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Abstract
In the UK approximately 1.2 million people have dDWwith around 25-40% being

underweight and 35% have a severely low fat-freesmadex. Measuring their body mass
index is recommended and Health care professi@halgld endeavour to ensure that COPD

patients are achieving their nutritional requiretsen

A narrative review summarizes evidence from 28inalbjarticles identified through a
systematic searches of databases, grey literatgr@and searches covering 15 years, focusing
on two themes, on the impact of malnutrition on @O&nd the management of malnutrition

in COPD.

Malnutrition causes negative effects on exercigeranscle function and lung function as well
as increasing exacerbations, mortality and costnddement options include nutritional
supplementation which may increase weight and reusciction. Nutritional education has

short-term improvements.

Malnutrition affects multiple aspects of COPD, neatment is of benefit. Clinical practice

should include nutrition management.

Key Words: Chronic Obstructive Pulmonary Disease, MalnutritiBMI, FFMI, Mortality,
Exacerbation, Cost, Nutritional Support, Management



Introduction

In 2016 there were 3 million deaths worldwide asslt of chronic obstructive pulmonary
disease, COPD, ranking it the third most commarseaf death after ischaemic heart disease
and stroke. Approximately 1.2 million people in th&K. have a diagnosis of COPD and its
incidence is on the rise [1]. COPD is characterizgdymptoms of dyspnoea, cough and
sputum production. Although COPD is not curabls ihanageable and the National Institute
for Health and Care Excellence, NICE (2018) COPRgines recommend smoking
cessation, inhaled therapy and pulmonary rehatilitd2]. However, before commencing
pulmonary rehabilitation it is suggested that thgemt’s nutritional status is evaluated, and
action taken based on the result of this assesgBle&imilarly, NICE (2018) recommend that

patients with COPD have their body mass index, BMIculated routinely [2].

BMI provides guidance on the nutritional statushef person and places them into one of four
categories. NICE recommend that if the patient'gyhieis abnormal, the best course of action
would be to refer the patient to a dietician fasessment [2]. Yet these recommendations have
not been updated since the NICE COPD guidelin@904 [4]. Recent studies have estimated
that 25-40% of COPD patients are underweight wBti& of patients have severely low fat-
free mass index (FFMI) [5]. Fat-free mass is asdedi with muscle mass and if low it can
impact negatively on exercise ability and musclecfion [6]. As the prevalence of
malnutrition appears to be high in COPD patiengstdn recognition is required in order to
optimise management. NICE states that in the UKtileng and managing malnutrition is
inadequate in all health sectors [4]. Malnutritisefined as a condition where there is a lack
of nutrients which negatively affects the bodyissture and/or ability to function. In addition,
a diagnosis of malnutrition can be made when tiseadow BMI or unplanned weight loss

with a reduced BMI or a low FFMI adjusted for sExrthermore, poor health can cause

malnutrition, but malnutrition can also lead todks and a reduction in health status.



Consequently, appropriate screening tools thavalidated should be used to assess for

malnutrition [7].

Rawal and Yadav (2015) state the exact cause afutrdion in COPD is poorly understood
but that several factors such as a raised restiaggg expenditure, inflammation, hypoxia and
medication use may contribute [5]. According to [@texd (2013) all health care professionals

must ensure that patients meet their nutritiongdirements to avoid malnutrition [8].

This review aims to identify the impact that mahitidn has on people with COPD and the
management options that have been used to imprairauirition. This will allow

recommendations to inform best practice.



Methods

A combined database search of CINAHL, Academic Se@omplete, EBSCO and
MEDLINE were completed multiple search words anarsle strings were created to find
literature. Key search words were “Chronic ObsimgcPulmonary disease” (OR “COPD” OR
“Chronic Obstructive Pulmonary Disease” OR “Chro@iostructive Lung Disease),
Malnutrition (OR “underweight” OR “low BMI” OR “Undrnutrition” OR
“Undernourishment”), “Diet” (OR “Feeding” OR “Eatifi OR “Nutrition” OR “Supplements”
OR “Nutritional Supplementation” OR “Food” OR “Foautake” OR “Inadequate diet” OR
“Dietary deficiency”), “Management”, “Education” @“Advice” OR “Input”). A

combination of search strings were combined ugieglioolean search words, and/or.
Research finished and/or published between 2008-2@te included. Other inclusion criteria
consisted of limiting the research to peer revielitedature published in the English language.

The database searches were undertaken betweesndiubugust 2019.

Separate searches of Wiley online library, PubMedi $cience Direct was completed using
the above search strings and filters. In additipay literature was investigated in order to
minimise publication bias via Open Grey, NHS Right€Casebooks and the World Health
Organisation International Clinical Trials RegisRlatform (ICTRP). Finally, hand searches of
prominent journals in respiratory medicine weredimted. Thorax and European Respiratory
Journal were searched via online editions for malilbns related to nutrition/malnutrition and
COPD. Other hand searches included examining referksts of research studies and other
journal articles related to the current topic. Es@bn criteria were studies that examined
malnutrition in people during exacerbation or thag® were obese, malnutrition management
of the obese COPD patient, and studies which exathim effect of specific supplements such
as whey protein and vitamins. In addition, reseavhlth reports the effect of enteral feeding

in COPD was omitted.



In total, database searches yielded 2,881 puldimstivhich were narrowed down by title.
Following removal of duplications there were 33a@€h articles to be included for further
review by title and abstract. Grey literature yeddwenty-five hits, however 24 were not
appropriate for inclusion. One study seemed ap@tgby title, but access to the study or
abstract was not possible. In addition, searchd@hofax found five publications which were
suitable for further review. European Respiratamyrdal was searched based on inclusion and
exclusion criteria and based on full text availiépibnly one article was suitable for review.
Similarly, scanning of reference lists uncoveredesestudies which were evaluated.
Duplicates were removed before studies were rewddwyeitle and abstract. A total of 28

articles being suitable for inclusion and for revig-ig 1).



Results

The 28 studies reviewed were conducted principaliurope and Asia, 19 examined the
impact of malnutrition on patients with COPD. Segtidies explored the effect of oral
nutritional supplementation on people with COPDIle/ivo studies trialled counselling as an

alternative (Table 1 and 2).

1. Impact of malnutrition on COPD

1.1 Exercise ability and muscle function

Dyspnoea inhibits mobility and general exercisechigan result in an inability to complete
daily activities. Consequently, muscle wasting caour [9]. Yet Holstt al. (2019) undertook
a cross-sectional study to examine whether a oglsitiip between nutrition and physical ability

existed [10].

The study included 79 people with a varying seyarftCOPD who were recruited from five
pulmonary rehabilitation centres in Denmark. Toaibinformation about the patient’s dietary
intake a 3-day diary was completed as well as ditiadal 24-hour food recall at the time of
the diary collection. However, it is unclear whag total population was so there is the risk of
selection bias. Furthermore, the patients had abenorbidities which could affect
malnutrition. Yet, this makes the study more ‘i@akld’ as patients in the clinical setting can
have more than just one illness [11]. The studyébthat protein intake below 75% of the
recommended requirements was positively associatagix-minute walk test, 6-MWT,
(<75% Mean 6-MWT=332k 115 M,>75% Mean 6-MWT=393t 108 M, P = 0.023).
However, an energy intake below 75% of the recontedmequirements was not associated
with a reduced 6-MWT (P = 0.388). Conversely, aicedl energy intake was associated with a
poorer 30 second—chair stand test, 30s-CST, (P¥®an linear regression was applied

protein was not associated (P = 0.08).



