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Low BMI and weight loss aggravate 
COPD mortality in men, findings 
from a large prospective cohort: 
the JACC study
Hiroo Wada1, Ai Ikeda1, Koutatsu Maruyama2, Kazumasa Yamagishi3, Peter J. Barnes4, 
Takeshi Tanigawa1, Akiko Tamakoshi5 & Hiroyasu Iso6*

To clarify how low BMI and weight loss were associated with risk of chronic obstructive pulmonary 
disease (COPD) mortality, in a large prospective cohort of the general population across Japan, the 
Japan Collaborative Cohort Study, conducted between 1988 and 2009. A total of 45,837 male residents 
were observed for a median period of 19.1 years. Self-administered questionnaires, collecting 
information on BMI, weight loss since the age of 20, lifestyles, history of diseases, as well as records 
of COPD mortality, were analysed at 2019. During follow-up, 268 participants died from COPD. The 
multivariate-adjusted hazard ratio (95% confidence interval) of COPD mortality associated with a 
1-SD increment of body mass index (BMI) was 0.48 (0.41–0.57), while for weight change from age of 
20 (+ 2.0 kg) it was 0.63 (0.59–0.68). These associations were persistently observed after stratifications 
with smoking status, excluding those having airway symptoms in the baseline survey, and excluding 
early COPD deaths within 5, 10 and 15 years. Our study suggests that BMI and weight change since 
the age of 20 could be markers for COPD prognosis, indicated by risk of COPD mortality.

Abbreviations
COPD  Chronic obstructive pulmonary disease
BMI  Body mass index
HR  Hazard ratio

Increasing mortality caused by chronic obstructive pulmonary disease (COPD) has become an emerging medical 
and public health issue in ageing societies such as Japan and many Western countries. Follow-up studies of COPD 
 patients1–7 and meta-analyses of case–control  studies8,9 have shown an association between COPD patients hav-
ing low BMI and lower survival rates. However, the generalizability of these studies is limited, because the data 
have been analysed between underweight COPD patients and those who were not. Many previous studies were 
conducted in Western  countries1–6, whilst only a few reports were from  Japan7 where the mean and distribution 
of body mass index (BMI) are much lower. In 2010, only 3.3% of the Japanese population had a BMI of 30 kg/
m2 or higher, whereas individuals with a BMI over 30 represented 32.3% of the United States and 24.2% of the 
United Kingdom according to the WHO  statistics10.

Only a single epidemiological study from China referred to the association between having low BMI and 
mortality from  COPD11, although COPD accounted for as high as 87% of the respiratory mortality in  China11, 
different from those in Korea, i.e. asthma and tuberculosis accounted for 24.7% and 19.3% of respiratory mortal-
ity  respectively12. In contrast, pneumonia, COPD and asthma accounted for 64.0%, 8.8% and 1.2%, respectively 
in Japanese men in  200913.

In the present study, we investigated how low BMI and weight loss are associated with COPD mortality in a 
large prospective cohort of middle-aged Japanese men.
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Results
Table 1 shows participants’ age-adjusted baseline characteristics according to BMI. Compared to the control 
group whose BMI was 20.0 to < 22.0 kg/m2, those with BMI < 18.5 kg/m2 were more likely to be older and cur-
rent smokers, to walk 1 h or more per week, and to have histories of diabetes. Those with BMI ≥ 22.0 kg/m2 were 
likely to be younger and current drinkers, to walk 1 h or more per week, to have higher education, and histories 
of diabetes and hypertension, and less likely to be current smokers. Over the 741,706 person-years of follow-up 
(median follow-up period was 19.1 years) for 45,837 male subjects, we found that a total of 268 participants 
died from COPD.

Table 2 represents age-adjusted and multivariate-adjusted HRs (95% CI) of mortality from COPD according 
to BMI categories. The multivariate-adjusted excess risk of COPD death was 3.2 times higher among subjects 
in the lowest BMI category (BMI < 18.5 kg/m2), compared to those with a BMI between 20.0 and < 22.0 kg/m2. 

Table 1.  Participants’ age-adjusted baseline demographics according to body mass index.

