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Purpose: Low body mass index (BMI) has been reported to be associated with poor 
prognosis in patients with chronic obstructive pulmonary disease (COPD). In contrast, 
a detailed analysis of the association between body weight change over time and prognosis 
is not sufficient, particularly in Japanese patients with COPD who have been reported to be 
much thinner compared to Westerners. This study aimed to investigate the relationship 
between annual body weight change and long-term prognosis in Japanese patients with 
COPD in two independent cohorts.
Patients and Methods: We analyzed 279 patients with COPD who participated in the 
Hokkaido COPD cohort study as a discovery cohort. We divided participants into three 
groups according to quartiles of annual body weight change calculated by the data from the 
first 5 years: weight loss group (<-0.17 kg/year), no change group (−0.17 to ≤0.20 kg/year), 
and weight gain group (>0.20 kg/year). The association between annual body weight change 
and prognosis was replicated in the Kyoto University cohort (n = 247).
Results: In the Hokkaido COPD cohort study, the weight loss group had significantly worse 
mortality than the other groups, whereas there was no difference in BMI at baseline. In the 
multivariate analysis, annual body weight change was an independent risk factor for all- 
cause mortality, which was confirmed in the Kyoto University cohort.
Conclusion: Annual body weight loss is associated with poor prognosis in Japanese patients 
with COPD, independent of baseline BMI. Longitudinal assessment of body weight is 
important for the management of COPD.
Keywords: annual body weight change, body mass index, chronic obstructive pulmonary 
disease, mortality, prognosis, weight loss

Introduction
Chronic obstructive pulmonary disease (COPD) is one of the leading causes of 
death worldwide and is characterized by persistent airflow limitation and systemic 
inflammation.1 In patients with COPD, increased ventilation costs due to obstruc
tive ventilatory impairment and systemic inflammation cause an imbalance between 
energy intake and expenditure, leading to weight loss.2 Low body mass index 
(BMI) is a strong predictor of mortality in patients with COPD; therefore, nutri
tional support has been advocated as an effective approach to the care of COPD 
patients with low BMI.2,3 We previously reported that low BMI was also associated 
with shorter exacerbation-free survival, higher frequency of exacerbations, and the 
occurrence of recurrent exacerbations in patients with COPD.4 The BODE index, 
including BMI, has been proposed as a prognostic factor for COPD,5 and the 
importance of assessing baseline BMI is well known. In contrast, longitudinal 
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weight loss during the clinical course is also a common 
and serious problem for patients with COPD regardless of 
baseline BMI and has been reported to be an independent 
predictor of mortality.6–8 We also reported that rapid 
annual body weight loss during the first 5 years (≤ 
−0.458 kg/year determined by classification and regression 
tree analysis) was associated with shorter survival 
thereafter.9 However, a detailed analysis of the association 
between body weight change over time and prognosis as 
well as causes of death is not sufficient, particularly in 
Japanese patients with COPD who have been reported to 
be much thinner compared to Westerners.10,11

In the present study, we aimed to retrospectively 
explore the associations between annual body weight 
change and long-term prognosis as well as causes of 
death in two independent prospective cohorts of Japanese 
patients with COPD: the Hokkaido COPD cohort study 
and the Kyoto University cohort.

Patients and Methods
Hokkaido COPD Cohort Study
Study Protocol
The details of the Hokkaido COPD cohort study have been 
described previously.4,9,12–14 Japanese patients with COPD 
were recruited at Hokkaido University Hospital (Sapporo, 
Japan) and nine affiliated hospitals from May 2003 to 
May 2005. All participants were older than 40 years of 
age and were current or former smokers with a smoking 
history of 10 pack-years or more. Patients who had 
a current diagnosis of asthma and any history of childhood 
asthma were completely excluded by a respiratory specia
list. During the first year of follow-up, the diagnosis was 
reconfirmed based on the spirometry criteria of the Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) 
guidelines.15 A total of 279 patients with COPD (GOLD 1, 
26%; GOLD 2, 45%; GOLD 3, 24%; GOLD 4, 5%) were 
followed up for the subsequent study. On the first visit, 
demographic information, including sex, age, height, 
weight, smoking history, comorbidities, medical history, 
medications, and information on pulmonary symptoms 
were collected. We conducted computed tomography (CT) 
at baseline and performed spirometry every 6 months before 
and after bronchodilator inhalation. The CT scanners and 
other technical parameters used in this study were described 
in previous reports.12,16 The severity of emphysema was 
scored using CT according to the modified Goddard scoring 
system.17 Three-dimensional computerized CT analysis of 

