

N= 80.

Intervention
(I):
Creatine
Loading
Phase: 22 g
daily, 4 divided
doses for 5
days
Maintenance
Phase: (PR)
3.76 g daily.
Placebo (P):
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Lactose.
BorghiSilva et
al. (270)
(2006)
Bias:
1/7

Age: I
versus P
(69 vs. 65
years
old).

N= 16.

GOLD: 3.
BMI: I
versus P
(22 vs. 23
kg/m2).

Faager et
al.(271)
(2006)
Bias:
1/7

Age: I
versus P
(67 vs. 64
years
old).
GOLD: 3.
BMI: I
versus P
(25 vs. 22
kg/m2).

Intervention
(I):
Oral Lcarnitine 2 g,
twice per day
in 10 mL bottle
for 6 weeks.

Duration: 6 weeks.
Location: outpatient.
Session detail:
1 hour three times
per week:
(30 minutes
treadmill, inspiratory
muscle training).

1. Body Composition:
Triceps skinfold, mid-arm
circumference, and BMI.
2. Muscle Function:
MIP and MEP.
3. Exercise Performance:
incremental exercise test
(treadmill) and 6MWT.
4. Breathlessness Scale:
Borg.

Data reported as change in
interventional group vs change in
placebo group.
1. Body Composition:
No significant differences between
the groups.
2. Muscle Function:
MIP (40 ± 14 cmH2O vs. 14 ± 5
cmH2O, p < 0.05) but not MEP,
increased significantly in the
intervention group.
3. Exercise Performance:
No significant differences between
the groups.
4. Breathlessness:
No significant differences between
the groups.

Duration: 8 weeks.
Location: outpatient.
Session detail:
Two times per week
for 60-75 minutes of
exercise training and
education consisting
of :
1- Ergometer cycling.
2- Arm muscle
training with
dumbbells.
3- Rising and getting
up from a stool and
getting up onto a low
stool.
4- Thera band
exercises for
shoulder girdle.

1. Body Composition:
weight.
2. Muscle Function:
Grip strength, maximal right
knee strength & fatigue.
3. Exercise Performance:
ESWT.
4. Quality of Life:
SGRQ.
5. Lung Function:
spirometry.

1. Body Composition:
No significant differences between
the groups.
2. Muscle Function:
No significant differences between
the groups.
3. Exercise Performance:
No significant differences between
the groups.
4. Quality of Life:
No significant differences between
the groups.
5. Lung Function:
No significant differences in FEV1
between the groups.

Placebo (P):
Saline
solution.

N= 23.

Intervention
(I):
Creatine 0.3
g/kg body
weight/day,
divided in four
doses per day
for 7 days.
Creatine 0.07
g/kg body
weight/ day
one dose/day
for remaining 7
weeks.
Placebo (P):
Glucose.
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5- Thigh muscle
training with weight
cuffs.
6- Abdominal muscle
training.
7- Flexibility
exercises for thorax
and adjacent joints.
Broekhuiz
en et
al.(272)
(2005)
Bias:
3/7

Age: I
versus P
(62 vs. 64
years
old).
GOLD: 3.
BMI: I
versus P
(22.5 vs.
22.1
kg/m2).

N= 80.

Intervention
(I):
PUFA 1 g 9
capsules/day.
Placebo (P):
9 capsules/day
of palm &
sunflower oil,
vitamin E.
Depleted
patients n=48
Respifor (see
above) three
times per day.

Duration: 8 weeks.
Location: inpatient.
Session detail:
A- General physical
training of:
1- Exercise in
relation to daily
activities.
2- Cycle ergometry.
3- Treadmill walking.
4- Swimming.
B- Sports and
games.
C- Educational
program.
D- Regular meals.

1. Body Composition: BMI,
weight, FFM, FM, and FFMI.
2. Muscle Function:
quadriceps strength,
handgrip and MIP
3. Exercise Performance:
endurance time Incremental
bicycle ergometry and
Submaximal bicycle
ergometry.
4. Lung Function:
spirometry

1. Body Composition:
No significant differences between
the groups.
2. Muscle Function:
No significant differences between
the groups.
3. Exercise Performance:
Maximal exercise capacity (peak
workload (9.7 W difference, p =
0.009) and bicycle ergometry
duration (4.3 minutes difference, p
= 0.023) improved significantly in
the intervention group.
4. Lung Function:
No significant differences between
the groups.

122

Fuld et
al.(273)
(2005)
Bias:
3/7

Age: I
versus P
(64 vs. 62
years
old).

N= 25.

GOLD: 3.
BMI: I
versus P
(23.2 vs.
24.3
kg/m2).

Intervention
(I):
Creatine+
Glucose
polymer (5 g
Creatine and
35 g
glucose/dose).
A-Loading
phase:
three times per
daily for 14
days.
BMaintenance
phase:
one time per
daily for 10
weeks (PR).

Duration: 8 weeks
Location: outpatient
Session detail:
Two times per week
each 1 hour
consisting of:
1- A warm-up.
2- Mobility training.
3- Dynamic strength
training of all
extremities.
4- Whole body
endurance training.
5- Education and
behavioural
interventions.

1. Body Composition: Body
mass, FFM, and FM.
2. Muscle Function:
MIP, lower limb muscle
performance and handgrip.
3. Exercise Performance:
ISWT, ESWT, and cycle
ergometry.
4. Quality of Life:
SGRQ.
5. Lung Function:
spirometry.

Data reported as change in
interventional group vs change in
placebo group.
1. Body Composition:
FFM increased significantly by (2
kg vs. 0.4 kg, p < 0.05) in the
Creatine group.
FM and BM no significant
differences between the groups.
2. Muscle Function:
Significant increase in lower limb
strength (19.5 N.m vs. 12.2 N.m, p
< 0.05), endurance (1216 J vs.
362 J, p < 0.05), handgrip strength
(2.9 N vs. 0.6 N, p < 0.05) and
endurance (15.6 repetitions vs.
8.4 repetitions, p < 0.05) in the
Creatine group.
No significant change in MIP.
3. Exercise Performance:
No significant differences between
the groups.
4. Quality of Life:
Total score decreased (5.9, p <
0.05) and activity domain
deceased (5.3, p < 0.01) in the
Creatine group.
5. Lung Function:
No significant improvement in
FEV1.

Duration: 7 weeks.
Location: outpatient.
Session detail:
Two times per week
of:
1- Endurance
training (walking
exercise+ home
walking program).

1. Body Composition:
weight, BMI, BM, lean mass,
and fat mass.
2. Muscle Function:
quadriceps and handgrip
strength.
3. Exercise Performance:
ISWT and ESWT.
4. Quality of Life:

1. Body Composition:
Significant improvement in weight
(0.63 kg, p = 0.004), BMI (0.24
kg/m2, p = 0.002), and fat mass
(0.67 kg, p = 0.001) in the
intervention group.
2. Muscle Function:
No significant differences between
the groups.

Placebo (P):
Glucose
polymer (40.7
g/dose).

Steiner et
al. (250)
(2003)
Bias:
3/7

Age: I
versus P
(66 vs. 68
years
old).
GOLD: 3.

N= 60.

Intervention
(I):
Respifor (highcarbohydrate
supplement;
125 mL, 188
kcal) three
times per day
for 7 weeks
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BMI: I
versus P
(23.9 vs.
23.5
kg/m2).

Vermeere
n et al.
(274)
(2000)
Bias:
3/7

Age: Part
I 65
versus
Part II 62
years old.

Placebo (P):
Non-nutritive.

Part 1:
N= 14
Part II:
N= 11

Part I:
Intervention
1: 1046 kJ,
21% protein,
34% fat, 45%
carbohydrate.

GOLD: 3.
BMI: Part
I 20.6
versus
Part II
22.6
kg/m2.

Intervention
2: 2092 kJ,
21% protein,
36% fat, 43%
carbohydrate.
Placebo:
209 kJ coffee
creamer and
lemon syrup.
Part II:
(Respifor; see
above) versus
Pulmocare
(high fat
supplement)
200 mL.

2- Circuit of low
impact conditioning
exercise.
3- Educational
sessions.

CRQ-SR.

3. Exercise Performance:
No significant differences between
the groups.
4. Quality of Life:
No significant differences between
the groups.

Duration: not
specified.
Location: inpatient.
Session detail:
Not specified.

1. Exercise Performance:
cycle ergometer.
2. Lung Function:
spirometry.
3. Self-Reported:
A- Change in breathlessness
during meals.
B- Leg pain.

1. Exercise Performance:
Part I:
No significant differences between
the groups.
2. Lung Function:
Part I:
No significant differences between
the groups.
Part II:
PEF (pre 3.1 L/s ±1.0, post 3.3 L/s
± 1.2) increased significantly after
the Respifor supplement versus
Pulmocare (pre 3.1 L/s ± 0.9, post
3.1 L/s ± 0.9) (p <0.05).
3. Self-Reported Symptoms:
Part I:
Satiety changed significantly after
the supplements for the 2092-kJ
supplement (p < 0.05).
Part II:
Significant increase in
breathlessness at 30 and 60
minutes following a meal with
Pulmocare versus Respifor (raw
data not provided, p < 0.05).
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Schols et
al. (275)

Age: not
recorded.

(1995)

GOLD: 3.

Bias:
4/7

BMI: not
recorded.

N= 71
(per
protocol
group).

Complex,
three group
study:
P group:
placebo
steroid.
N group:
placebo
steroid +
nutritional
supplement.
N+A: 4 IM
injections of
nandrolone +
nutritional
supplement
(not
considered
further).

Duration: 57 days.
Location: inpatient.
Session detail:
1- General physical
training related to
daily activates.
2- Cycle ergometry.
3- Treadmill walking.
4- Walking circuits.
5- Swimming.

Measurements were made
at entry, 29 and 57 days:
1. Body Composition:
weight, arm circumference,
skinfolds, FFM.
2. Muscle Function:
MIP.
3. Exercise Performance.
12MWT.

Comparing group P with group N.
Patients were stratified to depleted
group vs non-depleted group:
Depleted group:
1. Body Composition:
No significant difference in FFM or
arm circumference between N and
P but significant increase in
skinfold and weight in the N
groups (raw data not provided, p <
0.03).
Non-depleted group:
Only reported in per protocol
analysis
2. Muscle Function:
No significant differences between
the groups.
3. Exercise Performance:
No significant differences between
the groups.

Nutrition: one
time per day
200 mL for 57
days mixture
of Nutri-drink
(high energy),
Protifar (high
protein) and
Fantomalt
(high energy
carbohydrate
and oil).
Abbreviation: I, intervention group; P, placebo or control group; 12MWT, Twelve-Minute Walk Test; 6MWD, six-minute walk distance; BM, body mass; BMC, bone mineral content; BMI,
Body mass index; CRQ, Chronic Respiratory Disease Questionnaire; CWT, constant work rate test; ESWT, Endurance Shuttle Walk Test; FEV1 , forced expiratory volume in one second;
FFM, Fat-free mass; FM, fat mass; FMI, fat mass index; IBW, Ideal body weight; ISWT, Incremental Shuttle Walking Test; MEP, Maximum expiratory pressure; FFMI: fat free mass index;
MIP, Maximum inspiratory pressure; MMC, mid-arm muscle circumference; PEF, peak expiratory flow; QAP, quadriceps average power; QuadCSA, quadriceps cross-sectional area; SGRQ,
St. George's Respiratory Questionnaire; SMM, skeletal muscle mass; UI, International Unit; LBM, Lean body mass LBMI, Lean body mass Index; SMI, skeletal muscle mass index; BCM,
Body cell mass; BMC, bone mineral content; ASM, appendicular skeletal muscle mass; EQ-5D-3L, EuroQoL Five-Dimensions Questionnaire.
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Table 8: Detailed description of the included Cohort studies.
Author and Mean age,
Risk of
GOLD
Bias
stage & BMI
Kubo et
al.(276)

Age: I versus P
(70 vs. 71
years/ old).

(2006)
GOLD: 3.
Bias:
2.4

BMI: I versus P
(18.8 vs. 18.3
kg/m2).

Subject

N=8.

Intervention

Pulmonary
Rehabilitation

Outcomes
Measures

Intervention (I):
400 kcal and 8 g
protein and
abundance of
branched chain
amino acids in
200 mL.

Duration: 8 weeks.
Location: outpatient.
Session detail:
One times per week for
8 weeks:
1- 90 minutes lecture
and physical therapy:
A- Breathing instruction
B- Muscle
strengthening exercise
for lower limb.

1. Exercise
performance:
6MWD.
2. Quality of
Life:
CRQ.

Placebo (P):
No.

Result

1. Exercise Performance:
No significant differences
between the groups.
2. Quality of Life:
No significant differences
between the groups.
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Broekhuizen
et al.(277)

Age: A versus
B (62 vs. 63
years old).

(2005)
GOLD: 3.
Bias:
1.1

BMI A versus
B (20 vs. 19.7
kg/m2).

N= 19
Historical
Controls:
=20.

Group A:
Respifor (as
above) 125 mL
three times per
day
Group B:
Historical
One Ensini (high
carbohydrate
supplement), one
Fortimel (high
carbohydrate
supplement), one
Nutridrink (high
carbohydrate
supplement), 200
mL three times
per day for 8
weeks.

Duration: 8 weeks.
Location: inpatient.
Session detail:
Daily:
1- Two times 20
minutes submaximal
cycle ergometry.
2- One time 20 minutes
treadmill exercise.
3- One time 30 minutes
gymnastics.
4- One session of
unsupported arm
endurance and
strength exercise
training.
5- Educational
programme.

1. Body
Composition:
weight, FFM,
FFMI, and
FM.
2. Exercise
Performance:
incremental
bicycle
ergometry.
3. Quality of
Life: SGRQ.
4. Lung
Function:
FEV1.

1. Body Composition:
Group A:
1- Significant weight gain (1.9 kg,
p = 0.019) versus group B (1.2
kg)
Both groups:
Post PR, significant gain in weight
(A: 1.9 kg, p <0.001; B: 1.2 kg, p
< 0.001), FM (only group A 1.3
kg, p < 0.05), and FFM (A: 2 kg, p
<0.001; B: 1.9 kg, p < 0.05).
2. Exercise Performance:
Both groups:
Peak workload increased
significantly during the
incremental bicycle ergometry test
(Group A: 8.3 ± 17.1 W, p =
0.062; Group B: 9 ± 9.4 W, p =
0.002).
3. Quality of Life:
SGRQ
Group A:
A- No significant differences
(although numerical change in
SGRQ was greater than the
MCID).
Group B:
A- Worse score on the impact
dimension.
Both groups:
No significant differences
between the groups.
4. Lung Function:
No significant differences
between the groups.
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Creutzberg et
al. (251)

Age: I versus P
(65 vs. 65
years old).

(2003)
GOLD: 3.
Bias:
1.7

N= 64
(‘depleted’)
Historical
Controls =
28.

BMI: I versus P
(20.2 vs. 19.8
kg/m2).

Intervention (I):
Fortimel (as
above), Ensini
(as above),
Fortipudding
(high
carbohydrate
supplement)
three times per
day for 8 weeks.
Placebo (P):
No.

Menier et al.
(278)
(2001)
Bias:
2.4

Creutzberg et
al. (279)
(2000)
Bias:
2.2

Age: 63 years
old.
GOLD: not
recorded.

Intervention (I):
Amino acids 1
capsule/7 kg
body weight /day,
6 weeks.

BMI: not
recorded.

Placebo (P):
No.

Age: group 1,
2, and 3.
(69, 65, vs. 59
years old).
GOLD: 3
BMI: group 1,2,
and 3.
(39.9, 42.9,
and 39.6
kg/m2)

N=60

N= 24
(depleted
group).

Intervention:
Fortimel (as
above), Ensini
(as above),
Fortipudding (as
above)
Three times per
day for 8 weeks.

Duration: 8 weeks.
Location: inpatient.
Session detail:
A- General physical
training:
1- Swimming.
2- Sports.
3- Exercise in relation
to daily activities.
4- Cycle ergometry.
5- Treadmill walking.
B- Games.
C- Educational
program.

1. Body
Composition:
weight and
FFM.
2. Muscle
Function:
MIP.
3. Quality of
Life: SGRQ.

1. Body Composition:
Significant increase in body
weight (2.1 kg, p < 0.05) and FFM
(1.1 kg, p < 0.05) in the
intervention group.
2. Muscle Function:
No significant differences
between the groups.
3. Quality of Life:
No significant differences
between the groups.

Duration: 5 weeks.
Location: not specified
Session detail: 5
day/week.
(40 minutes) Intensity
training endurance until
exhaustion

1.Exercise
performance:
Reached max
power
(Wmax)

1.Exercise Performance:
No significant differences
between the groups.

Duration: 8 weeks
Location: inpatient
Session detail: not
specified.
Intensity depending on
the tolerance of the
patient.

1. Body
Composition:
weight and
FFM.

Patients divided into (1) no
weight gain<2%. (2) expected
weight gain >5%. (3) medium
weight gain 2 to 5%:
1. Body Composition:
Weight significantly increased for
group 3 (5.8 ± 1.2 kg, p < 0.001)
versus 1 and 2.
FFM significantly increased for
group 2 (FFM 1.5 ± 1.2 kg, p <
0.05) and group 3 (FFM 3.1 ± 1.8,
p < 0.001) versus group 1.

Abbreviations: : I, intervention group; P, placebo or control group; 12MWT, twelve-minute walk test; 6MWD, six-minute walk distance; BMI, Body mass index; CRQ, Chronic Respiratory
Disease Questionnaire; FEV1 , forced expiratory volume in one second, FFM, Fat-free mass; FFM, Fat-free mass; FFMI: fat free mass index; FM, fat mass; MIP, maximum inspiratory
pressure; PR, Pulmonary rehabilitation; SGRQ, St. George's Respiratory Questionnaire.
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Exercise capacity
Data on exercise function, performance, capacity or endurance were reported
in 19 studies using the endurance shuttle walking test (ESWT), ISWT, 6MWT,
12-minute walk test, treadmill and incremental or constant work-load cycle
ergometry. Seventeen studies found that using nutritional supplements such
as high carbohydrates, vitamin D, creatine, or L carnitine in addition to PR
programs had no statistical benefit compared to PR alone (218, 219, 250, 262264, 267, 269-271, 273-278). Three studies found that using nutritional
supplements, such as, polyunsaturated fatty acids (PUFAs) and respifor,
which are high in carbohydrates, had a statistically significant benefit on top of
PR (265, 268, 272).
There was only one study with positive findings at the lowest risk of bias (1/7),
in which Sugawara et al. reported increases in 6-minute walk distance by 19.7
±24.7 m with this addition of supplement (less than the minimum clinically
important difference). In this RCT, the intervention group received ready-to
drink oral ONS twice a day composed of 200 kilocalories, 60% carbohydrates,
15% protein, 25% fat, 248 μg of omega-3 PUFAs 0.6 with vitamins A, C and E
and a 12-week exercise programme while the control group underwent a 12week exercise programme only (265). There were four RCTs with a similar low
risk of bias, which demonstrated no benefit of supplementation. Van de Bool
et al.(262) reported that using a high carbohydrate supplementation once a
day (125mL of 9.4 g protein, 28.1 g carbohydrate and 4.1 g fat, leucine, n-3
PUFA and vitamin D) over a period of 4 months within an outpatient PR did
not show any significant improvement in exercise performance measured by
cycle endurance time or 6MWT compared to the control PR group, who
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received flavoured non-caloric aqueous solution as a placebo. Similarly, the
study by Paulin et al. found that using vitamin B12 for 8 weeks during
outpatient, PR did not show any significant improvement in exercise
performance or endurance compared to PR alone (219). Borghi-Silva et al.
reported that using L-carnitine twice a day for 6 weeks did not demonstrate a
significant improvement in exercise performance measured by treadmill
performance and 6MWT when compared to the placebo group, who received
saline solution for the same duration (270). Finally, Faager et al. concluded
that using creatine for 8 weeks during PR did not improve exercise
performance when measured by ESWT compared to the placebo (glucose)
group who underwent the same PR (271).
Body composition
Seventeen trials measured body composition including body weight, FFM,
FFMI and BMI.
Body weight was one of the most frequent outcomes measured before and
after giving nutritional supplementation; 11 studies measured body weight in
COPD patients with normal BMI. Seven studies reported that body weight
increased significantly following nutritional supplementation compared to the
placebo groups (250, 251, 263, 265, 266, 275, 279), and the study by
Broekhuizen et al.(277) compared two nutritional supplement regimes, respifor
versus ensini, fortimel and nutridrink, which found that both interventions
significantly increased body weight. Four studies reported that body weight did
not significantly improve in the intervention groups when compared to the
placebo groups (267, 269, 271, 272). Of the RCTs in which body weight
significantly increased, there was only one study, by Sugawara et al., that had
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a low risk of bias (265). This study reported a significant increase in body
weight after 12 weeks of 2.6 ±3 kg in those receiving the ready-to-drink (ONS,
described above) with mean baseline body weight of 50.8 kg, compared to
those in the placebo group with the mean baseline body weight of 54.8 kg
(265). In the study by Gurgun et al., there were significant improvements in
body weight of 1.1 ±0.9 kg, BMI 0.2 ± 1.4 kg/m2 and in FFMI (0.6 ±0.5 kg/m2)
in those who received 250 mL of 83.3% carbohydrate, 30% fat and 16.7%
protein three times a day as an intervention (263). Of the four studies with
negative findings, one study was at low risk of bias (271). This study found no
significant difference in body weight between the creatine intervention group
and the placebo group after eight weeks.
BMI was assessed before and after using supplementation in five of 24 studies
(250, 263, 268, 270, 272). BMI significantly increased in the supplementation
group when compared to the placebo group in three studies (250, 263, 268).
Two studies reported no significant difference in BMI between participants who
received nutritional supplementation with PR compared to PR only (270, 272).
One RCT at the lowest risk of bias showed no improvement in BMI with
carnitine (270). In contrast, Gurgun et al. reported that BMI significantly
increased after receiving nutritional supplement (263).
FFM was evaluated in nine trials (251, 265, 266, 269, 272, 273, 275, 277, 279).
Three studies demonstrated that FFM increased significantly in comparison
with the placebo group but these studies all had some risk of bias (251, 273,
275). Two (263, 268) of four studies (263, 268, 272, 277) with some risk of bias
reported that FFMI significantly increased in the supplemental group when
compared to the placebo group. In contrast, the study by Broekhuizen et al.
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reported no significant difference in FFMI between the group who received
PUFA as an intervention and the placebo group who received palm and
sunflower oil with vitamin E capsule as a placebo (272).
Peripheral muscle strength
Of the 24 studies included in this systematic review, 11 studies measured
quadriceps muscles strength, handgrip strength or both (218, 250, 262, 264,
265, 267-269, 271-273).
Three studies reported that handgrip strength did not significantly improve in
the intervention groups when compared to placebo (250, 271, 272). Faager et
al. being at lowest risk of bias reported that using carnitine for 8 weeks during
PR did not significantly improve handgrip strength when compared to the
placebo group who received glucose (271). In contrast, the study by Fuld et
al., which had a higher risk of bias, showed significant improvement in handgrip
after using creatine three times a day for 2 weeks followed by once a day for
10 weeks (273).
Quadriceps muscle strength was assessed in 11 studies (218, 250, 262, 264,
265, 267-269, 271-273). Of the 11 RCTs, only three studies with 86
participants in total demonstrated positive findings (265, 268, 273). Sugawara
et al., which had a low risk of bias, concluded that quadriceps muscle strength
increased significantly after receiving a complex nutritional supplement when
compared to the placebo group (265). However, eight studies reported that
using nutritional supplementation during PR had no additional effect on
quadriceps muscle strength (218, 250, 262, 264, 267, 269, 271, 272). Van de
Bool et al. with a low risk of bias reported that using a high carbohydrate
supplement showed no significant improvement in quadriceps strength when
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compared to the placebo group (262). Similarly, the study by Faager et al.
showed that using creatine for 8 weeks in COPD patients enrolled in an 8week PR programme did not reveal significant differences in quadriceps
muscle strength compared with those who used placebo (271).
Respiratory muscle function
Respiratory muscle function was assessed in nine of the 24 included studies
(251, 262, 264, 265, 268, 270, 272, 273, 275), of which three were at lowest
risk of bias (262, 265, 270). Sugawara et al. reported that maximum inspiratory
pressure (MIP) significantly improved in the interventional group (39.2 ±38.9
cmH2O) after receiving nutritional supplement embedded in 12 weeks of PR
compared with placebo (0.1 ±24.1 cmH2O) (265). A small study by BorghiSilva et al. showed a significant improvement in MIP (40 ±14 cmH 2O) with
carnitine compared to placebo (MIP; 14 ±5 cmH2O) (270). In contrast, a larger
study by van de Bool et al. did not show a significant improvement in MIP when
compared with placebo, who received glucose (262). None of the studies that
measured maximal expiratory pressure (MEP) showed a significant difference
between interventional and placebo groups (268, 272, 275).
Quality of life
Quality of life was assessed in 14 of 24 studies (218, 250, 251, 262-265, 267269, 271, 273, 276). Eight studies used SGRQ (218, 251, 263, 268, 271, 273,
277), and six used the Chronic Respiratory Questionnaire (CRQ) (250, 264,
265, 267, 269, 276). Overall, only two studies demonstrated a significant
improvement in quality of life with supplementation in addition to PR (265, 273).
Sugawara et al., which was at lowest risk of bias, measured quality of life using
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the CRQ and showed a significant improvement in those receiving nutritional
supplement compared with placebo, which was clinically significant (6.2 ±7.5
vs - 2.7 ±13.1) (265). Thirteen studies showed negative findings including two
RCTs at lowest risk of bias, including the study by Faager et al. using creatine
supplementation and the study by van de Bool et al. using the high
carbohydrate supplement. Faager et al. using creatine for eight weeks during
PR did not improve quality of life measured by SGRQ (271). Similarly, van de
Bool et al. reported that four months of using oral nutritional intervention did
not show symptoms of anxiety and depression (262).
4.4 Discussion
This review is the first to summarise the potential effects of using nutritional
supplementation during PR in patients with COPD. The studies varied in
design, used differing supplements, and measured different outcomes. In
some, the primary purpose was to use the exercise component of PR to
enhance the effect of nutrition, whereas others tested whether nutrition
supplementation could enhance outcomes from PR. This results in
considerable heterogeneity across studies, many of which were further limited
by small sample size. It is, therefore, challenging to draw a single conclusion
to address whether using a nutritional supplement has additional effects on
exercise function, body composition, respiratory muscle function, and quality
of life during PR. We were also unable to perform meta-analysis due to this
heterogeneity. Consequently, appropriately powered double blinded RCT
studies with suitable sample size using high energy/high protein nutritional
supplement to investigate the effect of nutritional support in enhancing PR
outcomes, and longer-term clinical outcomes, in COPD patients, are still
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needed. This would be particularly important in the high-risk group of COPD
patients who are undernourished. This would support recommendations to
incorporate nutritional support in PR management (225, 280). High
protein/high energy ONS is recommended by the British Association for
Parenteral and Enteral Nutrition for patients with COPD due to high energy
and protein requirements (188) and PR services in different health contexts
that need to consider how best to integrate nutritional assessment and, where
successful, intervention into diverse methods of PR delivery.
Exercise capacity has been used to quantify the direct effect of nutrition
interventions and to predict mortality and morbidity in COPD patients and other
diseases. In this systematic review, the majority of studies demonstrated no
improvement in exercise outcomes with nutritional supplementation in addition
to PR, compared to PR alone. There were four RCTs with negative findings at
low risk of bias (219, 262, 270, 271) which tested carbohydrate, B12, creatine,
and carnitine supplementation and just one small RCT with a positive finding,
which used a ready-to-drink ONS twice a day composed of 200 kilocalories,
60% carbohydrates, 15% protein, 25% fat, and 248 μg of omega-3 PUFAs 0.6
with vitamins A, C, and E. These findings complement the meta-analysis of
nutritional supplementation in stable COPD by Ferreira et al., which included
17 randomised clinical trials and concluded that nutritional supplements
increased exercise tolerance in COPD patients who were poorly nourished
when compared with baseline only, but which did not specifically consider use
in the context of PR (224). A meta- analysis was not possible in our review due
to considerable heterogeneity in studies, as described above.
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Body composition is one of the outcome measures that might be expected to
improve when using nutritional supplement in COPD. Being underweight is
associated with an increased risk of mortality in COPD (137). Low body weight
is observed in between 25% and 40% of COPD patients. Among these, 25%
have moderate to severe weight loss and 35% have extremely low fat-free
mass (281). In this systematic review, we found that ready-to-drink ONS during
PR may increase body weight in a population with normal body weight, but not
with carnitine or creatine. Importantly, improvements in body weight and FFM
using nutritional supplementation during PR appear to occur especially in
depleted, malnourished and muscle-wasted patients (who are at highest risk)
(262, 263, 266, 268). In the meta-analysis by Ferreira et al, significant weight
gain was noted compared to baseline in 11 RCTs and the meta-analysis of
Collins et al. showed significant weight gain in favour of nutritional support
when compared with control outside the context of a PR programme (224,
258).
In recent years, researchers have paid attention to the assessment of
outcomes, such as quadriceps muscle strength and handgrip strength.
Handgrip strength and quadriceps muscle strength are valid measurements of
peripheral muscle strength and are associated with mortality, morbidity, and
increased length of hospital stay (140, 225). In this systematic review, RCTs
at low risk of bias did not support the concept that creatine, high carbohydrates,
and L-carnitine increase peripheral muscle strength, and we found conflicting
evidence for the benefits of a ready-to drink ONS with one study having
positive and another study having negative results. Collins et al. concluded
that handgrip strength improved significantly in the intervention group when
compared to usual care group without PR (225).
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Respiratory muscle weakness in COPD patients may be due to several factors,
such as acute exacerbations, systemic inflammation and malnutrition (282). It
has been suggested that nutritional supplements may improve respiratory
muscle function. In this systematic review, we found two studies reporting that
nutritional supplementation in addition to PR had an extra benefit in improving
respiratory muscle function. This was demonstrated by measuring MIP and
MEP. The effects were seen only on inspiratory measures, and the authors did
not speculate on why they thought this was. Collins et al. concluded that MIP
and MEP improved significantly in the intervention group when compared to
usual care group. Ferreira et al. found that there was no significant difference
between intervention control groups in MIP, but for malnourished patients with
COPD, MIP, and MEP improved significantly with nutritional support (224,
225).
Quality of life may be affected through multiple mechanisms in COPD. The
available evidence from this review included one small study demonstrating an
improvement in QOL measured by CRQ using ready-to-drink ONS, and two
studies with negative results, one of which used creatine and one of which also
used ONS. The meta-analysis by Ferreira et al. reported significant
improvement for quality of life measured using SGRQ for patients with COPD
who were malnourished. Additionally, Naz and Sahin demonstrated that
protein-rich nutritional supplement significantly improved the quality of life in
patients with COPD who participated at PR when compared to PR alone (283).
Since the publication of our systematic review, we have updated our search
and identified two additional studies. A double-blinded RCT was conducted by
Gouzi et al. to investigate the effect of using oral antioxidant supplementation
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with vitamin C, E, Zinc, and selenium during PR on 57 COPD patients (284).
The PR programme comprised of 24 sessions of endurance training, strength
exercises, and educational components, such as dietary counselling and
smoking cessation for 28 days long. They measured quadriceps muscle
endurance and strength, exercise capacity by 6MWD, BMI and FFMI. They
concluded that quadriceps muscle strength significantly improved quadriceps
muscle strength in favour of antioxidant supplementation when compared with
placebo in the context of PR (intervention: 9 4 ±8 9 N·m-1 versus placebo: -0 4
±15.8 N·m-1, p < 0.001). Nevertheless, it did not show significant improvements
in quadriceps muscle endurance, exercise capacity, and body composition.
Another double-blinded RCT was conducted by Pavitt et al. to investigate the
effect of using 140 mL oral nitrate-rich beetroot juice which contained 12.9
mmol of nitrate twice a week three hours prior a PR session on 122 COPD
patients (285). The PR programme comprised of 8 weeks (16 sessions) of
supervised exercise programme and homebased exercises which included a
mixture of aerobic and strength training. They measured exercise capacity
using ISWT, body compositions (FFM and FFMI), health-related quality of life
using the CAT, psychological status using the HADS, breathlessness using
the MRC dyspnoea score and physical activity using accelerometer. They
concluded that exercise capacity measured by ISWT significantly improved in
favour of the treatment group when compared with placebo in the context of
PR (intervention median (IQR): 60 m (10, 85) versus placebo: 30m (0, 70), p
= 0.027), and the steps count increased significantly in the treatment group
while a reduction was noticed in the placebo group (intervention median (IQR):
348 steps/day (−94; +1629) versus placebo: 329 steps/day (−915; +640),
p=0.02).
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Strengths and limitations
To our knowledge, this is the only review that reports the effect of nutritional
supplementation during PR in stable COPD. PR is an evidence-based and cost
effective intervention in COPD and thus maximising outcomes is of great
interest to clinicians and patients alike. We have carefully searched the
literature and registered our review in advance on PROSPERO. Three
independent researchers examined the titles and abstracts for inclusion.
Potential limitations include: we only accessed studies in English, and the
inherent variation, many of which had a risk of bias, for example, with
inadequate sample size or absence of a power calculation, variation in
outcomes measured, variety in study design or different PR protocols.
Additionally, outcomes varied between studies, and we have not specifically
considered the diversity of nutritional outcomes in this review, which focuses
on clinical PR outcomes. There was significant diversity in the type, available
substrate, energy imbalance or ingredients of the supplement either caloric or
non-caloric and powder, liquid or tablets. We also observed a variation in the
amount, contents, and the duration of using supplements. Also, our review did
not investigate the benefits of using nutritional supplements beyond the
duration of PR, which could be important in clinical practice given that a major
aim of PR programmes is to durably improve quality of life and reduce the risk
of exacerbations and hospitalisations.
4.5 Conclusion
This is the first systematic review to report the value of nutritional
supplementation during PR in patients with COPD. It is not possible to draw a
definitive conclusion due to the heterogeneity of the supplements used,
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rehabilitation programmes, and outcome measures. However, nutritional
supplements may enhance the benefit of PR programmes, which would be of
considerable benefit to those living with COPD. Not all studies showed positive
results and there is a real need for further well-designed and rigorous research
to address this area. This is particularly true in weight-losing and/or
malnourished patients with COPD, who are at the highest risk of poor
outcomes.
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5. Prevalence and Association of Malnutrition in
Patients referred to PR.
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5.1 Introduction
Malnutrition is common in COPD and its consequences might lead to
unfavourable outcomes. PR is an effective management strategy in COPD
patients that improves exercise performance, reduces dyspnoea, reduces the
risk of exacerbation, and improves health-related quality of life (66-69, 71, 72).
Exercise intolerance/limitation is one of the most common problems for COPD
patients, and this may be compounded by malnutrition. As previously
mentioned, MUST is a simple validated questionnaire used to identify subjects
who are malnourished or at risk of becoming malnourished. Current evidence
on the prevalence of malnutrition with COPD patients referred to PR is limited.
Therefore, this chapter aims to determine the prevalence of malnutrition in a
COPD population referred to PR and to identify if there was an association
between COPD severity and malnutrition.
5.2 Research questions
1. What is the prevalence of malnutrition among COPD patients who referred
to PR?
2. What is the relationship between FEV1, a marker of COPD severity, and
BMI?
5.3 Study design
Prospective single centre study.
5.4 Methodology
Over a period of one year, we approached 221 patients who referred to a PR
programme in Camden London Borough, UK. We included all patients who
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were diagnosed with COPD with spirometry results defined as postbronchodilator FEV1/VC < 0.70 confirming COPD and an appropriate exposure
history. Patients were stratified based on their risk of malnutrition (MUST: 0=
low risk, 1= medium risk and ≥2= high risk). (Appendix 14)
Outcomes
1. Determine the prevalence of malnutrition using MUST tool
2. Identify the association between COPD severity measured by FEV1 and the
risk of malnutrition
Additional outcomes compared between nutritional groups (low risk, medium
risk and high risk for malnutrition)
3. Smoking status
4. Smoking history (pack years)
5. BMI (calculated from height and weight)
6. Spirometry (FEV1, and FEV1/FVC ratio)
Study procedure
Recruitment
Over the year, subjects were approach at the Peckwater Centre and St.
Pancras Hospital pulmonary rehabilitation classes. Age, gender, BMI,
FEV1/FVC ratio, and FEV1 were measured. We also assessed smoking status
and calculated smoking pack year history.
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5.5 Analysis
The Statistical Package for the Social Sciences (SPSS), Version 26 (IBM Corp,
Armonk, USA) software was used to analyse our data. To examine whether
our data were normally distributed, Kolmogorov-Smirnov test was used.
Normally distributed data (parametric) were presented as mean (SD) while
non-normally distributed data (non-parametric) median (IQR) were used.
Pearson or Spearman correlation tests were used to identify association
between continuous variables. Pearson correlation was used for normally
distributed data (parametric), and Spearman correlation was used for not
normally distributed data (non-parametric). One-way ANOVA was used for
normally distributed data (parametric) and Bonferroni correction was used to
compare normally distributed data (parametric) for subgroups (low, medium,
and high). Kruskal-Wallis was used for not normally distributed data (nonparametric).
5.6 Results
Over the year, 203 COPD patients (120:83; male: female) were included in the
study. The overall prevalence of malnutrition in COPD patients enrolled in the
PR programme was 17% (medium risk 8%, high risk 9%). Seventeen patients
(9:8; male: female) were at medium risk of malnutrition, and 18 patients (10:8;
male: female) were at high risk of malnutrition (Table 9). The patients were
mainly classified as GOLD stage 2-3 with a mean age of 71 ±9 years. Out of
203 COPD patients, 64 patients (32%) were active smokers, of these 76% (49)
were low risk, 11% (7) were medium risk and 13% (8) were high risk. The
median for the smoking history of the total population was 43.5 pack years with
no significant differences between low, medium and high risk groups (p >0.05).
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The mean FEV1 was 1.3 ±0.4 L (low risk 1.4 ±0.4, medium risk 1 ±0.3, and
high risk 0.76 ±0.2) and demonstrated a significant difference between groups
(p < 0.001). The high risk group mean FEV 1 was significantly lower than low
risk group (0.76 ±0.2 L vs 1.4 ±0.4 L, p < 0.001). When FEV1 means compared
between medium risk group and low risk group, medium risk group was
significantly lower than low risk group (1 ±0.3 vs 1.4 ±0.4 p < 0.001). There
was also significant difference between all groups in FEV1% (p < 0.05). There
was a significant difference between all groups in FEV1/FVC ratio (p < 0.001).
When we compared FEV1/FVC ratio within each group, statistical significant
differences were found between high risk and low risk group (p < 0.05), and
medium risk with low risk groups (p < 0.05).