Body mass index* (kg/m2)  < 18.5 18.5 to < 20.0 20.0 to < 22.0  ≥ 22.0 p for difference

No. at risk 2404 5069 12,127 26,237

Age, mean (SD) 61.4 (14.3) 55.9 (13.5) 54.8 (12.7) 53.4 (11.7)  < .0001

Body mass index (kg/m2) 17.5 19.3 21.0 24.5  < .0001

Alcohol intake (g/day) 30.8 33.6 33.6 34.4  < .0001

Smoking index (pack x year) 33.9 32.6 32.5 33.0  < .0001

Never smoker (%) 16.6 16.8 18.7 22.4  < .0001

Current smoker (%) 61.9 63.4 59.4 51.8  < .0001

Walking, 1 h/week or over (%) 51.8 47.8 47.9 52.8  < .0001

Exercise, 5 h/week or over (%) 7.4 7.9 6.9 6.4 0.002

High mental stress (%) 24.4 23.9 23.6 25.1 0.053

College education or higher (%) 15.5 16.5 17.8 19.6  < .0001

History of diabetes mellitus (%) 6.5 5.3 5.2 6.1  < .0001

History of hypertension (%) 16.0 14.2 15.1 20.1  < .0001

Table 2.  Hazard ratios (HRs) and 95% confidence intervals of COPD mortality according to body mass index. 
Multivariate adjustment for age, weight change from the age of 20, ethanol intake, hours of walking, hours of 
exercise, education history, smoking index, and disease histories.

Body mass index (kg /m2)  < 18.5 18.5 to < 20.0 20.0 to < 22.0  ≥ 22.0
/ 1-SD body mass index 
(2.80 kg/m2)

No. at risk 2,404 5,069 12,127 26,237

Person-years 31,413 78,378 195,524 436,391

No. of COPD deaths 73 63 73 59

Age-adjusted HRs 4.33 (3.11–6.01) 2.07 (1.48–2.90) 1.00 0.43 (0.31–0.61) 0.38 (0.33–0.44)

Multivariate HRs 3.24 (2.31–4.54) 1.68 (1.20–2.37) 1.00 0.58 (0.41–0.83) 0.48 (0.41–0.57)

Analysis excluding deaths from COPD during the first 5 years

 No. at risk 2,051 4,739 11,518 25,298

 Person-years 30,507 77,460 193,784 433,735

 No. of COPD deaths 56 56 71 56

 Age-adjusted HRs 3.67 (2.58–5.23) 1.91 (1.35–2.72) 1.00 0.42 (0.29–0.59) 0.42 (0.36–0.49)

 Multivariate HRs 2.81 (1.96–4.05) 1.57 (1.10–2.24) 1.00 0.57 (0.39–0.81) 0.53 (0.45–0.62)

Analysis excluding deaths from COPD during the first 10 years

  No. at risk 1,696 4,296 10,636 23,685

 Person-years 27,866 74,136 187,156 421,441

 No. of COPD deaths 35 43 55 46

 Age-adjusted HRs 3.35 (2.19–5.13) 1.94 (1.30–2.89) 1.00 0.43 (0.29–0.64) 0.45 (0.38–0.54)

 Multivariate HRs 2.61 (1.68–4.04) 1.60 (1.07–2.39) 1.00 0.61 (0.41–0.92) 0. 58 (0.48–0.70)

Analysis excluding deaths from COPD during the first 15 years

  No. at risk 1,413 3,848 9,717 22,023

  Person-years 24,386 68,598 175,641 400,627

 No. of COPD deaths 17 25 37 28

 Age-adjusted HRs 2.74 (1.54–4.86) 1.73 (1.04–2.87) 1.00 0.38 (0.23–0.62) 0.46 (0.37–0.58)

 Multivariate HRs 2.46 (1.36–4.45) 1.51 (0.90–2.52) 1.000.53 (0.32–0.88) 0.57 (0.45–0.74)
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There was a 42% reduction in risk for subjects in the highest BMI category (BMI ≥ 22.0 kg/m2). Further, the 
multivariate HR and 95% CI for COPD mortality associated with a 1-SD decrement of BMI (2.80 kg/m2) was 0.48 
(0.41 to 0.57). The inverse associations were not attenuated after adjusting for potential confounding variables.

In addition, when COPD deaths within 5, 10, and 15 years of the baseline survey were excluded, the inverse 
association remained statistically significant (Table 2) and the HR trends were similar (Fig. 1). This inverse asso-
ciation was also detected regardless of expectoration reported in the baseline survey (Supplementary Table S1 
online). Of 268 deaths, 6.3% were of never smokers. When COPD deaths among smokers were analysed the 
inverse association between lower BMI and greater HR remained significant (Supplementary Table S2 online).