low attenuation volume (LAV) was performed to evaluate 
the severity of emphysema in participants with available 
three-dimensional data (n=156) in whom inspiratory CT 
scans with a 1.25 mm slice thickness were acquired at 
Hokkaido University Hospital using a Somatom Plus 
Volume Zoom scanner (Siemens AG, Berlin, Germany) at 
140 kVp, 150 mA, 4×1 mm detector collimation, and heli
cal pitch 6 or 7. The raw data were reconstructed using 
a soft algorithm (standard kernel, FC30).13,16 Until the 
5th year of the study, moderate-to-severe exacerbation 
(requiring prescription change and/or hospital admission) 
was recorded,4 and body weight was measured annually. 
Most of the eligible individuals who dropped out of the 
regular follow-up program visited outpatient clinics to 
receive appropriate medical care. Therefore, telephone 
interviews and chart reviews to monitor 10-year annual 
mortality data were required for only a very small number 
of study participants. Only eight patients (2.9%) received 
a telephone interview to obtain data on 10-year mortality. 
Information about fatal events was collected as described 
previously.9 This study was conducted as per the 
Declaration of Helsinki and was approved by the ethics 
committee of Hokkaido University School of Medicine 
(med02-001). All participants provided written informed 
consent.

Participants
The annual change in body weight and post- 
bronchodilator forced expiratory volume in 1 second 
(FEV1) during the first 5 years were estimated using linear 
mixed-effects models.9 Based on the annual change in 
body weight, we classified the participants into the three 
groups as weight loss group (<-0.17 kg/year or 25th 
percentile), no change group (−0.17 to ≤0.20 kg/year), 
and weight gain group (>0.20 kg/year or 75th percentile). 
We examined the association between body weight 
change during the first 5 years and 10-year mortality, 
including the causes of death. The cause of death was 
divided into four categories: respiratory diseases (includ
ing respiratory failure, pneumonia, and lung abscess); 
malignancy (lung cancer or cancer in other organs); car
diovascular diseases (including heart failure, ischemic 
heart diseases, aortic aneurysm rupture, aortic dissection, 
cerebral infarction, and cerebral hemorrhage); and others 
(including renal failure, gastrointestinal disease, and acci
dent). No patients died of pulmonary embolism. 
Additionally, the ratio of body weight during the first 5 
years divided by the body weight at baseline was 
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calculated. The annual change in this ratio was estimated 
using linear mixed-effects models, and the participants 
were divided into three groups: rate decrease group (<- 
1.21%/year or 25th percentile), no change group (−1.21 to 
≤0.08%/year), and rate increase group (>0.08%/year or 
75th percentile). The annual change in the rate of FEV1 to 
baseline during the first 5 years was calculated in the same 
manner.

Kyoto University Cohort
The Kyoto University cohort has been described 
previously.18–21 Briefly, 247 patients with COPD under
went chest inspiratory CT scans and pulmonary function 
tests and were originally followed up. Patients who had 
a current diagnosis asthma were excluded. For the pre
sent study, the follow-up period was extended as of 
October 2019, and the median of the final follow-up 
duration was 3277 (2331–4240) days, and information 
on all-cause mortality and the cause of death during the 
follow-up period were recorded. Information on moder
ate-to-severe exacerbation (requiring antibiotics and/or 
systemic corticosteroids and/or hospital admission) dur
ing the first 5 years was also collected. All CT images 
with a 0.5 mm slice thickness at full inspiration were 
obtained using an Aquilion 64 scanner (Toshiba, Tokyo, 
Japan) with a 0.5 mm collimation, a scan time of 500 
ms, 120 kVp, and auto-exposure control, and recon
structed using a sharp algorithm (FC56). The severity 
of emphysema in all patients was assessed using the % 
LAV.22 Body weight was measured at least once 
per year. The annual change in body weight and post- 
bronchodilator FEV1 during the first 5 years was calcu
lated using linear mixed-effects models, and the associa
tion between body weight change during the first 5 years 
and mortality was examined as in the Hokkaido COPD 
cohort study. Based on the cutoff values of annual 
change in body weight determined in the Hokkaido 
COPD cohort study, patients were divided into three 
groups: weight loss, no change, and weight gain. 
Additionally, patients were classified into three groups: 
rate decrease, no change, and rate increase using the 
same methods and cutoff values as in the Hokkaido 
COPD cohort study. This study was conducted as per 
the Declaration of Helsinki and was approved by the 
ethics committee of Kyoto University (E182 and R0311- 
2). All participants provided written informed consent.