Table 9: Baseline characteristics of subjects with chronic obstructive pulmonary
disease (COPD) stratified by malnutrition risk.
Subjects
Demographi
cs

Total
population
(203)

Low
risk

Medium
risk

High
risk

pvalue

71 ±9

71 ±9

68 ±9

69 ±10

0.53

120 (59%)

102
(85%)

8 (7%)

10 (8%)

Age (years)
Male

0.44

Female

83 (41%)

66
(79%)

9 (11%)

8 (10%)

Active
smoker

64 (32%)

49
(76%)

7 (11%)

8 (13%)

Ex-smoker

139 (68%)

119
(86%)

10 (7%)

10 (7%)

Smoking
history (packyears)

43.5 (28 –
59)

41 (27 –
59)

51 (28 –
73)

46 (34 –
62)

0.54

1.4 ±0.4

1 ±0.3

0.76
±0.2

0.001

0.30

Pulmonary function
FEV1 (L)

1.3 ±0.4
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FEV1 (%
predicted)

52 (39, 67)

54 (44,
64)

48 (28 –
62)

34 (31 –
52)

0.01

FEV1/FVC
ratio

52 (43, 64)

55 (44,
64)

41 (38 –
57)

44 (38 –
51)

0.003

25.5 ±5.6

27 ±5

19 ±0.4

17 ±0.9

0.000

Body composition
BMI (kg/m2)

Data are presented as n (%), mean±SD, or median IQR
Abbreviations: BMI, Body Mass Index; FEV1, Forced Expiratory Volume in 1 second; FEV1%, Predicted Forced
Expiratory Volume in 1 second; FEV1/FVC, calculated ratio between both measurements.

We also explored the relationship between BMI and pulmonary function
includes FEV1, FEV1%, and FEV1/FVC among all patients (Table 10). Amongst
all patients, a statistical significant positive correlation was found between BMI
and FEV1 (r = 0.47, p < 0.001) (Figure 20). When the relationship between BMI
and FEV1% or BMI and FEV1/FVC were compared, there were statistical
significant positive correlations (r = 0.34, p < 0.001 and r = 0.42, p < 0.001),
respectively. There were no significant correlations between BMI and age or
smoking history.

Table 10: Correlations between BMI and pulmonary function in all participants.
Subjects

Total population
(203)

Outcome

BMI
r

P

FEV1 (L)

0.47

<0.001

FEV1 (% predicted)

0.34

<0.001

FEV1/FVC %

0.42

<0.001

Abbreviations: r: Pearson’s correlation; FEV1, Forced Expiratory Volume in 1 second; FEV1%, Predicted Forced
Expiratory Volume in 1 second; FEV1/FVC, calculated ratio between both measurements.

146

Figure 20: Correlation between FEV1 and BMI.

Additionally, we made comparisons across all groups (low risk, medium risk,
and high risk groups). All groups were compared with each other to identify the
differences between groups in pulmonary function (FEV 1, FEV1%, and
FEV1/FVC) (Table 11).
There was no significant difference in FEV1 between high risk group when
compared with medium risk group (p = 0.1). FEV1 was significantly higher in
low risk group in comparison with medium (p = 0.003) and high risk groups
(p < 0.001) (Figure 21). With regard to FEV1%, it was found that low risk group
was significantly different from high risk group (p = 0.016) (Figure 22). No other
significant differences were found between groups with regard to FEV 1%.
FEV1/FVC were significantly different in low risk group when compared with
medium (p < 0.05) and high risk groups (p = 0.03) (Figure 23). There was no
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significant difference between high risk and medium risk groups in FEV1/FVC
(p > 0.05).
Figure 21: Comparison of forced expiratory volume in one second (L) between
groups divided into three groups (low risk, medium risk and high risk).

** p<0.01; *** p<0.001; α significant between the groups.
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Figure 22: Comparison of forced expiratory volume in one second (% predicted)
between groups divided into three groups (low risk, medium risk and high risk).

Graph does not start at zero.
* p < 0.05; α significant between the groups.

Figure 23: Comparison of FEV1/FVC ratio (%) between groups divided into three
groups (low risk, medium risk and high risk).

Graph does not start at zero.
* p < 0.05; α significant between the groups.
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Table 11: Comparison of lung function between groups divided into three groups
(low risk, medium risk and high risk).
Outcome
FEV1 (L)

FEV1 (%
predicted)

FEV1/FVC
ratio

Group 1

Group 2

P value

Low risk (BMI >20
kg/m2)

Medium risk (BMI 18.5–20
kg/m2)

0.003

Low risk (BMI >20
kg/m2)

High risk (BMI <18.5 kg/m2)

< 0.001

Medium risk (BMI
18.5–20 kg/m2)

High risk (BMI <18.5 kg/m2)

0.1

Low risk (BMI >20
kg/m2)

Medium risk (BMI 18.5–20
kg/m2)

0.01

Low risk (BMI >20
kg/m2)

High risk (BMI <18.5 kg/m2)

0.54

Medium risk (BMI
18.5–20 kg/m2)

High risk (BMI <18.5 kg/m2)

0.66

Low risk (BMI >20
kg/m2)

Medium risk (BMI 18.5–20
kg/m2)

0.04

Low risk (BMI >20
kg/m2)

High risk (BMI <18.5 kg/m2)

0.02

Medium risk (BMI
18.5–20 kg/m2)

High risk (BMI <18.5 kg/m2)

1

Abbreviation: FEV1, Forced Expiratory Volume in 1 second; FEV1%, Predicted Forced Expiratory Volume in 1
second; FEV1/FVC, calculated ratio between both measurements; BMI, Body Mass Index.

5.7 Discussion
In our study, the prevalence of malnutrition in COPD patients who referred to
PR was 17%. We found lower BMI was significantly associated with lower
FEV1, FEV1% and FEV1/FVC, but not with higher smoking history or age in
COPD patients. In patients with low risk of malnutrition, FEV1 was higher
compared with other groups (medium and high). FEV1% in low risk group was
significantly higher than medium risk group only, and FEV 1/FVC in low risk
group was significantly higher than medium and high risk groups.
Several studies have reported the prevalence of malnutrition in COPD, which
vary between 11% to 33%, and its effect on patients’ outcomes. According to
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Steer et al. in a prospective study conducted in the UK which included 608
COPD patients who were hospitalised due to COPD exacerbation, the
prevalence of malnutrition was 33% (190). Collins et al. reported that the
prevalence of malnutrition in 425 outpatients with COPD who were screened
with the Malnutrition Universal Screening Tool ‘MUST’ was 21% (192).
Malnutrition Pathway, a group of experts in the field of malnutrition in the UK,
concluded that around one in three hospitalised COPD patients or one in five
outpatients are malnourished or at risk of being malnourished (188). In the UK,
Ng and her colleagues reported in 2013 the overall prevalence of malnutrition
for 778 stable COPD patients who were referred to PR was 11%; 6% were at
medium risk and 5% were at high risk (191). As a consequence of malnutrition,
Collins et al. have reported that the number of hospital admissions are
doubled, and six- month mortality rate increased three fold in malnourished
COPD patients when compared to those with normal weight (201).
Mete et al. compared spirometric values among COPD patients and concluded
that patients with high risk of malnutrition (BMI < 18.5 kg/m2) had significantly
lower spirometric values compared with those who had BMI > 18.5 kg/m 2
(286). Wu et al. conducted a retrospective study to analyse the association
between BMI and pulmonary function in Chinese COPD patients. They found
FEV1 was significantly increased with BMI and those with higher BMI had
better pulmonary function result (287). Our study yielded a similar result, we
discovered that there was a positive relationship between BMI and FEV1 and
that this relation continued even in overweight and obese patients despite the
risk of a restrictive pattern that might be expected with obesity. It is possible
that this relationship is modified in people with COPD because of the coexistent airflow obstruction. Additionally, we discovered that lower BMI was
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significantly associated with lower spirometric values, and FEV 1 was
significantly lower for malnourished COPD patients. We speculated the
relationship between BMI and lung function values, such as FEV 1 might be
due to higher resting energy requirement, skeletal muscle atrophy and disuse,
insufficient oxygenation, and systemic inflammation (186).
Our study did not showed any relationships between BMI and smoking history
among COPD patients, although smoking is considered the most common risk
factor for COPD occurrence, and accelerated FEV1 decline.
Limitations of our study are that it has small sample size, so the result could
not be generalised, and it is a single centre. We could not obtain additional
body compositions measurements such as FFMI which an additional indicator
for malnutrition in COPD. We could not asses recent weight lose among all
patients as this indicate a risk of malnutrition. Finally, we could not conclude if
the relationship between BMI and FEV1 is considered a causative or not.
5.8 Conclusion
The prevalence of malnutrition of COPD in our single centre PR programme
was 17%, and lower BMI was associated with lower lung function (FEV 1). In
COPD patients with low risk of malnutrition, FEV1 was higher compared with
other groups (medium and high).
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6. A Double-Blind, Randomised, Controlled Trial of
Protein Supplementation to Enhance Exercise
Capacity in Chronic Obstructive Pulmonary Disease
during Pulmonary Rehabilitation.
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6.1 Introduction
As described in detail in the introduction, patients with COPD tend to have daily
symptoms and reduced exercise capacity, all of which lead to impaired healthrelated quality of life (6, 7). Peripheral muscle dysfunction is common among
COPD patients, which is caused by reduced muscle mass, altered muscle
metabolism or muscle fiber structure (133). COPD patients may lose skeletal
muscle mass, leading to muscle weakness and dysfunction and/or muscle
disuse, thus negatively affecting functional capacity, mobility, gait speed, overall
strength and fertility (133, 135). Muscle disuse, caused by a prolonged sedentary
lifestyle and voluntary immobilisation, leads to further muscle deconditioning and
thus reduced muscle strength and endurance (135). PR is a fundamental
management strategy in COPD patients that improves exercise performance,
reduces dyspnoea and the risk of exacerbation, improves health-related quality
of life, and promotes self-dependency in relation to activities of daily living (6669, 71, 72, 161). Maximising the value and response to PR is of great interest to
clinicians and patients alike.
Malnutrition is common in COPD and may unfavourably affect PR outcomes.
Therefore; nutritional supplements have been used to overcome malnutrition, and
may improve exercise activity, decrease the risk of mortality, and improve muscle
strength in undernourished COPD patients (222, 223). COPD patients need a
higher level of protein supplementation, which is recommended by the British
Association for Parenteral and Enteral Nutrition, due to a higher protein
requirement to preserve lean mass (188). As summarised in my systematic
review, several studies have investigated the benefit of using nutritional support
during PR and yielded conflicting outcomes; this is due to variations in PR
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protocols and measured outcomes, type, ingredients amount, contents, or the
duration of nutritional supplementation (226).
An integrated approach of exercise training and nutritional support may offer the
greatest potential benefit and might be the best way to seek functional
improvements with COPD patients. We hypothesised that a low volume, high
energy, high protein oral nutritional supplement taken by stable COPD patients
over the course of PR will enhance exercise capacity, peripheral muscle strength,
anthropometrics measurements, health related quality of life, and physical activity
compared to those taking a high carbohydrate oral nutritional supplement without
protein. This study investigated the effect of a nutritional supplement (Fortisip
Compact Protein) during a PR program on exercise capacity, peripheral muscle
strength, anthropometrics measurements, health related quality of life, and
physical activity in stable COPD patients.
6.2 Method
Ethical approval was obtained from the Central Research Ethics Committee
and HRA (reference 18/LO/1842) (Appendix 1). Written informed consent was
obtained for each participant before participating in the study. The study was
registered at ClinicalTrials.gov (227).
6.2.1 Participants
Briefly, we approached and screened patients attending PR assessments at
Central and North West London NHS Foundation Trust (two sites: the
Peckwater Centre and St. Pancras Hospital) in London. COPD patients who
agreed to participate were asked to sign a consent form (appendix 4).
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Patients with appropriate exposure history and confirmed COPD diagnosis
(post-bronchodilator FEV1: FVC ratio <0.7) were recruited. Each participant
was randomised to receive either the intervention of twice a day of FCP or
twice a day of preOp.
Figure 24: Consolidated Standards of Reporting Trials (CONSORT) recruitment
diagram for enrolment and study completion.

Abbreviation: BMI, body mass index; ISWT, Incremental Shuttle Walk Test; PR, pulmonary rehabilitation; FCP,
Fortisip compact protein.
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6.2.2 Pulmonary rehabilitation
PR is a comprehensive out-patient rehabilitation programme consisting of one
hour of exercise training and one hour of education which participants attend
twice a week for a total of 12 sessions. The PR programme is supervised by
respiratory physiotherapists and follows BTS guidelines (228). The exercise
training portion starts with a warm-up and is followed by low intensity aerobic
exercises such as cycling, treadmill walking and level walking, and resistance
exercise, such as progressive resistance of upper and lower body with free
weights, step up, thigh muscle training with or without weight cuffs and sit to
stand. Intensity of exercises were depends upon the tolerance of each
individual. The education part includes but is not limited to: stress
management, signs of chest infection: early recognition of exacerbation,
dyspnoea and symptom management, nutrition, techniques using inhalers and
nebulizers, energy conservation, smoking cessation and chest clearance
techniques. Education topics were delivered by a multidisciplinary team.
6.2.3 Measurements
Demographic data and a comprehensive medical history for each participant
were collected. Details of the number of chest infections and hospital
admissions due to COPD exacerbation in the past 12 months were gathered.
Post-bronchodilator hand-held spirometry was performed to confirm the
diagnosis of COPD with appropriate risk factor exposure. Health-related
quality of life was assessed by CAT and SGRQ questionnaires;
breathlessness was assessed by MRC dyspnoea and BORG scales; anxiety
and depression was assessed by HADS questionnaire; and risk of malnutrition
was assessed by MUST. With each participant, a practice and second ISWT,
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body composition (height/ weight/ FM/ FFM/ FFMI), anthropometric
measurements (waist, hip, and mid-thigh circumferences), right and left
handgrip, and STS5 were conducted. Additionally, participants were given a
pedometer to record their daily steps for 14 days before the start date and 14
days after the completion date of the PR programme and were provided with
instruction on how to complete the supplement and step count diaries.
All measurements were carried out at the start and the end of the rehabilitation
programme. Further details about all measurements are described in Chapter
3.
6.3 Statistical analysis
Data were analysis based on intention- to- treat analysis which included all
participants who completed PR and nutritional supplementation for both arms.
Data were assessed for normality by visual inspection of the histogram, and
the Kolmogorov-Smirnov test. Baseline characteristics of each group
(interventional group vs control group) were reported using mean and standard
deviation/ median and interquartile range and percentage as appropriate. For
the main outcome (ISWT), between‐group differences were compared by
ANCOVA considering pre‐ISWT value as a covariate. Pre and post PR
measurements for each group (intervention group vs. control group) were
compared using paired t-test analysis for normally distributed data and
Wilcoxon signed-rank test if not normally distributed. Independent t-tests were
used to compare the mean difference between both groups for normally
distributed data and Mann-Whitney U tests for non-normally distributed data.
Participants in the intervention group were classified as responders
(improvement in the distance walked exceeded 36.1 m in ISWT) or non158

responders (improvement in the distance walked did not exceeded 36.1 m in
ISWT) and compared. Participants in the intervention group were also stratified
based on BMI ≤21 kg/m2 and/or FFMI ≤15 kg/m2 for women or 16 kg/m2 for
men into depleted and non-depleted groups to compare the effect of
intervention in these subsets (251). Interim analysis were planed when we
reach half of the sample size so we had stop the recruitment and only 44 who
completed the trial were included in the main analysis. The Statistical Package
for the Social Sciences (SPSS), Version 26 (IBM Corp, Armonk, USA) software
was used to analyse our data.
6.4 Results
We approached and screened 221 consecutive patients between 7 January
2018 and 31 January 2020. Of these, 54 patients were excluded due to BMI >
30 kg/cm2, 28 declined to participate, 20 were unable to perform ISWT, 20 did
not meet the criteria to be included in PR, and 12 had bowel diseases. The
CONSORT diagram is illustrated in Figure 21. Ultimately, 68 participants (42
male, 26 female) were randomised to receive FCP (intervention, n= 36) or
preOp (control, n= 32) and started PR. After randomisation and PR had
started, 24 (35%) individuals withdrew from the trial (FCP intervention= 14,
preOp control= 10). Of the 68 participants, only 44 (intervention= 22; control =
22) completed PR and nutritional supplementation with pre- and postmeasurements available, with the last visit for the last participant completed
on the 13th March 2020. Twenty-four did not complete the trial, 14 withdrew
from the PR class (intervention: 7; control: 7), six withdrew consent
(intervention: 3; control: 3), one participant withdrew from the study due to
intolerance of the supplement related to taste and three developed mild
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diarrhoea, with no serious adverse reaction being reported. The baseline
characteristics of both groups (completers and non-completers) are presented
in Table 12 and 13.

Table 12: Demographic data, respiratory and non-respiratory medications, and
baseline pulmonary function test of subjects with Chronic Obstructive Pulmonary
Disease (COPD) divided into two groups; completers and non-completers.
Subjects
Demographics

Total
population

Completers
(44)

(68)

Noncompleters
(24)

p-value
completers vs.
non-completers

Age (years)

72 ±8

73 ±8

70 ±9

0.16

Male n (%)

42 (62%)

28 (64%)

14 (58%)

0.67

Female n (%)

26 (38%)

16 (36%)

10 (42%)

Active smoker
n (%)

26 (38%)

15 (34%)

11 (46%)

Ex-smokers n
(%)

42 (62%)

29 (66%)

13 (54%)

Smoking
history (packyears)

41.5 (28 –
58)

45 (28 – 61)

39 (30 –
58)

0.75

Exacerbation
within last year

1 (0 – 2)

1 (0 – 2)

2 (0 – 3)

0.09

Hospitalisation
due to
exacerbations
within last year
n (%)

15 (22%)

7 (16%)

8 (33%)

0.09

SABA n (%)

44 (65%)

31 (70%)

13 (54%)

0.18

LABA n (%)

40 (59%)

25 (57%)

15 (63%)

0.65

SAMA n (%)

0

0

0

^

LAMA n (%)

36 (53%)

24 (55%)

12 (50%)

0.70

ICS n (%)

33 (49%)

19 (43%)

14 (58%)

0.20

Other nonRespiratory
medications n
(%)

60 (88%)

38 (86%)

22 (92%)

0.52

0.34

Medications
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Diabetes n (%)

0

0

0

^

FEV1 (L)

1.3 (1 – 1.9)

1.6 (1.1 –
2.4)

1.2 (1.1 –
1.2)

0.77

FEV1 (%
predicted)

58 (39 – 70)

64 (43 – 74)

49 (37 –
60)

0.89

52 ±12

54 ±12

51 ±13

0.36

Pulmonary function

FEV1/FVC %

Data are presented as n (%), mean ±SD or median IQR. p value represent a comparison between completers and noncompleters. ^ No data to compare with.
Abbreviations: SABA, Short-acting beta-agonists; LABA; Long-acting beta-agonists; SAMA, Short-acting muscarinic
antagonist; LAMA, Long-acting muscarinic antagonist; ICS, Inhaled corticosteroids; BMI, FEV1, Forced Expiratory
Volume in 1 second; FEV1%, Predicted Forced Expiratory Volume in 1 second; FEV1/FVC, calculated ratio between
both measurements.

