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Rationale: Unintentional weight loss (UWL) is prevalent among patients with chronic obstructive pul-
monary disease (COPD). However, little research has been done on UWL as an independent variable in
terms of clinical outcome. The aim of this study was to investigate the association between BMI, UWL,
and clinical outcome in terms of hospitalization, length of stay, exacerbations, mortality, and quality of
life (QoL) within six months and one year in a hospital outpatient setting.
Methods: A prospective single-center cohort study enrolled 200 patients from the COPD outpatient clinic
between October 2020 and May 2021 at a Danish Hospital. At baseline, data was collected using patients’
electronic journals and a quantitative questionnaire was gathered with a patient-reported UWL of 5% of
body weight within three months. At six months and one-year follow-ups, data was collected using the
patients’ medical journals and a telephonic interview with the EQ-5D-5L and SARC-F questionnaire and
the number of non-hospitalization exacerbations since inclusion. Data were analyzed using logistic and
Cox hazard regression analysis.
Results: A total of 187 patients were eligible for follow-up (mean age 69.2 years, 43.9% males, median
BMI 26.8 kg/m?), and the prevalence of UWL was 13.4%. UWL was associated with an almost trifold risk of
>five days stay (OR = 2.94, p = 0.021). Additionally, UWL was associated with a worse QoL. A higher risk
of exacerbation was found in the underweight patients (OR = 4.94, p = 0.014). No significant difference
in mortality was found.
Conclusion: UWL as a solitary factor is associated with increased hospital length of stay and a worse QoL.
The results provide further evidence that implementation of regular screening for UWL in addition to
BMI might be beneficial to include in international COPD guidelines for outpatient settings.
© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is a rapidly
escalating global health threat, among the most prevalent disorders
contributing to significant morbidity and mortality worldwide [1].

Abbreviations: COPD, chronic obstructive pulmonary disease; UWL, uninten-
tional weight loss; BMI, Body Mass Index; QoL, quality of life; MRC, Medical
Research Council; LOS, length of stay.
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COPD is progressive, poorly reversible, and is characterized by
persistent respiratory symptoms and airway obstruction, leading to
severe dyspnea over time [1].

Many risk factors, such as malnutrition, low Body Mass Index
(BMI), and loss of muscle mass, have been shown to affect the
progression of the disease and outcome in terms of hospitaliza-
tions, exacerbations, and mortality [2—9]. Notably, malnutrition
affects a substantial proportion of COPD patients, with a prevalence
ranging from 20% to 45%, correlating with increased mortality risk
[2]. Weight loss is a key component of malnutrition and is prevalent
among patients with COPD [2—4], and has been established as an
independent risk factor of mortality in COPD patients [4,5]. Addi-
tionally, patients with COPD, who exhibit low BMI and weight loss,
experience more frequent hospital admissions for exacerbations

0261-5614/© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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and have an increased likelihood of subsequent exacerbations [6].
Similarly, a low BMI (<18.5) in patients with COPD has shown a
three-fold increased mortality risk, while patients with a higher
BMI consistently exhibit lower mortality risk [5]. Paradoxically,
being overweight and even obese has been associated with lower
mortality rates than underweight and normal weight patients with
COPD, unlike in many other diseases [7].

Another critical dimension is the association between quality of
life (QoL) and weight loss in patients with COPD, as a pronounced
link between disease severity, malnutrition, and reduced QoL have
been established [8,9]. Deterioration in QoL metrics over time
independently increases the mortality risk in patients with COPD
[8]. However, a notable gap exists in the literature regarding the
nexus between unintentional weight loss (UWL) and QoL among
Danish COPD outpatients. The need for systematic UWL screening
in outpatient settings compounds this gap.

In the literature, there are different definitions of UWL, as seen
in Christensen et al., a questionnaire-based investigation to test the
prevalence of UWL, where UWL was defined as a decrease of a
minimum of two kilos within three months [10]. The study found a
noteworthy 21.5% prevalence of nutritional risk measured by UWL.
Furthermore, it revealed that 13.5% were underweight, while 34.5%
were obese, which indicates that nutritional screening and guid-
ance are essential for both COPD patients who are underweight and
obese [10]. The NRS-2002 nutrition screening tool, used system-
atically in hospitalized patients in Denmark, has shown a firm as-
sociation with clinical outcomes. For this study, we re-analyzed the
prevalence of nutritional risk using the 5% cut-off and found a
prevalence of 13.5% [11—13]. Using the 5% UWL within 3 months as
a primary and initial marker for malnutrition is a feasible and less
time-consuming method [13].

We hypothesize that UWL may be an independent predictor for
poorer clinical outcomes and QoL in outpatient settings and thus
indicate the need for further screening and assessment.