Statistical Analysis
Differences among the groups were analyzed using 
Fisher’s exact test for categorical variables, Student’s 
t-test or one-way analysis of variance for continuous para
metric variables, and the Mann–Whitney U-test or 
Kruskal–Wallis test for continuous nonparametric vari
ables. Factors associated with mortality were analyzed 
using the Kaplan-Meier method with the Log rank test 
and multivariate Cox proportional hazards models. Two 
Cox proportional hazard models were used. The covariate 
included in the first model (Model 1) was the age at 
enrollment. Covariates included in the second model 
(Model 2) were age, sex, BMI, smoking status, FEV1, 
and the severity of emphysema at enrollment. For the 
severity of emphysema, we used the CT emphysema 
score in the Hokkaido COPD cohort study because three- 
dimensional CT data were not available in some patients 
in whom %LAV could not be assessed for emphysema. 
Covariates for inclusion in the models were selected based 
on potential confounding variables known to affect COPD 
mortality. Logistic regression analysis was performed as 
required. Statistical significance was defined as p <0.05. 
Statistical analyses were performed using JMP (SAS 
Institute Inc., Cary, NC, USA) and EZR version 1.54 
(Saitama Medical Center, Jichi Medical University, 
Saitama, Japan), which is a graphical user interface for 
R software (The R Foundation for Statistical Computing, 
Vienna, Austria).23

Results
Hokkaido COPD Cohort Study
The characteristics of the participants in the Hokkaido 
COPD cohort study are shown in Table 1. Figure 1 illus
trates the distribution of annual body weight change, and 
the patients were classified into three groups according to 
the quartiles of the distribution of annual body weight 
change: weight loss group (<-0.17 kg/year, −0.50 ± 
0.25 kg/year: mean ± standard deviation); no change 
group (−0.17 to ≤0.20 kg/year, 0.03 ± 0.10 kg/year); and 
weight gain group (>0.20 kg/year, 0.43 ± 0.22 kg/year). 
Table 2 shows the clinical characteristics of the three 
groups. There were significant differences in age and the 
annual decline in FEV1 among the three groups, whereas 
there were no significant differences in sex, smoking sta
tus, pulmonary function test results, CT emphysema score, 
or annual decline in the rate of FEV1 to baseline. The 
height and BMI at baseline did not differ among the 
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three groups. The weight loss group had a higher mortality 
rate than the other groups (p = 0.01, Figure 2A), and the 
association was similar only for participants who survived 
during the first 5 years (p=0.006, Figure 2B).

The multivariate Cox proportional hazards models 
showed that annual body weight change was significantly 
associated with mortality after adjustments for age as well 

as adjustments for both BMI and emphysema score on CT 
at baseline (Table 3). Regarding the cause of death, the 
prevalence of respiratory diseases was higher in the weight 
loss group (Table 4). Even after excluding patients who 
died of malignancy, there was a significant association 
between the weight loss group and poor prognosis 
(p=0.04, Figure 2C).

Kyoto University Cohort
The characteristics of the participants in the Kyoto 
University cohort are shown in Table 1. The FEV1 and 
forced vital capacity (FVC) were significantly lower and 
carbon monoxide diffusion capacity (DLCO) and %LAV 
were higher in the Kyoto University cohort than in the 
Hokkaido COPD cohort study. Patients were divided into 
three groups based on the cutoff values used in the 
Hokkaido COPD cohort study: weight loss group 
(<-0.17 kg/year, −0.55 ± 0.29 kg/year); no change group 
(−0.17 to ≤0.20 kg/year, −0.006 ± 0.11 kg/year); and 
weight gain group (>0.20 kg/year, 0.46 ± 0.24 kg/year). 
Table 5 shows the clinical characteristics of the three 
groups in the Kyoto University cohort. There were signif
icant differences in the severity of airflow limitation 
(GOLD stages), FEV1, and FEV1/FVC among the three 
groups, whereas height and BMI at baseline did not differ. 
The weight loss group had a higher mortality rate than the 
other groups (p = 0.005, Figure 3A), and the association 