Table 13: Baseline anthropometric measurements, body composition, functional
outcomes, health related quality of life and anxiety and depression
questionnaires, and physical activity of subjects with Chronic Obstructive
Pulmonary Disease (COPD) divided into two groups; completers and noncompleters.
Subjects

Total
population

Completers
(44)

(68)

Noncompleters
(24)

p-value
completers vs.
non-completers

Anthropometric measurements
Weight (kg)

69 ±14

71 ±14.6

66 ±12

0.13

Waist
circumference
(cm)

92.7 ±13

94 ±14

90 ±11

0.30

Hip
circumference
(cm)

100 ±10

101 ±10

98 ±8

0.33

Mid-thigh
circumference
(cm)

57 ±8

58 ±7

56 ±9

0.46

Fat mass (kg)

24.7 ±6

25 ±6

24 ±6

0.49

BMI kg/cm2

24 (21 –
27)

24 (21 – 27)

24 (21 –
27.5)

0.98

45 ±11

47.9 ±12

41.9 ±3.7

0.11

15.3 ±2.6

15.8 ±2.6

14 ±0.9

0.60

Body composition

FFM (kg)
FFMI (kg/cm2)

161

Functional outcomes
ISWT (m)

266 ±134

267 ±130

264 ±144

0.94

mMRC grade

3 (2 – 3)

3 (2 – 3)

3 (2 – 3)

0.82

(R) Handgrip
(kg)

27 ±9

28 ±10

24 ±7

0.09

(L) Handgrip
(kg)

25 ±8

27 ±9

23 ±5

0.05

STS5 (sec)

10.3 (8.6 –
12.8)

11 (7 – 15)

9.8 (9.8 –
9.9)

0.70

CAT

20 ±7

19 ±7

21 ±7

0.34

Anxiety scores
(HADS)

7 ±4

6 ±4

8 ±4

0.25

Depression
scores (HADS)

6 (3 – 9)

6 (3 – 8.5)

7 (2 – 12)

0.45

SGRQ total

49 ±17

46 ±16

55 ±18

0.07

SGRQ
symptoms

61 ±21

57 ±22

68 ±17

0.07

SGRQ activity

67 ±20

66 ±18

71 ±23

0.30

SGRQ impact

35 ±18

32 ±17

42 ±20

0.06

0

0

0

0.99

3014 (1765
– 5914)

2961 (1860
– 5922)

3479 (2505 –
4660)

0.93

Questionnaires

MUST
Physical
activity (steps/
day)

Data are presented as n (%), mean ±SD, or median IQR.
p value represent a comparison between completers and non-completers. ^ No data to compare with.
Abbreviations: BMI,Body Mass Index; FFM, fat-free-mass; FM, fat-mass; FFMI, fat-free-mass index; ISWT,
incremental shuttle walk test; mMRC; modified medical research council dyspnoea scale; (R) handgrip, right handgrip;
(L) handgrip, left handgrip; STS5, Sit to Stand– Five Test; CAT; COPD assessment test; HADS, hospital anxiety and
depression scale; SGRQ, St. George's respiratory questionnaire; MUST, malnutrition universal screening tool.

The mean age of the participants was 72 ±8 years: 62% were male, and 62%
were ex-smokers. The non-completers had a trend towards higher numbers of
exacerbations and hospital admissions but these were not statistically
significant when compared with completers (p >0.05). Our participants were
mainly GOLD 2 and 3, with median FEV1 1.3L (57% predicted). There were no
significant differences between the groups in the ISWT, weight, FFM, FM,
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physical activity measured by steps, CAT, anxiety and depression scores, risk
of malnutrition, SGRQ scores, and STS5 (p >0.05). Overall, there were no
statistical differences in baselines characteristics between completers and
non-completers. The baseline characteristics of 44 completers in both groups
(control: 22; intervention: 22) are presented in Table 14 and 15.

Table 14: Demographic data, respiratory and no respiratory medications, and
baseline pulmonary function test of COPD patient who completed the study
divided into two groups; control and intervention.
Subjects

Control

Intervention

(22)

(22)

Age (years)

70 ±9

75 ±6

0.04

Male n (%)

13 (59%)

15 (68%)

0.53

Female n (%)

9 (41%)

7 (32%)

Active smoker n (%)

10 (45%)

5 (23%)

Ex-smokers n (%)

12 (55%)

17 (77%)

39 (24 – 59)

45 (28 – 93)

0.41

Exacerbation within
last year

1 (0 – 2.5)

0 (0 – 1)

0.21

Hospitalisation due to
exacerbations within
last year

0 (0 – 1.25)

0 (0 – 0)

0.03

SABA n (%)

15 (68%)

15 (68%)

0.81

LABA n (%)

15 (68%)

9 (41%)

0.09

SAMA n (%)

0

0

^

LAMA n (%)

16 (73%)

8 (36%)

0.02

ICS n (%)

12 (54%)

7 (32%)

0.16

Other non-Respiratory
medications n (%)

17 (77%)

20 (91%)

0.09

0

0

^

Demographics

Smoking history (packyears)

p-value

0.20

Medications

Diabetes n (%)
Pulmonary function
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1.2 (0.95 – 1.6)

1.6 (1 – 2.5)

0.27

FEV1 (% predicted)

52 ±19

59 ±22

0.18

FEV1/FVC %

54 ±12

53 ±13

0.90

FEV1 (L)

Data are presented as n (%), mean ±SD, or median IQR. ^ No data to compare with.
p value was calculated using chi square, paired t-test for normally distributed and Wilcoxon signed-rank test for nonnormally distributed data, and represented a comparison between control and intervention groups.
Abbreviations: SABA, Short-acting beta-agonists; LABA; Long-acting beta-agonists; SAMA, Short-acting muscarinic
antagonist; LAMA, Long-acting muscarinic antagonist; ICS, Inhaled corticosteroids; FEV1, Forced Expiratory Volume in 1
second; FEV1%, Predicted Forced Expiratory Volume in 1 second; FEV 1/FVC, calculated ratio between both
measurements.

Table 15: Baseline anthropometric measurements, body composition, functional
outcomes, health related quality of life and anxiety and depression
questionnaires, and physical activity of subjects with Chronic Obstructive
Pulmonary Disease (COPD) divided into two groups; control and intervention.
Subjects

Control

Intervention

p-value

(22)

(22)

Weight (kg)

68 ±13

75 ±16

0.12

Waist circumference
(cm)

92 ±14

95.6 ±15

0.46

Hip circumference
(cm)

98 ±9

104 ±11

0.04

Mid-thigh
circumference (cm)

56 ±8

59 ±6

0.16

24 ±6.6

26 ±6

0.50

BMI kg/cm2

23 ±4

24 ±4

0.36

FFM (kg)

43 ±10

49 ±13

0.12

FFMI (kg/cm2)

15 ±3

16 ±3

0.17

ISWT (m)

265 ±133

269 ±130

0.92

mMRC grade

3 (2 – 3)

3 (2 – 3)

0.87

(R) Handgrip (kg)

26 ±19

30 ±10

0.15

(L) Handgrip (kg)

25 ±9

29 ±9

0.16

10.6 (7.5 – 13)

10.5 (9 – 12)

0.94

Anthropometric measurements

Body composition
FM (kg)

Functional outcomes

STS5 (sec)
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Questionnaires
CAT

20 ±8

18 ±6

0.37

6.5 (4.5 – 9.5)

4.5 (3 – 10)

0.42

Depression scores
(HADS)

6.5 ±3

5 ±3.5

0.19

SGRQ total

52 ±17

41 ±13

0.02

SGRQ symptoms

63 ±23

52 ±21

0.14

SGRQ activity

57 (57– 86)

57 (53 – 69)

0.03

SGRQ impact

38 ±19

27 ±12

0.03

MUST

0 (0, 1)

0 (0, 0)

0.50

2663 (1947–
4912)

4297 (1726 –
7211)

0.33

Anxiety scores
(HADS)

Physical activity
(steps/ day)

Data are presented as n (%), mean ±SD, or median IQR. ^ No data to compare with.
p value was calculated using chi square, paired t-test for normally distributed and Wilcoxon signed-rank test for nonnormally distributed data, and represented a comparison between control and intervention groups.
Abbreviations: BMI, Body Mass Index; FFM, fat-free-mass; FM, fat-mass; FFMI, fat-free-mass index; ISWT, incremental
shuttle walk test; mMRC; modified medical research council dyspnoea scale; (R) handgrip, right handgrip; (L) handgrip,
left handgrip; STS5, Sit to Stand– Five Test; CAT; COPD assessment test; HADS, hospital anxiety and depression scale;
SGRQ, St. George's respiratory questionnaire; MUST, malnutrition universal screening tool.

The intervention group was older than the control group (control: 70 years ±9
vs. intervention: 75 years ±6; p < 0.05). There were fewer ex-smokers in the
control than the intervention groups (control: 55%; intervention: 77%).
Hospitalisation due to COPD exacerbation was significantly higher in the
control group (p <0.05), but COPD exacerbation was not significantly different
between the groups (p > 0.05). There were no significant differences in waist
and mid-thigh circumference measurements. However, there was a statistical
difference between the control and the intervention groups in hip
circumference (control: 98 cm ±9 vs. intervention: 104 cm ±11; p <0.05) that is
unlikely to be clinically significant. There were significantly more participants in
the control group using LAMA as a prescribed medication than in the
intervention group (73% vs. 36%; p < 0.05). There were no statistical
differences between the groups in body composition, including weight, FM,
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FFM, and FFMI, and functional outcomes, including ISWT, right and left
handgrips, and STS5. When health-related quality of life was measured at
baseline by CAT and SGRQ, CAT did not show a significant difference (p >
0.05); however, SGRQ total score, activity, and impact domains showed
significantly higher impact of COPD in the control group when compared with
the intervention group (SGRQ total: 52 ±17 vs. 41 ±13, p < 0.05; activity
domain: 57 (57– 86) vs. 57 (53 – 69), p < 0.05; impact domain: 38 ±19 vs. 27
±12, p < 0.05). Physical activity measured by steps and risk of malnutrition
were similar (p >0.05).
The changes after PR and supplementation within each group and the mean
differences between them are presented in table 16 and 17. Within the control
group, there were significant improvements after PR in ISWT (40 m ±60; p <
0.01), right handgrip (2.5 kg ±4; p < 0.05), left handgrip (3 kg ±5, p < 0.05),
STS5 (-3 sec (-5 – (-0.6)); p < 0.01), body weight (1.3 kg ±1.8; p < 0.05) and
mid-thigh circumference (1.8 cm ±4; p < 0.05). However, there were no
significant improvements in CAT, MRC, anxiety and depression, SQRG scores
in all domains, hip & waist circumferences, body composition, risk of
malnutrition and physical activity measured by steps.
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Table 16: Within group changes and mean difference for functional and anthropometric outcomes after the pulmonary
rehabilitation.
Outcomes

Control (22)

Intervention (22)

p- value
Mean
difference

(The change
between the
mean differences)

342 ±149

73 ±68α ‡

0.10

3 (2 – 3)

3 (2 – 3)

0 (0 – 0)

1

2.5 ±4α †

30 ±10

32 ±10

1.7 ±3α †

0.44

28 ±10

3 ±5α †

29 ±9

30 ±10

1.7 ±3α ‡

0.33

7.5 (6 –
10)

-3((-5) – (0.6))α ‡

10.5 (9 – 12)

9 (7 – 12)

-1.6((-2) –
(-0.8))α ‡

0.08

68 ±13

69± 13

1.3 ±1.8α †

75 ±16

76 ±16

0.9 ±1.6α ‡

0.50

Waist
circumference (cm)

94 (78 –
105)

94 (77 –
102)

-1 ((-2) –
3.5)

93 (87 – 105)

96.5 (85 –
111)

Hip circumference
(cm)

98 ±9

98 ±9

0.25 ±2

104 ±11

103 ±9

-1.6 ±5

0.11

Mid-thigh
circumference (cm)

56 ±8

58 ±6

1.8 ±4α †

59 ±6

61 ±5

1.5 ±3α †

0.75

Pre

Post

Mean
difference

Pre

Post

ISWT (m)

265 ±133

305 ±148

40 ±60α ‡

269 ±129

mMRC grade

3 (2 – 3)

3 (2 – 3)

0 (0 – 0)

(R) Handgrip (kg)

26 ±19

29 ±9

(L) Handgrip (kg)

25 ±9
10.6 (7.5
– 13)

Functional outcomes

STS5 (sec)

Anthropometric measurements
Weight (kg)

0.8 ((-1) –
2.3)

0.38

Data are presented as n (%), mean ±SD, or median IQR.
Mean difference for each group was calculated by subtracting baseline from post rehabilitation measurements.
p value was calculated using paired t-test for normally distributed and Wilcoxon signed-rank test for non-normally distributed data, and represented the difference between the mean differences
in control and intervention groups.
† p<0.05; ‡ p<0.01; α significant within the group.
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Abbreviations: ISWT, incremental shuttle walk test; mMRC; modified medical research council dyspnoea scale; (R) handgrip, right handgrip; (L) handgrip, left handgrip; STS5, Sit to Stand–
Five Test.

Table 17: Within group changes and mean difference for body composition, health related quality of life and anxiety and
depression questionnaires, and physical activity outcomes after the pulmonary rehabilitation.
Outcomes

Control (22)
Pre

Intervention (22)
Pre

Post

p- value
Mean
difference

(The change
between the
mean
differences)

Post

Mean
difference

26 (18-30)

25 (18.5 –
30)

-0.4 ((-0.6) –
2.8)

27 (21 –
32)

27 (19.5
– 33)

-0.5 ((-1.5) –
2)

0.24

41 (34 – 52)

42 (34 –
56)

0.5 ((-2) – 2)

52 (37 –
61)

49 (38 –
59)

0.8 ((-0.8) –
1.4)

0.88

15 ±3

15 ±3

0.02 ±1.4

16 ±3

17 ±4

0.8 ±4

0.38

CAT

20 ±8

19 ±8

-1 ±5

18 ±6

17 ±7.5

-0.1 ±6

0.98

Anxiety scores
(HADS)

7 ±4

6.5 ±5

-0.4 ±2

6 ±5

5 ±5

-1 ±3

0.55

Depression
scores (HADS)

6.5 ±3

6 ±3

-0.3 ±2

5 ±3.5

4 ±4

-1 ±2

0.39

SGRQ total

52 ±17

51 ±17

-2.4 ±11.5

41 ±12.6

43 ±16

0 ±10

0.48

SGRQ
symptoms

63 ±23

57 ±20

-6 ±20

52 ±21

49 ±27

-5 ±17

0.76

71.6 ±18

71 ±19

-2 ±10

60 ±17

66 ±21

4 ±16

0.2

Body composition
Fat mass (kg)
FFM (kg)
FFMI (kg/cm2)
Questionnaires

SGRQ activity
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SGRQ impact
MUST
Physical
activity (steps/
day)

38 ±19

36.6 ±20

-2 ±16

27 ±12

28.5
±16.5

-0.1 ±11

0.74

0 (0 – 1)

0 (0 – 1)

0 (0 – 0)

0 (0 – 0)

0 (0 – 0)

0 (0 – 0)

1

2663 (1947 –
4912)

2903
(1800 –
4753)

72((-749) –
825)

4297
(1726 –
7211)

5973
(2000 –
6812)

294 ((-365) –
661)

0.88

Data are presented as n (%), mean ±SD, or median IQR.
Mean difference for each group was calculated by subtracting baseline from post rehabilitation measurements.
p value was calculated using paired t-test for normally distributed and Wilcoxon signed-rank test for non-normally distributed data, and represented the difference between the mean differences
in control and intervention groups.
† p<0.05; ‡ p<0.01; α significant within the group.
Abbreviations: BMI, Body Mass Index; FFM, fat-free-mass; FM, fat-mass; FFMI, fat-free-mass index; CAT; COPD assessment test; HADS, hospital anxiety and depression scale; SGRQ, St.
George's respiratory questionnaire; MUST, malnutrition universal screening tool.
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Within the intervention group, there were significant improvements after PR in
ISWT (73 m ±68; p < 0.01), right handgrip (1.7 kg ±3; p < 0.05), left handgrip
(1.7 kg ±3, p < 0.01), STS5 (-2 sec ((-2) – (-0.8)); p < 0.01), body weight (0.9
kg ±1.6; p < 0.01) and mid-thigh circumference (1.5 cm ±3; p < 0.05). However,
there were no significant improvements in CAT, MRC, anxiety and depression,
SQRG scores in all domains, hip and waist circumferences, body composition,
risk of malnutrition and physical activity measured by steps.
There were no significant differences between the groups in the ISWT, right
and left handgrips, STS5, body weight, mid-thigh, hip, and waist
circumferences, CAT, MRC, anxiety and depression, SQRG scores in all
domains, body composition, risk of malnutrition and physical activity.
Primary outcome: Incremental Shuttle Walk Test
Adjusted for baseline ISWT, there was no statistically significant difference
between the groups in post ISWT (control: 305 m ±148 vs. intervention: 342 m
±149, p > 0.05); however, this would be a clinically meaningful difference
(MCID) in ISWT: more than 36.1 m. This difference in the ISWT is illustrated
in Figure 22.
Next, we wanted to assess the baseline characteristics for those who
responded compare to those who did not respond based on a change greater
than the MCID of the ISWT which is more than 36.1 m. The baseline
characteristics of responders and non-responders are presented in Table 18
and 19.
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Figure 25: Post pulmonary rehabilitation mean ±SE of ISWT in the intervention
and control groups.

Abbreviation: SE, standard error.

Table 18: baseline characteristics between responders and non-responders to
ISWT in the interventional group.
Subjects
Demographics

Non-responders

Responders

(9)

(13)

p-value

Age (years)

78 ±6

74 ±5

0.15

Male n (%)

6 (66%)

9 (69%)

0.90

Female n (%)

3 (33%)

4 (31%)

Active smoker n (%)

2 (22%)

3 (23%)

Ex-smokers n (%)

7 (78%)

10 (77%)

Smoking history (packyears)

45 (21 – 49)

49 (28 – 105)

0.34

Exacerbation within last
year n (%)

5 (56%)

5 (38%)

0.43

Hospitalisation due to
exacerbations within last
year n (%)

1 (11%)

0 (0%)

0.22

71 ±18

78 ±14

0.32

0.96

Anthropometric measurements
Weight (kg)
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Waist circumference (cm)

92 ±18

98 ±12

0.33

Hip circumference (cm)

102 ±15

106 ±8.5

0.44

Mid-thigh circumference
(cm)

55 ±6.2

62 ±4.5

0.006

SABA n (%)

7 (87%)

8 (61%)

0.20

LABA n (%)

4 (50%)

5 (38%)

0.60

SAMA n (%)

0

0

^

LAMA n (%)

4 (50%)

4 (31%)

0.38

ICS n (%)

3 (37%)

4 (31%)

0.75

Other non-Respiratory
medications n (%)

8 (100%)

12 (92%)

0.42

0

0

^

1.2 (0.95 – 1.6)

1.6 (1 – 2.5)

0.26

FEV1 (% predicted)

52 ±19

59 ±22

0.28

FEV1/FVC %

54 ±12

53 ±13

0.75

25.5 ±7

26 ±6

0.87

BMI kg/cm2

24 ±5

25 ±3

0.50

FFM (kg)

45 ±14

52± 13

0.29

FFMI (kg/cm2)

15 ±3

16.5 ±2

0.38

ISWT (m)

274 ±132

265 ±134

0.88

mMRC grade

3 (2 – 3)

3 (2 – 3)

0.95

(R) Handgrip (kg)

28.5 ±8

32 ±12

0.45

(L) Handgrip (kg)

27 ±8

30 ±10

0.43

STS5 (sec)

11 ±4

11 ±3

0.89

18 ±7

19 ±6

0.78

Medications

Diabetes n (%)
Pulmonary function
FEV1 (L)

Body Composition
Fat mass (kg)

Functional outcomes

Questionnaires
CAT
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3 (2 – 7.5)

6 (2.5 – 13)

0.26

3 ±2

6.5 ±4

0.04

SGRQ total

39 ±12

42 ±14

0.56

SGRQ symptoms

52 ±23

52 ±21

0.99

SGRQ activity

56 (53 – 60)

62 (54 – 77)

0.25

SGRQ impact

26 ±11

27 ±14

0.95

0 (0 – 1.7)

0 (0 – 0)

0.36

3930 ±3495

4909 ±2851

0.49

Anxiety scores (HADS)
Depression scores
(HADS)

MUST
Physical activity (steps/
day)

Data are presented as n (%), mean ±SD, or median IQR.
Abbreviations: SABA, Short-acting beta-agonists; LABA; Long-acting beta-agonists; SAMA, Short-acting muscarinic
antagonist; LAMA, Long-acting muscarinic antagonist; ICS, Inhaled corticosteroids; BMI, Body Mass Index; FFM, fat-freemass; FM, fat-mass; FFMI, fat-free-mass index; FEV1, Forced Expiratory Volume in 1 second; FEV1%, Predicted Forced
Expiratory Volume in 1 second; FEV1/FVC, calculated ratio between both measurements; ISWT, incremental shuttle walk
test; mMRC; modified medical research council dyspnoea scale; (R) handgrip, right handgrip; (L) handgrip, left handgrip;
STS5, Sit to Stand– Five Test; CAT; COPD assessment test; HADS, hospital anxiety and depression scale; SGRQ, St.
George's respiratory questionnaire; MUST, malnutrition universal screening tool.

Between the responders and non-responders in the intervention group, there
were significant differences in mid-thigh circumference (responder: 62 cm ±4.5
vs. non-responder: 55 cm ±6.2; p < 0.05) and depression scores (responders:
6.5 ±4 vs. non-responders: 3 ±2; p < 0.05) but clinically within normal range,
although this difference is higher than the MCID, 1.4 points. There were no
significant differences between the responders and non-responders in
demographic data, hip and waist circumferences, respiratory and nonrespiratory medications, pulmonary function, body composition, mMRC grade,
both handgrips, STS5, anxiety score, health-related quality of life, risk of
malnutrition and steps. The change in anthropometric measurements, body
composition, dyspnoea scale, functional outcomes, health-related quality of
life, anxiety, and depression, risk of malnutrition and physical activity
measured by steps were assessed after rehabilitation but there were no
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statistical between responders and non-responders in the intervention group
(p > 0.05).
Table 19: Baseline characteristics between responders and non-responders to
ISWT in the control group.
Subjects
Demographics

Non-responders

Responders

(8)

(14)

p-value

Age (years)

71 ±11

69 ±7

0.55

Male n (%)

5 (62%)

8 (57%)

0.80

Female n (%)

3 (38%)

6 (43%)

Active smoker n (%)

3 (38%)

7 (50%)

Ex-smokers n (%)

5 (62%)

7 (50%)

Smoking history (packyears)

42 ±30

42 ±24

0.97

Exacerbation within last
year n (%)

4 (50%)

9 (64%)

0.51

Hospitalisation due to
exacerbations within last
year n (%)

2 (25%)

4 (28%)

0.85

80 (52 – 85)

66 (55 – 73)

0.29

Waist circumference (cm)

92 ±17

92 ±12

0.99

Hip circumference (cm)

99 ±11

97 ±8

0.56

Mid-thigh circumference
(cm)

57 ±8

66 ±8

0.66

SABA n (%)

5 (62%)

10 (71%)

0.66

LABA n (%)

6 (75%)

9 (64%)

0.60

SAMA n (%)

0

0

^

LAMA n (%)

6 (75%)

10 (71%)

0.85

ICS n (%)

6 (75%)

6 (43%)

0.14

Other non-Respiratory
medications n (%)

8 (100%)

9 (64%)

0.05

0

0

^

0.57

Anthropometric measurements
Weight (kg)

Medications

Diabetes n (%)
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Pulmonary function
1.5 (0.98 – 2.3)

1 (0.95 – 1.4)

0.25

FEV1 (% predicted)

59 ±26

48 ±13

0.19

FEV1/FVC %

47 ±15

58 ±8

0.03

Fat mass (kg)

24 ±8

25 ±5

0.72

BMI kg/cm2

24 ±5

23 ±3

0.36

FFM (kg)

47 ±11

41 ±10

0.17

FFMI (kg/cm2)

16 ±3

14 ±2

0.08

ISWT (m)

281 ±153

255 ±126

0.68

mMRC grade

3 (2 – 4)

2.5 (2 – 3)

0.13

(R) Handgrip (kg)

26 ±8

26 ±9

0.95

(L) Handgrip (kg)

24 ±8

25 ±9

0.71

STS5 (sec)

12 ±5

12 ±6

0.99

CAT

22 ±7

19 ±9

0.50

Anxiety scores (HADS)

8 ±5

6 ±4

0.39

Depression scores
(HADS)

8 ±3

6 ±3

0.16

SGRQ total

59 ±18

48 ±16

0.18

SGRQ symptoms

61 ±26

63 ±22

0.87

SGRQ activity

81 ±14

66 ±18

0.08

SGRQ impact

46 ±23

34 ±16

0.17

0 (0 – 1)

0 (0 – 0.5)

0.71

3489 (2411 – 5752)

2437 (1455 –
4426)

0.30

FEV1 (L)

Body Composition

Functional outcomes

Questionnaires

MUST
Physical activity (steps/
day)

Data are presented as n (%), mean ±SD, or median IQR.
Abbreviations: SABA, Short-acting beta-agonists; LABA; Long-acting beta-agonists; SAMA, Short-acting muscarinic
antagonist; LAMA, Long-acting muscarinic antagonist; ICS, Inhaled corticosteroids; BMI, Body Mass Index; FFM, fat-freemass; FM, fat-mass; FFMI, fat-free-mass index; FEV1, Forced Expiratory Volume in 1 second; FEV1%, Predicted Forced
Expiratory Volume in 1 second; FEV1/FVC, calculated ratio between both measurements; ISWT, incremental shuttle walk
test; mMRC; modified medical research council dyspnoea scale; (R) handgrip, right handgrip; (L) handgrip, left handgrip;
STS5, Sit to Stand– Five Test; CAT; COPD assessment test; HADS, hospital anxiety and depression scale; SGRQ, St.
George's respiratory questionnaire; MUST, malnutrition universal screening tool.
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Between the responders and non-responders in the control group, there was
a significant difference in FEV1/FVC % (responder: 58 ±8% vs. non-responder:
47 ±15%; p < 0.05). There was a clinically higher SGRQ total score in nonresponders compared with responders that exceeded the MCID of 4 units
(responder: 48 ±16 vs. non-responder: 59 ±18; p > 0.05). There were no
significant differences between the responders and non-responders in
demographic data, anthropometric measurements, respiratory and nonrespiratory medications, FEV1 and FEV1 percent predicated, body
composition, ISWT, mMRC grade, both handgrips, STS5, anxiety and
depression scores, health-related quality of life, risk of malnutrition and steps.
Next, we wanted to assess the changes after rehabilitation within the
intervention and control groups for those who were depleted (defined as BMI
≤21 kg/m2 and/or FFMI ≤15 kg/m2 for women or 16 kg/m2 for men) compared
to those who were not depleted in the intervention and control groups. The
mean differences between depleted and non-depleted participants in the
intervention and control groups are presented in Table 20 and 21. Within
intervention, between depleted and non-depleted groups, there were
significant differences in hip circumference (depleted hip circumference: 1 ((2) – 1.5) vs. non- depleted hip circumference: -2 ((-4) – (-1)); p < 0.05) FFM
(depleted FFM: 1 (1 – 3) vs. non- depleted FFM: -0.4 ((-4) – 0.8); p < 0.01) and
FFMI (depleted: 0.4 (0.3 – 0.8) vs. non-depleted: -0.1 ((-1) – 0.3); p < 0.01) .
There were no significant differences in ISWT, mMRC grade, right and left
handgrips, weight, waist and mid-thigh circumferences, CAT, anxiety and
depression scores and SQRG scores in all domains and physical activity
measured by steps (p > 0.05). However, SGRQ scores improved in the
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depleted group but these improvements were only clinically meaningful
(SGRQ total: -5 ±9, SGRQ symptoms: -11 ±17 and SGRQ impact: -5.5 ±9).
Within the control group, between depleted and non-depleted groups, there
were significant differences in left handgrip (depleted left handgrip: 1 ±3 kg vs.
non- depleted left handgrip: 6 ±7 kg p = 0.01) and FM (depleted FM: -0.3 ((0.7) – 1) vs. non- depleted FFM: 2 (0.7 – 6); p = 0.04). There were no significant
differences in ISWT, mMRC grade, right handgrip, STS5, weight, waist, hip,
and mid-thigh circumferences, FFM, FFMI, CAT, anxiety and depression
scores, SQRG scores in all domains and physical activity measured by steps
(p > 0.05).