Table 3 shows participants’ demographic characteristics according to changes in weight from age 20. Com-
pared to the control group whose weight change was > − 5.0, < 5.0 kg, those who lost ≥ 10.0 kg were more likely 
to be older, current smokers, to do exercise more, and to have lower mental stress and histories of diabetes and 
hypertension, and less likely to have higher education. On the other hand, those who gain ≥ 5.0 kg were more 
likely to be younger, never smokers, to walk 1 h or more per week, to have high mental stress, higher education, 
and history of hypertension.

Table 4 shows the HR for COPD death according to weight changes from the age of 20. The multivariate-
adjusted HR in the first weight change category (participants who had lost 10 kg or more) was 3.3 times greater 
than in the reference category (participants who had lost or gained less than 5 kg). The age-adjusted HR in the 
fourth category (participants who had gained 5 kg or more) was 47% lower than that of the reference category 
(Table 4). After adjusting for confounding variables, the multivariate-adjusted HR and 95% CI of COPD mortality 
associated with a 1-SD decrement of weight change was 0.63 (0.59–0.68).

There were significant inverse trends in COPD mortality associated with weight changes. These inverse 
associations remained unchanged after the exclusion of participants who died within 5, 10 and 15 years of the 
baseline survey (Table 4), after stratified by initial expectoration symptoms (Supplementary Table S3 online), 
ever-smokers (Supplementary Table S4 online), and smoking index < 20 or ≥ 20 (Supplementary Table S5 online). 

Figure 1.  Hazard ratios (HR) and 95% confidence intervals (95% CI) of COPD mortality according to the four 
BMI categories. HR (95% CI) of the total population (a), and after excluding events within 5 years (b), 10 years 
(c) and 15 years (d), are shown.
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Table 3.  Participants’ age-adjusted baseline demographics according to weight change from the age of 20.

Weight change (kg) *  ≤ − 10.0 -10.0 < , ≤ − 5.0  − 5.0 < , <  5.0  ≥ 5.0

p for differenceWeight loss (kg) Weight loss ≥ 10.0
5.0 ≤ , weight 
loss < 10.0

 − 5.0 < weight 
loss < 5.0

Weight gain ≥ 5.0 
weight gain ≥ 5.0

No. at risk 2296 4504 12,682 11,941

Age 66.2 (10.2) 61.8 (10.4) 54.0 (11.8) 51.1 (10.8)  < .0001

Body mass index (kg/
m2) 20.3 21.1 21.8 24.7  < .0001

Alcohol intake (g/day) 35.0 34.2 33.7 33.4 0.07

Smoking index 
(pack × year) 39.2 36.4 31.7 31.6  < .0001

Never smoker (%) 14.1 16.3 21.1 22.8  < .0001

Current smoker (%) 63.1 60.8 57.6 49.9  < .0001

Walking, 1 h/week or 
over (%) 46.9 45.1 48.2 57.8  < .0001

Exercise, 5 h/week or 
over (%) 10.8 9.9 6.5 5.4  < .0001

High mental stress (%) 16.4 18.5 24.2 29.9  < .0001

College education or 
higher (%) 13.6 14.3 18.5 23.8  < .0001

History of diabetes 
mellitus (%) 9.5 7.5 5.0 5.5 0.29

History of hyperten-
sion (%) 24.1 21.3 15.6 18.9  < .0001

Table 4.  Hazard ratios (HRs) and 95% confidence intervals of COPD mortality according to weight change 
from the age of 20. Multivariate adjustment for age, BMI, ethanol intake, hours of walking, hours of exercise, 
education history, smoking index, and disease histories.