Table 1 Characteristics of Subjects in the Hokkaido COPD and Kyoto University Cohorts

Hokkaido COPD Cohort Kyoto University Cohort P-value

(Discovery) (Validation)

Patients, n 279 247

Age, years 69.4 ± 7.9 70.0 ± 8.4 0.46
Female, N (%) 17 (6.1%) 23 (9.3%) 0.19

Height, cm 162.9 ± 6.7 163.7 ± 6.8 0.15

Body mass index, kg/m2 22.3 ± 3.2 22.1 ± 2.9 0.40
GOLD stage 1/2/3/4 72/126/68/13 51/115/69/12 0.53

Pack-years 62.6 ± 30.1 64.8 ± 34.2 0.44

FEV1, % predicted 64.5 ± 21.8 60.6 ± 20.2 0.04
FVC, % predicted 100.5 ± 18.9 96.0 ± 17.2 0.005

FEV1/FVC, % 51.2 ± 12.7 50.5 ± 13.5 0.57

DLCO, % predicted 77.1 ± 25.0 83.1 ± 29.4 0.01
KCO, % predicted 63.2 ± 23.9 65.5 ± 24.0 0.27

CT emphysema score 1.2 (0.7–2.2) Not assessed

%LAV 25.4 ± 14.8 (n = 156) 28.4 ± 9.3 0.01

Notes: Data are shown as the mean ± standard deviation (SD), median (interquartile range), or number (%). P-values were obtained using the Fisher’s exact test, Student’s 
t-test, or the Mann–Whitney U-test, as appropriate. 
Abbreviations: GOLD, Global Initiative for Chronic Obstructive Lung Disease; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; DLCO, carbon 
monoxide diffusion capacity; KCO, carbon monoxide transfer coefficient; CT, computed tomography; %LAV, per cent low attenuation volume.

Figure 1 Distribution of annual body weight change in the Hokkaido COPD cohort 
study.
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was similar only for participants who survived during the 
first 5 years or when participants who died of malignancy 
were excluded (p=0.04, Figure 3B; p=0.007, Figure 3C). 
There was no difference in the causes of death among the 
three groups (Table 4). The multivariate Cox proportional 
hazards models showed that annual body weight change 
was significantly associated with mortality, independent of 
BMI or %LAV at baseline (Table 3).

Factors Associated with Annual Body 
Weight Loss
To identify the factors that contribute to annual body weight 
loss, a multivariate logistic regression model for the weight 
loss group was performed using the combined participants 
from the two cohorts. Consequently, older age and a higher 
frequency of exacerbations during the first 5 years were 
independent predictors for the weight loss group (Table 6).

Association of Annual Change in the Rate 
of Body Weight to Baseline with Mortality
Since annual changes in absolute body weight values may 
be affected by body weight at baseline, the association 
between the annual change in the rate of body weight to 
baseline and mortality was also examined using combined 
participants from the two cohorts. Participants were 
divided into three groups based on the quartiles of annual 

change in the rate of body weight to the baseline of the 
Hokkaido COPD cohort study: rate decrease group 
(<-1.21%/year, −2.0 ± 0.8%/year), no change group 
(−1.21 to ≤0.08%/year, −0.5 ± 0.3%/year), and rate 
increase group (>0.08%/year, 0.9 ± 0.8%/year). There 
were significant differences in BMI at baseline among 
the three groups (Supplementary Table 1). The rate 
decrease group had higher mortality compared with that 
of the other groups, and the association was similar only 
for participants who survived during the first 5 years or 
when participants who died of malignancy were excluded 
(Supplementary Figure 1). The multivariate Cox propor
tional hazards models showed that annual changes in the 
rate of body weight to baseline were significantly asso
ciated with mortality (Supplementary Table 2).