The primary aim of this study is to investigate the association
between UWL, BMI, and clinical outcomes in terms of hospitaliza-
tions, length of stay (LOS) when hospitalized, exacerbations, QoL,
and mortality within six months and one year in patients visiting
the COPD-outpatient clinic at a Danish University Hospital.

The secondary aim is to investigate whether potential sub-
groups may be more exposed to UWL and thus need increased
attention to nutritional status. Achieving this will broaden the
understanding of risk variables and the potential importance of
implementing screening tools for specific patient categories to
improve clinical outcomes.

2. Methods
2.1. Study population and study design

This prospective cohort study enrolled 200 patients and the
cohort available for follow-up consists of 187 Danish outpatients
from the Department of Respiratory Medicine at Aalborg University
Hospital, North Denmark Region. The patients were enrolled be-
tween October 2020 and May 2021. Eligible patients were patients
with a clinical diagnosis of COPD according to the Global Initiative
for Chronic Obstructive Pulmonary Disease (GOLD) guidelines,
including also patients with Alpha-1-antitrypsin deficiency, who
are seen by the same staff in the COPD clinic [1].

A spirometry was performed at enrollment, and the patient's
body weight and height were measured. If no spirometry was
performed at enrollment, the closest spirometry performed within
six months of enrollment was used. Weight and height were used
to calculate BMI (body mass (kg)/height (m)?). Demographic vari-
ables (age, sex, smoking status) and COPD phenotypical variables
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were obtained: Emphysema, alpha-1-antitrypsin deficiency, and
Asthma-COPD Overlap Syndrome (ACO). Pulmonary hypertension
was noted if it had been verified by echocardiography or catheter
measurement.

Additionally, at enrollment, patients were asked about their
weight three months ago, and thus UWL within the last three
months was obtained. Weight was checked in patient medical re-
cords to ensure if a wide discrepancy was seen between the
informed and the last noted weight. For this follow-up study, UWL
was defined as an unplanned weight loss of more than 5% of body
weight [1,14].

All patient records were assessed for comorbidities, and the
number of prescription medicines was noted. Charlson's Comor-
bidity Index (CCI) was used to stratify comorbidities [15]. Further-
more, the study highlighted whether patients were engaged in
regional telemedicine that monitored weekly body weight, blood
oxygen levels, and blood pressure. Information on any self-
management plan and current treatment with oral nutritional
supplementation was obtained.

Self-management plans are often used in COPD patients,
wherein clinic staff provide training to recognize exacerbation
symptoms. This enables patient to have the necessary medication
at home, granting them the authority to initiate treatment with
antibiotics or oral steroids upon experiencing exacerbation signs,
even without a prior medical assessment.

2.2. Data collection

Patient medical records were assessed at the 6-month and 1-
year follow-ups, and telephone interviews were conducted with
all available patients. Patient records were assessed for all-cause
somatic hospital admissions and admissions related to dyspnea,
pneumonia, and COPD exacerbation. Data on admissions were
collected through the common regional patient record database.
Thus, hospitalizations at other regional hospitals were included.
Psychiatric admissions were excluded.

Additionally, LOS was recorded for all admissions. Data on
mortality were collected through the regional hospital personal
registration number system. Medically educated research assis-
tants obtained all patient record data.

In phone interviews, patients were asked if they had received
any treatment for exacerbation of COPD that did not require hos-
pital admission during the follow-up period, either through their
general practitioner or using a self-management plan. The EuroQol
EQ-5D-5L questionnaire was fulfilled at follow-up by telephone to
assess the different QoL parameters: mobility, self-care, usual ac-
tivities, pain/discomfort, anxiety/depression, and VAS score on
overall health [16]. The five variables each contain five different
levels, with higher scores indicating worse outcomes, thus ranging
from having no problems to having extreme problems in the
dimension. Additionally, a SARC-F questionnaire was fulfilled to
assess for sarcopenia [17]. All telephone interviews were performed
by the same two researchers using the same manuscript of in-
structions with all patients.

2.3. Statistical analysis

All data were analyzed using STATA Version 17 (Stata Corp,
College Station, TX, USA).

All continuous variables were assessed for normal distribution
using the Shapiro-Wilks test. Mean and standard deviation (SD)
were used and reported for parametric data, and median and
interquartile ranges (IQR) were used and reported for non-
parametric data. The clinical characteristics were reported with
absolute numbers and percentages for the categorical variables.
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The population was divided into groups having UWL and no UWL
(NUWL). Dichotomous variables were analyzed using a Chi-square
test, and continuous variables were analyzed using Student's t-test
and Mann Whitney U test, respectively. Odds ratios (OR) were
calculated using logistic regression analyses, and hazard ratios (HR)
were calculated using Cox proportional hazard model regression
analyses. Results were expressed with the ratio with a 95% confi-
dence interval and p-value, and the models were adjusted for other
variables in a multivariate analysis. A Kaplan Meier curve was used
to plot survival with UWL as the primary variable. A p-value of
<0.05 was considered statistically significant.