Weight change (kg)  ≤ − 10.0  − 10.0 < , ≤ − 5.0  − 5.0 < , < 5.0  ≥ 5.0
/1-SD of weight 
change (8.49 kg)

Weight loss (kg) Weight loss ≥ 10.0 5.0 ≤ , weight loss < 10.0  − 5.0 < weight loss < 5.0 Weight gain ≥ 5.0

No. at risk 2296 4504 12,682 11,941

Person-years 28,511 65,912 207,334 201,702

No. of COPD deaths 81 49 48 11

Age-adjusted HRs 5.99 (4.13–8.69) 1.93 (1.29–2.88) 1.00 0.31 (0.16–0.61) 0.66 (0.62–0.70)

Multivariate HRs 3.34 (2.25–4.96) 1.38 (0.91–2.08) 1.00 0.53 (0.26–1.05) 0.63 (0.59–0.68)

Analysis excluding deaths from COPD during the first 5 years

 No. at risk 1937 4163 12,179 11,642

 Person-years 27,567 64,964 205,878 200,824

 No. of COPD deaths 65 45 46 11

 Age-adjusted HRs 5.34 (3.61–7.91) 1.88 (1.24–2.86) 1.00 0.33 (0.17–0.63) 0.67 (0.63–0.72)

 Multivariate HRs 2.94 (1.94–4.46) 1.32 (0.86–2.02) 1.00 0.57 (0.29–1.15) 0.68 (0.60–0.78)

Analysis excluding deaths from COPD during the first 10 years

 No. at risk 1526 3618 11,412 11,130

 Person-years 24,451 60,876 200,024 196,949

 No. of COPD deaths 42 35 37 7

 Age-adjusted HRs 4.96 (3.14–7.84) 1.93 (1.21–3.08) 1.00 0.25 (0.11–0.57) 0.68 (0.63–0.73)

 Multivariate HRs 2.82 (1.73–4.59) 1.38 (0.86–2.23) 1.00 0.45 (0.19–1.04) 0.67 (0.58–0.76)

Analysis excluding deaths from COPD during the first 15 years

 No. at risk 1174 3076 10,630 10,597

 Person-years 20,099 54,102 190,218 190,248

 No. of COPD deaths 19 17 28 5

 Age-adjusted HRs 3.30 (1.82–6.01) 1.30 (0.71–2.39) 1.00 0.24 (0.09–0.61) 0.71 (0.63–0.79)

 Multivariate HRs 1.90(1.01–3.60) 0.93 (0.50–1.73) 1.00 0.37 (0.14–1.03) 0.74 (0.59–0.92)
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Likewise, after stratification with the four categories of BMI levels, multivariate-adjusted HRs and 95% CI of 
COPD mortality associated with a 1-SD increment of weight change were mostly similar among the four BMI 
categories, ranging 0.65 (0.51–0.84) in those with BMI < 18.5 (mean(SD) = 17.5(0.9)kg/m2) to 0.75 (0.61–0.91) in 
those with BMI ≥ 22.0 (mean(SD) = 14.5(2.1)kg/m2), and the association remains statistically significant exclu-
sively in weight loss of ≥ 10.0 kg, and not of ≥ 5 to < 10.0 kg (Supplementary Table S6 online).

Figure 2 presents the association of COPD mortality—represented by age-adjusted HRs—with both BMI 
and weight change categories, referenced to those with BMI between 20.0 and < 22.0 kg/m2 and weight change 
between >  − 5.0 and < 5.0 kg. The greatest risk of COPD mortality was found among participants in the lowest 
BMI and greatest weight loss groups (BMI < 18.5 kg/m2 and weight loss ≥ 10 kg). The HR (95% CI) for these 
participants was 11.2 (6.33–19.7). Participants in the highest BMI and largest weight gain groups (BMI ≥ 22.0 and 
weight change ≥ 5) had the lowest risk for COPD mortality. The HR (95% C.I.) for this category of participant 
was 0.28 (0.12–0.63). These results shown in Fig. 2 suggest that weight change from age of 20 and BMI values 
have an additive and inverse effect on COPD mortality. Of note, even the participants with BMI > 22.0 kg/m2 
and weight loss ≥ 10.0 kg had significantly greater HR compared to the reference.

Discussion
In the present large-scale prospective community-based cohort study, lower BMI values and greater weight 
loss were independently associated with a greater risk of COPD mortality. The associations were observed even 
after exclusion of 5-, 10-, and 15-year early mortality incidents and participants with expectoration symptoms. 
Furthermore, by analysing COPD mortalities together with a non-COPD population (after excluding those with 
a history of tuberculosis), our study convincingly determined that low BMI and weight loss are associated with 
the increased risk of COPD mortality.