Discussion
In this study, we first examined the association between 
annual body weight change and mortality in Japanese 
patients with COPD using data from the Hokkaido 
COPD cohort study. We found that annual body weight 
loss assessed over 5 years was associated with poor prog
nosis, independent of baseline BMI. The strength of this 
study is that the major findings of the Hokkaido COPD 
cohort study were confirmed in another independent 
cohort, the Kyoto University cohort. Additionally, 

Table 2 Characteristics of Groups Divided by Annual Weight Change in the Hokkaido COPD Cohort

Weight Loss Group No Change Group Weight Gain Group P-value

(n = 70) (n = 139) (n = 70)

Age, years 71.6 ± 6.8 69.0 ± 8.5 68.1 ± 7.1 0.02

Female, N (%) 5 (7.1%) 10 (7.2%) 2 (2.9%) 0.49
Height, cm 162.9 ± 6.4 162.6 ± 7.1 163.4 ± 6.0 0.73

Body mass index, kg/m2 22.1 ± 3.1 22.3 ± 3.2 22.5 ± 3.5 0.78

GOLD stage 1/2/3/4 13/29/24/4 39/60/34/6 20/37/10/3 0.15
Pack-years 61.5 ± 27.6 63.6 ± 33.4 61.8 ± 25.4 0.87

FEV1, % predicted 60.5 ± 22.0 65.2 ± 22.6 67.1 ± 19.9 0.17

FVC, % predicted 97.3 ± 19.5 101.0 ± 19.0 102.8 ± 17.8 0.20
FEV1/FVC, % 49.4 ± 13.1 51.3 ± 12.7 52.8 ± 12.2 0.27

DLCO, % predicted 74.2 ± 26.8 75.9 ± 24.1 82.3 ± 24.5 0.11

KCO, % predicted 64.0 ± 25.7 61.3 ± 22.8 66.2 ± 24.1 0.37
CT emphysema score 1.3 (0.7–2.3) 1.3 (0.7–2.2) 1.0 (0.5–1.7) 0.11

Annual decline in FEV1, mL/yr 25.3 ± 23.2 27.9 ± 23.6 37.4 ± 25.7 0.006

Annual decline in the rate*, %/yr 1.8 ± 2.1 2.2 ± 1.6 2.2 ± 1.7 0.24
Exacerbation, events/yr 0.2 ± 0.3 0.2 ± 0.5 0.2 ± 0.3 0.55

Notes: *Rate of FEV 1 to baseline FEV1 (%). Data are shown as the mean ± standard deviation (SD), median (interquartile range), or number (%). P-values were obtained 
using the Fisher’s exact test, one-way analysis of variance, or the Kruskal–Wallis test, as appropriate. 
Abbreviations: GOLD, Global Initiative for Chronic Obstructive Lung Disease; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; DLCO, carbon 
monoxide diffusion capacity; KCO, carbon monoxide transfer coefficient; CT, computed tomography.

International Journal of Chronic Obstructive Pulmonary Disease 2021:16                                                https://doi.org/10.2147/COPD.S338908                                                                                                                                                                                                                       

DovePress                                                                                                                       
3247

Dovepress                                                                                                                                                              Abe et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=338908.docx
https://www.dovepress.com/get_supplementary_file.php?f=338908.docx
https://www.dovepress.com/get_supplementary_file.php?f=338908.docx
https://www.dovepress.com
https://www.dovepress.com


multivariate logistic regression analysis demonstrated that 
body weight loss over time was independently associated 
with a higher frequency of exacerbations. These results 

suggest that the rate of weight loss would be a useful 
indicator of future mortality risk in patients with COPD, 
regardless of their BMI.

Figure 2 Kaplan–Meier curves based on groups divided by annual weight change in Hokkaido COPD cohort study. (A) All-cause mortality. (B) Patients who survived during 
the first 5 years. (C) Patients excluding death from malignancy.