Table 20: The mean difference between depleted and non-depleted participants
in the intervention group.
Outcomes

Non-depleted

Depleted

p-value

(11)

(11)

84 ±85

62 ±48

0.47

0 (0 – 0)

0 (0 – 0)

1

(R) Handgrip (kg)

1 ±3

2 ±3

0.50

(L) Handgrip (kg)

1.4 ±2

2 ±3

0.62

STS5 (sec)

-0.8 ±2

-2 ±0.8

0.20

1 ±2

0.7 ±1

0.59

Waist circumference (cm)

0 ((-1) – 1.5)

1.7 ((-1) – 3)

0.52

Hip circumference (cm)

-2 ((-4) – -1)

1 ((-2) – 1.5)

0.02

Mid-thigh circumference
(cm)

1 ((-0.5) – 3)

0 ((-2) – 1.5)

0.95

0.4 ((-1.4) – 7)

-0.8 ((-3) – 0.1)

0.05

Functional outcomes
ISWT (m)
mMRC grade

Anthropometric measurements
Weight (kg)

Body composition
FM (kg)
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FFM (kg)

-0.4 ((-4) – 0.8)

1 (1 – 3)

0.002

FFMI (kg/cm2)

-0.1 ((-1) – 0.3)

0.4 (0.3 – 0.8)

0.007

CAT

-0.3 ±8

-2 ±4

0.57

Anxiety scores (HADS)

-0.5 ±2

-1.2 ±3

0.59

Depression scores (HADS)

0.5 ±2

-1.2 ±2

0.47

4 ±9

-5 ±9

0.05

-0.1 ±16

-11 ±17

0.18

SGRQ activity

9 ±16

-3 ±16

0.11

SGRQ impact

4 ±10.5

-5.5 ±9

0.06

-111 ±1422

476 ±770

0.32

Questionnaires

SGRQ total
SGRQ symptoms

Physical activity (steps/
day)

Data are presented as n (%), mean ±SD, or median IQR.
Mean difference for each group was calculated by subtracting baseline from post rehabilitation measurements. P value
was calculated using paired t-test for normally distributed and Wilcoxon signed-rank test for non-normally distributed data,
and represented the difference between the mean differences in control and intervention groups.
Abbreviations: BMI, Body Mass Index; FFM, fat-free-mass; FM, fat-mass; FFMI, fat-free-mass index; ISWT, incremental
shuttle walk test; mMRC; modified medical research council dyspnoea scale; (R) handgrip, right handgrip; (L) handgrip,
left handgrip; STS5, Sit to Stand– Five Test; CAT; COPD assessment test; HADS, hospital anxiety and depression scale;
SGRQ, St. George's respiratory questionnaire; MUST, malnutrition universal screening tool.
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Table 21: The mean difference between depleted and non-depleted participants
in the control group.
Outcomes

Non-depleted
(8)

Depleted (14)

p-value

18 ±68

54 ±54

0.18

0 (0 – 0)

0 (0 – 0)

1

(R) Handgrip (kg)

4 (0.8 – 8)

-0.2 ((-1) – 4)

0.06

(L) Handgrip (kg)

6 ±7

1 ±3

0.01

STS5 (sec)

-4 ±4

-3 ±4

0.60

1.4 (0.3 – 2)

0.6 (0.05 – 1)

0.24

Waist circumference (cm)

0.5 ±3

-0.4 ±4

0.58

Hip circumference (cm)

0.2 ±2

0.3 ±2

0.91

Mid-thigh circumference (cm)

0.8 ±2

2 ±5

0.08

FM (kg)

2 (0.7 – 6)

-0.3 ((-0.7) –
1)

0.04

FFM (kg)

-2 ((-4) – 1)

1 ((-0.1) – 2)

0.14

-0.5 ±2

0.4 ±1

0.17

-1 ±5

-1 ±5

0.98

Anxiety scores (HADS)

-0.25 ±2

-0.5 ±3

0.82

Depression scores (HADS)

-0.25 ±3

-0.4 ±2

0.92

SGRQ total

-2 ±17

-3 ±8

0.83

SGRQ symptoms

-10 ±27

-5 ±15

0.58

SGRQ activity

2 ±11

-4 ±10

0.27

SGRQ impact

-1 ±24

-2 ±11

0.95

64 ((-1078)–
522)

134 ((-730) –
1680)

0.53

Functional outcomes
ISWT (m)
mMRC grade

Anthropometric measurements
Weight (kg)

Body composition

FFMI (kg/cm2)
Questionnaires
CAT

Physical activity (steps/ day)

Data are presented as n (%), mean ±SD, or median IQR.
Mean difference for each group was calculated by subtracting baseline from post rehabilitation measurements. P value
was calculated using paired t-test for normally distributed and Wilcoxon signed-rank test for non-normally distributed data,
and represented the difference between the mean differences in control and intervention groups.
Abbreviations: BMI, Body Mass Index; FFM, fat-free-mass; FM, fat-mass; FFMI, fat-free-mass index; ISWT, incremental
shuttle walk test; mMRC; modified medical research council dyspnoea scale; (R) handgrip, right handgrip; (L) handgrip,
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left handgrip; STS5, Sit to Stand– Five Test; CAT; COPD assessment test; HADS, hospital anxiety and depression scale;
SGRQ, St. George's respiratory questionnaire; MUST, malnutrition universal screening tool.

6.5 Discussion
To our knowledge, this the first study that has investigated the effect of high
protein supplementation during PR in COPD; other studies have tested
different supplements. The main findings of this study were that, in individuals
with COPD who were enrolled in a six-week PR programme and received high
protein nutritional supplementation, no significant difference between groups
in exercise capacity measured by ISWT was detected, however, there was a
clinically meaningful difference favouring the intervention group and individuals
who reached that improvement had larger mid-thigh circumference and higher
baseline depression score.
PR is recognised as an effective non-pharmacological management approach
for improving exercise capacity with COPD, and this improvement can be
sustained for one year (288). The ISWT is commonly used to measure
exercise capacity, assess the effect of interventions such as PR, and to predict
hospitalisation and mortality for COPD patients. In our study, there was no
statistically significant difference in improvement in the exercise capacity
between the intervention and control groups, this is in keeping with other RCTs
that used creatine, high carbohydrate and other protein supplements (250,
263, 267, 269, 273). However, in our study, there was an improvement in ISWT
that reached the MCID, on top of the usual improvement seen in PR, in the
intervention group (250, 285). The intervention group was older than the
control group, which may have reduced the effect size of the intervention as
ageing induces frailty and sarcopenia thus reducing exercise capacity. The
control group had more active smokers, higher number of hospitalisations due
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to COPD exacerbations, greater COPD severity, higher SGRQ scores,
although not significant, and lower daily steps which may all have negatively
affected the improvement in this group. This study suggests that using a high
protein supplement that is tolerable might enhance exercise capacity gains
during PR.
Muscle fitness is usually assessed by peripheral muscle strength. A reduction
in muscle strength, measured by handgrip strength, is associated with longer
length of stay in hospital, poorer quality of life, and higher morbidity and
mortality rates in COPD patients (158, 159). Handgrip strength, which is a valid
measurement of peripheral muscle strength or performance, can be used to
assess the effectiveness of PR and nutritional supplementation. According to
Pitta et al, handgrip strength improved in 29 COPD patients after three months
of PR (289). In our study, the improvement in handgrip was only noted within
each group itself, with no difference between groups, which is similar to results
in previous studies (250, 271, 272). Faager et al. reported that using carnitine
for eight weeks during PR did not significantly improve handgrip strength when
compared to the placebo group who received glucose (271). In contrast, the
study by Fuld et al., showed significant improvement in handgrip after using
creatine three times a day for two weeks followed by once a day for 10 weeks
(273).
The five-repetition sit-to-stand exercise is considered to assess daily activities
that rely on lower limb muscle performance (290, 291). In COPD, STS5 has
been measured and correlated with health-related quality of life and strength
of the lower limb (292). In our study, we were unable to show a significant
difference between groups, although there were significant improvements
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within each group. In COPD patients who underwent outpatient PR, STS5 was
responsive to PR and significantly correlated with exercise capacity (244).
Recently, research on nutritional supplementation has focused on the quality
of provided nutritional supplement rather than providing nutritional supplement
with sufficient energy to preserve or improve body weight in COPD patients.
Underweight COPD patients who enrolled in a PR programme may be
susceptible to weight loss due to the exercise and energy imbalance. In our
study, body weight did not decline and we did not find any difference between
the groups; this might be due to the control group having received a
carbohydrate supplement, as high carbohydrate supplementation could
increase or maintain body weight (250, 263). In the study by Gurgun et al.,
there were significant improvements in body weight of 1.1 ±0.9 kg in those who
received 250 mL of high carbohydrate supplement three times a day as an
intervention (263).
This data has demonstrated that participants who received the intervention
and reached or exceeded 36 m (MCID) in the ISWT had larger mid-thigh
circumference at baselines. Similar associations were reported previously in a
study where leg circumference, such as mid-thigh circumference, was
positively associated with exercise capacity in a COPD population (293).
Additionally, thigh muscles such as quadriceps have been positively
associated with exercise capacity (294). As muscle mass increased, strength
and endurance improved (294). This suggests that those who responded to
the intervention might initially have higher muscle mass, especially in the lower
limbs. We did not find any difference between the groups in hip and waist
circumferences.
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Body composition abnormalities are common in COPD patients, especially
those who are referred to PR. Over the years, measuring body composition
has been a concern for many researchers due to its association with exercise
capacity, quality of life, and COPD severity (211, 213). In our study, we found
that FFM and FFMI did not improve when we compared the intervention group
with the control group; however, FFM and FFMI improved more in the depleted
intervention group compared with the non-depleted intervention group, which
suggests that high protein supplementation was most beneficial for depleted
participants. Improvements in FFM and FFMI have been reported previously
using nutritional supplementation during PR in depleted, malnourished, and
muscle-wasted patients (251, 263, 268). We observed declines in FFM and
FFMI in the non-depleted intervention group which might be related to other
factors, such as protein metabolism disorders, medication use, muscle disuse
or inactivity (250).
CAT has been used in PR with COPD patients to assess symptom burden.
Several studies have reported a CAT score improvement in stable and post
exacerbation COPD patients after enrolment in a PR class (295-297). In our
study, we found no differences between CAT scores before and after the PR
within and between the groups which might be due to the small sample size.
According to the National PR audit report in July 2020, 58% of PR patients
experienced an improvement in health status measured by CAT questionnaire
(179). In the Pavitt study, there was no difference between groups in the CAT
(285).
Anxiety and depression are independently responsible for a significant
reduction in quality of life (126). The effect of PR on anxiety and depression
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was reported by Gordon et al, in that PR had a positive effect in these
conditions (298). When nutritional supplementation was implemented with
COPD patents during PR in two RCTs, the supplementation did not improve
anxiety and depression measured by HADS (262, 285). Our study show no
improvements in HADS scores between groups (intervention and control;
responders and non-responders; and depleted and non-depleted). Our
participants tended to have anxiety and depression scores within normal range
and this might be the reason that no improvement were observed. In our study,
we found that participants who received the intervention supplement with PR
and reached or exceeded MCID in the ISWT had higher baseline depression
score (although still within normal range), and higher than in the non-responder
group by more than the MCID which is 1.4 points (235). In COPD patients,
depression has a negative impact on PR outcomes such as exercise capacity
and dyspnoea which might unfavourably affect the distance walked in ISWT
during the baseline visit (299). Our PR programme involved exercise and
education, including stress management. Treating depression might positively
impact exercise capacity allowing further distance to be covered at the end of
PR.
SGRQ scores at baseline were higher in our control group and this might affect
other outcomes such exercise capacity. Few studies have reported a
significant correlation between SQRG total score and exercise capacity
measured by 6MWT. As 6MWT distance increased, SGRQ score decreased
(300, 301). Additionally, we found that SGRQ scores did not improve in the
depleted group when compared with the non-depleted group. My systematic
review found that out of seven studies using SGRQ to measure quality of life,
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only one reported significant improvements in the SGRQ total and activity
domain scores (using creatine supplementation during PR) (226, 273).
Physical inactivity is an important issue reported by COPD patients and it
correlates with exercise performance. Our study found that there were no
differences between groups in physical activity measured by steps, which
contradicts other studies. Pavitt et al. and Van de Bool et al. reported that
physical activities measured by steps improved in the intervention groups
enrolled in PR programmes and who received nutritional supplementation
(262, 285).
We had planned to conduct an interim analysis when we reached half of the
required sample size, which was 49 participants; however, we were required
to stop the recruitment due to the COVID-19 pandemic; consequently we had
44 completers. Based on that number, we completed an interim analysis and
new power calculation. The mean improvement and standard deviation of the
ISWT in the control group after pulmonary rehabilitation programme and
nutritional supplementation were 40 ±60 m. The mean improvement and
standard deviation of the ISWT after pulmonary rehabilitation programme and
nutritional supplementation in the intervention group were 73 ±68 m. The
dropout rate from the current trial was 35%. A new sample size was calculated
in conjunction with statisticians at UCL, with 80% power at 5% significance
level and standard deviation of 65 m (the average SD of ISWT for both groups)
to ensure we could detect this additional increase in ISWT performance in the
intervention group, and to account for the 35% dropout rate. To achieve this,
we would needed to recruit 190 COPD patients (95 per group), with 124
completing a definitive study.
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6.5.1 Limitations
We failed to recruit the required sample size due to the COVID-19 pandemic,
which put the country in complete lockdown, additionally the strict criteria for
inclusion, such as BMI > 30 kg/m2 limited recruitment. We had to exclude 54
patients. In addition, based on interim data, we would not have been able to
reach the required number of participants in a single centre study. We were
not able to use ultrasound and scan thigh muscles as planned and we did not
measure quadriceps strength. This might more accurately quantify the effect
of intervention. Thigh circumference may not be the most accurate
measurement, especially in obese patients. There were some differences
between groups in baseline characteristics such as age, number of hospital
admission and quality of life which may have impacted outcomes. Our
stratification was only based on BMI and we might also have stratified
participants based on disease severity as we had a higher number of
hospitalisations in the control group. We could not provide a placebo identical
to the intervention used in term of size or ingredients, but were able to relabel
both products. There was heterogeneity in the exercise capacity measured by
ISWT between participants. To check compliance with the supplement, we
only provided participants with a diary card and we were not able to collect
empty bottles.
6.6 Conclusion
Using a high protein nutritional supplementation in individuals with COPD who
were enrolled in PR, we found no statistically significant difference between
groups in exercise capacity measured by ISWT or in other secondary
outcomes; however, there was a clinically meaningful difference favouring the
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intervention, and individuals who reached that improvement had larger midthigh circumference.

The results of this chapter are currently being written up as a peer-review
publication.
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7. Change in Exercise Capacity and Other Outcomes
Following Completion of a Double-Blind, Randomised,
Controlled

Trial

of

Protein

Supplementation

to

Enhance Exercise Capacity in Chronic Obstructive
Pulmonary Disease.
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7.1 Introduction
As described in detail in the introduction, nutritional supplements are used to
overcome malnutrition in patients with COPD, and nutritional support
integrated with exercise training may improve exercise capacity, decrease the
risk of mortality, and improve muscle strength in undernourished COPD
patients (222, 223). In the previous chapter, I reported the effects of protein
supplementation during a pulmonary rehabilitation programme.
The benefit of nutritional supplementation (Respifor, Nutricia) two years after
PR was tested in muscle-wasted COPD patients who were enrolled in PR
versus usual care group who received verbal dietary recommendation. It was
found that there was a significant improvement in MIP and limb muscles,
compared to participants who were in the usual care group (268). Additionally,
deterioration was noticed in the usual care only group in exercise capacity,
quality of life measured by SGRQ, and the cycle endurance test (268). Only
one study has addressed the effect of supplementation following PR; however,
supplementation were continued upon indication after PR for the musclewasted patients and the participants in the usual care group did not participate
in PR programme. Whether the effects of nutritional supplements can be
sustained for six weeks following the cessation of PR is unknown. Therefore,
we offered participants who completed the study a six-week follow-up to
evaluate the longer-term effect of nutritional supplementation following PR. We
did not continue the nutritional supplementation during this period.
Our study investigated the effect of FCP compared with preOp supplement on
exercise capacity, anthropometrics measurements and body composition
(body weight, BMI, FM, and FFMI, waist, hip, and mid-thigh circumference),
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peripheral muscle strength, level of anxiety and depression and health related
quality of life at six weeks post discharge. We hypothesised that the benefits
of FCP on exercise capacity, anthropometrics measurements and body
composition (body weight, BMI, FM, and FFMI, waist, hip, and mid-thigh
circumference), peripheral muscle strength, level of anxiety and depression,
and health-related quality of life may be maintained up to six weeks following
PR completion compared with the control group.
7.2 Methods
This study is an extension of my previous study reported in chapter 6. The
participants are the same. Ethical approval was obtained from Central
Research Ethics Committee and Health Research Authority (HRA) (reference
18/LO/1842) Appendix 1. The study was registered at ClinicalTrials.gov (227).
7.2.1 Participants
Participants who completed the PR programme were asked to attend a followup visit six weeks after the end of PR for re-assessment. Nutritional
supplementation was not continued during this time. Participants were given a
simple step-counter (pedometer) and asked to record daily steps post-PR for
14 consecutive days (appendix 8), except during showering and sleeping. At
the end of the six weeks, the participants were re-assessed by completing the
same evaluations described in the previous chapter and the methods.
7.2.2 Measurements
A detailed explanation of all measurements made reported in the methods
chapter. An overview of the methods for this chapter is reported in Figure 23.
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Figure 26: Method overview.
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7.3 Statistical Analysis
Data were assessed for normality by visual inspection of the histogram, and
the Kolmogorov-Smirnov test. Baselines characteristics for subjects who
attended the follow-up visit six weeks after the end of PR and did not attend
were compared. Baseline characteristics of each group (interventional group
vs control group) were reported using mean and standard deviation/ median
and interquartile range and percentage as appropriate. For ISWT, between‐
group differences were compared by ANCOVA considering baseline ISWT
value as a covariate. Baseline and post visits with six-week follow-up
measurements for each group (intervention group vs. control group) were
compared by using paired t-test analysis for normally distributed data and
Wilcoxon signed-rank test if not normally distributed. Independent t-tests were
used to compare the mean difference between both groups for normally
distributed data and Mann-Whitney U tests for non-normally distributed data.
The Statistical Package for the Social Sciences (SPSS), Version 26 (IBM Corp,
Armonk, USA) software was used to analyse our data.
7.4 Results
Baseline characteristics of the participants
We approached 44 consecutive patients who completed the PR programme
(Figure 24). Of the 44 participants who completed the trial, 11 follow-up visits
were cancelled due to the COVID-19 pandemic. Only 17/44 (preOp control:
eight; FCP intervention: nine) attended the follow-up assessment visit six
weeks after PR completion (Figure 24). The baseline characteristics of
participants who attended the follow-up and did not attended the follow-up
visits are presented in Tables 22 and 23.
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The mean age of the 17 participants who attended follow-up was 74 years and
65% were female, with a median FEV1 of 1.35L (64% predicted). Comparisons
were made between the baseline characteristics of the 17 who attended the
follow-up assessment visit with the 27 who did not attend. The groups were
generally similar but a higher percentage of females attended the six-week
visits than males (did not attend: 5 females (18%) vs. 11 females (65%); p <
0.05). Additionally, participants who attended the six-week visit had
significantly lower right handgrip strength (25 kg ±9 vs 31 kg ±9; p < 0.05).

Figure 27: Consort diagram of the approached participants.

Abbreviation: BMI, body mass index; ISWT, Incremental Shuttle Walk Test; PR, pulmonary
rehabilitation; FCP, Fortisip compact protein.
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Table 22: Demographic data, respiratory and non-respiratory medications, and
baseline pulmonary function test of subjects with chronic obstructive pulmonary
disease (COPD) who completed PR, divided into 17 participants who did attend
the six-week follow-up visit and 27 who did not.
Subjects
Demographics

Total
population

Did not
attend F/U

Did attend
F/U

p-value

(44)

(27)

(17)

Age (years)

73 ±8

73 ±6

71 ±10

0.28

Male n (%)

28 (64%)

22 (82%)

6 (35%)

0.002

Female n (%)

16 (36%)

5 (18%)

11 (65%)

Active smoker n (%)

15 (34%)

10 (37%)

5 (29%)

Ex-smokers n (%)

29 (66%)

17 (63%)

12 (71%)

Smoking history
(pack-years)

45 (28 –
61)

49 (30 –
61)

34 (25 – 60)

Attended
vs. didn’t
attend
F/U

0.60

Exacerbation within
last year n (%)

23 (52%)

14 (60%)

9 (40%)

0.94

Hospitalisation due
to exacerbations
within last year n (%)

7 (16%)

4 (15%)

3 (18%)

0.80

SABA n (%)

31 (70%)

19 (70%)

12 (70%)

0.92

LABA n (%)

25 (57%)

16 (59%)

9 (53%)

0.76

SAMA n (%)

0

0

0

^

LAMA n (%)

24 (55%)

13 (48%)

11 (65%)

0.34

ICS n (%)

19 (43%)

12 (44%)

7 (41%)

0.75

Non-Respiratory
medications n (%)

38 (86%)

22 (81%)

16 (94%)

0.22

0

0

0

^

FEV1 (L)

1.6 (1.1 –
2.4)

1.2 (1 –
2.2)

1.4 (1 – 2)

0.74

FEV1 (% pred)

64 (43 –
74)

44 (38 –
71)

64 (39 – 73)

0.51

55 ±12

56 ±11

51 ±12

0.18

Medications

Diabetes n (%)
Pulmonary function

FEV1/FVC %

Data are presented as n (%), mean ±SD, or median IQR.
p value represent a comparison between participants who did attend the six-week follow-up visit and did not. ^ No data to
compare with.
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Abbreviations: SABA, Short-acting beta-agonists; LABA; Long-acting beta-agonists; SAMA, Short-acting muscarinic
antagonist; LAMA, Long-acting muscarinic antagonist; ICS, Inhaled corticosteroids; FEV1, Forced Expiratory Volume in
1 second; FEV1%, Predicted Forced Expiratory Volume in 1 second; FEV1/FVC, calculated ratio between both
measurements.

Table 23: Baseline anthropometric measurements, body composition, functional
outcomes, health related quality of life and anxiety and depression
questionnaires, and physical activity of subjects with Chronic Obstructive
Pulmonary Disease (COPD).
Subjects

Total
population

Did not
attend F/U

Did attend
F/U

p-value

(44)

(27)

(17)

Attended
vs. didn’t
attend F/U

Anthropometric measurements
Weight (kg)

71±15

73 ±14

69 ±15

0.32

Waist
circumference
(cm)

96 ±12

95 ±13

91 ±16

0.36

Hip
circumference
(cm)

104 ±10

100 ±9

103 ±13

0.30

Mid-thigh
circumference
(cm)

58 ±7

58 ±6

56 ±8

0.34

27 ±6

25 ±5

25 ±8

0.73

24 (21 – 27)

25 (22 –28)

23.5 (20 –
27)

0.48

FFM (kg)

48 ±12

48 ±12

43 ±12

0.20

FFMI (kg/cm2)

16 ±2.6

16 ±3

15 ±2

0.17

ISWT (m)

267 ±130

270 ±123

261 ±144

0.81

mMRC grade

3 (2 – 3)

3 (2 – 3)

3 (2 – 3)

0.65

(R) Handgrip
(kg)

29 ±11.5

31 ±9 ¥ †

25 ±9

0.03

(L) Handgrip
(kg)

27 ±10

29 ±9

24 ±9

0.06

STS5 (sec)

11 (7 – 15)

11 (8.6 – 12)

10 (8 – 15)

0.96

19 ±7

20 ±7

19 ±8

0.85

Body composition
Fat mass (kg)
BMI kg/cm2

Functional outcomes

Questionnaires
CAT
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Anxiety scores
(HADS)

8 ±5

6 ±5

7 ±4

0.33

Depression
scores (HADS)

6 (3 – 8.5)

5 (3 – 8)

6 (2.5 – 8.5)

0.69

SGRQ total

51 ±16

46 ±16

47 ±15

0.76

SGRQ
symptoms

63 ±21

56 ±23

59 ±21

0.74

SGRQ activity

68 ±17

64 ±20

68 ±15

0.59

SGRQ impact

38 ±18

32 ±17

33 ±17

0.92

0 (0 – 0)

0 (0 – 0)

0 (0 – 0)

0.99

4102 (2148 –
6385)

2416 (1488
– 5277)

4818 (2095
– 7528)

0.05

MUST
Physical
activity (steps/
day)

Data are presented as n (%), mean ±SD, or median IQR.
p value represent a comparison between participants who did attend the six-week follow-up visit and did not. ^ No data
to compare with.
Abbreviations: BMI, Body Mass Index; FFM, fat-free-mass; FM, fat-mass; FFMI, fat-free-mass index; ISWT,
incremental shuttle walk test; mMRC; modified medical research council dyspnoea scale; (R) handgrip, right handgrip;
(L) handgrip, left handgrip; STS5, Sit to Stand– Five Test; CAT; COPD assessment test; HADS, hospital anxiety and
depression scale; SGRQ, St. George's respiratory questionnaire; MUST, malnutrition universal screening tool

The mean change based on the differences between the post-PR and sixweek follow-up within each group and between groups (control: 8; intervention:
9) are presented in Tables 24 and 25.

196

Table 24: The mean differences for functional and anthropometric measurements
between then end of PR and six-week follow-up divided into two groups; control
and intervention.
Outcomes

Control (8)

Intervention (9)

p-value
(between
groups)

Functional outcomes
10 ((-7.5) – 25)

0 ((-30) – 0)

0.09

mMRC grade

0 (0 – 0)

0 (0 – 0)

0.67

(R) Handgrip (kg)

0.80 ±2.1

-0.33 ±3.4

0.42

(L) Handgrip (kg)

-0.02 ±2.3

-0.02 ±3

0.87

STS5 (sec)

-1 ±1.1 α †

-0.7 ±1

0.59

Weight (kg)

0.1 ±0.8

0.4 ±1.5

0.67

Hip circumference (cm)

-0.3 ±1.7

-0.4 ±2.2

0.99

1 ±4

1 ±4

0.99

0.75 ±3

0.3 ±5

0.81

ISWT (m)

Anthropometric measurements

Waist circumference (cm)
Mid-thigh circumference (cm)

Data are presented as n (%), mean ±SD, or median IQR.
Mean difference for each group was calculated by subtracting before rehabilitation from the six-week follow-up
measurements.
p value was calculated using paired t-test for normally distributed and Wilcoxon signed-rank test for non-normally
distributed data, and represented the difference between the mean differences in control and intervention groups.
† p<0.05; ‡ p<0.01; α significant within the group.
Abbreviations: ISWT, incremental shuttle walk test; mMRC; modified medical research council dyspnoea scale; (R)
handgrip, right handgrip; (L) handgrip, left handgrip; STS5, Sit to Stand– Five Test.
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Table 25: The mean differences between then end of PR and six-week follow-up
divided into two groups; control and intervention.
Outcomes

Control (8)

Intervention (9)

p-value
(between
groups)

Body composition
Fat mass (kg)

1 ±2

0.1 ±2.5

0.42

FFM (kg)

-1 ±2

0.3 ±2

0.27

-0.35 ±0.88

1 ±0.8

0.31

CAT

-1.5 ±5

-0.7 ±2

0.67

Anxiety scores (HADS)

-0.4 ±2

1 ±2

0.07

Depression scores (HADS)

-0.75 ±2

0.1 ±1.5

0.36

SGRQ total

-4 ±8

0.5 ±6

0.26

SGRQ symptoms

8 ±14

2 ±8

0.25

SGRQ activity

-5 ±11

-5 ±5 α †

0.94

SGRQ impact

-4 ±13

0.7 ±5

0.35

0 (0 – 1)

0 (0 – 1)

1

FFMI (kg/cm2)
Questionnaires

MUST

Data are presented as n (%), mean ±SD, or median IQR.
Mean difference for each group was calculated by subtracting before rehabilitation from the six-week follow-up
measurements.
p value was calculated using paired t-test for normally distributed and Wilcoxon signed-rank test for non-normally
distributed data, and represented the difference between the mean differences in control and intervention groups.
† p<0.05; ‡ p<0.01; α significant within the group.
Abbreviations: BMI, Body Mass Index; FFM, fat-free-mass; FM, fat-mass; FFMI, fat-free-mass index; CAT; COPD
assessment test; HADS, hospital anxiety and depression scale; SGRQ, St. George's respiratory questionnaire; MUST,
malnutrition universal screening tool.

Within the control group, there no were significant improvements or declines
in

ISWT,

mMRC

scale,

right

and

left

handgrips,

anthropometric

measurements, body composition, anxiety and depression, health-related
quality of life and risk of malnutrition, but only a significant improvement in
STS5 (mean difference: -1 sec ±1.1; p < 0.05) was noticed between the end
of PR and follow-up (Tables 24 and 25).
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Within the intervention group, there no were significant improvements or
declines in ISWT, body weight, anthropometric measurements, body
composition, anxiety and depression, risk of malnutrition, and SQRG scores
except activity domain. Within the intervention group, there was a significant
improvement in the activity domain of SGRQ (mean difference: -5 ±5; p <0.05)
between the end of PR and follow-up. When we compared the changes
between both groups, there were no significant differences in any of the
outcome measures between the end of PR and follow-up visit (Tables 24 and
25).
Next, we wanted to assess the improvement in ISWT at six-week follow-up
visit. There was no statistical significant difference between the groups in
ISWT at six-week follow-up visit (control; 262.5 m ±137; intervention: 362 m
±154; p > 0.05); however, this would be a clinically meaningful difference
(MCID) in ISWT: more than 36.1 m. This difference in the ISWT is illustrated
in Figure 25.
Thereafter, we wanted to assess the mean change based in the differences
between pre PR measurements and the six-week follow-up for both groups.
The mean change based on the differences between the pre PR and the sixweek visits within each group (control: 8; intervention: 9) are presented in
Table 26 and 27.
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Figure 28: Mean and ±SE of ISWT at six-week follow-up in the intervention and
control groups.

Abbreviation: SE, standard error.

200

Table 26: The mean differences for functional and anthropometric outcomes
between pre PR and six-week follow-up visit divided into two groups; control and
intervention.
Outcomes

Control (8)

Intervention
(9)

p-value
(between
groups)

Functional outcomes
ISWT (m)

45 ±38 α †

62 ±78 α †

0.58

mMRC grade

0 (0 – 0)

0 (0 – 0)

0.67

(R) Handgrip (kg)

0.7 ±2.3

1.5 ±4

0.67

(L) Handgrip (kg)

1.1 ±2

1.5 ±3.5

0.77

-3 ±2 α †

-2.5 ±2.3 α †

0.74

0.1 ±0.8

0.4 ±1.5

0.67

1 ±7

0.05 ±3.6

0.54

0.25 ((-0.8) – 2.7)

0 ((-3.7) –
1.7)

0.75

4.7 ±4

2.7 ±4.5

0.41

STS5 (sec)
Anthropometric measurements
Weight (kg)
Hip circumference (cm)
Waist circumference (cm)

Mid-thigh circumference (cm)

Data are presented as n (%), mean ±SD, or median IQR.
Mean difference for each group was calculated by subtracting before rehabilitation from the six-week follow-up
measurements.
p value was calculated using paired t-test for normally distributed and Wilcoxon signed-rank test for non-normally
distributed data, and represented the difference between the mean differences in control and intervention groups.
† p<0.05; ‡ p<0.01; α significant within the group.
Abbreviations: ISWT, incremental shuttle walk test; mMRC; modified medical research council dyspnoea scale; (R)
handgrip, right handgrip; (L) handgrip, left handgrip; STS5, Sit to Stand– Five Test.
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Table 27: The mean differences for body composition, health related quality of
life and anxiety and depression questionnaires, and physical activity outcomes
between baseline and six-week follow-up visit divided into two groups; control
and intervention.
Outcomes

Control (8)

Intervention (9)

p-value
(between groups)

Body composition
Fat mass (kg)

1.6 ±2

0.7 ±3

0.53

0.4 ((-1.5)– 1.2)

0.8 ((-0.1) – 1)

0.92

0.11 ±0.85

0.08 ±0.99

0.96

0 (0 – 0)

0 (0 – 0)

0.53

Anxiety scores
(HADS)

-1.5 ±4

-0.3 ±3

0.40

Depression scores
(HADS)

-1.4 ±3

-1 ±3

0.80

SGRQ total

-10 ±8

-2 ±11

0.20

SGRQ symptoms

-5 ±9

-1.5 ±15.5

0.62

SGRQ activity

-12 ±9

-2 ±18

0.31

SGRQ impact

-11 ±10

-2 ±10

0.13

MUST

0 (0 – 1)

0 (0 – 1)

1

FFM (kg)
FFMI (kg/cm2)
Questionnaires
CAT

Data are presented as n (%), mean ±SD, or median IQR.
Mean difference for each group was calculated by subtracting before rehabilitation from the six-week follow-up
measurements.
p value was calculated using paired t-test for normally distributed and Wilcoxon signed-rank test for non-normally
distributed data, and represented the difference between the mean differences in control and intervention groups.
† p<0.05; ‡ p<0.01; α significant within the group.
Abbreviations: BMI, Body Mass Index; FFM, fat-free-mass; FM, fat-mass; FFMI, fat-free-mass index; CAT; COPD
assessment test; HADS, hospital anxiety and depression scale; SGRQ, St. George's respiratory questionnaire; MUST,
malnutrition universal screening tool.