In contrast, Leet al. (2013) found that an estimated energy requirenteaR, below 75%
was associated with a shorter 6-MWT (<75% EER 384 M,>75% EER 366 £80 M, P =
0.008) [12]. While those patients with higher cadantake had a longer 6-MWT. This study
was also a cross-sectional descriptive study atidriga were recruited from five respiratory
outpatient departments in South Korea. There wasgar sample size of 251 patients in
comparison to Holstt al. (2019) [10] and patients mostly had mild to modeditease
severity. However, collection of information regagl dietary intake relied solely upon a 24-

hour food recall method and there is the risk aferreporting with this tool [13].

In addition, total calorie, protein, iron and cdlgdrate intake were significantly linked to the

6-MWT (P<0.001, P = 0.001, P<0.001 and P = 0.08peetively).

Similarly, Katsura, Yamada and Kid2005) undertook a cross-sectional study in an
outpatient department in Japan and found that C@dients classified as underweight based
on a BMI of< 20kg/nf had a significantly lower 6-MWT than those who faadormal weight
(underweight: 349 £ 18 M, normal weight: 396 + 9 R&0.05) [14]. Conversely, a cohort
study in Spain found no difference in 6-MWT betwélense who were malnourished (387

119 M) and nourished groups (481119 m ) [15].

Luo et al. (2016) also conducted a cross-sectional studyr@spiratory clinic. The aim was to
assess the relationship between nutrition and sesability, symptom burden and respiratory
muscle function [16]. A sample size of 251 peoglalbdisease severities were included but of
these only 51 were female. The data show a weaklation between a low FFMI and a

shorter 6-MWT distance where r = 0.26 and P< 0.001.

Similar results were not seen in a cross-sectistualy conducted by Halliet al. (2011) in
Sweden [17]. This study was smaller and only caedisf 49 COPD patients with moderate to

severe disease who were already partaking in § stdparing different exercise regimes at



one centre. The study did not find any correlabetween FFMI and a 12 minute walking test,

12-MWT, distance or incremental shuttle walk t¢S¥WT, P = 0.2 and P = 0.56 respectively.

The BMI was not related to ISWT or 12-MWT (P = @dd P = 0.9 respectively). Furthermore,
peak working capacity in watts (A4 positively correlated to FFMI and BMI (coefficier2.8
and 1.5 respectively, P = 0.01). Also, FFMI, arrd &g circumference were significantly
related to hand-grip strength (coefficient=18, 8.801, coefficient =8, P = 0.007 and
coefficient = 5.7, P<0.0001 respectively). Hangbgtrength is a predictor of mortality as well
as physical frailty [18]. A similar result was seara cross-sectional study conducted in the
Netherlands where handgrip strength was signifigaoiver in the malnourished group verses
the nourished (3% 9 verses 3&11 kg) where P <0.01 when adjusted for sex). Hapdgr

strength showed a weak correlation to FFMI with (.22 and P<0.001 [6].

Finally, Mkacher, Tabka and Trabelsi (2016) caroetla cross-sectional study in Tunisia to
establish whether a relationship existed betwe&mba, nutrition, exercise ability[19]. The
participants had moderate to severe COPD. Nutatistatus was assessed using the MNA

which has been shown to be a reliable tool wheesassg nutrition in COPD patients [20].

Balance was assessed using multiple techniquesdlrivp and Go test, TUG, Unipodal
Stance Test, UST, Tinetti test and Berg BalancéeSB8S. TUG has been shown to be valid
and reliable at measuring patients’ risk of fallsetti is also a tool to assess patients’ risk of
falls. UST measures the patient’s ability to standoot for 45 seconds. BBS was used to
assess the patients functional balance. It was isllo&t those who were at risk of falls and had
poor balance had a shorter 6-MWT (P<0.05). Howetherse with lower MNA scores (at risk
of malnutrition) had significantly reduced scoresasured by TUG and Tinnetti (P<0.01).
Furthermore, the balance scores were also significaorrelated to BMI and 6-MWT (except

for UST). The data suggest that balance is linkegkercise ability and nutrition.



1.2 Disease severity

The aim of COPD management is to prevent diseasggssion [21]. Consequently,
Humphreysat al. (2008) undertook a cross-sectional study in a ragply outpatient
department in Australia with the objectives to assémalnutrition was related to lung
function and quality of life [22]. Sixty six patienwith moderate COPD were recruited and 9
patients did not complete the diary. There wasigiificant difference in age, lung function,
BMI or FFMI between those that did complete theydend those that didn’t. FFMI was
measured using a tetra-polar bio-impedance specpgs This test is easy to use and reliable
in healthy people with normal hydration but may betas reliable in those with electrolyte
imbalances or exceptionally high or low weight [ZBhe study showed that a low BMI and/or
decreased FFMI was linked to a reduced forced atqly volume in one second, FEWP =
0.003) and worse obstruction (P = 0.038) than tlmgenormal body composition. A weak
correlation between FEMand BMI was seen (r = 0.310 and P = 0.015) whd¥ fand FFMI
exhibited a weak correlation only in male particifga(r = 0.373 and P = 0.046). In
comparison, Yazdanpanahal. (2010) carried out a cross-sectional study in [22). Patients
were recruited when acutely unwell in hospital Wwate stable at the time of the study. Sixty
three patients with stage 2-4 COPD as per GOLDeduies were included. Patients kept a 24-
hour food diary for the previous day and a foodjfrency questionnaire, FFQ. The stability of
the patients and if they were at home when comdtie diary is unclear. FFQ was used as
an acute exacerbation may affect dietary intakevéder, if the patient was stable then dietary
intake should be normal. The results showed thaepr and energy intake were not
significantly correlated to FEMrom either tool. However, it is reported that f@io intake

from the FFQ was correlated to the forced vitalacay, FVC, P =0.02,r =0.2 and to vital
capacity, VC, P=0.008, r = 0.3. Another cross4isedal study was undertaken by Ba&ial.

(2018) to investigate the potential relationshipnaen dyspnoea and COPD severity using
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BMI and mid-upper arm circumference, MUAC [25]. Gmendred and thirty eight patients

were included, and the mean percent predicted,; Mg 28 + 5%.

It is reported that lung function tended to beha very severe category in those malnourished

according to BMI (P = 0.001) and MUAC (P<0.001) buaty 21 patients had severe COPD.

Luo et al. (2016) found that as COPD severity worsened paiemalnutrition as measured by
FFMI also deteriorated (FFM&15kg/nf for men and<16kg/nf for women) [16]. The most
severe had a significantly worse FFMI (P<0.001) Thrrelation between FFMI and FEV

percent predicted was low (r = 0.17, P = 0.01).