Table 3 Multivariable Cox Proportional Hazards Analysis of All-Cause Mortality in the Hokkaido COPD and Kyoto University 
Cohorts

Variables Hokkaido COPD Cohort Kyoto University Cohort

Hazard Ratio (95% CI) P-value Hazard Ratio (95% CI) P-value

Model 1
Annual body weight change, kg/yr 0.52 (0.32–0.85) 0.01 0.47 (0.25–0.88) 0.02

Age, years 1.11 (1.07–1.14) <0.001 1.07 (1.03–1.11) <0.001

Model 2
Annual body weight change, kg/yr 0.55 (0.34–0.90) 0.02 0.43 (0.22–0.82) 0.01
Age, years 1.11 (1.07–1.15) <0.001 1.05 (1.01–1.09) 0.01

Sex, male 2.47 (0.92–10.10) 0.08 3.12 (0.91–19.6) 0.07

Body mass index, kg/m2 0.91 (0.85–0.97) 0.005 0.92 (0.82–1.03) 0.16
Pack-years 0.99 (0.99–1.0005) 0.06 1.00 (0.99–1.01) 0.95

FEV1, L 1.02 (0.73–1.44) 0.90 0.68 (0.37–1.22) 0.20

CT emphysema score 1.33 (1.07–1.65) 0.01 - -
%LAV - - 1.04 (1.00–1.08) 0.07

Note: The hazard ratio was derived from the multivariate Cox proportional hazards models. 
Abbreviations: FEV1, forced expiratory volume in 1 second; CT, computed tomography; %LAV, per cent low attenuation volume.
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Low BMI has been reported to be associated with 
higher long-term mortality in patients with COPD.3,24,25 

Underweight is associated with reduced lung function,26 

decreased metabolically and functionally active fat-free 
mass (FFM),27 and a decrease in diaphragm muscle 
strength.28 Low BMI is also associated with frequent 
exacerbations,4 which leads to a faster decline in FEV1 

and higher mortality.29,30 On the other hand, weight loss 
in the clinical course of COPD is due to multiple factors, 
such as oxidative stress causing systemic 
inflammation,31,32 higher metabolic rate, and increased 
ventilation costs.33 Increased levels of acute-phase reac
tant proteins and inflammatory cytokines are related to 
increased resting energy expenditure and decreased 
FFM.33 Previous reports have shown that the loss of 

skeletal muscle mass, particularly the erector spinae 
muscles, was correlated with BMI and was significantly 
associated with poor prognosis.34,35

Regarding factors associated with annual body weight 
loss in patients with COPD, we showed that a higher 
frequency of exacerbations during the first 5 years was 
a significant predictor for the weight loss group in this 
study. It has been reported that an impaired endogenous 
oxidant-antioxidant balance associated with evidence of 
increased oxidative stress has been reported during 
COPD exacerbations.36 Since oxidants enhance muscle 
proteolysis,37 this may be relevant for the pathogenesis 
of skeletal muscle mass loss in patients with COPD and 
may contribute to weight loss in frequent exacerbators.38 

Additionally, there was a significant difference in the 

Table 4 Causes of Death in the Hokkaido COPD and Kyoto University Cohorts

Hokkaido COPD Cohort Kyoto University Cohort

Weight Loss 
Group

No Change 
Group

Weight Gain 
Group

Weight Loss 
Group

No Change 
Group

Weight Gain 
Group

Respiratory disease 19 (51.4) 17 (31.5) 9 (42.9) 14 (31.8) 6 (66.7) 1 (33.3)
Malignancy 14 (37.8) 21 (38.9) 7 (33.3) 10 (22.7) 2 (22.2) 2 (66.7)

Cardiovascular disease 1 (2.7) 6 (11.1) 5 (23.8) 14 (31.8) 0 (0.0) 0 (0.0)

Others 3 (8.1) 10 (18.5) 0 (0.0) 6 (13.6) 1 (11.1) 0 (0.0)

Notes: Data are shown as the number (%). P-values were 0.04 (Hokkaido COPD cohort) and 0.15 (Kyoto University cohort) by the Fisher’s exact test.

Table 5 Characteristics of Groups Divided by Annual Weight Change in the Kyoto University Cohort

Weight Loss Group No Change Group Weight Gain Group P-value

(n = 154) (n = 65) (n = 28)

Age, years 70.9 ± 8.3 68.6 ± 7.5 67.7 ± 9.9 0.06

Female, N (%) 13 (8.4) 4 (6.2) 6 (21.4) 0.07
Height, cm 163.3 ± 7.1 164.7 ± 6.1 164.1 ± 6.7 0.36

Body mass index, kg/m2 22.0 ± 3.0 22.3 ± 2.9 22.2 ± 2.6 0.75

GOLD stage 1/2/3/4 27/68/50/9 15/35/15/0 9/12/4/3 0.03
Pack-years 63.4 ± 32.5 70.5 ± 40.5 58.9 ± 24.9 0.24