Within the control group, there were significant improvements in ISWT (mean
difference 45 m ±38; p < 0.05), STS5 (mean difference: -3 sec ±2; p < 0.05)
between pre PR and follow-up visit. Within the control group, there were no
significant improvements or declines in mMRC, right and left handgrips, body
weight, hip, waist and mid-thigh circumferences, body composition, anxiety
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and depression, health-related quality of life and risk of malnutrition between
pre PR and follow-up visit.
Within the intervention group, there were significant improvements in ISWT
(mean difference 62 m ±78; p < 0.05) and STS5 (mean difference: - 2.5 sec
±2.3; p < 0.05) only between pre PR and follow-up visit. Within the intervention
group, there no were significant improvements or declines in mMRC, body
weight, right and left handgrips, hip, waist and mid-thigh circumferences, body
composition, anxiety and depression, health-related quality of life and risk of
malnutrition.
When we compared the changes between both groups, there were no
significant differences in any of the outcome measures.
7.5 Discussion
In the previous chapter, I reported that individuals with COPD had no
statistically significant change in exercise capacity measured by ISWT (or in
other outcomes) when given protein supplementation during PR; however,
there was a clinically meaningful improvement in ISWT favouring the
intervention group, and individuals who had that improvement had a larger
baseline mid-thigh circumference. In this chapter, we observed no decline in
ISWT or other outcomes at six weeks following PR. This study showed an
improvement in ISWT in both group when compared with pre PR values and
no decline was noticed in both group when compared with the end of PR.
When comparisons were made between the end of PR and the six-week visits,
no changes were observed between or within groups, except an improvement
in the activity domain of SGRQ in the intervention group compared to end of
PR.
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To our knowledge, this is the only study that re-assessed patients at six weeks
following PR to assess if any changes associated with nutritional
supplementation during PR were sustainable. We approached 44 patients who
had completed the main trial. Seventeen attended and were successfully
assessed at follow-up. Eight patients were in the control group and nine
patients were in the intervention group. After comparing those who did and did
not attend follow-up assessments, we have shown that they were generally
similar, but those who did not attend were more likely to be male and had a
stronger (right) handgrip.
The improvement in COPD following PR has been investigated by different
researchers. The benefit of PR has been well-established, but uncertainty
remains on how best to maintain that benefit over a longer period of time. A
longitudinal RCT was conducted by Brooks et al. to investigate the effect of
post-pulmonary rehabilitation on exercise capacity and quality of life on 85
COPD patients (302). Participants were followed up to a year and results show
that exercise capacity was initially maintained but gradually declined over the
year. Additionally, Beauchamp et al. reported in a systematic review that PR
benefit was not sustained for 12 months in 619 moderate to severe COPD
patients (303). In our study, when we assessed exercise function at six weeks
after PR and nutritional supplementation with a second visit, there was no
change in the intervention group, which is similar to the findings of a study
conducted by Wetering et al, (268) who investigated the effect of four months
of PR and nutritional supplementation, and followed up participants for two
years. At 24 months, the intervention group who received nutritional
supplementation were consistently stable, compared with the usual care group
who had deteriorated over this period.
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The five-repetition sit-to-stand test is used in PR to assess exercise capacity
and is positively correlated well with ISWT (292, 304). Jones et al., reported
that STS5 significantly improved in 80 COPD patients following PR (304). We
are not aware of any data that has tested if that improvement is sustained over
time. In our study, we found the STS5 improved in both groups with PR and
that improvement correlated with ISWT improvement.
Compared to baseline, FFM in the control group and the intervention group
were stable in our study following PR. However, Wetering et al., found a
significant improvement in FFMI compared to the baseline after 24 months in
the intervention group (268).
Improving health-related quality of life is of interest to patients and health care
providers. Following PR, there has been an improvement in quality of life in
different contexts, but this effect starts to deteriorate in COPD patients after 12
months (288, 305). Wetering et al., also examined the effects of PR and
nutritional supplementation and found that intervention groups remained
stable, while the control group declined (268). In our study and within the
intervention group, only the SGRQ activity score improved with other domain
being stable and the control group did not deteriorate when comparison was
made with post-PR data.
Anxiety and depression scores improved after a PR programme in a study
conducted by Griffiths et al. that included 200 patients, in which the majority
had COPD; however, these improvements had declined by one year followup, especially in COPD patients with diminished exercise function (288). In our
study, patients were stable and no deterioration was detected in either group
following PR and nutritional supplementation six weeks after completion.
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7.5.1 Limitations
My follow-up study is limited by the small sample size and high dropout rate
due to the COVID-19 pandemic, which put the country in complete lockdown,
additionally the strict criteria for inclusion, such as BMI > 30 kg/m2 limited
recruitment. Based on interim data, we would not have been able to reach the
required number of participants in a single centre study. We were not able to
use ultrasound and scan thigh muscles as planned and we did not measure
quadriceps strength. This might more accurately quantify the effect of
intervention.

Thigh

circumference

may

not

be

the

most

accurate

measurement, especially in obese patients. There was a difference between
participants who attended the follow-up and did not attended follow-up visit in
right handgrip strength which may be due to more males dropping out.
7.6 Conclusion
At six-week follow-up, there was no further change in exercise capacity or
other secondary outcomes between intervention and control groups.
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8.

Participants’

Experience

Using

Nutritional

Supplements during Pulmonary Rehabilitation: a
survey
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8.1 Introduction
Many studies have incorporated nutritional supplementation into COPD
management to identify the effects of supplementation on patients’ muscle
strength and exercise capacity.
However, there is little evidence from COPD patients about the experience of
the consumption of nutritional supplements during the course of PR. Patients’
feedback is essential in achieving better quality healthcare and is likely to
“facilitate reflective discussion to encourage the formulation of change” (306).
Recommendations on ONS state the importance of testing patients’
preferences regarding products, as well as monitoring the daily intakes of
COPD patients commencing ONS (188). Patients’ compliance with the ‘starter
pack’ supplements can be monitored and flavours can be changed based on
patient preference. Further investigation into information on COPD patients’
experience and preferences has the potential to improve supplements used in
the future for managing COPD patients.
8.2 Aims
To investigate COPD patients’ experience taking FCP (Nutricia, Zoetermeer,
Netherlands) and preOp (Nutricia, Zoetermeer, Netherlands) during a six-week
PR programme.
8.3 Materials and Methods
Participants who had already enrolled in a double-blinded, randomised
controlled trial were included. Data were collected in the form of a printed
survey covering a total of six questions. There were three multiple choice
questions regarding patients’ preference of the taste of the supplement, its
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effect on their appetite, and if they would continue consumption of the product
in the future. The other three questions in the survey were open-ended and
addressed the following: ‘What do you like or dislike about the supplement?’,
‘What could be changed about the supplement that would make you more
likely to take it?’, and ‘What do you feel about having to take it twice a day?’
These questions were discussed with experts in the field of respiratory
medicine to establish if they would meet the aims of the research. The survey
was initially given to ten volunteers in order to confirm the readability.
Feedback was taken into account and the survey was modified accordingly.
To clarify, these volunteers were not involved in the actual study (Appendix 9).
The surveys were collected and scanned for any questions left unanswered.
Those patients who left any questions unanswered were interviewed in person.
All data were manually transcribed on to an Excel spreadsheet. In the first
question, patients were asked to state if their appetite was affected (increased,
decreased, or stayed the same). Secondly, they needed to rate how satisfied
they were with the supplement, using a 4-point scale: 1 = not satisfied at all, 2
= slightly satisfied, 3 = satisfied, 4 = very satisfied. The third multiple choice
question required a ‘yes’ or ‘no’ answer in regard to whether patients would
choose to continue taking the supplement in the future. For the three openended questions, responses were read several times to identify meaningful
responses to the study. All responses were coded as phrases to produce
meaningful data. Coded phrases were collected to identify any similarities in
the answers given and to establish an overarching idea (theme). All themes
were reviewed by an independent expert to ensure clarity and accuracy that
each theme was fit and appropriate for the assigned coded phrases. The
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evaluated answers were organised into categories. The categories used were,
‘no answer’, ‘capability’, ‘compliance’, ‘health-related’, ‘product’, and ‘poor
understanding of intervention’ (Table 28). Answers were separated within each
category into ‘positive’, ‘negative’ or ‘mixed positive and negative’ answers.
Table 28: Category descriptions for thematic analysis of the three open-ended
questions.
Category

Description

No answer

No feedback given

Capability

How the product affects patients’ capability to
take the supplement (E.g. bottles are heavy)

Compliance

Anything that enables the patient to choose to
consume or not consume the supplement (E.g.
easy to take, too thick, etc.)

Health-related

Patients make comments related to how they
feel about the product benefitting them or the
general population

Product

Anything related to the product’s taste

Poor understanding of
intervention

When the purpose of consumption of
supplement is not understood by the patients

8.3.1 Statistical Analysis
The Statistical Package for the Social Sciences (SPSS), Version 26 (IBM Corp,
Armonk, USA) software was used to analyse the quantitative responses. Data
were presented as mean (SD) for normally distributed data or median (IQR)
for non-normally distributed data. A chi-square test was used to compare
responses from two groups. Comparing two groups, logistic regression was
applied to the question about patients’ preference regarding the continuation
of the product in the future. Participants were stratified to BMI < or ≥ 21 kg/m 2.
Results were considered statistically significant when p-value < 0.05.
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8.4 Results
Fifty-five responses were collected. Around 33% of the responses were only
partly completed (18 out of 55 surveys). The mean (SD) age was 71.4 ±9 years
old. Men accounted for 62% and females 38% of the respondents (FCP: 18
men, 10 females; preOp: 16 men, 11 females) (Figure 26). There was a
balanced number of participants in both arms, FCP (intervention, n= 28) or
preOp (control, n= 27) (Figure 26). Eighty percent of these patients had a BMI
of ≥ 21kg/m2 and 20% had a BMI of < 21kg/m2.
Figure 29: Bar chart indicating the number of males and females in each group.
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8.4.1 Multiple-choice questions
The first question regarding the effect of the supplements on appetite had 84%
of the participants’ responses stating no change to their appetite, of which FCP
(intervention: 23) or preOp (control: 23) groups. There was no significant
difference between the groups, p > 0.05 (Figure 27).

Figure 30: Bar chart showing that the majority of patients experience no effect on
their appetite when they take nutritional supplements.

212

Question two investigated the taste satisfaction of the supplements and
showed the majority of responses generally falling under the “slightly satisfied”
and “satisfied” category (70-79%) of the patients within each group; p =0.4)
(Figure 28). The ‘mixed answer’ category for this question was a response
from a patient who circled both ‘slightly satisfied’ and ‘satisfied’ and could not
decide which answer was more suitable.

Figure 31: Bar chart showing the different levels of satisfaction as regards the
taste of the supplements.
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In response to the third multiple-choice question about whether to continue
taking the supplements if they were available, 17 out of 27 in the control group
(63%) preferred to continue taking the preOp while 12 out of 28 (43%) in the
intervention group preferred to continue taking the FCP product if it was made
available in the future. When gender was compared in this section, males in
the intervention group were more likely (n = 9) to continue taking the FCP, but
not significantly. Overall, the results were not significant (intervention: p = 0.39;
placebo: p > 0.05) (Table 29). Additionally, when responses were stratified
based on BMI of < or ≥ 21 kg/m2, it did not affect a person’s response
(responding ‘yes’ or ‘no’) in choosing to continue taking supplements (p >
0.05). However, only 49 patients were included as six patients did not provide
an answer.
Table 29: Summary of responses from males and females in both intervention
and control groups for continuation of product.
Intervention (24)
Gender

Control (25)

Male

Female

Male

Female

No answer (n)

3

1

2

0

Yes (n)

9

3

9

8

No (n)

6

6

5

3

8.4.2 Open-ended questions
This section of the survey allowed the patients to comment on any other aspect
of the supplements they consumed over the course of PR. The results of the
three open-ended questions were tabulated and compared between both
groups.
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For question number three (Table 30), addressing what patients liked or
disliked about the nutritional supplements used between the intervention group
(FCP) and the control (preOp) group, the results showed no significant
statistical difference in any of the categorical descriptions. Ten out of 55 (18%)
patients did not answer this question (intervention: 4; control: 6). In general,
the majority of patients’ answers fell under the ‘compliance’ (35%) or ‘product’
(34%) category. Within the compliance category, more than half of the
comments were negative, ranging from the non-preferred yoghurt texture to
finding it filling or taking appetite away. Some simply stated that they did not
like the drink. Positive comments on compliance involved feeling refreshed and
finding the supplements easy to consume. Product-related responses were
mostly about how the patients liked the flavour. Eleven patients thought that
the products were either too sweet, bland, artificial or had a boring flavour.
Under the ‘capability’ category, there were only four responses, of which all
four were negative. Those from the intervention group who consumed FCP
complained that the ‘bottles were heavy’ and they were ‘shocked by the size
of the delivery box’. The patients in the control group who consumed preOp
mentioned that the bottles were ‘difficult to clean’ and not ‘reusable’. In terms
of comments related to health, about half of the comments were positive and
related to improved health. A patient who enjoyed taking the preOp
supplement mentioned how her mouth ulcers healed and thought it might be
due to the supplements’ effect. Interestingly, three patients in the intervention
group who consumed the FCP withdrew from the study reported mild
diarrhoea. Other negative comments mentioned supplements affecting their
consumption of their usual foods and drinks or feeling bloated after
consumption of the product.
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Table 30: Reported responses summarised for question three divided into
(intervention: 24; control: 21).
Category

Intervention

Control

p-value

No answer

4

6

0.45

Capability

Negative

2

2

0.97

Compliance

Positive

3

6

0.39

Negative

11

7

Mixed
Answer

3

1

Positive

1

3

Negative

4

1

Mixed
Answer

1

1

Positive

10

9

Negative

5

4

Mixed
Answer

1

1

Negative

0

2

Health Related

Product

Poor
Understanding

0.43

0.82

0.14

Question four asked about how supplements could be altered so that
participants were more likely to consume them. Around 44% of the responses
fell under the ‘no answer’ category because the patients didn’t fill in this section
or had no changes to make (Table 31). The next largest category of responses
was 23% from the ‘product’ category. Only three of the responses in this
category mentioned the supplement having a good flavour (intervention:1;
control: 2). All other responses on the product’s flavour were negative and
varied in opinions from ‘lacking flavour’, ‘bitter’, to being ‘too sweet’, while some
contrasting comments suggested that the product needs more flavour or
should ‘taste like juice’. Under the ‘capability’ category, the comments were
similar to question three, namely that there were too many bottles, they were
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too big, or ‘not recyclable’. The texture of a product makes a patient feel more
willing to take the supplement. Some patients in the intervention group who
consumed FCP thought that the creamy, nutty flavour and aroma allowed them
to enjoy the supplement more, while the rest in either groups felt that the
texture was dry in the mouth or too milky. All health-related responses were
negative, and some participants addressed how they could not see any effects
of the supplement, regardless of which group some of these patients were in.
Others were worried about calories they might gain or assumed the products
might cause diabetes because they were too sweet. A participant from the
intervention (FCP) group mentioned that after taking the supplements, his
urine had a strong medicinal smell and he was unsure if it was due to the
supplement or from other medications he took. Other participants felt that two
bottles a day made them feel bloated. One participant had ‘poor understanding
of the intervention’, did not understand what the supplementation could
potentially do, and just took it as a matter of course.
Table 31: Reported responses summarised for question number four.
Category

Intervention

Control

P-value

No answer

16

12

0.19

Capability

Negative

2

3

0.61

Compliance

Positive

2

0

0.30

Negative

2

1

Health Related

Negative

5

5

0.95

Product

Positive

1

2

0.59

Negative

5

7

Negative

1

0

Poor
Understanding

0.32

217

Thirty eight percent of the participants did not answer the last open-ended
question, ‘What do you think about having to take the supplements twice a
day?’ (Table 32). Almost 53% of the responses fell under the compliance
category, mainly because this question had to do with how each participant
was instructed to drink a fixed number of supplements per day. More than half
of the participants favoured taking two bottles a day; the others thought that
one bottle would be more convenient or a smaller bottle might be more
suitable. One response fell under the ‘capability’ category, suggesting that the
bottle size should be reduced, but with double the concentration of the
nutrients in it. The other comments were not related to the question but were
still written in this text box and stated the following: ‘a nutritious intake’ (healthrelated), ‘cool, fruity drink’ and ‘don’t want to take sweet drinks when returning
home late’ (product-related). In addition, one participant complained that the
verbal and written instructions about the consumption of the supplement were
contradictory (poor understanding related).
Table 32: Reported responses summarised for question number five.
Category

Intervention

Control

P-value

No answer

14

8

0.08

Capability

Negative

1

0

0.32

Compliance

Positive

8

10

0.51

Negative

5

6

Mixed
Answer

0

1

Health
Related

Positive

1

1

0.98

Product

Positive

0

1

0.37

Negative

1

0

Negative

1

0

Poor
Understanding

0.32
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8.5 Discussion
To the best of our knowledge, this is the first study that has investigated the
experiences of a COPD population taking nutritional supplementation during
PR. We found that appetite did not change in the majority of participants in
both groups, and that the majority were satisfied with the taste of the products.
The majority of participants in the preOp group preferred to continue taking the
product, and almost half of the participants in the FCP group preferred to
continue taking the product if it was made available to them in the future. Also,
almost half of participants in both groups recommended no changes were
needed for either product. Finally, more than half of the participants favoured
taking two bottles a day in both groups.
Despite being in the FCP or preOp group, patients’ opinions of the two
supplements were similar and not affected by gender, BMI, or age. The
absence of any differences in groups might be due to a small sample size.
There was no pattern in the patients’ comments in either group. Since there
were no significant correlations that could be drawn from the results in the two
groups, we took a different approach to this analysis.
Our study confirmed that most participants who took the available supplements
did not experience any effect on their appetite which is a potential cause for
concern, especially in older people, because it could lead to nutritional
deficiencies (307). Al-Sharefi et al. conducted a survey and found that 36% of
patients had to discontinue calcium supplements and calcium supplementation
confirmed through patients’ feedback (308).
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However, taste is subjective and varies between individuals, which may
explain why 70% of our participants fell under the ‘slightly satisfied’ or ‘satisfied’
category.
Since there were no significant differences between the two groups in the
open-ended questions, the general comments were related to the number of
supplements consumed, taste, and the sustainability of the product packaging
used. Based on participants’ feedback, consuming two bottles a day was the
most preferred, which coincides with recommendations (188). Generally,
participants preferred the products not to be in large bottles and not to be
sweet, as the perception was that sweetness is unhealthy as it is associated
with sugar and health conditions such as diabetes.
When research accounts for feedback from COPD patients there could be a
potential improvement in patient adherence to taking nutritional supplements
during their PR if their preferences were met.
8.5.1 Strengths and Limitations.
The key strength of our survey research is that there is currently no available
evidence of how COPD patients feel about taking nutritional supplements
during PR. Thus, if there are any notable observations made, it could help in
improving

the

nutritional

interventions

we

provide

them.

Potential

disadvantages would be the sample size of this study. The opinions on the
supplements were also limited to people of older ages and could be generally
confined to older generation’s perceptions of healthcare, which could be
different to those from a younger generation with advanced technology and
knowledge of innovations in healthcare. People are now more pro-active about
improving their lifestyle and preventing diseases.
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8.6 Conclusion
Pulmonary

rehabilitation

incorporating

nutritional

supplements

could

potentially have many benefits, such as reducing COPD symptoms, improving
exercise performance, reducing future exacerbations, and enhancing quality
of life. Receiving feedback from patients themselves covers aspects that
clinical outcome results may not convey. The feedback we received gives an
idea that nutritional supplements are acceptable to patients. The supplements
can be easily consumed, as long as the amount prescribed is manageable and
convenient to take, while also considering the flavour, sweetness, and texture
of the supplement. The above-mentioned feedback could help to tailor future
nutritional supplements for COPD patients based on their preferences, which
may in turn lead to an improvement in patients’ adherence. More research is
needed to identify experiences of COPD patients consuming nutritional
supplementation during PR programmes and should be a component of future
studies.
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9. Conclusion, discussion, and suggested future
studies
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This chapter summarises the main findings of this PhD thesis and includes
suggestions for future work.
The main findings of this PhD are summarised as follows:
1- Systematic review.


Nutritional supplementation may enhance the benefit of PR programmes
with COPD, especially in weight-losing and/or malnourished patients, but
some studies showed contradictory results.



There remains insufficient evidence for nutritional supplementation
improving outcomes during PR in COPD patient due to heterogeneity in
supplements used, outcome measures, and PR programmes.

2- Prevalence and Association of Malnutrition in Patients referred to PR.


The prevalence of malnutrition of COPD measured by the MUST screening
tool in our single centre PR programme was 17%.



Lower BMI was associated with lower lung function (FEV1), as has been
previously reported



FEV1 was higher in COPD patients at low risk of malnutrition, compared with
other groups (medium and high).

3- A Double-Blind, Randomised, Placebo-Controlled Trial of Protein
Supplementation to Enhance Exercise Capacity in Chronic Obstructive
Pulmonary Disease: A pilot study.


The study was stopped early, analyses demonstrated no statistically
significant differences in exercise capacity in patients with COPD receiving
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high-protein supplementation during PR, compared to those on control
supplement. However, there was a clinically meaningful difference in
improvement favouring the intervention group.


Individuals who improved (defined as patients who reach or exceeded the
MCID of ISWT, which is between 35.0 and 36.1 m) had larger mid-thigh
circumference and higher baseline depression score.

4- Change in exercise capacity and other outcomes following completion
of nutritional trial during PR in COPD.


The study was stopped early, analyses demonstrated no statistically
significant change in exercise capacity and other secondary outcomes in
patients with COPD who received high-protein supplementation during PR,
compared to those on control supplement at six weeks post PR.

5- Participants’ Experience Using Nutritional Supplements during
Pulmonary Rehabilitation: a survey.


The majority were satisfied with the taste of the supplement, and appetite
did not change with either of the products.



Almost half of the participants in the FCP (protein) group wished to continue
taking the product.



Almost half of participants in both groups suggested no changes were
needed for either product.



More than half of the participants favoured taking two bottles a day in both
groups.
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Discussion:
I aimed to investigate relationships between malnutrition, nutritional
supplementation, and PR in COPD. I proposed to address the prevalence of
malnutrition among COPD patients referred to PR, the effect of nutritional
supplementation on exercise capacity during PR and other PR outcomes, and
the experience of utilising nutritional supplements in COPD patients. As the
number of individuals diagnosed with COPD is rising globally, and with
malnutrition significantly increasing the risk of mortality in COPD, finding better
solutions to their health needs through integrating nutritional supplementation
into exercise programmes is needed.
This work has confirmed that prevalence of malnutrition among COPD patients
who are referred to PR is high, that lower BMI is significantly associated with
lower spirometric values, and that FEV1 was significantly lower in
malnourished COPD patients. However, it is clear that the current approach
used to identify the risk of malnutrition using the MUST screening tool is
inadequate due to its limited ability in assessing FFM. We speculated that the
relationship between BMI and lung function values may be due to higher
resting energy requirement, skeletal muscle atrophy and disuse, insufficient
oxygenation, and systemic inflammation. We did not find any relationships
between BMI and smoking history, although smoking is considered the most
common risk factor for COPD (and accelerated FEV1 decline). Malnutrition
doubles the number of hospital admissions, and increases the six- month
mortality rate three fold (201).
PR is recognized as an effective non-pharmacological management approach
for improving exercise capacity with COPD, and this improvement can be
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sustained for one year (288). Maximising the value and response to PR is of
great interest to clinicians and patients alike. The results of my RCT
demonstrate that in individuals with COPD who were enrolled in six-week PR
and received high protein nutritional supplementation, there was no significant
difference between groups in exercise capacity measured by ISWT, however,
there was a clinically meaningful difference improvement favouring the
intervention group, and individuals who reached that improvement had larger
mid-thigh circumference. Two studies have reported significant improvements
in exercise capacity measured by ISWT favouring the intervention groups,
however, these improvements in ISWT did not reached the MCID (250, 285).
Previous RCTs using creatine, high carbohydrate and protein supplements
found no significant difference in improvement in the exercise capacity
between the intervention and control groups (250, 263, 267, 269, 273). We
note that the intervention group in our RCT were older than the control group,
which may have reduced the effect of the intervention on exercise capacity
and other outcomes as ageing induces frailty. Leg circumference, such as midthigh circumference was positively associated with exercise capacity in a
COPD population (293). Additionally, thigh muscles such as quadriceps have
been positively associated with exercise capacity (294). As muscle mass
increased, strength and endurance improved (294). This explains that those
who responded to intervention might initially had higher muscle mass,
especially in the lower limbs. FFM and FFMI improved in the depleted
intervention group compared with the non-depleted intervention group, which
means the high protein supplementation was beneficial for the depleted
participants. The result of this thesis highlighted the importance of integrating
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nutritional supplementation in PR programmes, especially for depleted
patients.
The benefit of PR has been well-established, but gradually declines over a
year following the programme. This thesis also confirmed that improvement in
exercise capacity following PR was maintained for six weeks after the
cessation of PR and nutritional supplementation, however, the sample size
was too small to be conclusive, and this raises the question for how long the
effect of nutritional supplementation could be maintained.
One way to improve nutritional adherence in patients who required nutritional
supplementation is to provide patients with their preferences. Patient feedback
is essential in achieving better quality of healthcare and facilitate reflective
discussion to encourage the formulation of change (306) which has the
potential to improve supplements used among COPD patients. This thesis also
confirmed that the appetite of our participants did not change, the majority were
satisfied with the taste of the products and preferred to continue taking the
products in the future, and that the amount of supplements consumed was
suitable.
Due to the COVID-19 pandemic, which put the U.K in a complete lockdown
status on 23 March 2020, we were required to stop recruiting further patients.
As a result of that, we failed to recruit the required sample size and 11 followup visits were cancelled.
Further advances in understanding malnutrition and its consequences could
offer a solution to mitigate the burden on COPD patients. The existing literature
did not show a solid evidence of efficacy due to variation among the current
studies. Therefore, future studies must focus on conducting appropriately
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powered double-blinded RCT studies with suitable sample size using high
energy/high protein nutritional supplements to investigate the effect of
nutritional support in enhancing PR outcomes, and longer-term clinical
outcomes are still needed, especially undernourished and weight losing
patients. Only by doing this we could better explain the additional benefit of
nutritional supplementation during PR which may help to improve patients'
quality of life and may lower the mortality and morbidity associated with COPD.
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Future work suggestions
1- Definitively demonstrating the effect of high-protein supplementation on
PR outcomes in COPD?
We have shown the potential effect of using FCP on exercise capacity and
other PR outcomes; however, our study was under powered and the control
product was not a true placebo. We have now completed a revised power
calculation that can be used in a future definitive RCT. An appropriately
powered, likely multicentre double-blind randomised controlled trial using FCP
nutritional supplement as an intervention with an identical placebo in size and
taste should be conducted to definitely demonstrate the effect of nutritional
supplementation in enhancing exercise capacity, quadriceps muscle strength,
rectus femoris muscle cross-sectional area (RFCSA), anthropometrics
measurements, health related quality of life, physical activity and longer-term
effect, in stable and malnourished COPD patients who are referred to a PR
programme. If positive, this would be practice-changing for nutritional
assessment and supplementation for COPD during PR. Professor Hurst’s
team are in active discussion about such a study with Nutricia.
2- What is the benefit of Fortisip compact protein on hospitalised patients?
Acute exacerbations of COPD are accompanied by weight loss, reduction in
muscle mass and strength, elevated energy requirements, and lower healthrelated quality of life. Hospitalised exacerbations have a profound effect on
patients and health services. Reduction in muscle mass and strength may
result in reduced exercise capacity and lower the amount of daily physical
activity. Loss of appetite has been reported in COPD and might cause
insufficient dietary intake. Thus, an appropriately powered double-blinded
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randomised controlled trial using FCP nutritional supplement as an
intervention with identical placebo in size and taste to investigate the effect of
high protein supplementation on exercise capacity, physical activity, body
composition,

upper

and

quadriceps

muscle

strength

and

whether

supplementation preserves body weight and muscle mass in malnourished
COPD patients who are currently hospitalised due to COPD exacerbation
would be an important further study.