In comparison, a cross-sectional study carriedroliurkey by Dilektaslet al. (2009) found

that BMI was positively correlated to FEYf = 0.457 and P = 0.007) [26]. In the study were
35 participants with moderate to severe COPD. $hidy also found that those categorised as
cachectic had significant difference in FEAhd diffusion capacity, DLCO, in comparison to
those that were non-cachectic (RE¥.3 + 0.6 L versus 1.6 £ 0.9 L, DLCO: 3.9 + 1dsus

6.2 = 2.0 mmol/kPa/min, P<0.05). Cachexia is désctias severely low body weight as a
result of reduced tissue mass other than fat R@irespondingly, Guptet al. (2014)

undertook a cross-sectional study in an outpateptartment in India to assess whether a
relationship existed between BMI and oxygen saiwmat[28]. Patients (n = 147) with different
COPD severities were included and BMI decreasespasrity worsened (P<0.001). Also,
peripheral capillary oxygen saturation, S8 measured by a pulse oximeter was inversely

linked to BMI.
1.3 Exacer bation, mortality and associated cost

COPD exacerbations lead to decreased qualityefrifduced lung function and an increased
risk of mortality. Exacerbations can occur dueitahor bacterial infection or inhaling a

foreign substance [9]. Yet, Hallet al. (2006) concluded from a multi-centre prospective
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cohort study of 87 people with COPD that being uwegght or losing weight increased the
risk of an exacerbation [29]. This Swedish studyuged patients when they were acutely
unwell and followed them up one year later at hoRrear to the one-year review patients
completed a seven-day food diary. However, onlpdtlents were included due to incomplete
data, diaries or death. Twenty four patients hadxaterbation, and participants who were
underweight or normal weight were no more likelyei@cerbate (P = 0.07). Furthermore,
weight loss and a low BMI was found to decreasdithe until the next exacerbation when a
multivariate analysis was applied (BMI risk ratth78 95% CI: 0.65-0.93 P=0.003, Weight
change: 0.76 95% CI 0.63-0.93 P=0.006). Yet, asesestional Turkish study found that the
rate of exacerbations was not affected by malmotrigP = 2.37, odds ratio (OR): 0.234 95%

C10.021-2.592) [30].

Hallin et al. (2006) also mention a small increase in weighbme patients in the underweight
group within one year, which suggests patients haae lost weight just prior to their
exacerbation [29]. Also, the results showed thatuhderweight group had 1.2 £ 1.2

admissions during the 12-month period whereas oneal group had less at 0.3 + 0.6, P<0.05.

Similarly, Leeet al. (2013) found through &? analysis of 251 patients, 21.1% of those with a
low energy intake had attended the emergency dapattin the previous 6 months verses

8.2% of those with normal or above normal intake6x661, p=0.012) [12].

Marcoet al. (2019) conducted a cohort study at a Spanish pudnyaiehabilitation to assess
the impact of malnutrition on hospital admission amortality[15]. The study lasted for two
years and included 118 patients with moderate tp severe disease. The study showed that
67 % of patients required at least one hospitalission. Those that were identified as being
malnourished using European Society for Clinicatrition and Metabolism, ESPEN, criteria

and admitted to hospital tended to have a longggtleof stay (median ¢, Ps) of 18 (1,
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53.5) days in malnourished patients, compared(8 20.5) days in patients who were
nourished (P = 0.041). When variables (age and function) were adjusted the findings were
still of significance. In addition, the 2-year madity risk was increased when malnutrition was
diagnosed by ESPEN (Hazard ratio, HR: 3.85 95%.610.62, P = 0.009) and by using the
Mini-Nutritional Assessment tool Short form, MNA-$HAR 3.96, 95% CI: 1.12-14.03,
P=0.033). The MNA-SF has been shown to be a vabtifor assessing malnutrition [31]. Low

FEMI increased the risk of mortality 17 times (HR@6, 95% CI: 2.24-129.82, P = 0.006).

Scholset al. (2005) conducted a large cohort study over fivay@athe Netherlands where
patients were also recruited from a pulmonary réiaiion centre [32]. The study recruits (n =
412) were allocated to one of four categories; eatib, semi-starvation, muscle atrophy and
no impairment. During the study 46% of patientsldBMI, FFMI and fat mass index were
significantly associated with an increased riski@hth (Relative risk: 0.94, 95% CI 0.90, 0.97,
P=0.001, RR: 0.88, 95% CI 0.83, 0.94, P=0.001, ®&3, 95% CI 0.88, 0.99, P=0.009
respectively). In addition, Cox regression modélsveed that FFMI was an independent
predictor of mortality with and without alteratiofts stage of disease (RR: 0.90, 95% CI:

0.84, 0.96 P=0.003). However, FFMI was a bettedipter than BMI of mortality risk.

Similarly, Hoonget al. (2016) undertook a cohort study in Australia wh&3d patients were
included after being identified as having had |fungction testing completed [33]. The
admissions to hospital were monitored for one wear mortality was assessed at year 1 and 2.
There were 286 admissions, but patients may hase demitted to other local hospitals

meaning the admissions could have been missed.

Patients that were admitted tended to have a |BMir(27.4 £ 6.6 kg/nf in comparison to
28.6% 7.3 kg/nf, P = 0.016), although the level would not be consideinderweight.

Mortality rate was greater in the group that wasnmarished than the group that wasn'’t at 1
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year and 2 years (27.7 vs 12.1 %, P = 0.006 antv&018%, P = 0.001). When confounding
variables were removed (age, lung function, DLC@® BMI) malnutrition was still a strong
factor in associated mortality at 1 year. The OR @83 95% CI 1.10, 7.93 and P=0.009. Cox
regression was also applied, and malnutrition wgsfscantly important when assessing
mortality risk (OR: 0.42 95% CI1 0.19 — 0.91 P=0.pFatients with malnutrition also had a
longer length of stay, 1146 11 days, in comparison to 6% 10.2 days in nourished patients
P =0.003). Consequently, hospitalisation cost wa®ased in the malnourished group

$23,652+ 26,472) versus $12, 362 $21,865, P=0.002.

Larger cohort studies have also examined nutraioeh mortality in COPD. McDonalet al.

(2017) conducted a retrospective cohort study wharnbined data from the ECLIPSE study
and the COPDGene study which included 12 counameisin 21 centres in the USA
respectively [34]. The ECLIPSE study had 1,518ipigents while the COPDGene study had
3,121. A calculation was tested on half of the BEZRE patients to measure the pectoralis
muscle area, PMA, and then applied to all the gplagients. FFMiya of <16kg/m for men
higher risk of death than those above these valéen variables were accounted for and Cox
regression was applied then a low FElyNwas still linked to an increased risk of death by

60% (HR: 1.6, 95% CI 1.2-1.8 P<0.001). In the CORD&study there were 729 deaths.