The previous Chinese study implied that lower BMI was associated with COPD mortality partially due to the 
comorbid chronic tuberculous  infection11. However, our present analyses found an inverse association between 
BMI and COPD mortality regardless of a history of tuberculosis, suggesting that tuberculosis per se may not 
be responsible for the association. Nonetheless, the association between lower BMI and higher mortality from 
COPD even after exclusion of first 5, 10 and 15 years in the present study may suggest that being underweight 
may have a direct effect on the manifestation of COPD mortality. Furthermore, the inverse associations between 
BMI and COPD mortality did not differ by smoking status in the present study, although smoking may lower 
body  weight14 and increase risk of  COPD15. This suggests that smoking is unlikely to be an intermediate factor 
for the presented association.

There could be several possible explanations for the risk elevation of COPD mortality among underweight 
men. Firstly, underweight men may be less resistant to infections, such as  pneumonia16, and pneumonia is known 
to initiate fatal exacerbations of COPD. In addition, underweight COPD patients are more likely to suffer from 
other comorbidities, such as cardiovascular diseases, osteoporosis, depression, and lung  cancer15,17,18, in associa-
tion with a worse  prognosis19. Secondly, underweight patients with anorexia nervosa showed emphysematous 
changes , a typical finding of COPD, in CT  images20, as well as an old description of the residents with restricted 
intake of protein and calorie by physicians in the Warsaw  ghetto21, suggesting that being underweight or hav-
ing poor nutrition may develop COPD. Finally, the association between low BMI and COPD mortality may be 
explained by the accelerating effect that chronic cigarette smoke exposure has on the lung ageing  process22–24. 
Both COPD patients (mostly smokers) and the elderly have been shown to suffer from low body weight due to 
reduced free fat  mass5,25–28. A reduction in Sirtuin-1 activity and cellular senescence has also been associated 
with the development of COPD and cigarette smoke  exposure22–24. Thus, chronic smoke exposure artificially 
induces ageing processes that result in both low body weight and lung ageing, thus potentially leading to the 
strong association between having low BMI and higher COPD mortalities, as observed in the present study.

Figure 2.  Hazard ratio (HR) of COPD mortality based on the four BMI and four weight change categories. The 
red bar represents the reference group (5.0 < , < 5.0 kg weight change and 20.0 to < 22.0 kg/m2 BMI). Yellow bars 
indicate categories with significantly greater HR, grey bars represent categories that did not show statistically 
significant difference, and green bars represent a statistically significant smaller HR compared to the reference 
group. This figure suggests that BMI and weight loss are independent risks for COPD death.
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A recent analysis of the ECLIPSE cohort comprising COPD patients with GOLD stages 2 to 4 showed that 
COPD mortality was predicted with the presence of cachexia, which is defined as rapid weight loss > 5% or > 2% 
if BMI < 20 kg/m2 within 12 months29. This study raises two issues that require discussion. Firstly, the associa-
tion between weight reduction and greater COPD mortality in our study may be accounted for by cachexia. 
Unfortunately, it was not assessed whether or not the present study included the participants with cachexia, who 
developed weight loss rapidly within a  year30, however weight reduction could occur in the early stages of COPD, 
since the association remained statistically significant, even after excluding COPD death in the initial 5, 10 and 
15 years of our study (Table 4), suggesting that weight reduction is risk for COPD mortality.

Secondly, the definition of cachexia in the ECLIPSE  study29 suggests that a weight reduction > 2% in the 
patients with lower BMI has the same impact on mortality as that > 5% in those with normal BMI. However, 
our study showed that HRs with 1-SD decrement of weight change were not so different between the four BMI 
categories (Supplementary Table S6 online), and therefore the impact of percentage of weight change to BMI on 
COPD mortality is independent from the four BMI categories. This implies that the weight reduction since the 
age of 20 in the present study may not due to cachexia.

Political implication. There are remarkable disparities between Asian nations in the proportion of differ-
ent types of respiratory diseases and mortality, including COPD, tuberculosis, asthma and pneumonia for total 
respiratory  mortality11–13. A large cohort study of 220,000 Chinese men aged 40 to 79 year with 15 years follow-
up showed that 5 kg/m2 decrement of BMI was associated with 31% higher risk of mortality from  COPD11. This 
Chinese cohort study had the smaller excess risk of COPD mortality than did our present study, which estimated 
60% increase in COPD mortality per 2.8 kg/m2 decrement of BMI, equivalent to 107% increase per 5.0 kg/m2 
decrement.