2.4. Sample size

For sample size, we consecutively enrolled 200 outpatients from
the COPD clinic. It was anticipated that approximately 10% of the
patients from the COPD clinic would not have the COPD diagnosis at
enrollment or receive the COPD diagnosis during follow-ups as they
would be newly referred patients, who were examined due to
unspecified respiratory symptoms. The sample size was estimated
to be at least 181 needed to be included based on the studies of
Marco and Deutz. However, no quite suitable studies were found to
match and thus inspire the number needed to achieve sufficient
power [2,18].

2.5. Ethical considerations

All patients gave informed written consent to participate in the
study and could withdraw their consent at any time during the
study. The North Jutland Ethical Committee was approached for
project review and had no concerns since the study was exempt
from full application due to Danish legislation. The North Jutland
data protection agency approved the project, application ID:
2020-119.

3. Results
3.1. Patient characteristics

Out of the 200 enrolled patients, 13 (6.5%) were excluded due to
misdiagnosis (not meeting the criteria for COPD) after one year. At
the 6-month follow-up, 37 patients did not respond or complete
the telephone interview. At the 1-year follow-up, 43 patients did
not respond or complete the telephone interview. Figure 1 shows
the sample size development during follow-up.

As seen in Table 1, the baseline mean age of the eligible popu-
lation was 69.2 years and consisted of 43.9% males. The majority
(67.9%) had had a COPD diagnosis for more than five years. The
median BMI was 26.8, and 25 (13.4%) had an UWL of more than 5%
body weight at inclusion. Of the overall population, 11% received
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Table 1
Baseline characteristics of the study population.

Total population (n = 187)
N (%) or mean (+SD)
or median [25. Quartile-75.

Quartile]

Age (years) 69.2 (+9.9)

Male 82 (43.9%)

Body weight (kg) 76.2 [59.0-94.0]

BMI (kg/m?) 26.8 [22.2-32.6]

BMI categories
Underweight (<18.5) 25 (13.4%)
Normal (18.5—24.9) 53 (28.3%)
Overweight (BMI 25.0—29.9) 44 (23.6%)
Obese (BMI >30) 65 (34.8%)

FEV1 (% predicted, n = 166) 41.0 [30.0—-55.0]
Mild 11 (6.6%)
Moderate 47 (28.3%)
Severe 68 (40.1%)

Very severe 40 (24.1%)

MRC dyspnea score 4.0 [3.0-5.0]

Charlson Comorbidity Index Score 2.0 [1.0-4.0]

Emphysema 146 (78.1%)

Alpha-1-antitrypsin deficiency 12 (6.4%)

ACO 53 (28.3%)

Pulmonary hypertension 46 (24.6%)

Time since diagnosis
0—2 years
2-5 years
More than 5 years
Smoking status

21 (11.2%)
39 (20.9%)
127 (67.9%)

Current 31 (16.6%)
Cessation 2(1.1%)
Former 149 (79.7%)
Never smoked 5(2.7%)

Pack years (years) 37.0 [25.0—50.0]

More than 5 prescription medicines

152 (81.7%)

Unintentional weight loss
Participates in telemedicine
Self-management plan

25 (13.4%)
53 (28.9%)
56 (30.1%)

BMI, body mass index; MRC, Medical Research Council; FEV1, forced expiratory
volume in 1 s; ACO, asthma-COPD overlap syndrome.

oral nutritional supplementation. Almost all patients (97.3%) were
former smokers with a median of 37 pack-years. The population
had a median CCI Score of 2. The median FEV1 was 41% and the
median Medical Research Council (MRC) dyspnea score was 4. The
prevalence of emphysema, pulmonary hypertension, and ACO was
78.1%, 24.6%, and 28.3%, respectively.

3.2. Comparison of groups at follow-up

As shown in Table 2, the baseline characteristics of the popu-
lation divided into UWL and NUWL were relatively similar with no
significant differences for most descriptive variables. However,

1-year follow-up

187 patients » | 6-month follow-up
with the

COPD

diagnosis i

!

respond for

37 patients did not

telephone interview

43 patients did not
respond for telephone
interview

Fig. 1. Flow chart of the sample size development during follow-up.
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Table 2
Baseline characteristics of the population divided into unintentional weight loss (UWL) and no unintentional weight loss (NUWL).
UWL (n = 25) NUWL (n = 162) p-value

Age (years) 68.2 (+10.6) 69.3 (+9.8) 0.755
Male 12 (48.0%) 70 (43.2%) 0.653*
Body weight (kg) 56.0 [47.9—78.0] 79.0 [65.0-95.0] 0.004*
BMI (kg/m?) 18.6 [16.6—23.5] 27.8 [23.3-33.0] <0.001%
BMI categories <0.001*