McDonaldet al. (2019) also undertook a low bias study when theyrered the prevalence of
cachexia and the link with mortality, COPD seveatd BMI [35]. Similarly, data was
obtained from the cohort study ECLIPSE and 1,48&p8s data was suitable for inclusion.
The duration for these patients was 3 years. Tdredsrd BODE test was adjusted to replace
the B for BMI with a C for cachexia or W for weidloss. BODE represents BMI, airflow
Obstruction, Dyspnoea and Exercise capacity andad to assess patients’ risk of hospital
admission and death [9]. Patients with cachexiawore likely to die using all tools when

evaluated using Kaplan-Meier. Cox-regression wan #pplied and covariates (smoking
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history, sex, age and BMI) were controlled for @adhexia was still linked to an increased
risk of death as assessed by CODE and WODE (Haatod 3.2, 95% Cl 1.6-6.6, P = 0.001,
Hazard ratio: 3.2 95% CI: 1.8-5.6, P<0.001 respeblt). Furthermore, COPD patients were 3

times more likely to die if they were cachectic.
1.4 Quality of lifeand symptom burden

Assessing QOL in chronic iliness has become cetdrdisease management. Katsura, Yamada
and Kida,(2005) studied the effect that malnutrition hagtmQOL of people with COPD

[14]. The sample consisted of 83 patients who weceuited to the cross-sectional study from
an outpatient department in Japan. Participants wegegorised as underweight (BMI
<20kg/nf) or normal weight$20kg/nf BMI <26kg/nf). The participants needed to complete
The Saint Georges Respiratory Questionnaire (SGRQ}the SF-36 questionnaire. These had
been translated into Japanese and to ensure ibdéywtiey were then re-translated back into
English. The underweight group had worse scored ihe categories of SGRQ than the
normal weight groups (Total score: mean differed@83 P<0.05, Symptoms: mean
difference: 9.28 P<0.01, Activity: mean differerk®06 P<0.05 and Impact: mean difference:
14.44 P<0.05). Breathlessness had the largest tropa8GRQ after multiple regression was
applied, but BMI was a contributing factor. All thesults from the SF-36 were lower in the
underweight group. Physical functioning, role ermoél, bodily pain and general health were
significantly worse (P<0.05 for all measurementsegt for bodily pain where P<0.001). Like
SGRQ, BMI affected role emotional, bodily pain ajeheral health as assessed by SF-36.
Breathlessness was worse in the 34 participantswene considered underweight as measured

by the oxygen cost diagram (OCD) (62.47 + 3.3 v&iBdll67 + 2.3, P<0.001).

Similarly, Meteet al. (2018) found that malnutrition was more of a riskpatients with an

MMRC of 3-4 [30]. When logistic regression was #xblaccording to mMRC breathlessness
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was significantly worse where the OR was 22.9 99%®20-249) and P = 0.010. These data
were obtained from a cross-sectional study whichugted 105 people, 80% of the participants
were recruited from outpatient department and ther@20% consented while acutely unwell
in hospital. Although Leet al. (2013) found that total calorie, protein, iron araibohydrate
intake was inversely correlated to mMRC (r = -0RB8; 0.004, r =-0.13, P =0.043,r=-0.15P
=0.021 and r =-0.14, P =0.025 respectively].[$2milar findings were not seen in a study
conducted by Vermeera al. (2006) [6]. This study used data from a singlet\asilected
during the double-blind intervention study in 3%1ces in the Netherlands, 389 people with
stage 2 and 3 COPD were included and categoriseduashed or nutritionally depleted
(defined as BMk21kg/nf and/or FFMI of<15kg/nf (females) orx16kg/nf (males)).

However, breathlessness as measured by the MR@ticary between groups. In addition,
SGRQ scores were not significantly different betvgeoups. Equally, Humphregsal.

(2008) didn’t find any difference in quality oféifmeasured by SGRQ between those with a

low BMI = FFMI and those with normal body compositi[20].
2. Management of malnutrition

Given the impact of malnutrition on COPD it is im@ive that management options are
understood by health care professionals providarg to patients with COPD. Knowledge of
the benefit and weakness of treatment optionseayeired so that patients can make an
informed decision. Consequently, this will meart thealth care professionals can obey the
ethical principles of autonomy, beneficence and-maeficence [36]. Furthermore, this
knowledge is particularly relevant for nurses,has/tare normally the first people to identify

poor nutrition and therefore have an important melmanaging malnutrition [37].

2.1 Nutritional supplementation
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Oral nutritional supplements (ONS) are used duaagte illnesses but also for those with
chronic long-term conditions who find it challengito meet their daily nutritional
requirement. They should be used in conjunctioh wieals and not as a meal replacement
[38]. Yet COPD patient’s energy requirements magtaater than their peers without COPD
[5]. Planast al. (2005) undertook a randomised trial over 12 werk3pain to explore the
effect of two different nutritional interventions ¢he quality of life of people with COPD [39].
Baseline measurements were taken and both grodpdi¢iary intake requirements calculated
but for group A this was multiplied by 1.7 and poup B it was multiplied by 1.3. To achieve
the daily energy requirements all patients needd&'S. Quality of life scores from the
Chronic Respiratory Disease Questionnaire (CRD@ndt improve significantly. However,
this had been translated to Spanish. In group Ayleeight was significantly improved from a
mean 55.3 £ 8.1 t0 58.5 + 9 kg (P = 0.001). Skid thickness improved (P = 0.02). However,
FFMI reduced from 14.6 + 1.3 to 13.9 + 1.6 k§/fR = 0.02). Also, lung function decreased
along with handgrip strength. Group B did not gagight (55.2 + 8.6 to 55.6 + 9.6 kg) nor did
fat mass change. FEVmproved to 40.4+17.7 % predicted from 37.3 + 1% %redicted. The
authors conclude that an addition of 1.3 to diebatgke is superior and does not negatively

affect respiratory function.

Similarly, Broekhuizeret al. (2005a) compared the effect of smaller volume OdRarger
volumes in a retrospective control trial in the INgtands [40]. The population were patients
admitted to a single pulmonary rehabilitation ceratnd identified as malnourished. Nineteen
COPD patients (group A) admitted between 2000-2@QRiring three 125ml cartons of ONS
were matched against 20 patients also admittduetoghabilitation centre between 1995-1997

(group B) and received three 200ml cartons of ONS.

After two weeks the participants took part in awéek exercise programme which comprised
of endurance and strength training. Data collectias complex and potentially made more
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difficult due to assessments being compared witlospective data. Group A and B had
significant increases in body weight and FFM froasdline (weight change: 3431.9 kg and
2.0+ 1.2 kg, P<0.001, FFM group A: 22 2.0 kg P<0.001 and group B HA.9 kg, P =
0.004). While fat mass, FM was greatly improvedi(iL.1 + 1.3 kg, P=0.002), this was not
seen in B. Also, group A gained more weight thaséhin B which was significant (P=0.019).
SGRQ changes were not statistically significargither group, however there was a clinically
significant change in group A where the total sateereased by 4 points. The exercise ability
measured by incremental bicycle ergometry testimasoved in A and B but did not differ
between groups (A, 88 17.1 W, within-group change P=0-062; group B,$-9.4 W,
within-group change P = 0-002; between-group chaPgllS). Lung function did not change

significantly.