230

References
1.
Mathers C, D L, Email Mathers C, who m, int. Projections of global
mortality and burden of disease from 2002 to 2030. PLoS Med.
2006;3(11):2011-30.
2.
Quaderi SA, Hurst JR. The unmet global burden of COPD. Global
health, epidemiology and genomics. 2018;3:e4-e.
3.
Vogelmeier CF, Criner GJ, Martinez FJ, Anzueto A, Barnes PJ,
Bourbeau J, et al. Global Strategy for the Diagnosis, Management and
Prevention of Chronic Obstructive Lung Disease: 2020 Report. 2020:1-141.
4.
Kacmarek RM, Stoller JK, Heuer AJ, Egan DF. Egan's fundamentals
of respiratory care. 11th ed. St. Louis, Mo.: Elsevier/Mosby; 2016. p. xvii, 1401
p.
5.
Terry Des Jardins, Burton GG. Clinical Manifestations and Assessment
of Respiratory Disease. St. Louis: Mosby; 2019 2019. 673 p.
6.
Janson C, Marks G, Buist S, Gnatiuc L, Gislason T, McBurnie MA, et
al. The impact of COPD on health status: findings from the BOLD study. Eur
Respir J. 2013;42(6):1472-83.
7.
Van Remoortel H, Hornikx M, Demeyer H, Langer D, Burtin C,
Decramer M, et al. Daily physical activity in subjects with newly diagnosed
COPD. Thorax. 2013;68(10):962-3.
8.
Price D, Freeman D, Cleland J, Kaplan A, Cerasoli F. Earlier diagnosis
and earlier treatment of COPD in primary care. Prim Care Respir J.
2011;20(1):15-22.
9.
Emphysema
disease
2018
[Available
from:
https://www.drugs.com/health-guide/emphysema.html
10.
Chronic Bronchitis. Physiopedia: Physiopedia; 2020.
11.
Marin JM, Soriano JB, Carrizo SJ, Boldova A, Celli BR. Outcomes in
patients with chronic obstructive pulmonary disease and obstructive sleep
apnea: the overlap syndrome. Am J Respir Crit Care Med. 2010;182(3):32531.
12.
Raherison C, Girodet PO. Epidemiology of COPD. European
Respiratory Review. 2009;18(114):213.
13.
Murray CJ, Lopez AD. Alternative projections of mortality and disability
by cause 1990-2020: Global Burden of Disease Study. Lancet.
1997;349(9064):1498-504.
14.
May SM, Li JT. Burden of chronic obstructive pulmonary disease:
healthcare costs and beyond. Allergy Asthma Proc. 2015;36(1):4-10.
15.
Prabhat Jha RN, Stéphane Verguet, David Bloom, Ryan Hum. Chronic
Disease. Global Problems, Smart Solutions. undated 137-85.
16.
Chronic obstructive pulmonary disease (COPD) statistics british lung
foundation [updated 2012; cited 2020 07/ 06]. Available from:
https://statistics.blf.org.uk/copd?_ga=2.88960216.2146893498.1601896977407356960.1601896977&_gac=1.116526836.1601896997.CjwKCAjwiOv7B
RBREiwAXHbv3NMCR1wBSH9L0AhnsBi538gXyGPKIWyjhf0AB40gdm1R77
VZObs2zBoCGnMQAvD_BwE.
17.
Snell N, Strachan D, Hubbard R, Gibson J, Gruffydd-Jones K, Jarrold I.
S32 Epidemiology of chronic obstructive pulmonary disease (COPD) in the uk:
findings from the british lung foundation’s ‘respiratory health of the nation’
project. Thorax. 2016;71(Suppl 3):A20-A.
231

18.
MacNee W. Chronic obstructive pulmonary disease. 5 ed: Oxford
University Press; 2010. 3311-44 p.
19.
Stephen C, Grace R, John S, Sophie W, John W. Oxford Handbook of
Respiratory Medicine. Oxford, UK: Oxford University Press; 2014 2014-08.
20.
Pillai SG, Ge D, Zhu G, Kong X, Shianna KV, Need AC, et al. A genomewide association study in chronic obstructive pulmonary disease (COPD):
identification
of
two
major
susceptibility
loci.
PLoS
Genet.
2009;5(3):e1000421.
21.
McCloskey SC, Patel BD, Hinchliffe SJ, Reid ED, Wareham NJ, Lomas
DA. Siblings of patients with severe chronic obstructive pulmonary disease
have a significant risk of airflow obstruction. Am J Respir Crit Care Med.
2001;164(8 Pt 1):1419-24.
22.
Thun GA, Imboden M, Ferrarotti I, Kumar A, Obeidat M, Zorzetto M, et
al. Causal and synthetic associations of variants in the SERPINA gene cluster
with alpha1-antitrypsin serum levels. PLoS Genet. 2013;9(8):e1003585.
23.
Balmes J, Becklake M, Blanc P, Henneberger P, Kreiss K, Mapp C, et
al. American Thoracic Society Statement: Occupational contribution to the
burden of airway disease. Am J Respir Crit Care Med. 2003;167(5):787-97.
24.
Hnizdo E, Sullivan PA, Bang KM, Wagner G. Association between
chronic obstructive pulmonary disease and employment by industry and
occupation in the US population: a study of data from the Third National Health
and Nutrition Examination Survey. Am J Epidemiol. 2002;156(8):738-46.
25.
Bergdahl IA, Torén K, Eriksson K, Hedlund U, Nilsson T, Flodin R, et al.
Increased mortality in COPD among construction workers exposed to
inorganic dust. Eur Respir J. 2004;23(3):402.
26.
Torén K, Järvholm B. Effect of Occupational Exposure to Vapors,
Gases, Dusts, and Fumes on COPD Mortality Risk Among Swedish
Construction Workers: A Longitudinal Cohort Study. Chest. 2014;145(5):9927.
27.
Paulin LM, Diette GB, Blanc PD, Putcha N, Eisner MD, Kanner RE, et
al. Occupational exposures are associated with worse morbidity in patients
with chronic obstructive pulmonary disease. Am J Respir Crit Care Med.
2015;191(5):557-65.
28.
Sana A, Somda SMA, Meda N, Bouland C. Chronic obstructive
pulmonary disease associated with biomass fuel use in women: a systematic
review
and
meta-analysis.
BMJ
open
respiratory
research.
2018;5(1):e000246-e.
29.
Ezzati M. Indoor air pollution and health in developing countries. The
Lancet. 2005;366(9480):104-6.
30.
Zhou Y, Zou Y, Li X, Chen S, Zhao Z, He F, et al. Lung function and
incidence of chronic obstructive pulmonary disease after improved cooking
fuels and kitchen ventilation: a 9-year prospective cohort study. PLoS Med.
2014;11(3):e1001621.
31.
Orozco-Levi M, Garcia-Aymerich J, Villar J, Ramírez-Sarmiento A, Antó
JM, Gea J. Wood smoke exposure and risk of chronic obstructive pulmonary
disease. Eur Respir J. 2006;27(3):542.
32.
Cote CG, Chapman KR. Diagnosis and treatment considerations for
women with COPD. Int J Clin Pract. 2009;63(3):486-93.
33.
Zhou Y, Zou Y, Li X, Chen S, Zhao Z, He F, et al. Lung function and
incidence of chronic obstructive pulmonary disease after improved cooking
232

fuels and kitchen ventilation: a 9-year prospective cohort study. PLoS Med.
2014;11(3):e1001621.
34.
Mercado N, Ito K, Barnes PJ. Accelerated ageing of the lung in COPD:
new concepts. Thorax. 2015;70(5):482-9.
35.
Barnes PJ. Sex Differences in Chronic Obstructive Pulmonary Disease
Mechanisms. Am J Respir Crit Care Med. 2016;193(8):813-4.
36.
Landis SH, Muellerova H, Mannino DM, Menezes AM, Han MK, van der
Molen T, et al. Continuing to Confront COPD International Patient Survey:
methods, COPD prevalence, and disease burden in 2012-2013. Int J Chron
Obstruct Pulmon Dis. 2014;9:597-611.
37.
Fletcher C, Peto R. The natural history of chronic airflow obstruction. Br
Med J. 1977;1(6077):1645-8.
38.
Allinson JP, Hardy R, Donaldson GC, Shaheen SO, Kuh D, Wedzicha
JA. The Presence of Chronic Mucus Hypersecretion across Adult Life in
Relation to Chronic Obstructive Pulmonary Disease Development. Am J
Respir Crit Care Med. 2016;193(6):662-72.
39.
Guerra S, Sherrill DL, Venker C, Ceccato CM, Halonen M, Martinez FD.
Chronic bronchitis before age 50 years predicts incident airflow limitation and
mortality risk. Thorax. 2009;64(10):894.
40.
Kim V, Criner GJ. The chronic bronchitis phenotype in chronic
obstructive pulmonary disease: features and implications. Curr Opin Pulm
Med. 2015;21(2):133-41.
41.
Silva GE, Sherrill DL, Guerra S, Barbee RA. Asthma as a Risk Factor
for COPD in a Longitudinal Study. Chest. 2004;126(1):59-65.
42.
Vonk JM, Jongepier H, Panhuysen CI, Schouten JP, Bleecker ER,
Postma DS. Risk factors associated with the presence of irreversible airflow
limitation and reduced transfer coefficient in patients with asthma after 26
years of follow up. Thorax. 2003;58(4):322-7.
43.
Lange P, Parner J, Vestbo J, Schnohr P, Jensen G. A 15-Year Followup Study of Ventilatory Function in Adults with Asthma. N Engl J Med.
1998;339(17):1194-200.
44.
Asamoah-Boaheng M, Acheampong L, Tenkorang EY, Farrell J, Oyet
A, Midodzi WK. Association between early history of asthma and COPD
diagnosis in later life: a systematic review and meta-analysis. Int J Epidemiol.
2018;47(6):1865-76.
45.
Gibson PG, Simpson JL. The overlap syndrome of asthma and COPD:
what are its features and how important is it? Thorax. 2009;64(8):728-35.
46.
Kauppi P, Kupiainen H, Lindqvist A, Tammilehto L, Kilpelainen M,
Kinnula VL, et al. Overlap syndrome of asthma and COPD predicts low quality
of life. J Asthma. 2011;48(3):279-85.
47.
Uronis HE, Currow DC, Abernethy AP. Palliative management of
refractory dyspnea in COPD. Int J Chron Obstruct Pulmon Dis. 2006;1(3):289304.
48.
Byrne AL, Marais BJ, Mitnick CD, Lecca L, Marks GB. Tuberculosis and
chronic respiratory disease: a systematic review. Int J Infect Dis. 2015;32:13846.
49.
Barker DJ, Godfrey KM, Fall C, Osmond C, Winter PD, Shaheen SO.
Relation of birth weight and childhood respiratory infection to adult lung
function and death from chronic obstructive airways disease. BMJ (Clinical
research ed). 1991;303(6804):671-5.
233

50.
Wilt TJ, Niewoehner D, Kim C, Kane RL, Linabery A, Tacklind J, et al.
Use of spirometry for case finding, diagnosis, and management of chronic
obstructive pulmonary disease (COPD). Evid Rep Technol Assess (Summ).
2005(121):1-7.
51.
sharingin.ca
[Available
from:
https://www.sharinginhealth.ca/respiratory/investigations/pulmonary_function
_tests.html#loops
52.
COPD management World Health Organization: World Health
Organization;
[cited
2020
11th
February].
Available
from:
https://www.who.int/respiratory/copd/management/en/.
53.
Zoumot Z, Jordan S, Hopkinson NS. Emphysema: time to say farewell
to therapeutic nihilism. Thorax. 2014;69(11):973-5.
54.
Pride NB. Smoking cessation: effects on symptoms, spirometry and
future trends in COPD. Thorax. 2001;56 Suppl 2(Suppl 2):ii7-ii10.
55.
Jiménez-Ruiz CA, Andreas S, Lewis KE, Tonnesen P, van Schayck CP,
Hajek P, et al. Statement on smoking cessation in COPD and other pulmonary
diseases and in smokers with comorbidities who find it difficult to quit. Eur
Respir J. 2015;46(1):61.
56.
Willemse BW, Postma DS, Timens W, ten Hacken NH. The impact of
smoking cessation on respiratory symptoms, lung function, airway
hyperresponsiveness and inflammation. Eur Respir J. 2004;23(3):464-76.
57.
Josephs L, Culliford D, Johnson M, Thomas M. Improved outcomes in
ex-smokers with COPD: a UK primary care observational cohort study. Eur
Respir J. 2017;49(5).
58.
Anthonisen NR, Connett JE, Kiley JP, Altose MD, Bailey WC, Buist AS,
et al. Effects of smoking intervention and the use of an inhaled anticholinergic
bronchodilator on the rate of decline of FEV1. The Lung Health Study. JAMA.
1994;272(19):1497-505.
59.
Hak E, van Essen GA, Buskens E, Stalman W, de Melker RA. Is
immunising all patients with chronic lung disease in the community against
influenza cost effective? Evidence from a general practice based clinical
prospective cohort study in Utrecht, The Netherlands. J Epidemiol Community
Health. 1998;52(2):120-5.
60.
Wongsurakiat P, Maranetra KN, Wasi C, Kositanont U, Dejsomritrutai
W, Charoenratanakul S. Acute Respiratory Illness in Patients With COPD and
the Effectiveness of Influenza Vaccination: A Randomized Controlled Study.
Chest. 2004;125(6):2011-20.
61.
Poole PJ, Chacko E, Wood-Baker RW, Cates CJ. Influenza vaccine for
patients with chronic obstructive pulmonary disease. Cochrane Database Syst
Rev. 2006(1):Cd002733.
62.
Bekkat-Berkani R, Wilkinson T, Buchy P, Dos Santos G, Stefanidis D,
Devaster J-M, et al. Seasonal influenza vaccination in patients with COPD: a
systematic literature review. BMC Pulm Med. 2017;17(1):79.
63.
Walters JA, Tang JNQ, Poole P, Wood-Baker R. Pneumococcal
vaccines for preventing pneumonia in chronic obstructive pulmonary disease.
The Cochrane database of systematic reviews. 2017;1(1):CD001390-CD.
64.
Alfageme I, Vazquez R, Reyes N, Muñoz J, Fernández A, Hernandez
M, et al. Clinical efficacy of anti-pneumococcal vaccination in patients with
COPD. Thorax. 2006;61(3):189.

234

65.
Bonten MJ, Huijts SM, Bolkenbaas M, Webber C, Patterson S, Gault S,
et al. Polysaccharide conjugate vaccine against pneumococcal pneumonia in
adults. N Engl J Med. 2015;372(12):1114-25.
66.
Wust RCI, Degens H. Factors contributing to muscle wasting and
dysfunction in COPD patients. Int J Chronic Obstr Pulm Dis. 2007;2(3):289300.
67.
Suzanne C. SC Lareau BF. Patient Information Series: Pulmonary
Rehabilitation. In: Richard ZuWallack LN, editor. Am J Respir Crit Care Med
American Thoracic Society; 2013. p. 5-6.
68.
Nici L, Donner C, Wouters E, Zuwallack R, Ambrosino N, Bourbeau J,
et al. American thoracic society/European respiratory society statement on
pulmonary rehabilitation. Am J Respir Crit Care Med. 2006;173(12):1390-413.
69.
Evans R, T D-H, S S. The minimum important difference of the
incremental shuttle walk test distance in patients with COPD. Am J Respir Crit
Care Med. 2017;195:C72.
70.
Pulmonary Rehabilitation National Heart Lung & Blood institute:
National Heart Lung & Blood institute; 2018 [Available from:
https://www.nhlbi.nih.gov/health-topics/pulmonary-rehabilitation.
71.
Ries AL, Bauldoff GS, Carlin BW, Casaburi R, Emery CF, Mahler DA,
et al. Pulmonary rehabilitation: Joint ACCP/AACVPR Evidence-Based Clinical
Practice Guidelines. Chest. 2007;131(5 SUPPL.):4S-42S.
72.
McCarthy B, Casey D, Devane D, Murphy K, Murphy E, Lacasse Y.
Pulmonary rehabilitation for chronic obstructive pulmonary disease. Cochrane
Database Syst Rev. 2015(2):1-209.
73.
Sestini P, Renzoni E, Robinson S, Poole P, Ram FSF. Short‐acting
beta2‐agonists for stable chronic obstructive pulmonary disease. Cochrane
Database Syst Rev. 2002(3).
74.
Kew KM, Mavergames C, Walters JAE. Long‐acting beta2‐agonists for
chronic obstructive pulmonary disease. Cochrane Database Syst Rev.
2013(10).
75.
Appleton S, Jones T, Poole P, Pilotto L, Adams R, Lasserson TJ, et al.
Ipratropium bromide versus long-acting beta-2 agonists for stable chronic
obstructive pulmonary disease. Cochrane Database Syst Rev.
2006(3):Cd006101.
76.
Karner C, Chong J, Poole P. Tiotropium versus placebo for chronic
obstructive pulmonary disease. Cochrane Database Syst Rev. 2014(7).
77.
Vogelmeier C, Hederer B, Glaab T, Schmidt H, Rutten-van Molken MP,
Beeh KM, et al. Tiotropium versus salmeterol for the prevention of
exacerbations of COPD. N Engl J Med. 2011;364(12):1093-103.
78.
Decramer ML, Chapman KR, Dahl R, Frith P, Devouassoux G, Fritscher
C, et al. Once-daily indacaterol versus tiotropium for patients with severe
chronic obstructive pulmonary disease (INVIGORATE): a randomised,
blinded, parallel-group study. The Lancet Respiratory Medicine.
2013;1(7):524-33.
79.
Kesten S, Casaburi R, Kukafka D, Cooper CB. Improvement in selfreported exercise participation with the combination of tiotropium and
rehabilitative exercise training in COPD patients. Int J Chron Obstruct Pulmon
Dis. 2008;3(1):127-36.
80.
Casaburi R, Kukafka D, Cooper CB, Witek TJ, Jr., Kesten S.
Improvement in exercise tolerance with the combination of tiotropium and
pulmonary rehabilitation in patients with COPD. Chest. 2005;127(3):809-17.
235

81.
Cazzola M, Molimard M. The scientific rationale for combining longacting β2-agonists and muscarinic antagonists in COPD. Pulm Pharmacol
Ther. 2010;23(4):257-67.
82.
Gross N, Tashkin D, Miller R, Oren J, Coleman W, Linberg S. Inhalation
by nebulization of albuterol-ipratropium combination (Dey combination) is
superior to either agent alone in the treatment of chronic obstructive pulmonary
disease. Dey Combination Solution Study Group. Respiration.
1998;65(5):354-62.
83.
Martinez FJ, Fabbri LM, Ferguson GT, Orevillo C, Darken P, Martin UJ,
et
al.
Baseline
Symptom
Score
Impact
on
Benefits
of
Glycopyrrolate/Formoterol Metered Dose Inhaler in COPD. Chest.
2017;152(6):1169-78.
84.
Mahler DA, Kerwin E, Ayers T, FowlerTaylor A, Maitra S, Thach C, et
al. FLIGHT1 and FLIGHT2: Efficacy and Safety of QVA149
(Indacaterol/Glycopyrrolate) versus Its Monocomponents and Placebo in
Patients with Chronic Obstructive Pulmonary Disease. Am J Respir Crit Care
Med. 2015;192(9):1068-79.
85.
ZuWallack RL, Mahler DA, Reilly D, Church N, Emmett A, Rickard K, et
al. Salmeterol Plus Theophylline Combination Therapy in the Treatment of
COPD. Chest. 2001;119(6):1661-70.
86.
Zacarias EC, Castro AA, Cendon S. Effect of theophylline associated
with short-acting or long-acting inhaled beta2-agonists in patients with stable
chronic obstructive pulmonary disease: a systematic review. J Bras Pneumol.
2007;33(2):152-60.
87.
Nannini LJ, Lasserson TJ, Poole P. Combined corticosteroid and longacting beta(2)-agonist in one inhaler versus long-acting beta(2)-agonists for
chronic obstructive pulmonary disease. Cochrane Database Syst Rev.
2012(9):Cd006829.
88.
Nannini LJ, Poole P, Milan SJ, Kesterton A. Combined corticosteroid
and long-acting beta(2)-agonist in one inhaler versus inhaled corticosteroids
alone for chronic obstructive pulmonary disease. Cochrane Database Syst
Rev. 2013(8):Cd006826.
89.
Lipson DA, Barnhart F, Brealey N, Brooks J, Criner GJ, Day NC, et al.
Once-Daily Single-Inhaler Triple versus Dual Therapy in Patients with COPD.
N Engl J Med. 2018;378(18):1671-80.
90.
Halpin DMG, Birk R, Brealey N, Criner GJ, Dransfield MT, Hilton E, et
al. Single-inhaler triple therapy in symptomatic COPD patients: FULFIL
subgroup analyses. ERJ Open Research. 2018;4(2):00119-2017.
91.
Cheng SL. Blood eosinophils and inhaled corticosteroids in patients
with COPD: systematic review and meta-analysis. Int J Chron Obstruct
Pulmon Dis. 2018;13:2775-84.
92.
Martinez FJ, Calverley PM, Goehring UM, Brose M, Fabbri LM, Rabe
KF. Effect of roflumilast on exacerbations in patients with severe chronic
obstructive pulmonary disease uncontrolled by combination therapy (REACT):
a multicentre randomised controlled trial. Lancet. 2015;385(9971):857-66.
93.
Ni W, Shao X, Cai X, Wei C, Cui J, Wang R, et al. Prophylactic use of
macrolide antibiotics for the prevention of chronic obstructive pulmonary
disease exacerbation: a meta-analysis. PLoS One. 2015;10(3):e0121257.
94.
Herath SC, Normansell R, Maisey S, Poole P. Prophylactic antibiotic
therapy for chronic obstructive pulmonary disease (COPD). Cochrane
Database Syst Rev. 2018(10).
236

95.
Davies L, Calverley PM. The evidence for the use of oral mucolytic
agents in chronic obstructive pulmonary disease (COPD). Br Med Bull.
2010;93:217-27.
96.
Cranston JM, Crockett A, Moss J, Alpers JH. Domiciliary oxygen for
chronic obstructive pulmonary disease. Cochrane Database Syst Rev.
2005(4).
97.
Hardinge M, Annandale J, Bourne S, Cooper B, Evans A, Freeman D,
et al. British Thoracic Society guidelines for home oxygen use in adults:
accredited by NICE. Thorax. 2015;70(Suppl 1):i1-i43.
98.
Murphy PB, Rehal S, Arbane G, Bourke S, Calverley PMA, Crook AM,
et al. Effect of Home Noninvasive Ventilation With Oxygen Therapy vs Oxygen
Therapy Alone on Hospital Readmission or Death After an Acute COPD
Exacerbation: A Randomized Clinical Trial. JAMA. 2017;317(21):2177-86.
99.
Melloni B, Mounier L, Laaban JP, Chambellan A, Foret D, Muir JF.
Home-Based Care Evolution in Chronic Respiratory Failure between 2001 and
2015 (Antadir Federation Observatory). Respiration. 2018;96(5):446-54.
100. Fessler HE, Permutt S. Lung volume reduction surgery and airflow
limitation. Am J Respir Crit Care Med. 1998;157(3 Pt 1):715-22.
101. Washko GR, Fan VS, Ramsey SD, Mohsenifar Z, Martinez F, Make BJ,
et al. The effect of lung volume reduction surgery on chronic obstructive
pulmonary disease exacerbations. Am J Respir Crit Care Med.
2008;177(2):164-9.
102. Patients at High Risk of Death after Lung-Volume–Reduction Surgery.
N Engl J Med. 2001;345(15):1075-83.
103. Marchetti N, Criner GJ. Surgical Approaches to Treating Emphysema:
Lung Volume Reduction Surgery, Bullectomy, and Lung Transplantation.
Semin Respir Crit Care Med. 2015;36(4):592-608.
104. Theodore J, Lewiston N. Lung Transplantation Comes of Age. N Engl J
Med. 1990;322(11):772-4.
105. Wasswa-Kintu S, Gan WQ, Man SFP, Pare PD, Sin DD. Relationship
between reduced forced expiratory volume in one second and the risk of lung
cancer: a systematic review and meta-analysis. Thorax. 2005;60(7):570.
106. Turner MC, Chen Y, Krewski D, Calle EE, Thun MJ. Chronic obstructive
pulmonary disease is associated with lung cancer mortality in a prospective
study of never smokers. Am J Respir Crit Care Med. 2007;176(3):285-90.
107. Butler SJ, Ellerton L, Goldstein RS, Brooks D. Prevalence of lung
cancer in chronic obstructive pulmonary disease: A systematic review.
Respiratory Medicine: X. 2019;1:100003.
108. Mills KT, Bundy JD, Kelly TN, Reed JE, Kearney PM, Reynolds K, et al.
Global Disparities of Hypertension Prevalence and Control: A Systematic
Analysis of Population-Based Studies From 90 Countries. Circulation.
2016;134(6):441-50.
109. Mannino DM, Thorn D, Swensen A, Holguin F. Prevalence and
outcomes of diabetes, hypertension and cardiovascular disease in COPD. Eur
Respir J. 2008;32(4):962-9.
110. Mahishale V, Angadi N, Metgudmath V, Eti A, Lolly M, Khan S.
Prevalence and impact of diabetes, hypertension, and cardiovascular diseases
in chronic obstructive pulmonary diseases: A hospital-based cross-section
study. J Transl Int Med. 2015;3(4):155-60.

237

111. Chatila WM, Thomashow BM, Minai OA, Criner GJ, Make BJ.
Comorbidities in chronic obstructive pulmonary disease. Proc Am Thorac Soc.
2008;5(4):549-55.
112. Mullerova H, Agusti A, Erqou S, Mapel DW. Cardiovascular comorbidity
in COPD: systematic literature review. Chest. 2013;144(4):1163-78.
113. Vasan RS, Larson MG, Leip EP, Evans JC, O'Donnell CJ, Kannel WB,
et al. Impact of high-normal blood pressure on the risk of cardiovascular
disease. N Engl J Med. 2001;345(18):1291-7.
114. Kannel WB. Blood pressure as a cardiovascular risk factor: prevention
and treatment. JAMA. 1996;275(20):1571-6.
115. Curkendall SM, DeLuise C, Jones JK, Lanes S, Stang MR, Goehring E,
Jr., et al. Cardiovascular disease in patients with chronic obstructive
pulmonary disease, Saskatchewan Canada cardiovascular disease in COPD
patients. Ann Epidemiol. 2006;16(1):63-70.
116. Feary JR, Rodrigues LC, Smith CJ, Hubbard RB, Gibson JE.
Prevalence of major comorbidities in subjects with COPD and incidence of
myocardial infarction and stroke: a comprehensive analysis using data from
primary care. Thorax. 2010;65(11):956-62.
117. Soriano JB, Rigo F, Guerrero D, Yanez A, Forteza JF, Frontera G, et
al. High prevalence of undiagnosed airflow limitation in patients with
cardiovascular disease. Chest. 2010;137(2):333-40.
118. Cavaillès A, Brinchault-Rabin G, Dixmier A, Goupil F, Gut-Gobert C,
Marchand-Adam S, et al. Comorbidities of COPD. European Respiratory
Review. 2013;22(130):454.
119. Lip GY, Gibbs CR, Beevers DG. ABC of heart failure: aetiology. BMJ.
2000;320(7227):104-7.
120. Sidney S, Sorel M, Quesenberry CP, Jr., DeLuise C, Lanes S, Eisner
MD. COPD and incident cardiovascular disease hospitalizations and mortality:
Kaiser Permanente Medical Care Program. Chest. 2005;128(4):2068-75.
121. Lipworth B, Wedzicha J, Devereux G, Vestbo J, Dransfield MT. Betablockers in COPD: time for reappraisal. Eur Respir J. 2016;48(3):880-8.
122. Kim YR, Hwang IC, Lee YJ, Ham EB, Park DK, Kim S. Stroke risk
among patients with chronic obstructive pulmonary disease: A systematic
review and meta-analysis. Clinics (Sao Paulo, Brazil). 2018;73:e177-e.
123. Houben-Wilke S, Jorres RA, Bals R, Franssen FM, Glaser S, Holle R,
et al. Peripheral Artery Disease and Its Clinical Relevance in Patients with
Chronic Obstructive Pulmonary Disease in the COPD and Systemic
Consequences-Comorbidities Network Study. Am J Respir Crit Care Med.
2017;195(2):189-97.
124. Barnes PJ, Celli BR. Systemic manifestations and comorbidities of
COPD. Eur Respir J. 2009;33(5):1165-85.
125. Chen Y-W, Ramsook AH, Coxson HO, Bon J, Reid WD. Prevalence
and Risk Factors for Osteoporosis in Individuals With COPD: A Systematic
Review and Meta-analysis. Chest. 2019;156(6):1092-110.
126. Franssen FM, Rochester CL. Comorbidities in patients with COPD and
pulmonary rehabilitation: do they matter? Eur Respir Rev. 2014;23(131):13141.
127. Depression World Health Organization: World Health Organization;
[cited
2020
30/05].
Available
from:
https://www.who.int/healthtopics/depression#tab=tab_1.
238

128. Abrams TE, Vaughan-Sarrazin M, Vander Weg MW. Acute
Exacerbations of Chronic Obstructive Pulmonary Disease and the Effect of
Existing Psychiatric Comorbidity on Subsequent Mortality. Psychosomatics.
2011;52(5):441-9.
129. Sampaio MS, Vieira WdA, Bernardino ÍdM, Herval ÁM, Flores-Mir C,
Paranhos LR. Chronic obstructive pulmonary disease as a risk factor for
suicide: A systematic review and meta-analysis. Respir Med. 2019;151:11-8.
130. Cebron Lipovec N, Beijers RJ, van den Borst B, Doehner W, Lainscak
M, Schols AM. The Prevalence of Metabolic Syndrome In Chronic Obstructive
Pulmonary Disease: A Systematic Review. Copd. 2016;13(3):399-406.
131. Manson JE, Ajani UA, Liu S, Nathan DM, Hennekens CH. A prospective
study of cigarette smoking and the incidence of diabetes mellitus among US
male physicians. Am J Med. 2000;109(7):538-42.
132. Mannino DM, Thorn D, Swensen A, Holguin F. Prevalence and
outcomes of diabetes, hypertension and cardiovascular disease in COPD. Eur
Resp J. 2008;32(4):962.
133. Majid H, Kanbar-Agha F, Sharafkhaneh A. COPD: osteoporosis and
sarcopenia. COPD Research and Practice. 2016;2(1):3.
134. Jaitovich A, Barreiro E. Skeletal Muscle Dysfunction in Chronic
Obstructive Pulmonary Disease. What We Know and Can Do for Our Patients.
Am J Respir Crit Care Med. 2018;198(2):175-86.
135. Engelen MP, Schols AM, Does JD, Wouters EF. Skeletal muscle
weakness is associated with wasting of extremity fat-free mass but not with
airflow obstruction in patients with chronic obstructive pulmonary disease. Am
J Clin Nutr. 2000;71(3):733-8.
136. Couillard A, Prefaut C. From muscle disuse to myopathy in COPD:
potential contribution of oxidative stress. Eur Respir J. 2005;26(4):703-19.
137. Hallin R, Gudmundsson G, Suppli Ulrik C, Nieminen MM, Gislason T,
Lindberg E, et al. Nutritional status and long-term mortality in hospitalised
patients with chronic obstructive pulmonary disease (COPD). Respir Med.
2007;101(9):1954-60.
138. Shrikrishna D, Patel M, Tanner RJ, Seymour JM, Connolly BA,
Puthucheary ZA, et al. Quadriceps wasting and physical inactivity in patients
with COPD. Eur Respir J. 2012;40(5):1115-22.
139. Seymour JM, Ward K, Sidhu PS, Puthucheary Z, Steier J, Jolley CJ, et
al. Ultrasound measurement of rectus femoris cross-sectional area and the
relationship with quadriceps strength in COPD. Thorax. 2009;64(5):418-23.
140. Swallow EB, Reyes D, Hopkinson NS, Man WD, Porcher R, Cetti EJ, et
al. Quadriceps strength predicts mortality in patients with moderate to severe
chronic obstructive pulmonary disease. Thorax. 2007;62(2):115-20.
141. Bernard S, LeBlanc P, Whittom F, Carrier G, Jobin J, Belleau R, et al.
Peripheral muscle weakness in patients with chronic obstructive pulmonary
disease. Am J Respir Crit Care Med. 1998;158(2):629-34.
142. Rosenberg IH. Sarcopenia: Origins and Clinical Relevance. The Journal
of Nutrition. 1997;127(5):990S-1S.
143. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi
F, et al. Sarcopenia: European consensus on definition and diagnosis: Report
of the European Working Group on Sarcopenia in Older People. Age Ageing.
2010;39(4):412-23.