Underweight (<18.5) 12 (48.0%) 13 (8.0%)

Normal (18.5—-24.9) 7 (28.0%) 46 (28.4%)

Overweight (BMI 25.0—29.9) 2 (8.0%) 42 (25.9%)

Obese (BMI >30) 4(16.0%) 61 (37.7%)
FEV1 (% predicted, n = 166) 40.1 (+18.8) 44.9 (+19.0) 0.259%

Mild 1 (4.5%) 10 (6.9%)

Moderate 5(22.7%) 42 (29.2%)

Severe 7 (31.8%) 61 (42.4%)

Very severe 9 (40.9%) 31 (21.5%)
MRC dyspnea score 5.0 [3.0-5.0] 4.0 [3.0-5.0] 0.140%
Charlson Comorbidity Index Score 2.0 [1.0-5.0] 2.0 [1.0-3.0] 0.419*
Emphysema 23 (92.0%) 130 (80.1%) 0.071%
Alpha-1-antitrypsin deficiency 0 (0.0%) 12 (7.4%) 0.160*
ACO 5 (20.0%) 48 (29.6%) 0.320%
Pulmonary hypertension 4 (16.0%) 42 (25.9%) 0.283*
Time since diagnosis 0.318*

0—2 years 1 (4.0%) 20 (12.4%)

2-5 years 4 (16.0%) 35 (21.6%)

More than 5 years 20 (80.0%) 107 (66.1%)
Smoking status 0.659*

Current 4 (16.0%) 27 (16.7%)

Cessation 0 (0.0%) 2 (1.2%)

Former 20 (80.0%) 129 (79.6%)

Never smoked 1 (4.0%) 4 (2.5%)
Pack years (years) 36.5 [20.0—52.0] 37.0 [25.0—-50.0] 0.698*
More than 5 prescription medicines 22 (88.0%) 130 (80.1%) 0.383*
Self-management plan 9 (36.0%) 47 (29.2%) 0.490*

Data are expressed as mean (+SD) if normally distributed, as median [25. Quartile-75. Quartile] if non-normally distributed, or n (%).

Bold numbers indicate significant p-values <0.05.

BMI, body mass index; MRC, Medical Research Council; FEV1, forced expiratory volume in 1 s; ACO, asthma-COPD overlap syndrome.

* — chi-squared test; * = Mann-Whitney U test; ' = T-test.

there was a significant difference in median BMI, with the UWL
group having a significantly lower value of 18.6 kg/m? compared to
the NUWL group's 27.8 kg/m? (p = 0.0001). Similarly, the body
weight was significantly lower (p = 0.004).

As shown in Table 3, at 6-month follow-up, there was no
apparent difference between the two groups in clinical regarding
admissions, the number of admissions, days admitted, exacerba-
tions, or mortality. At 1-year follow-up, a trend towards higher

prevalence in the UWL was found on most parameters such as
admission to hospital and median LOS.

In Table 4, a significant difference between the groups was seen
regarding of self-care, usual activities, and pain/discomfort. The
UWL group had a significantly higher score indicating a worse
outcome than the NUWL group. The EQ5D-VAS score was lower in
the UWL group than the NUWL, indicating lower QoL. No difference
was found in the overall SARC-F score.

Table 3

Comparison of clinical outcomes at 6-month follow-up and 1-year follow up in relation to whether the patients had an unintentional weight loss (UWL) and no unintentional

weight loss (NUWL) at baseline.

UWL 6 months NUWL 6 months p-value UWL 1-year NUWL 1-year p-value

follow-up follow-up follow-up follow-up loss

(n = 25) loss (n = 162) (n = 25) (n=162)
Hospital admission 13 (52.0%) 57 (36.8%) 0.147% 17 (68.0%) 78 (48.2%) 0.065%
Admission with primary diagnosis® 6 (24.0%) 27 (16.7%) 0.371* 10 (40%) 46 (28.4%) 0.238*
Number of admissions, all-cause” 1.0 [1.0-3.0] 1.0 [1.0-2.0] 0.335% 2.0 [1.0-3.0] 2.0 [1.0-3.0] 0.224%
Number of admissions, primary diagnosis” 0.6 (+0.8) 0.8 (+1.1) 0.914* 1.0 [0.0—2.0] 1.0 [0.0—1.0] 0.617*
LOS, all-cause” 6.7 [2.0-9.3] 2.3 [2.0-5.6] 0.165% 5.0 [3.5-7.0] 3.0 [2.0-6.0] 0.068*
LOS, primary diagnosis” 5.5 [2.0-7.0] 3.0 [2.0—4.0] 0.327% 6.2 [2.7-9.0] 3.5 [2.0-6.5] 0.203%
Exacerbation not requiring admission® 10 (47.6%) 52 (38.8%) 0.443* 13 (65.0%) 65 (51.6%) 0.264*
Number of exacerbations® 1.5[1.0-2.0] 1.0 [1.0-3.0] 0.967* 2.0 [2.0-3.0] 2.0 [1.0-4.0] 0.487*
Number of deaths 2 (8.0%) 17 (10.5%) 0.701* 3(12.0%) 24 (14.8%) 0.709*

Data are expressed as mean (+SD) if normally distributed, as median [25. Quartile-75. Quartile] if non-normally distributed, or n (%).