A study described the harmful effects of cigarette smoking, and found that it was the largest cause of non-
communicable disease (NCD) mortality—deaths caused by cardiovascular and respiratory diseases, and  cancer31. 
Cigarette smoking accounted for 15% of total NCD deaths in Japanese men, followed by high blood  pressure31. 
Confirming this, our study found that the majority of COPD mortalities occurred in smokers. Weight reduction 
and smoking cessation have long been the mainstays in efforts to prevent NCD. The present study did not collect 
information regarding whether the weight loss resulted from voluntary activity or involuntarily from disease 
processes. There are several voluntary means of weight reduction, including  diet32,  exercise33 and behavioural 
 modification34, whereas involuntary processes in COPD patients include imbalance in energy, impaired oxygena-
tion and appetite loss-linked reduced dietary  intake35,36, as well as  cachexia37 and muscle wasting (sarcopenia)38. 
These different causes of weight change in COPD patients can indirectly affect the association between the 
weight change and mortality from COPD. Nevertheless, the present study may provoke a possible dilemma as 
voluntary weight loss may reduce mortality due to cardiovascular diseases, but increase COPD mortality (i.e. 
the obesity paradox)39.

Limitations. There are several limitations in this study; first, weight change was defined as the difference 
between body weight at the baseline survey and that at the age of 20. Because the latter value depends on partici-
pants’ memory, the possible bias was present in reported values. Specifically, thin men may have overestimated 
their past weight, while overweight men may have underestimated  it40. However, the recalled and measured data 
were well  correlated40,41. Moreover, our previous  study16 had confirmed the results of other studies in terms of 
the association between weight loss and mortality from all  causes12,42,43. Second, our study only included men, 
which might restrict the generalizability of the results to women or individuals of other ethnicities. On the other 
hand, the prevalence of asthma and tuberculosis in Japan is not as high as in other Asian countries. Thus, our 
study could provide comparative evidence to that carried out in Western countries, where tuberculosis is not a 
leading cause of death. Third, there is a potential for reverse causation between having low BMI, weight loss, and 
higher COPD mortality risk. However, the possible reverse causation may be small in the present study, since 
these inverse associations remained unchanged after the exclusion of mortality events occurring within the first 
5, 10 and 15 years. Finally, we did not make any lung function assessment of the participants, so we are not able 
to discuss the severity of COPD. However, analyses with stratification by smoking exposure (≥ 20 pack year 
vs < 20) at enrollment showed that the inverse association between BMI and mortality from COPD was observed 
independently from smoking. This indirectly suggested that lower BMI may predict worse mortality regardless 
of any reduction in lung function, since COPD patients with more impaired lung fucntion are more likely to 
belong to the group with a higher smoking index .

Our study presents evidence of an inverse and additive association between both weight change from the age 
of 20 and BMI, and COPD mortality (Fig. 2). Low BMI and weight loss may be noticeable long before COPD is 
diagnosed, or COPD-linked symptoms are observed. We may thus be able to advocate for low body weight and 
weight loss as possible predictive markers of COPD mortality, even if they might not be a pathogenic cause of 
disease development.

Strengths of the study. A major strength of our study was that the JACC study followed a large prospec-
tive well-characterized cohort of the general population for a long  period16,44–47. This enabled us to analyse the 
data using the combined four BMI, and four weight change categories after adjustment with many variables, as 
well as to conduct further stratified analyses by smoking status and initial symptoms.
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Conclusion
In conclusion, our large-scale prospective community-based epidemiological study showed that lower BMI and 
weight loss are potential independent disease-specific markers for COPD mortality. The individuals who have lost 
more than 10 kg since the age of 20, and those with a BMI < 18.5 kg/m2 had highest risk for mortality from COPD.

Methods
Study population and mortality surveillance. The study population was drawn from participants in 
the Japan Collaborative Cohort Study for Evaluation of Cancer Risk (JACC)  study44, which was sponsored by 
Monbu-kagaku-sho (the Ministry of Education, Science, Sports and Culture, Japan). This study’s baseline survey 
and participant follow-up methodology has been described in detail  elsewhere44. Briefly, a comparative study 
was conducted from 1988 to 1990 with 110,585 individuals (46,395 men and 64,190 women) aged 40 to 79 years 
who were living in 45 communities throughout Japan. Participants completed self-administered questionnaires 
that asked about their current weight and height, their weight at the age of twenty, their lifestyles, and any medi-
cal history of cardiovascular disease (CVD) and  cancer44 and tuberculosis. Informed consent was obtained from 
participants before they completed the questionnaire or sometimes from community leaders instead of indi-
viduals, as this had been a common practice for informed consent at that time in Japan.