Sugawarat al. (2010) undertook a prospective randomised contialin Japan with patients
receiving nutritional support in combination with exercise regime [41]. COPD patients (n =
32) with moderate to severe disease were recrfribed a pulmonary rehabilitation centre. To
be eligible patients had to have a BMI of less thékg/nf. Patients were randomised to either

the intervention or control group.

The intervention group were given two ONS drinksalibprovided 400 kCal per day. Both
groups received a 45-minute education class omeerdgh. Following 12 weeks of ONS, the
intervention group had an improvement in body weagid fat free mass in comparison to the
control group (P = 0.002 and 0.038 respectivelfe fotal CRDQ change was significant (P =
0.028). This tool had been translated into Japaaedevalidated previously. In addition, the
intervention group had better 6-MWT, quadricep neifarce and maximum inspiratory

pressure when compared to the control (P = 0.0610P02, and 0.003 respectively).
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In contrast, Gurguat al. (2013) showed 6-MWT and ISWT were not altered byiagl ONS

to pulmonary rehabilitation in a Turkish randondis®ntrol trial [42]. Malnourished patients
with severe to very severe COPD admitted to a poanorehab centre were randomised to
one of three arms; pulmonary rehabilitation onlRYPpoulmonary rehabilitation and ONS
(PRNS) or control. The 46 patients completed thvee®k programme and then received 16
weeks of normal care. The PRNS group received ®568enl drinks to consume in addition to
their normal meals. Quality of life scores werengigantly improved in the PR group in all
areas as measured by the SGRQ (p<0.05). HoweeePRINS had improvements SGRQ
except for the impact section (P = 0.112). The PRMfBip had 10 patients with anxiety and 8
of them had depression (two patients needed tbastérdepressants). In the PR group five

patients suffered from anxiety and seven with depos.

After treatment the PRNS group had four patients anxiety and six with depression, while
the PR group continued to have two with anxiety fwelwere depressed. Anxiety improved
in participants in the PR and PRNS groups (P =D& P = 0.007 respectively) but
depression was unchanged. Body weight increastéetiRR and PRNS groups significantly
(1.1 £0.9kg, P =0.002 and 0.6 + 0.7kg, P = 0.@3pectively). In comparison to the controls
the results were significant (P = 0.001 and P<Q.@&dpectively). The PRNS had a greater
increase in body weight, BMI, FFMI in comparisorthe PR group (P<0.05). Mid-thigh CSA
increased greatly in the PRNS group (2.5 + 4.1, &= 0.011). Yet the PR and control group

did not see any improvement.

Furthermore, the results of a Danish randomisedrabinial showed that nutritional support

did not improve ISWT (P=0.91) [43]. COPD patiemis=63) with varying severity were
recruited from a pulmonary rehabilitation centratiénts were randomised to an exercise only
group or an exercise group plus nutritional suppidre nutritional support came in the form of
a protein bar. However, for inclusion BMI had toless than 30 kg/mThe mean BMI in the
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exercise only group and exercise plus nutritionglp®rt group was 24.3 3.9 and 23.4t 4.3

kg/m? respectively.

Similarly, van de Booét al. (2017) found that nutritional support in combinatwith exercise
did not yield better 6-MWT in comparison to an exge only group [44]. This study was a
randomised placebo-controlled study that took pladeve pulmonary rehabilitation centres in
the Netherlands. For inclusion in the study pasidatd to have a FFMI less than th& 25
percentile for sex and age. The intervention gnwap given an ONS drink of 125ml
containing 187.5 Kcal and the control had a pladdiik over 4 months. Afterwards there was
an 8-month maintenance period. The nutrition grioagh an increase in fat mass (pre: 19.8 £
1.1, post: 21 + 1.1 kg, P<0.001) and body weighe:(63.8 £1.7 kg, post: 65.7 + 1.7 kg,
P<0.001). The between-group difference in body tegd fat mass was of importance
(P<0.05 and P<0.01 respectively). Skeletal muse@ssmvas substantially better in both groups
but between group difference was not significarddgbo; pre: 18.5 + 0.6, post: 18.8 + 0.6 kg,
P<0.001 Nutrition; pre: 17.2 = 0.6, post:17.8 + kg7 P<0.001). Improvements were seen in
CET and quadriceps muscle strength (P<0.001 fdr inothe nutrition group, and in the
placebo group P<0.001 for CET and P<0.01 in quadsenuscle strength), but no difference
was identified between groups. The nutrition groaptinued to have a stable daily step count,
but the placebo group decreased. The between glitfagence was significant (P<0.05).
HADS total score was pointedly better in the nignitgroup and the placebo (P<0.001 and

P<0.01 respectively). No between group differenas wentified.

This study had an extension, in which patients vi@tewed-up 3 months after the 8-months
maintenance phase. After 12 months there was fereliice between the intervention and
control group in terms of CET and QMS. Yet, activavels were lower in the placebo group
than in the intervention group (P = 0.05). Stepseveignificantly greater in the intervention
group by 1030 steps (P = 0.025). Intervention groagh improvements in HADS from baseline
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(P = 0.05). The EQ-5D scores were significantlytdyan the nutrition group (P = 0.034). The

results of the EQ-5D was correlated to body wedgltainge (r = 0.406, p = 0.008).

2.2 Nutrition advice and education

A systematic review has found that compliance withl nutritional support is good at 78%
[45]. Nevertheless, patients report difficulty wihal nutritional supplementation due to poor
taste and side effects like nausea, vomiting aadftbea [46]. Consequently, an alternative
method may be required. Dietary counselling has Istedied as a method to support
nutritional needs and increase body compositionek&e, Emery and Elia (2009) undertook a
randomised control trial in the UK of patients willoPD in the outpatient setting who were
labelled as being at risk of malnutrition [47]. Tppetients were randomised to either the control
or the intervention group. The intervention ladi@dsix months and then the patients were
followed-up six months later. The intervention amas provided with a leaflet about dietary
intake and with milk fortification supplements.dddition, patients were offered dietary
counselling. Similarly, the control group were givée leaflet and milk supplementation, but

none received any education or advice about digbéaye.

Patients were seen at baseline and then month61,/39 and 12. Sixty six patients were
investigated within a population (n =125) that wsuéable based on inclusion and exclusion
criteria. However, by the end of the study onlypafients remained. The authors report that
the main reason for participants dropping out wastd a deterioration in health. The
difference in characteristics between patientsdhapped out and remained was not
significant. To reduce data collection disparities same person undertook all assessments.
Dietary intake at baseline was calculated usingcall method but for all other visits a 5-day
diary was completed. The diaries were analyseavbydieticians who were blinded. After the

six-month intervention period the intervention gsamere consuming more calories and
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protein (2,064 kcal versus 1,715 kcal, P=0.02 ahdg/versus 56.9 g, P<0.001 respectively)
in comparison to the control group. Yet, this siigance was not seen at the follow-up point.
Furthermore, it was noted that 24 participants ftbeintervention group used the milk
powder supplement for 14 days or more but noboaiy fthe control group did. The
intervention group gained weight and managed totagu this during the follow-up period,
unlike the control group who lost weight as thedgttook place (3.1 (0.5-5.7) 95% CI P=0.02).
Similarly, the control group lost muscle mass aattdhiass, but the intervention group gained
both. The difference in the sum of four skinfolickmess was significant between the groups
when measured by intention-to-treat at six andwevehonths (difference 6.6 mm, P=0.02; 12

months: difference 9.7 mm, P = 0.01).