UWL, unintentional weight loss; NUWL, no unintentional weight loss; LOS, length of stay.

* = chi-squared test; * = Mann-Whitney U test.

¢ Primary diagnosis was defined as either COPD exacerbation, pneumonia or dyspnea.
> Number of admissions and length of stay are based on the patients that had a hospital admission.
¢ Data for exacerbation only included patients that completed the interview and excluded mortalities (No. patients at 6-month follow-up n = 150, and one-year follow-up

n = 144).
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Table 4
Results of the EQ-5D-5L and SARC-F questionnaire between the two groups at 1-year
follow-up.

UWL (n = 20) NUWL (n = 124) p-value
EQ-5D-5L
Mobility 2.8 (+1.0) 2.4 (+1.2) 0.110%
Self-care 2.7 (£1.4) 2.0 (+1.1) 0.017%
Usual activities 3.3 (+1.1) 2.7 (+1.2) 0.036"
Pain/discomfort 2.6 (+0.9) 2.0(x1.1) 0.012*
Anxiety/depression 1.5 [1.0-3.0] 1.0 [1.0-2.0] 0.267*
Overall health (0—100) 46.8 (+21.8) 50.9 (+20.5) 0.406
SARC-F overall score 3.2 (x2.1) 3.1 (x2.5) 0.699*

Data are expressed as mean (+SD) if normally distributed or as median [25. Quartile-
75. Quartile] if non-normally distributed, or n (%).

UWL, unintentional weight loss; NUWL, no unintentional weight loss.

Bold numbers indicate significant p-values <0.05.

* = Mann-Whitney U test; T = T-test.

As shown in Table 5, no significant difference was seen with
either UWL or BMI at 6-month and one-year follow-up when
comparing hospital admission when adjusted for age, FEV1, and
comorbidities. Regarding LOS, a trifold risk of having a LOS of more
than five days was found in the UWL group (OR 2.94, p = 0.021).
This remained significant after adjustment for age, FEV1, and
comorbidities (OR 3.41, p = 0.021). A tendency to an increased risk

Table 5
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of a LOS of more than ten days was found among the UWL group
(OR 2.32, p = 0.233). There was no significant difference between
the groups regarding hospitalization with the primary diagnosis.
Among the underweight patients, an increased risk of exacerbation
was found (OR 4.94, p = 0.014) but after the adjustment for
comorbidities, this association was not significant (OR 3.95,
p = 0.056).

During the follow-up period, 27 deaths were recorded (14.4%).
In the UWL group, three had died (12%), and in the NUWL, 24 had
died (14.8%). As seen in Table 5, the hazard ratios of the Cox
regression analyses showed a tendency towards a lower mortality
risk with UWL and with low and high BMI. Still, none of the results
were statistically significant (p > 0.05). The first mentioned is also
shown in the Kaplan-Meier plot that showed no significant differ-
ence in mortality (p = 0.718) (Fig. 2).

4. Discussion

This study investigated the association between UWL, BM],
and clinical outcomes regarding hospitalization, LOS, exacerba-
tions, QoL, and mortality in 187 Danish COPD outpatients. The
main findings of this prospective cohort study were that 13.4% of
patients that experienced UWL had a significantly lower BMI
than the NUWL group and showed significantly increased risk

Logistic regression and Cox hazard model regression of clinical outcomes. Odds ratios and hazard ratios are presented unadjusted in a crude analysis and adjusted for age, age

and FEV1 as well as age, FEV1 and comorbidities.