239

144. Benz E, Trajanoska K, Lahousse L, Schoufour JD, Terzikhan N, De
Roos E, et al. Sarcopenia in COPD: a systematic review and meta-analysis.
European Respiratory Review. 2019;28(154):190049.
145. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T,
et al. Sarcopenia: revised European consensus on definition and diagnosis.
Age Ageing. 2018;48(1):16-31.
146. Deutz NE, Bauer JM, Barazzoni R, Biolo G, Boirie Y, Bosy-Westphal A,
et al. Protein intake and exercise for optimal muscle function with aging:
recommendations from the ESPEN Expert Group. Clin Nutr. 2014;33(6):92936.
147. Jones SE, Maddocks M, Kon SSC, Canavan JL, Nolan CM, Clark AL,
et al. Sarcopenia in COPD: prevalence, clinical correlates and response to
pulmonary rehabilitation. Thorax. 2015;70(3):213.
148. Spruit MA, Burtin C, De Boever P, Langer D, Vogiatzis I, Wouters EF,
et al. COPD and exercise: does it make a difference? Breathe (Sheff).
2016;12(2):e38-49.
149. Barach AL, Bickerman HA, Beck G. Advances in the treatment of nontuberculous pulmonary disease. Bull N Y Acad Med. 1952;28(6):353-84.
150. Petty TL, Nett LM, Finigan MM, Brink GA, Corsello PR. A
comprehensive care program for chronic airway obstruction. Methods and
preliminary evaluation of symptomatic and functional improvement. Ann Intern
Med. 1969;70(6):1109-20.
151. Donner CF, Howard P. Pulmonary rehabilitation in chronic obstructive
pulmonary disease (COPD) with recommendations for its use. Report of the
European Respiratory Society Rehabilitation and Chronic Care Scientific
Group (S.E.P.C.R. Rehabilitation Working Group). Eur Respir J.
1992;5(2):266-75.
152. Hodgkin JE, Farrell MJ, Gibson SR, Kanner RE, Kass I, Lampton LM,
et al. American Thoracic Society. Medical Section of the American Lung
Association. Pulmonary rehabilitation. Am Rev Respir Dis. 1981;124(5):663-6.
153. Gibson GJ, Loddenkemper R, Sibille Y, Lundback B. The European
Lung White Book: Respiratory Health and Disease in Europe: European
Respiratory Society; 2013.
154. Moore E, Palmer T, Newson R, Majeed A, Quint JK, Soljak MA.
Pulmonary Rehabilitation as a Mechanism to Reduce Hospitalizations for
Acute Exacerbations of COPD: A Systematic Review and Meta-Analysis.
Chest. 2016;150(4):837-59.
155. Janssens T, De Peuter S, Stans L, Verleden G, Troosters T, Decramer
M, et al. Dyspnea perception in COPD: association between anxiety, dyspnearelated fear, and dyspnea in a pulmonary rehabilitation program. Chest.
2011;140(3):618-25.
156. McCarthy B, Casey D, Devane D, Murphy K, Murphy E, Lacasse Y.
Pulmonary rehabilitation for chronic obstructive pulmonary disease. The
Cochrane database of systematic reviews. 2015(2):Cd003793.
157. Paz-Diaz H, Montes de Oca M, Lopez JM, Celli BR. Pulmonary
rehabilitation improves depression, anxiety, dyspnea and health status in
patients with COPD. Am J Phys Med Rehabil. 2007;86(1):30-6.
158. Jeong M, Kang HK, Song P, Park HK, Jung H, Lee S-S, et al. Hand grip
strength in patients with chronic obstructive pulmonary disease. Int J Chron
Obstruct Pulmon Dis. 2017;12:2385-90.
240

159. Burtin C, ter Riet G, Puhan MA, Waschki B, Garcia-Aymerich J, PintoPlata V, et al. Handgrip weakness and mortality risk in COPD: a multicentre
analysis. Thorax. 2016;71(1):86.
160. Franssen FM, Broekhuizen R, Janssen PP, Wouters EF, Schols AM.
Effects of whole-body exercise training on body composition and functional
capacity in normal-weight patients with COPD. Chest. 2004;125(6):2021-8.
161. Steiner MC, Roberts CM. Pulmonary rehabilitation: the next steps.
Lancet Respir Med. 2016;4(3):172-3.
162. Global recommendations on physical activity for health. Switzerland:
World Health Organization; 2010.
163. Troosters T, van der Molen T, Polkey M, Rabinovich RA, Vogiatzis I,
Weisman I, et al. Improving physical activity in COPD: towards a new
paradigm. Respir Res. 2013;14:115.
164. Sylvia LG, Bernstein EE, Hubbard JL, Keating L, Anderson EJ. Practical
guide to measuring physical activity. J Acad Nutr Diet. 2014;114(2):199-208.
165. Shin K-C. Physical activity in chronic obstructive pulmonary disease:
clinical impact and risk factors. The Korean journal of internal medicine.
2018;33(1):75-7.
166. Bolton CE, Singh SJ, Walker PP. Commentary: the British Thoracic
Society guideline on pulmonary rehabilitation in adults. Thorax.
2013;68(9):887-8.
167. Jenkins S, Cecins NM. Six-minute walk test in pulmonary rehabilitation:
do all patients need a practice test? Respirology. 2010;15(8):1192-6.
168. Clini E, Holland, A.E., Pitta, F., Troosters, T. Textbook of Pulmonary
Rehabilitation2018.
169. Holland AE, Spruit MA, Troosters T, Puhan MA, Pepin V, Saey D, et al.
An official European Respiratory Society/American Thoracic Society technical
standard: field walking tests in chronic respiratory disease. Eur Respir J.
2014;44(6):1428.
170. Troosters T, Gosselink R, Janssens W, Decramer M. Exercise training
and pulmonary rehabilitation: new insights and remaining challenges. Eur
Respir Rev. 2010;19(115):24-9.
171. Williams V, Bruton A, Ellis-Hill C, McPherson K. The effect of pulmonary
rehabilitation on perceptions of breathlessness and activity in COPD patients:
a qualitative study. Primary care respiratory journal : journal of the General
Practice Airways Group. 2010;19(1):45-51.
172. Cooke M, Thackray S. Differences between community professional
and patient perceptions of chronic obstructive pulmonary disease treatment
outcomes: a qualitative study. J Clin Nurs. 2012;21(11-12):1524-33.
173. Halding AG, Wahl A, Heggdal K. 'Belonging'. 'Patients' experiences of
social relationships during pulmonary rehabilitation. Disabil Rehabil.
2010;32(15):1272-80.
174. Morgan M. Expanding pulmonary rehabilitation capacity. One size won't
fit all. Thorax. 2017;72(1):4-5.
175. Rochester CL, Spruit MA. Maintaining the Benefits of Pulmonary
Rehabilitation. The Holy Grail. Am J Respir Crit Care Med. 2017;195(5):54851.
176. Busby AK, Reese RL, Simon SR. Pulmonary rehabilitation maintenance
interventions: a systematic review. Am J Health Behav. 2014;38(3):321-30.
177. Evans RA, Steiner MC. Pulmonary Rehabilitation: The Lead Singer of
COPD Therapy but Not a "One-Man Band". Chest. 2017;152(6):1103-5.
241

178. Spruit MA, Clini EM. Towards health benefits in chronic respiratory
diseases: pulmonary rehabilitation. Eur Respir Rev. 2013;22(129):202-4.
179. Sally Singh ML, Neena Garnavos, Kirsty Maclean-Steel, Rachael
Andrews, Natasha Long, Philip Stone, Alex Adamson, Jennifer Quint, C
Michael Roberts. National Asthma and Chronic Obstructive Pulmonary
Disease Audit Programme (NACAP). Pulmonary rehabilitation clinical audit
2019. Clinical audit of pulmonary rehabilitation services in England, Scotland
and Wales. Patients assessed between 1 March and 31 May and discharged
by 31 August 2019. London; 2020.
180. Spruit MA, Pitta F, Garvey C, ZuWallack RL, Roberts CM, Collins EG,
et al. Differences in content and organisational aspects of pulmonary
rehabilitation programmes. Eur Respir J. 2014;43(5):1326.
181. Man WD, Puhan MA, Harrison SL, Jordan RE, Quint JK, Singh SJ.
Pulmonary rehabilitation and severe exacerbations of COPD: solution or white
elephant? ERJ Open Res. 2015;1(2).
182. Cederholm T, Barazzoni R, Austin P, Ballmer P, Biolo G, Bischoff SC,
et al. ESPEN guidelines on definitions and terminology of clinical nutrition. Clin
Nutr. 2017;36(1):49-64.
183. Stratton RJ. Disease-related malnutrition : an evidence-based
approach to treatment / Rebecca J. Stratton, Ceri J. Green and Marinos Elia.
Green CJ, Elia M, editors. Wallingford: Wallingford : CABI; 2003.
184. Ezzell L, Jensen GL. Malnutrition in chronic obstructive pulmonary
disease. The American Journal of Clinical Nutrition. 2000;72(6):1415-6.
185. de Blasio F, Dassetto D, Ambrosanio R, Riberi L, Rella AM, Bucca C.
Impact of Sarcopenia and Malnutrition on disease severity, nutritional variables
and inflammatory parameters in COPD patients. Eur Respir J. 2019;54(suppl
63):PA4310.
186. Sun Y, Milne S, Jaw JE, Yang CX, Xu F, Li X, et al. BMI is associated
with FEV1 decline in chronic obstructive pulmonary disease: a meta-analysis
of clinical trials. Respir Res. 2019;20(1):236.
187. Marco E, Sánchez-Rodríguez D, Dávalos-Yerovi VN, Duran X, Pascual
EM, Muniesa JM, et al. Malnutrition according to ESPEN consensus predicts
hospitalizations and long-term mortality in rehabilitation patients with stable
chronic obstructive pulmonary disease. Clin Nutr. 2019;38(5):2180-6.
188. Liz Anderson, Jo Banner, Beverley Bostock, Michaela Bowden, Peter
Collins, Anne Holdoway, et al. Managing Malnutrition in COPD. Malnutrition
Pathway; 2019. Contract No.: 2.
189. Schols AM, Ferreira IM, Franssen FM, Gosker HR, Janssens W,
Muscaritoli M, et al. Nutritional assessment and therapy in COPD: a European
Respiratory Society statement. Eur Respir J. 2014;44(6):1504-20.
190. Steer J, Norman E, Gibson GJ, Bourke SC. P117 Comparison of indices
of nutritional status in prediction of in-hospital mortality and early readmission
of patients with acute exacerbations of COPD. Thorax. 2010;65(Suppl
4):A127-A.
191. Ng MGS, Kon SSC, Canavan JL, Clark AL, Nolan CM, Jones SE, et al.
Prevalence and effects of malnutrition in COPD patients referred for pulmonary
rehabilitation. Eur Respir J. 2013;42(Suppl 57):P5107.
192. Collins PF, Stratton RJ, Kurukulaaratchy R, Warwick H, Cawood AL,
Elia M. Prevalence of malnutrition in outpatients with chronic obstructive
pulmonary disease. Proc Nutr Soc. 2010;69(OCE2):E147.
242

193. de Godoy I, Donahoe M, Calhoun WJ, Mancino J, Rogers RM. Elevated
TNF-alpha production by peripheral blood monocytes of weight-losing COPD
patients. Am J Respir Crit Care Med. 1996;153(2):633-7.
194. Gan WQ, Man SF, Senthilselvan A, Sin DD. Association between
chronic obstructive pulmonary disease and systemic inflammation: a
systematic review and a meta-analysis. Thorax. 2004;59(7):574-80.
195. Di Francia M, Barbier D, Mege JL, Orehek J. Tumor necrosis factoralpha levels and weight loss in chronic obstructive pulmonary disease. Am J
Respir Crit Care Med. 1994;150(5 Pt 1):1453-5.
196. Gorek Dilektasli A, Ulubay G, Bayraktar N, Eminsoy I, Oner Eyuboglu
F. The effects of cachexia and related components on pulmonary functions in
patients with COPD. Tuberk Toraks. 2009;57(3):298-305.
197. Koehler F, Doehner W, Hoernig S, Witt C, Anker SD, John M. Anorexia
in chronic obstructive pulmonary disease--association to cachexia and
hormonal derangement. Int J Cardiol. 2007;119(1):83-9.
198. Schols AM, Fredrix EW, Soeters PB, Westerterp KR, Wouters EF.
Resting energy expenditure in patients with chronic obstructive pulmonary
disease. Am J Clin Nutr. 1991;54(6):983-7.
199. Wilson DO, Donahoe M, Rogers RM, Pennock BE. Metabolic rate and
weight loss in chronic obstructive lung disease. JPEN J Parenter Enteral Nutr.
1990;14(1):7-11.
200. Gosker HR, Wouters EF, van der Vusse GJ, Schols AM. Skeletal
muscle dysfunction in chronic obstructive pulmonary disease and chronic heart
failure: underlying mechanisms and therapy perspectives. The American
Journal of Clinical Nutrition. 2000;71(5):1033-47.
201. Collins PF, Elia M, Smith TR, Kurukulaaratchy R, Cawood AL, Stratton
RJ. The impact of malnutrition on hospitalisation and mortality in outpatients
with chronic obstructive pulmonary disease. Proc Nutr Soc.
2010;69(OCE2):E148.
202. Collins PF, Stratton RJ, Elia M. An economic analysis of the costs
associated with weight status in chronic obstructive pulmonary disease
(COPD). Proc Nutr Soc. 2012;70(OCE5):E324.
203. Marti S, Muñoz X, Rios J, Morell F, Ferrer J. Body weight and
comorbidity predict mortality in COPD patients treated with oxygen therapy.
Eur Respir J. 2006;27(4):689.
204. Park HJ, Cho JH, Kim HJ, Park JY, Lee HS, Byun MK. The effect of low
body mass index on the development of chronic obstructive pulmonary
disease and mortality. J Intern Med. 2019;286(5):573-82.
205. Slinde F, Grönberg A, Engström C-P, Rossander-Hulthén L, Larsson S.
Body composition by bioelectrical impedance predicts mortality in chronic
obstructive pulmonary disease patients. Respir Med. 2005;99(8):1004-9.
206. Hopkinson NS, Tennant RC, Dayer MJ, Swallow EB, Hansel TT,
Moxham J, et al. A prospective study of decline in fat free mass and skeletal
muscle strength in chronic obstructive pulmonary disease. Respir Res.
2007;8(1):25.
207. Rutten EPA, Spruit MA, McDonald M-LN, Rennard S, Agusti A, Celli B,
et al. Continuous fat-free mass decline in COPD: fact or fiction? Eur Respir J.
2015;46(5):1496.
208. Schols AMWJ, Soeters PB, Dingemans AMC, Mostert R, Frantzen PJ,
Wouters EFM. Prevalence and Characteristics of Nutritional Depletion in
243

Patients with Stable COPD Eligible for Pulmonary Rehabilitation. Am Rev
Respir Dis. 1993;147(5):1151-6.
209. Mostert R, Goris A, Weling-Scheepers C, Wouters EFM, Schols AMWJ.
Tissue depletion and health related quality of life in patients with chronic
obstructive pulmonary disease. Respir Med. 2000;94(9):859-67.
210. VanItallie TB, Yang MU, Heymsfield SB, Funk RC, Boileau RA. Heightnormalized indices of the body's fat-free mass and fat mass: potentially useful
indicators of nutritional status. Am J Clin Nutr. 1990;52(6):953-9.
211. Luo Y, Zhou L, Li Y, Guo S, Li X, Zheng J, et al. Fat-Free Mass Index
for Evaluating the Nutritional Status and Disease Severity in COPD. Respir
Care. 2016;61(5):680.
212. Vestbo J, Prescott E, Almdal T, Dahl M, Nordestgaard BG, Andersen T,
et al. Body Mass, Fat-Free Body Mass, and Prognosis in Patients with Chronic
Obstructive Pulmonary Disease from a Random Population Sample. Am J
Respir Crit Care Med. 2006;173(1):79-83.
213. Hafner T, Sarc I, Groselj A, Zdolsek Z, Zupanc B, Kosten T. Low FFMI
in COPD patients undergoing pulmonary rehabilitation. Eur Respir J.
2018;52(suppl 62):PA4125.
214. Norman K, Pirlich M, Smoliner C, Kilbert A, Schulzke JD, Ockenga J, et
al. Cost-effectiveness of a 3-month intervention with oral nutritional
supplements in disease-related malnutrition: a randomised controlled pilot
study. Eur J Clin Nutr. 2011;65(6):735-42.
215. Elia M, Normand C, Laviano A, Norman K. A systematic review of the
cost and cost effectiveness of using standard oral nutritional supplements in
community and care home settings. Clin Nutr. 2016;35(1):125-37.
216. Chronic obstructive pulmonary disease in over 16s: diagnosis and
management NICE guideline NG115. The National Institute for Health and
Care Excellence. 2018.
217. Hsieh M-J, Yang T-M, Tsai Y-H. Nutritional supplementation in patients
with chronic obstructive pulmonary disease. J Formos Med Assoc.
2016;115(8):595-601.
218. Ahnfeldt-Mollerup P, Hey H, Johansen C, Kristensen S, Brix Lindskov
J, Jensahnfeldt-Mollerupen C. The effect of protein supplementation on quality
of life, physical function, and muscle strength in patients with chronic
obstructive pulmonary disease. Eur J Phys Rehabil Med. 2015;51(4):447-56.
219. Paulin FV, Zagatto AM, Chiappa GR, Muller PT. Addition of vitamin B12
to exercise training improves cycle ergometer endurance in advanced COPD
patients: A randomized and controlled study. Respir Med. 2017;122:23-9.
220. Jolliffe DA, Greenberg L, Hooper RL, Mathyssen C, Rafiq R, de Jongh
RT, et al. Vitamin D to prevent exacerbations of COPD: systematic review and
meta-analysis of individual participant data from randomised controlled trials.
Thorax. 2019;74(4):337.
221. Varraso R, Camargo CA, Jr. More evidence for the importance of
nutritional factors in chronic obstructive pulmonary disease. The American
Journal of Clinical Nutrition. 2012;95(6):1301-2.
222. Schols A. Nutritional modulation as part of the integrated management
of chronic obstructive pulmonary disease. Proc Nutr Soc. 2003;62(4):783-91.
223. Efthimiou J, Fleming J, Gomes C, Spiro SG. The effect of
supplementary oral nutrition in poorly nourished patients with chronic
obstructive pulmonary disease. Am Rev Respir Dis. 1988;137(5):1075-82.
244

224. Ferreira IM, Brooks D, White J, Goldstein R. Nutritional
supplementation for stable chronic obstructive pulmonary disease. Cochrane
Database Syst Rev. 2012;12:1-73.
225. Collins PF, Elia M, Stratton RJ. Nutritional support and functional
capacity in chronic obstructive pulmonary disease: a systematic review and
meta-analysis. Respirology. 2013;18(4):616-29.
226. Aldhahir AM, Rajeh AMA, Aldabayan YS, Drammeh S, Subbu V,
Alqahtani JS, et al. Nutritional supplementation during pulmonary rehabilitation
in
COPD:
A
systematic
review.
Chron
Respir
Dis.
2020;17:1479973120904953-.
227. Aldhahir AM. Protein Supplementation to Enhance Exercise Capacity in
COPD. Clinicaltrialsgov. 07/01/2019.
228. Bolton CE, Bevan-Smith EF, Blakey JD, Crowe P, Elkin SL, Garrod R,
et al. British Thoracic Society guideline on pulmonary rehabilitation in adults.
Thorax. 2013;68(SUPPL. 2):ii1-ii30.
229. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A,
et al. Standardisation of spirometry. Eur Respir J. 2005;26(2):319-38.
230. Tan WC, Bourbeau J, O'Donnell D, Aaron S, Maltais F, Marciniuk D, et
al. Quality assurance of spirometry in a population-based study -predictors of
good outcome in spirometry testing. Copd. 2014;11(2):143-51.
231. Jones PW, Brusselle G, Dal Negro RW, Ferrer M, Kardos P, Levy ML,
et al. Properties of the COPD assessment test in a cross-sectional European
study. Eur Respir J. 2011;38(1):29-35.
232. Jones PW, Harding G, Berry P, Wiklund I, Chen WH, Kline Leidy N.
Development and first validation of the COPD Assessment Test. Eur Respir J.
2009;34(3):648-54.
233. Record Owner NLM. Minimum clinically important difference for the
COPD Assessment Test: a prospective analysis.
234. Stern AF. The hospital anxiety and depression scale. Occup Med
(Lond). 2014;64(5):393-4.
235. Puhan MA, Frey M, Büchi S, Schünemann HJ. The minimal important
difference of the hospital anxiety and depression scale in patients with chronic
obstructive pulmonary disease. Health and quality of life outcomes. 2008;6:46.
236. Bestall JC, Paul EA, Garrod R, Garnham R, Jones PW, Wedzicha JA.
Usefulness of the Medical Research Council (MRC) dyspnoea scale as a
measure of disability in patients with chronic obstructive pulmonary disease.
Thorax. 1999;54(7):581-6.
237. Jones PW, Quirk FH, Baveystock CM. The St George's Respiratory
Questionnaire. Respir Med. 1991;85 Suppl B:25-31; discussion 3-7.
238. Jones PW. St. George's Respiratory Questionnaire: MCID. Copd:
Journal of Chronic Obstructive Pulmonary Disease. 2005;2(1):75-9.
239. Isenring E, Cross G, Daniels L, Kellett E, Koczwara B. Validity of the
malnutrition screening tool as an effective predictor of nutritional risk in
oncology outpatients receiving chemotherapy. Support Care Cancer.
2006;14(11):1152-6.
240. Mador MJ, Rodis A, Magalang UJ. Reproducibility of Borg Scale
Measurements of Dyspnea During Exercise in Patients With COPD. Chest.
1995;107(6):1590-7.
241. Evans RA, Singh SJ. Minimum important difference of the incremental
shuttle walk test distance in patients with COPD. Thorax. 2019;74(10):994-5.
245

242. Alahmari AD, Patel AR, Kowlessar BS, Mackay AJ, Singh R, Wedzicha
JA, et al. Daily activity during stability and exacerbation of chronic obstructive
pulmonary disease. BMC Pulm Med. 2014;14:98.
243. Schneider PL, Crouter SE, Lukajic O, Bassett DR, Jr. Accuracy and
reliability of 10 pedometers for measuring steps over a 400-m walk. Med Sci
Sports Exerc. 2003;35(10):1779-84.
244. Jones SE, Kon SS, Canavan JL, Patel MS, Clark AL, Nolan CM, et al.
The five-repetition sit-to-stand test as a functional outcome measure in COPD.
Thorax. 2013;68(11):1015-20.
245. Bohannon RW. Reference values for the five-repetition sit-to-stand test:
a descriptive meta-analysis of data from elders. Percept Mot Skills.
2006;103(1):215-22.
246. Mao YR, Wu XQ, Zhao JL, Lo WLA, Chen L, Ding MH, et al. The Crucial
Changes of Sit-to-Stand Phases in Subacute Stroke Survivors Identified by
Movement Decomposition Analysis. Front Neurol. 2018;9:185.
247. O'Shea SD, Taylor NF, Paratz JD. Measuring muscle strength for
people with chronic obstructive pulmonary disease: retest reliability of handheld dynamometry. Arch Phys Med Rehabil. 2007;88(1):32-6.
248. Schols AM, Wouters EF, Soeters PB, Westerterp KR. Body composition
by bioelectrical-impedance analysis compared with deuterium dilution and
skinfold anthropometry in patients with chronic obstructive pulmonary disease.
Am J Clin Nutr. 1991;53(2):421-4.
249. Waist Circumference and Waist–Hip Ratio: Report of a WHO Expert
Consultation
2008
[cited
2019
02/04].
Available
from:
https://apps.who.int/iris/bitstream/handle/10665/44583/9789241501491_eng.
pdf?ua=1.
250. Steiner MC, Barton RL, Singh SJ, Morgan MDL. Nutritional
enhancement of exercise performance in chronic obstructive pulmonary
disease: a randomised controlled trial. Thorax. 2003;58(9):745-51.
251. Creutzberg EC, Wouters EFM, Mostert R, Weling-Scheepers C, Schols
A. Efficacy of nutritional supplementation therapy in depleted patients with
chronic obstructive pulmonary disease. Nutrition. 2003;19(2):120-7.
252. Mathie MJ, Coster AC, Lovell NH, Celler BG. Accelerometry: providing
an integrated, practical method for long-term, ambulatory monitoring of human
movement. Physiol Meas. 2004;25(2):R1-20.
253. Feehan LM, Geldman J, Sayre EC, Park C, Ezzat AM, Yoo JY, et al.
Accuracy of Fitbit Devices: Systematic Review and Narrative Syntheses of
Quantitative Data. JMIR Mhealth Uhealth. 2018;6(8):e10527.
254. Adam Noah J, Spierer DK, Gu J, Bronner S. Comparison of steps and
energy expenditure assessment in adults of Fitbit Tracker and Ultra to the
Actical and indirect calorimetry. J Med Eng Technol. 2013;37(7):456-62.
255. Alahmari AD, Kowlessar BS, Patel ARC, Mackay AJ, Singh R,
Donaldson GC, et al. Validation of a Pedometer to Measure Daily Physical
Activities in Copd Patients. Thorax. 2011;66:A86-A.
256. Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33(1):159-74.
257. Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing rater
reliability. Psychol Bull. 1979;86(2):420-8.
258. Collins PF, Stratton RJ, Elia M. Nutritional support in chronic obstructive
pulmonary disease: a systematic review and meta-analysis. Am J Clin Nutr.
2012;95(6):1385-95.
246

259. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Reprint--preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. Phys Ther. 2009;89(9):873-80.
260. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et
al. The Cochrane Collaboration's tool for assessing risk of bias in randomised
trials. BMJ. 2011;343:1-9.
261. Adapted Version of a Modified Newcastle-Ottawa Scale for Single Use
in Specific Context. The Ottawa hospital research institution: 2016; [cited 2020
31/01].
Available
from:
http://www.ohri.ca/programs/clinical_epidemiology/nosgen.pdf.
262. van de Bool C, Rutten EPA, van Helvoort A, Franssen FME, Wouters
EFM, Schols AMWJ. A randomized clinical trial investigating the efficacy of
targeted nutrition as adjunct to exercise training in COPD. J Cachexia
Sarcopenia Muscle. 2017;8(5):748-58.
263. Gurgun A, Deniz S, Argin M, Karapolat H. Effects of nutritional
supplementation combined with conventional pulmonary rehabilitation in
muscle-wasted chronic obstructive pulmonary disease: A prospective,
randomized and controlled study. Respirology. 2013;18(3):495-500.
264. Hornikx M, Van Remoortel H, Lehouck A, Mathieu C, Maes K, GayanRamirez G, et al. Vitamin D supplementation during rehabilitation in COPD: a
secondary analysis of a randomized trial. Respir Res. 2012;13(1):84-.
265. Sugawara K, Takahashi H, Kashiwagura T, Yamada K, Yanagida S,
Homma M, et al. Effect of anti-inflammatory supplementation with whey
peptide and exercise therapy in patients with COPD. Respir Med.
2012;106(11):1526-34.
266. Baldi S, Aquilani R, Pinna GD, Poggi P, de Martini A, Bruschi C. Fatfree mass change after nutritional rehabilitation in weight losing COPD: Role
of insulin, C-reactive protein and tissue hypoxia. Int J Chronic Obstr Pulm Dis.
2010;5(1):29-39.
267. Laviolette L, Lands LC, Dauletbaev N, Saey D, Milot J, Provencher S,
et al. Combined effect of dietary supplementation with pressurized whey and
exercise training in chronic obstructive pulmonary disease: a randomized,
controlled, double-blind pilot study. J Med Food. 2010;13(3):589-98.
268. van Wetering CR, Hoogendoorn M, Broekhuizen R, Geraerts-Keeris
GJW, De Munck DRAJ, Rutten-van Molken MPMH, et al. Efficacy and Costs
of Nutritional Rehabilitation in Muscle-Wasted Patients With Chronic
Obstructive Pulmonary Disease in a Community-Based Setting: A Prespecified
Subgroup Analysis of the INTERCOM Trial. J Am Med Dir Assoc.
2010;11(3):179-87.
269. Deacon SJ, Vincent EE, Greenhaff PL, Fox J, Steiner MC, Singh SJ, et
al. Randomized controlled trial of dietary creatine as an adjunct therapy to
physical training in chronic obstructive pulmonary disease. Am J Respir Crit
Care Med. 2008;178(3):233-9.
270. Borghi-Silva A, Baldissera V, Sampaio LM, Pires-DiLorenzo VA,
Jamami M, Demonte A, et al. L-carnitine as an ergogenic aid for patients with
chronic obstructive pulmonary disease submitted to whole-body and
respiratory muscle training programs. Braz J Med Biol Res. 2006;39(4):46574.
271. Faager G, Soderlund K, Skold CM, Rundgren S, Tollback A, Jakobsson
P. Creatine supplementation and physical training in patients with COPD: a
247

double blind, placebo-controlled study. Int J Chronic Obstr Pulm Dis.
2006;1(4):445-53.
272. Broekhuizen R, Wouters EF, Creutzberg EC, Weling-Scheepers CA,
Schols AM. Polyunsaturated fatty acids improve exercise capacity in chronic
obstructive pulmonary disease. Thorax. 2005;60(5):376-82.
273. Fuld JP, Kilduff LP, Neder JA, Pitsiladis Y, Lean MEJ, Ward SA, et al.
Creatine supplementation during pulmonary rehabilitation in chronic
obstructive pulmonary disease. Thorax. 2005;60(7):531-7.
274. Vermeeren MA, Wouters EF, Nelissen LH, van Lier A, Hofman Z,
Schols AM. Acute effects of different nutritional supplements on symptoms and
functional capacity in patients with chronic obstructive pulmonary disease. Am
J Clin Nutr. 2001;73(2):295-301.
275. Schols AM, Soeters PB, Mostert R, Pluymers RJ, Wouters EF.
Physiologic effects of nutritional support and anabolic steroids in patients with
chronic obstructive pulmonary disease. A placebo-controlled randomized trial.
Am J Respir Crit Care Med. 1995;152:1268-74.
276. Kubo H, Honda N, Tsuji F, Iwanaga T, Muraki M, Tohda Y. Effects of
dietary supplements on the Fischer ratio before and after pulmonary
rehabilitation. Asia Pac J Clin Nutr. 2006;15(4):551-5.
277. Broekhuizen R, Creutzberg EC, Weling-Scheepers C, Wouters EFM,
Schols A. Optimizing oral nutritional drink supplementation in patients with
chronic obstructive pulmonary disease. Br J Nutr. 2005;93(6):965-71.
278. Menier R, Talmud J, Laplaud D, Bernard M. Branched-chain
aminoacids and retraining of patients with chronic obstructive lung disease. J
SPORT MED PHYS FIT. 2001;41(4):500-4.
279. Creutzberg EC, Schols A, Weling-Scheepers C, Buurman WA, Wouters
EFM. Characterization of nonresponse to high caloric oral nutritional therapy
in depleted patients with chronic obstructive pulmonary disease. Am J Respir
Crit Care Med. 2000;161(3):745-52.
280. Sugawara K, Takahashi H, Kasai C, Kiyokawa N, Watanabe T, Fujii S,
et al. Effects of nutritional supplementation combined with low-intensity
exercise in malnourished patients with COPD. Respir Med.
2010;104(12):1883-9.
281. Vermeeren MA, Creutzberg EC, Schols AM, Postma DS, Pieters WR,
Roldaan AC, et al. Prevalence of nutritional depletion in a large out-patient
population of patients with COPD. Respir Med. 2006;100(8):1349-55.
282. Gea J, Pascual S, Casadevall C, Orozco-Levi M, Barreiro E. Muscle
dysfunction in chronic obstructive pulmonary disease: update on causes and
biological findings. J Thorac Dis. 2015;7(10):E418-38.
283. Naz I, Sahin H. The effect of nutritional support on pulmonary
rehabilitation outcomes in COPD patients with low body mass index. Eur
Respir J. 2018;52.
284. Gouzi F, Maury J, Heraud N, Molinari N, Bertet H, Ayoub B, et al.
Additional Effects of Nutritional Antioxidant Supplementation on Peripheral
Muscle during Pulmonary Rehabilitation in COPD Patients: A Randomized
Controlled Trial. Oxid Med Cell Longev. 2019;2019:5496346.
285. Pavitt MJ, Tanner RJ, Lewis A, Buttery S, Mehta B, Jefford H, et al. Oral
nitrate supplementation to enhance pulmonary rehabilitation in COPD: ONEPIC a multicentre, double-blind, placebo-controlled, randomised parallel
group study. Thorax. 2020:thoraxjnl-2019-214278.
248

286. Mete B, Pehlivan E, Gülbaş G, Günen H. Prevalence of malnutrition in
COPD and its relationship with the parameters related to disease severity. Int
J Chron Obstruct Pulmon Dis. 2018;13:3307-12.
287. Wu Z, Yang D, Ge Z, Yan M, Wu N, Liu Y. Body mass index of patients
with chronic obstructive pulmonary disease is associated with pulmonary
function and exacerbations: a retrospective real world research. J Thorac Dis.
2018;10(8):5086-99.
288. Griffiths TL, Burr ML, Campbell IA, Lewis-Jenkins V, Mullins J, Shiels
K, et al. Results at 1 year of outpatient multidisciplinary pulmonary
rehabilitation: a randomised controlled trial. Lancet. 2000;355(9201):362-8.
289. Pitta F, Troosters T, Probst VS, Langer D, Decramer M, Gosselink R.
Are Patients With COPD More Active After Pulmonary Rehabilitation? Chest.
2008;134(2):273-80.
290. Dall PM, Kerr A. Frequency of the sit to stand task: An observational
study of free-living adults. Appl Ergon. 2010;41(1):58-61.
291. Lord SR, Murray SM, Chapman K, Munro B, Tiedemann A. Sit-to-Stand
Performance Depends on Sensation, Speed, Balance, and Psychological
Status in Addition to Strength in Older People. The Journals of Gerontology:
Series A. 2002;57(8):M539-M43.
292. Zhang Q, Li Y-X, Li X-L, Yin Y, Li R-L, Qiao X, et al. A comparative
study of the five-repetition sit-to-stand test and the 30-second sit-to-stand test
to assess exercise tolerance in COPD patients. Int J Chron Obstruct Pulmon
Dis. 2018;13:2833-9.
293. Hallin R, Janson C, Arnardottir RH, Olsson R, Emtner M, Branth S, et
al. Relation between physical capacity, nutritional status and systemic
inflammation in COPD. The Clinical Respiratory Journal. 2011;5(3):136-42.
294. Hamilton AL, Killian KJ, Summers E, Jones NL. Muscle strength,
symptom intensity, and exercise capacity in patients with cardiorespiratory
disorders. Am J Respir Crit Care Med. 1995;152(6):2021-31.
295. Dodd JW, Hogg L, Nolan J, Jefford H, Grant A, Lord VM, et al. The
COPD assessment test (CAT): response to pulmonary rehabilitation. A
multicentre, prospective study. Thorax. 2011;66(5):425.
296. Chaplin E, Gibb M, Sewell L, Singh S. Response of the COPD
Assessment Tool in Stable and Postexacerbation Pulmonary Rehabilitation
Populations. J Cardiopulm Rehabil Prev. 2015;35(3).
297. Aldabayan YS, Ridsdale HA, Alrajeh AM, Aldhahir AM, Lemson A,
Alqahtani JS, et al. Pulmonary rehabilitation, physical activity and aortic
stiffness in COPD. Respir Res. 2019;20(1):166.
298. Gordon CS, Waller JW, Cook RM, Cavalera SL, Lim WT, Osadnik CR.
Effect of Pulmonary Rehabilitation on Symptoms of Anxiety and Depression
in COPD: A Systematic Review and Meta-Analysis. Chest. 2019;156(1):80-91.
299. von Leupoldt A, Taube K, Lehmann K, Fritzsche A, Magnussen H. The
Impact of Anxiety and Depression on Outcomes of Pulmonary Rehabilitation
in Patients With COPD. Chest. 2011;140(3):730-6.
300. Brown CD, Benditt JO, Sciurba FC, Lee SM, Criner GJ, Mosenifar Z, et
al. Exercise testing in severe emphysema: association with quality of life and
lung function. Copd. 2008;5(2):117-24.
301. Peruzza S, Sergi G, Vianello A, Pisent C, Tiozzo F, Manzan A, et al.
Chronic obstructive pulmonary disease (COPD) in elderly subjects: impact on
functional status and quality of life. Respir Med. 2003;97(6):612-7.
249

302. Brooks D, Krip B, Mangovski-Alzamora S, Goldstein RS. The effect of
postrehabilitation programmes among individuals with chronic obstructive
pulmonary disease. Eur Respir J. 2002;20(1):20-9.
303. Beauchamp MK, Evans R, Janaudis-Ferreira T, Goldstein RS, Brooks
D. Systematic review of supervised exercise programs after pulmonary
rehabilitation in individuals with COPD. Chest. 2013;144(4):1124-33.
304. Jones S, Kon S, Canavan J, Clark A, Patel M, Dilaver D, et al. S109
Five-Repetition Sit-To-Stand Test: Reliability, Validity and Response to
Pulmonary Rehabilitation in COPD. Thorax. 2012;67(Suppl 2):A53-A.
305. Egan C, Deering BM, Blake C, Fullen BM, McCormack NM, Spruit MA,
et al. Short term and long term effects of pulmonary rehabilitation on physical
activity in COPD. Respir Med. 2012;106(12):1671-9.
306. Baines R, Regan de Bere S, Stevens S, Read J, Marshall M, Lalani M,
et al. The impact of patient feedback on the medical performance of qualified
doctors: a systematic review. BMC Med Educ. 2018;18(1):173.
307. Pilgrim AL, Robinson SM, Sayer AA, Roberts HC. An overview of
appetite decline in older people. Nurs Older People. 2015;27(5):29-35.
308. Al-Sharefi A, Glenister E, Morris M, Quinton R. Is calcium
supplementation always needed in patients with hypoparathyroidism?2019 30
April
2020;
90(6):[775-80
pp.].
Available
from:
https://www.ncbi.nlm.nih.gov/pubmed/30801749.

250

Appendices

251

List of Appendices
Appendix 1: HRA approval letter.
Appendix 2: CNWL honorary contract.
Appendix 3: Patient information sheet.
Appendix 4: Consent form.
Appendix 5: Main project participant’s assessment sheet.
Appendix 6: Before PR diary card.
Appendix 7: Drink diary.
Appendix 8: After PR diary card.
Appendix 9: Bespoke survey of patient experience.
Appendix 10: COPD Assessment Test (CAT).
Appendix 11: H.A.D.S questionnaire.
Appendix 12: MRC dyspnoea scale.
Appendix 13: St George’s Respiratory Questionnaire.
Appendix 14: Malnutrition Universal Screening Tool (MUST).
Appendix 15: Record Keeping, archiving, finance, risk assessment, and
insurance.
Appendix 16: University College London Insurance.
Appendix 17: Borg scale.
Appendix 18. Data bases search strategies, excluded studies, risk of bias of
the included cohort and RCT studies.

252

Publications
Appendix 19: Nutritional Supplementation during Pulmonary Rehabilitation in
Stable Chronic Obstructive Pulmonary Disease: A Systematic Review
(PAPER).
Appendix 20: Prevalence of Malnutrition in Patients Referred for Pulmonary
Rehabilitation (ABSTRACT).
Appendix 21: The relationship between malnutrition and severity of airflow
obstruction in COPD patients (ABSTRACT).
Appendix 22: Nutritional Supplementation during Pulmonary Rehabilitation in
Stable Chronic Obstructive Pulmonary Disease: A Systematic Review
(ABSTRACT).

253

Appendix 1: HRA approval letter

254

255

256

257

258

259

260

261

Appendix 2: CNWL honorary contract

262

263

264

265

Appendix 3: Patient information sheet.

266

267

268

269

270

271

272

Appendix 4: consent form

273

274

Appendix 5: Main project participant’s assessment sheet.

275

276

277

Appendix 6: before PR diary card

278

Appendix 7: Drink diary

279

Appendix 8: After PR diary card

280

Appendix 9: Bespoke survey of patient experience

281

Appendix 10: COPD assessment (CAT)

282

Appendix 11: H.A.D.S questionnaire.

283

Appendix 12: MRC dyspnoea scale

284

Appendix 13: St George’s Respiratory Questionnaire

285

Appendix 14: Malnutrition Universal Screening Tool (MUST)

286

Appendix 15: Record Keeping, archiving, finance, risk assessment and
insurance
Record Keeping and archiving
At the end if the trial, essential documents and data will be securely archived
by the researcher for twenty years. Essential documents are those which
enable both the conduct of the trial and the quality of the data produced to be
evaluated and show whether the site complied with all applicable regulatory
requirements. The sponsor will notify sites when trial documentation can be
archived. All archived documents must continue to be available for inspection
by appropriate authorities upon request.
Finance
This PhD research study was funded by the student’s sponsor, Jazan
University through the Saudi Arabia Cultural Bureau (SACB) in London.
Risk assessment
This is an interventional study where the patient takes the nutritional
supplement. We do not anticipate any harm from that product. This product is
not suitable for galactosaemia, infants, and patients with delayed gastric
emptying, so they were excluded. There might be slight discomfort or
participants may become tired when taking measurements, therefore, the
research team ensured that there were an adequate rest gap between
measurements as needed.
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Insurance
University College London holds insurance against claims from participants for
injury caused by their participation in the trial. Participants may be able to claim
compensation if they can prove that UCL has been negligent. However, as this
trial is being carried out in a hospital, the hospital continues to have a duty of
care to the participant of the trial. University College London does not accept
liability for any breach in the hospital’s duty of care, or any negligence on the
part of hospital employees. This applies whether the hospital is an NHS Trust
or otherwise.
Participants may also be able to claim compensation for injury caused by
participation in this trial without the need to prove negligence on the part of
University College London or another party. Participants who sustain injury
and wish to make a claim for compensation should do so in writing in the first
instance to the Chief Investigator, who will pass the claim to the Sponsor’s
Insurers, via the Sponsor’s office.
Hospitals selected to participate in this trial shall provide negligence insurance
cover for harm caused by their employees and a copy of the relevant insurance
policy or summary shall be provided to University College London, upon
request. (Appendix 16)
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Appendix 18. Data bases search strategies, excluded studies, risk of bias of the
included cohort and RCT studies.
Table A1. Medline Search Strategy.
1 exp Pulmonary Disease, Chronic Obstructive/
(51369)
2 (obstruct$ adj3 (pulmonary or lung$ or airway$ or airflow$ or bronch$ or respirat$)).mp. [mp=title, abstract, original title,
name of substance word, subject heading word, keyword heading word, protocol supplementary concept word, rare
disease
(110202) supplementary concept word, unique identifier, synonyms]
3 emphysema.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word,
(33167)
protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
4 (copd or coad or cobd).mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword
(42175) heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier,
synonyms]
5 (chronic adj3 bronchitis).mp. [mp=title, abstract, original title, name of substance word, subject heading word,
keyword heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier,
(11093)
synonyms]
6 1 or 2 or 3 or 4 or 5
(147446)
7 exp Dietary Supplements/
(68218)
8 exp Nutritional Support/
(43349)
9 ((diet$ or food or nutrition$ or herbal) adj3 (supplement$ or support$ or enhance$)).mp. [mp=title, abstract,
original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept word,
(110391) rare disease supplementary concept word, unique identifier, synonyms]
10 7 or 8 or 9
(158546)
11 exp Rehabilitation/
(285709)
12 rehab$.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word,
(304313) protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
13 11 or 12
(497231)
14 6 and 10 and 13
(140)
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Table A2. Embase Search Strategy.
1 exp chronic obstructive lung disease/
(51369)

2 exp emphysema/

(14325)

3 exp chronic bronchitis/

(1712)

4 (obstruct$ adj3 (pulmonary or lung$ or airway$ or airflow$ or bronch$ or respirat$)).mp. [mp=title, abstract,
heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name,
(110202)

keyword, floating subheading word, candidate term word]

5 emphysema.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer,
drug manufacturer, device trade name, keyword, floating subheading word, candidate term word]
(33167)

6 (copd or coad or cobd).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer,
drug

manufacturer,

device

trade

name,

keyword,

floating

subheading

word,

candidate

term

word]

name,

original

title,

(42175)

7

(chronic

adj3

bronchitis).mp.

[mp=title,

abstract,

heading

word,

drug

trade

device manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, candidate term word]
(11093)

8- 1 or 2 or 3 or 4 or 5 or 6 or 7

9

(149229)

exp

diet

supplementation/

(0)

10 exp nutritional support/

(43349)

11 ((diet$ or food or nutrition$ or herbal) adj3 (supplement$ or support$ or enhance$)).mp. [mp=title, abstract,
heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword,

292

(110391)

12

floating subheading word, candidate term word]

9 or 10 or 11

(142817)

13 exp rehabilitation/

(285709)

14 rehab$.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device
trade name, keyword, floating subheading word, candidate term word]
(304313)

15-

13 or 14

16-

8 and 12 and 15

(497231)

(140)
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Table A3. Allied and Complementary Medicine Database Search Strategy.
1 exp Pulmonary Disease, Chronic Obstructive/
(48121)
2 (obstruct$ adj3 (pulmonary or lung$ or airway$ or airflow$ or bronch$ or respirat$)).mp. [mp=title, abstract, original title,
name of substance word, subject heading word, keyword heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms]
(104520)
3 emphysema.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word,
protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
(32308)
4 (copd or coad or cobd).mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading
word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
(38816)
5
(chronic adj3 bronchitis).mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword
heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
(10902)
6 1 or 2 or 3 or 4 or 5
(141003)
7 exp Dietary Supplements/
(61794)
8 exp Nutritional Support/
(42221)
9 ((diet$ or food or nutrition$ or herbal) adj3 (supplement$ or support$ or enhance$)).mp. [mp=title, abstract, original title,
name of substance word, subject heading word, keyword heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms]
(102371)
10 7 or 8 or 9
(148194)
11

exp Rehabilitation/

(272399)

12 rehab$.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
(170043)
13 11 or 12
(380519)
14

6 and 10 and 13

(125)

15
pulmonary disease chronic obstructive/ or bronchitis/ or pulmonary emphysema/ or lung diseases obstructive/
(80818)
16 (obstruct$ adj3 (pulmonary or lung$ or airway$ or airflow$ or bronch$ or respirat$)).mp. [mp=title, abstract, original title,
name of substance word, subject heading word, keyword heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms]
(104520)
17 emphysema.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word,
protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
(32308)
18
(copd or coad or cobd).mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword
heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]

294

(38816)
19
(chronic adj3 bronchitis).mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword
heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
(10902)
20

15 or 16 or 17 or 18 or 19

21

dietary supplements/

(151650)
(46793)

22 ((diet$ or food or nutrition$ or herbal) adj3 (supplement$ or support$ or enhance$)).mp. mp=title, abstract, original title,
name of substance word, subject heading word, keyword heading word, protocol supplementary concept word, rare disease
supplementary
concept
word,
unique
identifier,
synonyms]
(102371)
23

21 or 22

(102371)

24 exp rehabilitation/
(272399)
25 rehab$.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
(170043)
26 24 or 25
(380519)
27

20 and 23 and 26

(120)
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Table A4. CINHAL
S1

(MH "Pulmonary Disease, Chronic Obstructive+")

S2

(MH "Emphysema+")

S3

obstruc* N3 (pulmonary OR lung* OR airway* OR airflow* OR bronch* OR respirat*)

S4

emphysema

S5

COPD OR COAD OR COBD

S6

chronic N3 bronchitis

S7

S1 OR S2 OR S3 OR S4 OR S5 OR S6

S8

(MH "Nutritional Support+")

S9

(diet* OR food OR nutrition* OR herbal) N3 (supplement* OR support* OR enhance*)

S10

S8 OR S9

S11

(MH "Rehabilitation+")

S12

rehab*

S13

S11 OR S12

S14

S7 AND S10 AND S13
(52)
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Table A5. Web of Science

# 1
(93750)

TOPIC: (obstruct* NEAR/3 (pulmonary or lung* or airway* or airflow* or bronch* or respirat*))

#2

TOPIC: (obstruct* NEAR/3 (pulmonary or lung* or airway* or airflow* or bronch* or respirat*))
OR TOPIC: (emphysema) OR TOPIC: (chronic NEAR/3 bronchitis) OR TOPIC: (COPD OR COAD OR COBD)
(135223)
#3

TOPIC: (obstruct* NEAR/3 (pulmonary or lung* or airway* or airflow* or bronch* or respirat*)) OR TOPIC:
(emphysema) OR TOPIC: (chronic NEAR/3 bronchitis) OR TOPIC: (COPD OR COAD OR COBD) AND TOPIC:
((diet* or food or nutrition* or herbal) NEAR/3 (supplement* or support* or enhance*)
(114803)
#4

TOPIC: (obstruct* NEAR/3 (pulmonary or lung* or airway* or airflow* or bronch* or respirat*))
OR TOPIC: (emphysema OR (chronic NEAR/3 bronchitis) OR (COPD OR COAD
(135223)
TOPIC: ((obstruct* NEAR/3 (pulmonary or lung* or airway* or airflow* or bronch* or respirat*))
OR emphysema OR (chronic NEAR/3 bronchitis) OR (COPD OR COAD
(135223)

OR

COBD))

#5

#6

TOPIC: ((obstruct* NEAR/3 (pulmonary or lung* or airway* or airflow* or bronch* or respirat*))
OR emphysema OR (chronic NEAR/3 bronchitis) OR (COPD OR COAD OR COBD)) AND TOPIC:
((diet* or food or nutrition* or herbal) NEAR/3 (supplement* or support*

OR

or

COBD))

enhance*))

(491)
#7

TOPIC: ((obstruct* NEAR/3 (pulmonary or lung* or airway* or airflow* or bronch* or respirat*))
OR emphysema OR (chronic NEAR/3 bronchitis) OR (COPD OR COAD OR COBD)) AND TOPIC:
((diet* or food or nutrition* or herbal) NEAR/3 (supplement* or support* or enhance*)) AND TOPIC:(rehab*)

(102)
#8

TOPIC: ((obstruct* NEAR/3 (pulmonary or lung* or airway* or airflow* or bronch* or respirat*))
OR emphysema OR (chronic NEAR/3 bronchitis) OR (COPD OR COAD OR COBD)) AND TOPIC:
((diet* or food or nutrition* or herbal) NEAR/3 (supplement* or support* or enhance*)) AND TOPIC:(rehab*)

(102)
# 9
(93750)

TS=(obstruct* NEAR/3 (pulmonary or lung* or airway* or airflow* or bronch* or respirat*))

# 10
TS=(emphysema)
(22729)
# 11
TS=(COPD OR COAD OR COBD)
(57609)
# 12
TS=(chronic NEAR/3 bronchitis)
(9926)
# 13
#12 OR #11 OR #10 OR #9
(135223)
# 14

TS=((diet* or food or nutrition* or herbal) NEAR/3

(103028)

# 15
TS=(rehab*)
(205904)
# 16
(102)

#15 AND #14 AND #13
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Table A6. Excluded Studies
First
Author

Study Title

Schols,
1998

Weight Loss is a Reversible Factor in the Prognosis of
COPD

Curtis, K,
2015

Acute Dietary Nitrate Supplementation and Exercise
Performance in COPD: A Double-Blind, Placebo-Controlled,
Randomised Controlled Pilot Study.
Multimodal Nutritional rehabilitation improves clinical
outcomes of malnourished patients with chronic respiratory
failure: a randomized controlled trial.
Individual dietary Intervention in patients With COPD
during Multidisciplinary rehabilitation.
Effects of nutraceutical diet integration, with coenzyme
Q10 (Q-Ter multicomposite) and creatine, on dyspnea,
exercise tolerance, and quality of life in COPD patients
with chronic respiratory failure.
Oral nutritional support in patients with COPD who
completed the pulmonary rehabilitation program; Six
months and one-year follow-ups
Oral supplement enriched in HMB combined with
pulmonary rehabilitation improves body composition and
health related quality of life in patients with bronchiectasis
(Prospective, Randomised Study)
Clinical outcome and cost-effectiveness of a 1-year
nutritional intervention programme in COPD patients
with low muscle mass: The randomized controlled
NUTRAIN trial
Skeletal muscle molecular responses to resistance training
and dietary supplementation in COPD

Pison,
2011

C,

Slinde, F,
2001
Marinari,
S, 2013

Candemir,
I, 2017
Olveira, G,
2015

Beer M,
2019

Constantin
D,
2013
Ogasawara
T,
2018

Effect of eicosapentaenoic acid on prevention of lean
body mass depletion in patients with exacerbation of
chronic obstructive pulmonary disease: A prospective
randomized controlled trial

Reason
The study was
designed to answer
different research
questions
Participants were not
in Pulmonary
rehabilitation
Population were not
only COPD
No nutritional
supplement
Participants were not
in Pulmonary
rehabilitation
Table are not in
English
Participants were not
COPD

Duplicated to an
original study included
already.
Participants were not
in Pulmonary
rehabilitation.
Participants were at
hospital.
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Table A7. Risk of bias of the included RCT studies.
First
Author

Random
Sequenc
e
generati
on

Allocation
concealme
nt

Selectiv
e
reportin
g

Blinding
subject+
personn
el

Blindi
ng
outco
me
assess
ment

incomplet
e outcome
data)

Other
source
of bias

Bool,
2017
Sugaw
ara,
2012
Paulin,
2016
Faager
, 2006
Laviol
ette,
2010
Borghi
-Silva,
2006
Gurgu
n,
2013
Beers,
2019
Deaco
n,
2008
Verme
eren,
2000
Baldi,
2010.
Fuld,
2005

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Unclea
r
Unclea
r

Low

Unclear

Low

Low

Low

Low

Low

1

Low

Unclear

Low

Low

Low

Low

Low

1

Low

Unclear

Low

Low

Low

Low

Unclea
r

2

Low

Low

Low

Low

High

Low

Low

1

Low

Low

Low

High

Unclea
r

Low

Low

2

Low

Unclear

Low

Low

Low

Low

2

Low

High

Low

Low

Low

Low

Unclea
r
Unclea
r

High

Unclear

Low

Low

Low

Low

Unclea
r

3

Low

Unclear

Low

High

High

Low

Low

3

Low

Unclear

Low

Low

Low

High

3

Low

Low

Low

High

Low

High

High(
design
)
Unclea
r

Low

High

High

Low

Low

Low

Unclea
r

3

Low

High

Low

Low

Low

High(drop
rate)
Low

Unclea
r
unclear

3

Weteri
ng,
2009
Broek
huizen
, 2005
Steiner
, 2003
Schols,
1995
Hornik
x,
2012
Ogasa
wara,
2018
Ahnfel
dt,
2015

Low

Unclear

Low

High

High

OVER
ALL
(0-7,
higher
score
=
higher
risk of
bias)
1
1

2

3

4

High

High

Low

Low

Low

Low

High

3

Low

Low

High

High

High

Low

Unclea
r

4

Low

Low

Low

High

High

High

Unclea
r

4
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Table A8. Risk of bias of the included cohort studies.
First author

Popula
tion
repres
entativ
e

Sam
ple
size
adeq
uate

Confo
unders

Stat
isti
cal
ana
lysi
s

M
is
si
ng
da
ta

Metho
dology
of the
outco
me

OVERALL
(0-3, higher
score =
lower risk of
bias)

3

Obj
ecti
ve
ass
ess
me
nt
3

Creutzberg,
2000
Broekhuize
n, 2005
Creutzberg,
2003
Menier,
2001
Kubo, 2006

3

0

2

3

3

3

2

0

3

3

3

2

2.3

3

2

0

3

3

3

3

2.4

3

2

0

0

3

1

3

1.7

2.4

3
0
0
0
3
0
2
1.1
0 = definitely no (high risk of bias); 1 = mostly no; 2 = Mostly yes; 3 = definitely yes (low risk of bias)
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Publications
Appendix 19: Systematic review

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

Appendix 20: Prevalence of Malnutrition in Patients Referred for Pulmonary
Rehabilitation.
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Appendix 21: The relationship between malnutrition and severity of airflow
obstruction in COPD patients.
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Appendix 22: Nutritional Supplementation during Pulmonary Rehabilitation in
Stable Chronic Obstructive Pulmonary Disease: A Systematic Review.
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