Yet, the difference in mid-upper arm muscle circerahce was not of important at the sixth
month but was at the twelfth month (difference 9@ = 0.04). SGRQ total scores were
better in the intervention group from the intenttorireat analysis (53.42.2 versus 61.%

2.4, P = 0.02 at six months, 5Gt62.7 versus 63.% 2.8, P=0.002 at 12 months). The impact
scores were significant (P = 0.004), but the symgstand physical activity were not (P = 0.73
and P = 0.06 respectively). Likewise, intentionreat analysis showed SF-36 scores were
better at 6 and 12 months in the intervention gr@up 0.001 and P = 0.003 respectively). Yet
the MRC score was improved in the intervention gr@difference in 1-point P = 0.03). The

Townsend score was not statistically significanfédence 1.5, P = 0.06).

Similarly, Faroogiet al. (2010) undertook an intervention study in Swedeexjlore the effect
of nutritional education on people with COPD [4R&tients were recruited from a pulmonary
rehabilitation centre following referral but didtremplete any specific exercise programme
during the period. The study does not describe hdrgiatients received this support after the
study. Forty one patients were included in theystadd 36 at the follow-up period, as one had

died and four withdrew consent.
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Patients were provided with education about CORIvidually and as part of a group by the
multi-disciplinary team. Recommended dietary intakes calculated for each patient and
advice given based on current intake. The methathta collection included patients
completing a 24-hour food recall diary at baseboéat the 3-month and 1-year follow-up they
completed a 3-day food diary. At the initial vi$it patients were underweight, 18 had normal
weight and 6 were overweight. Like Weekes, Emery Bim (2009) [47], body weight at 3
months and 1 year had increased significantly 2kg; P<0.004 and 1.3 £ 3kg P<0.02).
Handgrip strength had also improved at 3 months£13.4 kg, P = 0.02). However, at one

year the change was no longer significant (P =)0.07

Walking distance had improved significantly at 3ntits and 1 year (95.1 + 118.3 M, P =
0.001 and 83.2 £170.1 M, P = 0.007). Additionadlgergy intake was noted to be
significantly greater at 3 months and 1 year (#3.8.4 %, 15 +17.5% respectively, P<0.001).
Similarly, protein intake at 3 months had improsgghificantly (8.3 £ 21.9 %, P<0.03) but at

this was not the case at 1-year follow-up (P<0.09).
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Discussion

The available literature shows that malnutritios haany negative effects on people with
COPD. Malnutrition measured by BMI or FFMI may afféhe distance that patients can walk.
Six of the studies examined this relationship iy @ne study found that 6-MWT was not
related to nutrition (Table 1). These studies vwafenoderate quality but Marcs al. (2019)
was of marginally higher quality and found no riglaship [15]. Yet they were all at risk of
selection bias while Luet al. (2016), [16] and Holsdt al. (2019) were at risk of study design
bias [10]. Furthermore, Halliet al. (2011) did not show that malnutrition affected exss
ability [29]. However, this study used an altermatexercise test to the 6-MWT in the form of
the 12-MWT which has been linked to patients tinthug to the increased time [49].
Malnutrition was found to be positively relatedntand-grip strength in two studies of
moderate quality [6, 29]. In addition, only onedstiexamined the effect malnutrition has on
balance and the risk of falls [19]. This study fduhat malnutrition was related to these
variables. This was a study of moderate quality the risk of potential bias was apparent. In
addition, all the sample were male. It is noted tha method to identify malnutrition is
different but also comparator groups are differ&aime studies used BMI [10, 14] and some

used dietary intake [12] and others [16] used FBMboth FFMI and BMI [15].

While the assessment method used may affect tlveret the review shows that there is no

link between nutrition status, exercise and mustlength.

The association between severity of disease andutndion has been examined in six studies
but one low quality study showed that dietary ietakas not related to FEWut was to FVC
[24]. Nevertheless, three of the studies were wfdoality while the other three were

moderate. All studies were potentially at risk ellestion bias while study design bias was seen
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in two [16,24]. Channelling bias was probable ie shudy by Baigt al. (2018) [25]. It

appears that malnutrition is present in those witinse COPD.

Muscle strength is likely affected by poor nutnitivhich could potentially worsen respiratory
muscle function coincidently. Yet, it is challengito understand whether malnutrition causes
worsening of COPD, or vice versa, but as a reduli@research available it is not possible to
make a firm conclusion. There has only been a veeddw correlation shown. Nevertheless,
most of the studies have included GOLD stage 2-£C@nd have shown malnutrition in all

categories but poorer nutrition is more prevalarGOLD stage 4.

In addition, there were conflicting findings on thiéect of malnutrition on exacerbation rate.
Hallin et al. (2006) [29] found the rate was increased but Me#t. (2018) did not [30].

Therefore, exacerbation may be affected.

Furthermore, hospital admissions and mortalitysate increased along with cost to the health
system. The findings were produced from six studres five of these were moderate quality
and one was high quality (Table 2). There was ttergial for selection bias in four of the
studies. Nevertheless, these findings are in awbkegie financial constraints are prominent in
the NHS and the budget per person has droppedeGoestly, funding must be spent in a
more sensible manner and in a way that reducdseiucbsts. As mortality is significantly
affected, malnutrition management should be inc@feal into patient care. Yet it is not clear
how many patients are routinely screened for matmn as part of their routine care.
Odencrants, Ehnfors, and Ehrenberg (2009) disauws3iany nurses in primary care have
been found to assess nutrition based solely onqusexperiences [50]. Additionally, health

care professionals endeavour to improve the liftnefpatients by delivering holistic care.

Quality of life is an important measurement andows assessment tools have been used in the

studies included in this review. There are configtfindings as to whether SGRQ is affected
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by malnutrition. Katsura, Yamada and Ki@2005) [14] report that it is, but Vermeeretral.
(2006) [6] and Humphreyat al. (2008) [22] found no difference. Veremeegrtial. (2006) [6]
was a much larger study and like Humphretya. (2008) [22] patients were classified based
on BMI or FFMI. This is dissimilar to Katsura, Yadwand Kida, (2005)ho categorised
patients based on BMI only [14]. All three studmesre of moderate quality. Vermeereral.
(2006) [6] also found no difference between groumgsreathlessness score measured by MRC
while Meteet al. (2018) [30] and Leet al. (2013) [12] did find a difference with mMRC.
Similarly, Katsura, Yamada and Kida, (2005) foumedthlessness was worse in malnourished

patients by using OCD [14].