Unadjusted Adjusted for age Adjusted for age and FEV1 Adjusted for age, FEV1 and comorbidities
OR  95%CI p OR  95%Cl p OR 95%Cl p OR 95%Cl p
Hospital admission at 6 months
Unintentional weight loss 1.86 0.80—4.36  0.151 1.93 0.82—-4.56 0.132 1.61 0.63—4.13 0.321 1.39 0.52—-3.66 0.511
Underweight 194 0.72-522 0191 211 0.77-577 0.148 179 0.58-5.56 0315 1.56 0.49—-4.96 0.451
Obese 217 0.99-4.72 0.052 257 1.14-579 0.022 291 1.13-7.51 0.027 250 0.96—6.55 0.062
Hospital admission at 1-year follow-up
Unintentional weight loss 229 0.94-5.60 0.070 241 0.98-6.00 0.057 2.07 0.79-5.42 0.139 1.88 0.71-5.01 0.205
Underweight 1.66 0.64—4.33 0300 1.84 0.69-490 0221 157 0.54-4.61 0.405 143 0.48—4.25 0.519
Obese 152 0.73-3.16 0260 185 0.86-396 0.114 198 0.83—4.68 0.121 1.75 0.73—4.21 0.209
LOS ( > 5 days) at 6-month follow-up (n = 23)
Unintentional weight loss 3.55 1.29-9.78 0.014 3.63 1.31-10.06 0.013 4.95 1.63—-15.02  0.005 4.2 1.46—13.97 0.009
Underweight 196 0.53-7.16 0310 2.08 056-7.68 0273 199 0.49-8.09 0.335 1.82 0.44—7.46 0.408
Obese 142 048-4.21 0523 1.61 0.52-491 0407 158 043-5.73 0490 146 0.40—-5.34 0.571
LOS ( > 5 days) at 1-year follow-up (n = 35)
Unintentional weight loss 2.94 1.18-7.37  0.021 3.03 1.20-7.65 0019 3.97 1.44-10.94 0.008 3.41 1.20—9.68 0.021
Underweight 202 0.68-6.00 0203 213 0.71-636 0.117 221 0.67—-7.32 0.194 1.92 0.57-6-53 0.296
Obese 0.78 0.30-2.05 0616 0.86 032-230 0763 089 0.28-2.83 0847 0.76 0.23—-2.46 0.645
LOS ( > 10 days) at 6-month follow-up (n = 8)
Unintentional weight loss 226 0.43-11.88 0335 221 042-11.68 0349 227 033-1552 0403 2.01 0.28—14.31 0.485
Underweight 222 0.29-16.73 0440 2.12 0.28-16.22 0468 135 0.16—-11.22 0.779 1.24 0.15-10.54 0.842
Obese 123 0.20-7.67 0822 1.14 0.18-7.35 0.892 046 0.04-5.81 0552 045 0.04—5.62 0.531
LOS ( > 10 days) at 1-year follow-up (n = 12)
Unintentional weight loss 232 0.58—9.22 0233 235 058-939 0225 343 0.78-15.10 0.103  3.06 0.68—13.85 0.146
Underweight 0.83 0.15-4.63 0836 086 0.15-479 0.861 092 0.15-5.59 0925 0.81 0.13-5.07 0.824
Obese 0.63 0.16—247 0507 0.67 0.16—2.72 0571 037 0.06—2.23 0280 0.33 0.05—-1.99 0.226
Exacerbation at 6-month follow-up (n = 62)
Unintentional weight loss 143 0.57—-3.61 0445 158 0.62—4.05 0341 110 039-3.13 0.858 1.08 0.38—3.09 0.890
Underweight 126 044-3.60 0.663 139 0.48-4.03 0549 132 041-4.28 0.647 131 0.40—4.25 0.657
Obese 0.82 0.36-1.85 0.629 0.99 042-2.31 0976 130 0.50-3.36 0.591 1.27 0.49-3-31 0.622
Exacerbation at 1-year follow-up (n = 78)
Unintentional weight loss 1.74 0.65-4.66 0.268 1.82 0.68—4.90 0236 126 0.42-3.82 0684 1.12 0.36—3.45 0.848
Underweight 494 1.38-17.65 0.014 5.04 141-18.09 0.013 4.06 1.00-1640 0.049 3.95 0.97—-16.12 0.056
Obese 1.95 0.84-450 0.118 2.15 091-509 0.082 258 0.96-6.92 0.060 2.39 0.88—6.46 0.087
Mortality (n = 27) HR  95%CI P HR  95%CI P HR 95%CI P HR 95%CI P
Unintentional weight loss 0.80 0.24—2.66 0718 0.84 0.25-2.79 0.773 1.00 0.29-3.45 0999 0.96 0.28—3.32 0.947
Underweight 1.04 036-3.06 0937 1.17 040-3.43 0.781 1.04 0.33-3.27 0946  0.99 0.31-3.13 0.985
Obese 064 0.25-162 0345 0.80 031-2.10 0655 078 0.24-2.53 0684 0.76 0.23—-2.45 0.640

Bold numbers indicate significant p-values <0.05.