FEV1, % predicted 58.1 ± 19.6 64.8 ± 18.6 65.3 ± 24.2 0.03

FVC, % predicted 94.8 ± 16.9 97.6 ± 16.1 99.3 ± 20.8 0.30
FEV1/FVC, % 48.8 ± 13.1 53.9 ± 12.9 52.4 ± 16.1 0.03

DLCO, % predicted 81.6 ± 30.9 89.3 ± 27.0 77.5 ± 25.0 0.11

KCO, % predicted 63.6 ± 24.3 71.2 ± 24.2 62.7 ± 20.0 0.08
%LAV 29.3 ± 9.6 26.2 ± 8.4 28.6 ± 9.3 0.07

Annual decline in FEV1, mL/yr 31.7 ± 24.8 36.4 ± 27.8 37.6 ± 27.8 0.33

Annual decline in the rate*, %/yr 2.1 ± 2.1 2.2 ± 2.3 1.9 ± 3.1 0.78
Exacerbation, events/yr 0.5 ± 0.7 0.3 ± 0.5 0.3 ± 0.3 0.08

Notes: * Rate of FEV 1 to baseline FEV1 (%). Data are shown as the mean ± standard deviation (SD), median (interquartile range), or number (%). P-values were obtained 
using the Fisher’s exact test, one-way analysis of variance, or the Kruskal–Wallis test, as appropriate. 
Abbreviations: GOLD, Global Initiative for Chronic Obstructive Lung Disease; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; DLCO, carbon 
monoxide diffusion capacity; KCO, carbon monoxide transfer coefficient; %LAV, per cent low attenuation volume.
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annual decline in FEV1 among the three groups in the 
Hokkaido COPD cohort study. The slower annual FEV1 

decline in the weight loss group may be due to the lower 
baseline FEV1 in the weight loss group. The annual 
decline in the rate of FEV1 to baseline also tended to be 

slower in the weight loss group, but there was no signifi
cant difference among the three groups.

The prognostic value of weight loss may be reflected 
by cachexia in the terminal phase of COPD. Additionally, 
the increased mortality in participants with weight loss 
could be due to other terminal illnesses, such as advanced 
cancer. However, if the prognostic value of weight loss in 
COPD is merely a reflection of terminal disease, it would 
be limited primarily to the first few months or years after 
evaluation.39 In the present study, we confirmed that the 
annual body weight loss during the first 5 years was 
associated with all-cause mortality among participants 
who survived during the first 5 years. In the weight loss 
group, the most frequent cause of death was a respiratory 
disease, but not malignancy in both cohorts. We also 
confirmed that there was a relationship between weight 
loss and poor prognosis, even when patients who died of 
malignancy were excluded. Consequently, the association 
between weight loss and poor prognosis is not only due to 
terminal illness or the end stage of COPD. It has been 

Figure 3 Kaplan–Meier curves based on groups divided by annual weight change in Kyoto University cohort. (A) All-cause mortality. (B) Patients who survived during the 
first 5 years. (C) Patients excluding death from malignancy.

Table 6 Relative Risk for Weight Loss Group versus Others 
Using Logistic Regression Analysis

Odds Ratio (95% CI) P-value

Age, years 1.03 (1.01–1.06) 0.005

Sex, male 0.69 (0.34–1.40) 0.30

Body mass index, kg/m2 1.00 (0.93–1.07) 0.93

Smoking status, pack-years 1.00 (0.99–1.005) 0.82

FEV1, % predicted 0.99 (0.98–1.006) 0.26

FVC, % predicted 0.99 (0.98–1.007) 0.28

KCO, % predicted 1.00 (0.99–1.01) 0.88

Annual decline in FEV1, mL/yr 1.00 (0.99–1.003) 0.23

Exacerbation frequency, events/yr 1.51 (1.02–2.23) 0.03

Note: The odds ratio was derived from the logistic regression analysis. 
Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital 
capacity; KCO, carbon monoxide transfer coefficient.
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reported that the increased rate of body weight loss started 
around 9 years before death for all-cause mortality in the 
Baltimore Longitudinal Study of Aging.40 Therefore, the 
rate of body weight loss may reflect a poor long-term 
prognosis. However, another report has shown improved 
prognosis with weight gain in patients with COPD,6 