Meteet al. (2018), Leeet al. (2013) did not distinguish between body composibah
examined dietary intake [12,30]. If breathlessnesgorse in those with poorer nutrition, then

it may be associated with those that also havecestiG-MWT.

Furthermore, the benefit of nutritional intervemtias examined in seven studies. Two studies
were considered high quality while three were matdeand two were low. Five studies

showed that body weight was significantly improwedhe nutritional groups. However, it is
noted that lower volumes may be more suitable @setigiven greater calories gained fat and

lost FFMI [39].

Lung function improved in the group with lower caés in the study by Planasal. (2005)

[39] but worsened in those given more calories, Bebekhuizeret al. (2005) found lung
function changes were not clinically significant bhis study is at risk of chronology bias [40].
Furthermore, Sugwas al. (2010) found that inspiratory pressures and quegdmauscle

force increased following nutrition [41]. In corgtahe higher quality study by van de Bebl

al. (2017) [44] found that CET and quadriceps musclkengfth changes were not different
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between groups. Yet, a systematic review by Coéirat. (2013) showed by meta-analysis that

respiratory muscle function was improved with seppéntation [51].

Also, studies examined the effect of nutrition aereise ability. Broekhuizeet al. (2005) and

Sugwareet al. (2010) found that intervention improved 6-MWT [40]4

Yet, these were low quality studies which diffethe results of three other studies showing no
significant change in exercise ability measure®WT or ISWT [42-44]. Yet, van de Bool

et al. (2017) did show an increase in daily steps withitioih which was continued at the 3-
month follow-up study [44, 50]. Collirt al. (2013) reported that four of five studies
examining exercise reported that intervention ireptbexercise, but a meta-analysis was not
possible. As mentioned, it is likely malnutritiofiexcts exercise ability so perhaps longer

duration of treatment is required to reverse tHsce[51].

Quality of life was not seen to improve in sevestaldies (Table 1 and 2). Sugwatal.

(2010) showed that intervention improved healtatesl QOL, however, not being a blinded
study there was a risk of bias [41]. Unfortunatelifferent tools to measure quality of life and
breathlessness were used in the studies (Tabld 2)aAs a result, comparison between
studies is challenging. In one study HADS did mapiove between groups after initial
treatment, yet, after a further 3 months there avagnificant difference between groups
[44,52]. In addition, exercise was not improvedha intervention group in comparison to the
control group in any of the studies. Nonethelgss,interesting that most of the studies
combined nutrition programmes as part of pulmomahgbilitation. Not all patients will be
suitable for referral and those with more severd®?O@nay be housebound [53]. Therefore,

there is potentially a gap in the current knowledge

Two studies examined the benefit of dietary edocatind counselling and both were of

moderate quality (Table 1 and 2). Weekes, EmeryEiad(2009) report that patients
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consumed more calories, increased their weighirapdoved quality of life and global health
scores [47]. Yet, the increase in calories wascoatinued after the programme. Although this
study was at risk of design bias as it was nondelth(Table 1 and 2). Similarly, Faroostial.
(2010) showed that an education programme couléase weight after three months which
was maintained at one year [48] . However, thidtuas also at risk of transfer bias. In
addition, hand-grip strength improved but this edid not remain significant at one year.
Consequently, these studies show that dietary edlinggis likely to have an important role on
the management of malnutrition in COPD. Nevertrelakhough it is seen as a positive event
that patients have gained weight in the studias,nbt clear to what level of nutrition patients
with COPD need to reach in order to lower the akkegative effects associated with

malnutrition.

More research which examines the impact of malirtrion COPD is necessary. Given that
most of the studies are cross-sectional, a longigddohort study over 2-5 years should be
conducted. The study should primarily examine fifeceof malnutrition on COPD severity,
quality of life and exercise ability. A sample safeapproximately fifty COPD patients from
each GOLD stage should be used. In addition, reBesdrould explore the long-term effect of
nutritional support. It would seem appropriate nalertake a randomised control trial over one
year which involves the use of nutritional suppletseand education. Patients with a low BMI
and FFMI would be recruited from the respiratorypatient department. As many of the
studies have small numbers, a sample size of 1&€@npamay be appropriate. Furthermore, the
nurse is an important contact for the patient @@PD. The nurse may be the first health care
professional that the patient with COPD meets. dtesnt will continue to have ongoing
nurse-led appointments. As a result, the nurse tigldeally placed to assess and implement

a nutrition plan with the patient [50]. Consequegntthe randomised control trial would involve
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nurses providing education and support during théys An additional part of this study would

preferably examine whether nutritional supportdasteeffective.

Ideally, further studies should be done independéptlmonary rehabilitation programmes.

Conclusion

Malnutrition affects a high proportion of peopléwCOPD. There are multiple ways in which
malnutrition is being measured in studies includdMl and FFMI. Yet, malnutrition is
affecting exacerbation rates and increasing hdsgut@ission and associated costs. Mortality
is significantly associated with malnutrition whittiers that health care professionals have a
duty to include malnutrition assessment into the cé COPD patients. Furthermore,
malnutrition worsens the patients’ exercise abdityl potentially severity of disease and
quality of life. Consequently, oral nutritional gaementation may help the patient by avoiding
further weight loss and increasing FFMI. Yet, seallolumes/calories to support intake may
be more appropriate. Finally, education and adercautrition may offer short term effects at
improving intake. This knowledge is imperative talh care professionals to allow holistic
care to be delivered. Furthermore, if malnutrii®mot properly addressed then health care
professionals may be failing the patient with CORDBnsequently, clinical practice must
incorporate robust plans to monitor nutrition in R patients and tailor a nutrition plan with

the patient that is regularly reviewed.
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Table 1 Theme 1 Study Design and Quality AssessBeore.

Study Type of study Characteristics Comparison Outcome M easurements Bias QAS
And Sample size (max 36)
(Male:Female)
Baiget al. Cross-sectional Outpatient clinic Underweight patients Lung function, BMI, MUAC, | Selection bias. 16
(2018) [25] 138 (106:32) Mean BMI=18.9kg/rf compared to normal mMRC Possible channelling bias
weight (severe patients)
Dilektasli etal. | Cross-sectional Setting not specified Comparison made TNF-0, DLCO, MUAC, TSF | Selection bias 22
(2009) [26] 35 (30:5) BMI <20 kg/nf between groups based on
BMI.
Guptaet al. Cross-sectional Outpatient department | Comparison made BMI, Lung function Selection bias 16
(2014) [28] 147 (139:8) between groups based onOxygen saturation
BMI.
Hallin et al. Prospective cohort | Hospital and home Comparison made Admission, BMI, Study design bias 24
(2006) [29] 41 (14:27) setting. between groups based onEnergy intake,
BMI. Exacerbation rate
Hallin et al. Cross-sectional Exercise department Comparison made BMI, FFMI, ISWT, 12-MWT, | Selection bias. 22
(2011) [17] 49 (14:35) between groups based onArm and leg circumference, | Study design bias by
BMI and FFMI. Hand-grip strength, Peak following people up post
working capacity admission
Holstet al. Cross-sectional Pulmonary rehabilitation| Dietary intake below Dietary intake, Weight loss | Selection bias 23
(2019) [10] 79 (37: 42) centre <75% compared to intake Symptom burden, Study design bias (including
>75% Malnutrition risk , 6-MWT people with conditions that
30-s CST may affect nutrition)
Hoonget al. Observational Hospital Comparison of those whoMalnutrition, Mortality Selection bias 27
(2017) [33] Cohort died and had admissiong Admission Cost
834 (194:92)
Humphreyst Cross-sectional study Outpatient clinic and Comparison made BMI, FFMI, Dietary intake Selection bias 25
al. (2008) [22] | 66 (32:34) home setting. between groups based onSGRQ, Activity, Lung
BMI and FFEMIL. function
Katsuraet al. Cross sectional study Outpatient department | Comparison made Lung function, Body Selection bias 24
(2005) [14] 83 (73:10) BMI <26kg/nt between groups based oncomposition, SGRQ, SF-36
BMI 6-MWT, OCD
Leeet al. (2013) | Cross-sectional Respiratory outpatients | Dietary intake below Dietary intake, BMI, BODE | Study design bias as 24-hour 25