Variables are divided into unintentional weight loss (UWL) and low and high BMI groups compared to normal BMI.
OR, odds ratio; 95%CI, 95% confidence interval; p, p-value; LOS, length of stay; HR, hazard ratio. Underweight = BMI <18.5; Obese = BMI >30.
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Fig. 2. (a) Kaplan-Meier cumulative survival plot comparing unintentional weight loss and no unintentional weight loss. (b) Kaplan-Meier cumulative survival plot comparing BMI

groups.

regarding LOS on hospitalizations and exacerbations. Further-
more, a significant difference was seen in QoL with the EQ-5D-5L
questionnaire. No significant difference was found for mortality.
In terms of hospitalization, this study showed a trend toward a
higher risk of hospital admission during the follow-up period
among the UWL patients (OR 2.29, p = 0.070). A potential
explanation could be a difference in comorbidities between those
with UWL and those without since even though there was no
significant difference in hospitalization between the groups, the
odds for hospitalization remained higher in the UWL patients
after adjustment for comorbidities from CCI score (OR 2.12,
p = 0.107). The present study did not find any difference between
BMI groups or UWL, solely looking at admissions due to the
primary diagnosis. As for exacerbations as an outcome variable, a
possible explanation for the results could be that one-third of the
population had a self-management plan which has been shown
to prevent and reduce hospital admissions in patients with COPD
[19]. However, no difference was found between those having a
self-management plan and UWL or not (p = 0.490).
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In terms of LOS, no difference was found between BMI groups,
unlike a study that found a longer LOS among underweight patients
[2]. However, a difference in LOS was found in those with UWL with
an almost trifold increased risk of a LOS of more than five days during
the follow-up period (OR 2.94, p = 0.021). This remained significant
after adjusting for age and FEV1 (p = 0.008) and was found at both 6-
month and 1-year follow-ups. Looking at LOS of more than ten days,
a tendency to a higher risk among UWL patients was still found but
not significant (OR 2.32, p = 0.233). A limitation of this result was
that the sample size of patients became very small (n = 12) and
allowed for a more considerable variance within the data. A possible
explanation could be a higher prevalence of comorbidities in the
UWL group. However, as shown in Table 1, no significant difference
in CCI score was present between the UWL and NUWL groups. Few
other studies have compared LOS with UWL as an independent
variable in patients with COPD. A recent study found a significantly
higher risk of LOS over ten days in malnourished patients but found
no difference with UWL as an independent variable alone [2]. The
discrepancy remains unclear as they had a similar sample size.
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However, they compared over a 2-year follow-up period, and their
population might have less severe COPD as the mean MRC in their
study was 3.1, and our population had a median of 4. Additionally,
they had a 45% prevalence of weight loss compared to 13.4% in the
current study. Another study also found malnutrition as a risk factor
for increased LOS in COPD patients [20].

In the current study, having a non-hospital-requiring exacer-
bation during follow-up had a prevalence of about 50%. The analysis
showed a significantly higher risk among the underweight patients
(OR 4.94, p = 0.014) and a tendency to a slightly higher prevalence
among those with UWL. A possible explanation for the former
could be that 30.1% of the population had the self-management
plans mentioned earlier, and the prevalence of self-management
plans among BMI groups was highest in the underweight cate-
gory (44%). Previous literature has shown that patients with COPD
with self-management plans might have difficulties separating an
onset of acute exacerbation from day-to-day worsening of symp-
toms, including exacerbations [19,21]. Therefore, the results might
be blurred as the subgroup with a medical self-treatment plan was
more likely to have experienced an exacerbation (OR 5.22,
p < 0.000). Previous literature on this is sparse, so further research
is required to establish a difference.

UWL was also associated with poorer QoL. Most variables in the
EQ-5D-5L questionnaire showed worse scores for the UWL group,
with significant differences in self-care, usual activities, and pain/
discomfort. Other studies have shown an improvement in QoL
parameters by nutritional intervention, which, combined with the
current study's results, emphasize the importance of screening and
clinical assessment of weight loss and malnutrition in COPD out-
patients [9,22]. However, these studies were conducted in a Viet-
namese population in which the prevalence of UWL was as high as
80% of the patients with COPD. The transferability of these findings
to a developed Western country is arguable.

The finding of no increased mortality risk with UWL or for BMI
groups is contrary to many previous studies on COPD patients that
showed increased mortality in patients with low BMI [2,4,5,23,24]
and UWL [4]. Part of the explanation behind this discrepancy could
be that the follow-up period in this study needed to be longer to
show a statistically significant difference between the groups
compared with earlier studies that had decade-long follow-ups.
Similarly, this study's prevalence of mortality (n = 27) is limited. A
hypothesis could be that COPD medication therapy has changed
over the years since some of these studies present data that are
quite old, although the studies were recently published [2,5,24]. In
addition, geographical and societal differences in health care could
impact the availability of COPD medication, affecting the outcome
and disease progression. This hypothesis may be one of many po-
tential explanations for the discrepancy. However, a recent study
with a similar sample size found no increased mortality with UWL
[2]. However, this is not described in the literature regarding
nutritional status elsewhere [19,21].