weight loss may be a contributing factor to poor prognosis.
We used the first and last quartiles, but not tertiles, of 

annual change in body weight and classified the participants 
into three comparison groups to be clearer about the relative 
impact of annual weight change in patients with COPD. This 
study showed that COPD patients with an annual weight loss 
of less than 0.17 kg/year have a poor prognosis; however, this 
value may not be useful for defining individual patients with 
COPD in practical clinical settings. Additionally, more than 
half of the patients in the Kyoto University cohort were 
categorized into this group. This value is interpreted as data 
indicating that the prognosis is poor for patients with relative 
longitudinal weight loss in the population of patients with 
COPD, rather than the importance of this value itself. In both 
cohorts, the initial age, initial FEV1 values, and distribution 
of the patients into GOLD stages were worse in the weight 
loss groups. Therefore, it is possible that weight change is 
a just surrogate marker reflecting other factors. However, we 
have applied the multivariate Cox proportional hazards mod
els and confirmed that annual body weight change was sig
nificantly associated with all-cause mortality independent of 
these factors. Thus, annual body weight change is considered 
to be important as a comprehensive and easily evaluated 
indicator for the prognosis of patients with COPD.

This study has several limitations. First, the sample 
size was relatively small compared to that in previous 
large-scale clinical studies.7,41 However, we confirmed 
the major finding that annual body weight change predicts 
mortality in two independent cohorts, which enhances the 
validity of our study. Second, there are differences in 
patient characteristics and methods between the two 
cohorts. The definition of exacerbation slightly differed 
between the two cohorts. In addition, the FEV1 was higher 
but DLCO was lower in the Hokkaido COPD cohort study 
than in the Kyoto University cohort. This may be due to 
that ventilation heterogeneity is more frequent in the 
Hokkaido COPD cohort study, but it is not definitive 
because not all patients have the same conditions for 
evaluation of emphysema. However, each of the two 
cohorts was well designed, and similar results were 
found using different cohorts in the present study. Third, 
this result may not be applicable to all patients with 

COPD. Patients in both cohorts are predominantly male, 
and the generalizability of the results to women is unclear. 
Moreover, the lifestyle of the Japanese patients with 
COPD may have changed since 2003 when the Hokkaido 
COPD cohort study began. Nevertheless, the characteris
tics of Japanese patients with COPD, such as older, thin
ner, and better health-related quality of life,42 have been 
unchanged in recent clinical trials.43 Finally, no informa
tion on body composition was available. Losing fat tissue 
in obese patients is not expected to have the same implica
tion as losing FFM in lean patients with COPD. We con
firmed that the annual change in the rate of body weight to 
baseline during the first 5 years was also significantly 
associated with mortality. Additionally, mean baseline 
BMI was 22.3 ± 3.2 kg/m2 in the Hokkaido COPD cohort 
and 22.1 ± 2.9 kg/m2 in the Kyoto University cohort, and 
the number of obese patients with COPD (BMI ≥30 kg/ 
m2) was only three (1.1%) and one (0.4%) in each cohort, 
respectively. This suggests that weight loss in our study 
participants was primarily due to a decrease in FFM, but 
not fat tissue. Additionally, a previous report has shown 
that the decline in FFM varies by body part in patients 
with COPD;44 therefore, an analysis based on total body 
weight would also be useful.

Conclusion
Two well-established Japanese cohorts demonstrated an 
association between annual weight loss and poor prognosis 
in patients with COPD. It was also suggested that weight 
loss not only reflects the end stage of COPD or other 
diseases. The findings of the present study emphasize the 
importance of longitudinal assessment of body weight 
change in the management of COPD. Further research is 
needed to determine whether weight gain improves the 
prognosis of patients with COPD.

Abbreviations
COPD, chronic obstructive pulmonary disease; BMI, body 
mass index; GOLD, Global Initiative for Chronic 
Obstructive Lung Disease; CT, computed tomography; 
LAV, low attenuation volume; FEV1, forced expiratory 
volume in 1 second; FVC, forced vital capacity; DLCO, 
carbon monoxide diffusion capacity; FFM, fat-free mass.
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