[12]

descriptive study
251(232:19)

in five hospitals

<75% compared to intakg
>75%

2 6-MWT, Admission, mMMRC

collection may not have beern

long enough.




Luo et al. Cross sectional study Outpatient clinic Comparison between | GOLD, FFMI, Exacerbation | Selection bias 24
(2016) [16] 235 (184:51) GOLD groups and FFMI| 6-MWT, mMRC, PImax Study design bias(including
PEmax people with conditions that
may affect nutrition)
Marcoet al. Cohort Pulmonary rehab centre| Comparison between BMI, FFMI, Lung function Selection bias 27
(2018) [15] 118, (95:23) those identified as DLCO, 6-MWT, MRC
malnourished with those | Mortality
nourished
McDonaldet al. | Cohort Recruited for a clinical | Patients with low FFEMI Potential recall bias 27
(2017) [34] ECLIPSE 1,518 trial FFMIpya Wwere compared| Mortality
(979: 539) to those with normal
COPDGene 3,121 FFMlpma,
(y:x)
McDonaldet al. | Cohort 46 centres Patients were compared Lung function, BMI, FFMI Bias associated with using | 29
(2019) [35] 1483 (968:515) based BODE, WODE and Functional Assessment of tools not validated
CODE Chronic lliness Therapy score.
6-MWT, BODE,
CODE, WODE, Mortality
Meteet al. Cross sectional Outpatient department | Those at risk of Lung function, Exacerbation | Selection bias, Analysis bias| 20
(2018) [30] 105 (97:8) (80% were from this malnutrition were rate, MNA, Waist Study design bias (recruiting
setting) and referred compared to those that | circumference, Dietary intakel, some patients who were
hospitalised patients weren't. mMRC inpatient and including people
with conditions that may
affect nutrition
Mkacheret al. Cross sectional study Hospital setting Those with poor balance 6-MWT, BMI, MNA, TUG Selection bias 25
(2016) [19] 58 (58:0) or at risk of falls Unipodal stance test, Tinetti
compared to those who | test, Berg balance scale
weren'’t in terms of
nutrition and physical
ability.
Scholset al. Cohort Pulmonary rehab clinic Patients were split into |4Lung function, SMI, FFMI Selection bias 23
(2005) [32] 412 (318:94) groups BMI, Mortality
Vermeereret al. | Cross-sectional study Outpatients at 39 sites. Comparison of those | Lung function, SGRQ, MRC | Study design bias (including | 25
(2005) [6] 389 (271:118) identified as FFMI, FFM, BMI people with conditions that
malnourished with those may affect nutrition).
nourished.
Yazdanpanakt | Cross sectional study Patients were recruited | Comparison of energy | Lung function Selection bias 18

al. (2010) [24]

63 (unknown)

when acutely unwell in
hospital but were stable
at the time of the study.

intake in comparison to
lung function.

Dietary intake
Exacerbation

may affect nutrition).

Study design bias ( including
people with conditions that




Table 2 Theme 2 Study Design and Quality Assess®ente.

[47]

measured by MUST

MRC

not accounted
for). Bias —

unblinded

Study Type of study Characteristics Comparison Outcome M easurements Bias QAS
And Samplesize (max 36)
(Male:Female)
Ahnfeldt- RCT Pulmonary rehabilitation| Comparison between intervention grouplSWT, SGRQ, Muscle Selection bias 27
Mollerupet al. 53 (23:30) BMI <30kg/nt given energy bar and control group strength, Calorie intake, MRC
(2015) [43]
Broekhuizeret | Retrospective contro|l Pulmonary rehab Comparison between group A given Body weight, FFM, FM, Selection bias | 20
al. (2005) [40] | 39 (30:9) Inclusion based on BMI,| 125ml drink and group B given 200ml | Incremental bicycle, REE, Chronology bias|
FFMI and weight loss drink Ergometry, SGRQ, Lung
function.
Farooqiet al. Prospective Outpatient department Given nutrition educatibentfollowed | 12-MWT, Hand-grip strength, Selection bias | 23
(2010) [48] Intervention up at 3 and 12 months. Dietary intake Transfer bias
41 (21:20)
Gurgunet al. RCT Outpatient department | Comparison of groups randomised to | MRC, BORG, 6-MWT, Selection bias | 26
(2013) [42] 46 (28:2) Inclusion based on BMI,| PRNS, PR or control SGRQ, HADS, CSA of Bias as
FFMI and weight loss guadricep femoris unblinded study
Planast al. Randomised trial Outpatients department | Comparison of group A and B based oh CRDQ, Weight, FFMI, Skin | Design bias 22
(2005) [39] 24 (20:4) Inclusion based on BMI,| additional calorie factors applied fold thickness, Lung function,| Selection bias
FFMI and weight loss Energy intake
Sugawaratal. | RCT Pulmonary rehab centre| Comparison of intervention to control | Inflammation, 6-MWT, Selection bias | 19
(2010) [41] 32 (ratio not given) CRDQ, MRC, Energy intake | Bias - unblinded
van Beergtal. | RCT Seven pulmonary rehab| Extension of Van de Boeat al. (2017) to| Lung function, Quadricep Selection bias 31
(2019) [52] 81 (41:40) centres.FFMI below the | measure the long-term effect muscle strength, DEXA,
normal range for age an Bloods, Cost, Steps, HADS,
sex EQ-5D
Van de Bookt | RCT Pulmonary rehabilitation| Comparison of intervention group given BMI, FFMI, SKM, CET, Study design 32
al. (2017) [44] | 81 (41:40) centres’ drinks and control had a placebo drink.| Quadricep muscle strength, | bias
Low free mass index 6-MWT, Inspiratory muscle | Smaller sample
strength, Dietary intake, Stepsthan intended
HADS
Weekes, Emery| RCT Outpatient clinic Dietary education and milk fortification | Dietary intake, Weight, Study design 26
and Elia, (2008)| 59 (30:29) At risk of malnutrition in comparison to the control group. SGRQ, Townsend score, bias (dropouts
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