Previous studies have investigated the so-called obesity paradox
in recent years, where overweight and obesity were positive pre-
dictors for survival in patients with COPD [25,26]. Our study
showed a similar tendency; the overweight and obese patients had
the lowest hazard ratio compared to normal weight. However, this
finding was not statistically significant. In their prospective cohort
study, Smulders et al. also found that obesity was associated with
increased survival and a positive predictor for severe exacerbation
frequency [26]. Our study found a slightly higher risk of mild to
moderate exacerbation among obese patients but not significant
(OR 1.95, p = 0.118). However, when looking at LOS, a trend towards
the lowest risk was found among obese patients, indicating that a
high BMI might benefit some clinical outcome parameters in pa-
tients with COPD.
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The prevalence of 13.4% UWL in this cohort is relatively low
compared to other studies. Reports of UWL in a COPD population
span from 6% to 45%, depending on the cohort's COPD severity,
setting, and definition of weight loss [2,4]. Given the disease
severity of our population, part of the explanation behind the low
prevalence could be that 11.2% of the population received oral
nutritional supplementation. In addition, a significantly lower BMI
was found in the subgroup that experienced UWL, consistent with
other literature that also shows an overrepresentation of low BMI in
the patients that experience UWL [4]. It could have been interesting
to investigate further the underlying mechanisms by including
inflammatory biomarkers such as C-Reactive Protein, white blood
cell count, or albumin to enlighten any potential differences across
the population subgroups.

There are some potential limitations to consider regarding this
study. The prevalence of UWL was lower than expected at 13.4%,
which made the UWL sample somewhat small. However, studies
with similar or smaller sample sizes could still show significant
outcome differences [2,6]. In addition, a longer follow-up could likely
reveal more significant outcome differences, especially in terms of
mortality, as other large studies with up to decade-long follow-ups
reveal varying differences in mortality [4,5,23]. Nevertheless, the
follow-up period revealed significant differences in other outcomes,
such as LOS, exacerbations, and the EQ-5D-5L questionnaire.

The methods used in the study are generally well-researched
and validated, but some methodological limitations must still be
considered. First, the UWL parameter was obtained at inclusion as
patient-reported data, which could spark debate about validity.
However, patient-reported weight loss is generally considered
reliable and used in other large studies with significant results
[4,27]. Furthermore, 29% of the study population participated in
ongoing regional telemedicine that involves weekly measurements
of body weight, which enhances the accuracy of self-reported
weight loss. Second, the questionnaires used were the standard-
ized, well-validated QoL questionnaire EQ-5D-5L and the SARC-F
questionnaire, which is a commonly used screening tool for sar-
copenia, even though some limitations are present in the latter. A
newly published meta-analysis showed that the reliability of the
SARC-F as a screening tool is limited due to low sensitivity [28]. This
may be further aggravated by the low sample of patients with UWL
after one year and the invisibility of nutrition support and training
other than COPD rehabilitation.

Additionally, both questionnaires were cross-sectional, and a
prospective study of QoL parameters in the population could have
provided further knowledge.

The current study's findings provide further evidence that
clinical screening and assessment of BMI and weight loss in COPD
patients offer essential information that can be used to identify
specific populations at risk of poorer clinical outcomes regarding
hospitalizations and QoL. Current international guidelines,
including the GOLD guidelines and the National Institute of Health
Excellence (NICE) guidelines, have started incorporating recom-
mendations for regular screening of BMI and potential malnutrition
[1]. However, the results of the current study, along with other
studies, indicate that UWL as a solitary factor is an important
parameter to use for early screening as well that should be included
in future clinical guidelines for patients with COPD — not only in the
older people as the NICE guidelines currently recommend. UWL is
accessible in the busy outpatient clinic, where time with the pa-
tients is short. Furthermore, nutritional intervention for patients
experiencing weight loss seems advisable [29]. Anabolic steroid
treatment has also been studied in COPD patients as a potential
treatment for muscle wasting and poor pulmonary function.
However, the results are mixed and are currently not generally
recommended as a treatment option [30,31].
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Based on the results of the present study, more research is
required over a more extended period and with a larger sample to
potentially highlight clinical outcome differences further.

5. Conclusion

The study found a prevalence of 13.4% UWL with a significantly
lower body weight among those with UWL. In follow-up within six
and twelve months, a significantly higher risk of an extended LOS
on admissions was found in those with UWL. UWL was also asso-
ciated with a poorer QoL. BMI<18,5 was associated with an
increased risk of exacerbation. No significant difference was found
for mortality. These findings provide additional evidence that the
identification of UWL should be implemented early to intervene
with nutritional assessment and support to prevent poorer clinical
outcomes.
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