Since mortality due to COPD was rather rare among the female participants, we focused on male JACC 
study participants. We excluded 8094 male participants who had a history of lethal diseases including stroke, 
myocardial infarction, and cancer, as well as tuberculosis, leaving a total of 45,837 male subjects enrolled in the 
study. The analyses were conducted at 2019.

Of 45 municipalities, participants were followed until the end of 2009 to determine COPD-caused mortal-
ity in 35 areas. Of remaining 10 areas, four areas terminated follow-up in 1999, four in 2003, and two in 2008. 
Mortality data were centralized at the Ministry of Health and Welfare, and the underlying cause of death was 
coded according to the International Classification of Diseases (ICD), 9th version, for deaths between 1988 and 
1994, and the 10th revision for deaths from 1995 and thereafter.

Registration of death is required by the Family Registration Law of Japan, and thus all deaths in the cohort 
were ascertained with death certificates, under the permission of the Director General of the Prime Minister’s 
Office (Ministry of Internal Affairs and Communications). The only exceptions were subjects who died after they 
moved away from their original community. These were treated as censored cases. In this study, COPD mortal-
ity is defined as that from emphysema (ICD10 J43) and from other diseases or conditions in association with 
COPD (ICD10 J44). The relevant outcome was defined as death attributed to COPD during the study period. 
For each participant, the follow up period (person-year) was the period between completing the baseline survey 
and death, emigration, or the end of the study, i.e., the end of 1999, 2003, 2008, or 2009.

The study population was drawn from participants in the Japan Collaborative Cohort Study for Evaluation 
of Cancer Risk (JACC)  study48 and COPD mortality is defined as that from emphysema (ICD10 J43) and from 
other diseases or conditions in association with COPD (ICD10 J44) in death certificates.

Statistical analysis. Participants were divided into four categories according to their BMI (kg/m2): (1) BMI 
less than 18.5, (2) BMI from 18.5 to < 20.0, (3) BMI from 20.0 to < 22.0, and (4) BMI of 22.0 or above, based on a 
previously published  study47, so that tthese groupings presented a similar number of COPD deaths across BMI 
categories (Table 1). Category 3 (20.0 to < 22.0) was treated as the reference group. The analyses of weight change 
from the age of 20 were based on our previous  studies45,49. Briefly, weight changes were defined as the difference 
between body weight at the baseline survey and that at the age of 20, and the participants were divided into four 
groups as in our previous  studies45,49: (1) participants who had lost 10 kg or more (≤ − 10), (2) those who had lost 
between 5 to < 10 kg (> − 10, ≤  − 5), (3) those who had either lost or gained less than 5 kg (> − 5, <  + 5) (reference), 
and (4) those who had gained 5 kg or more (≥ + 5 ).

Means with standard deviations (SD) and proportions of selected COPD risk factors were determined, accord-
ing to categories of BMI, as well as to weight change. To test the difference between these categories, t-test and chi 
square test were performed. Age-adjusted and multivariate adjusted hazard ratios (HRs) and their 95% confidence 
intervals (95% CI), as well as 1—standard deviation (SD) increments of BMI or weight change, were determined 
using Cox proportional hazard models. Then, participants were further divided into 16 groups based on the 
combination of BMI and weight change categories, and each HR (95% CI) was determined and referenced to the 
BMI (20.0 to < 22.0) and weight change (> − 5, <  + 5) groups. The crude death ratio (/100,000) and age-adjusted 
HR using the Cox proportional hazard model were also determined.

Potential variables in the multivariate adjusted model included age, BMI, weight change from age of 20, 
ethanol intake, hours of walking per week, hours of exercise per week, education level, perceived mental stress, 
history of hypertension, and history of diabetes (all values as recorded in the baseline survey). We conducted 
the stratified analyses by smoking status and the presence or absence of initial symptoms of expectoration, as 
well as by BMI categories (< 18.5, ≥ 18.5 to < 20.0, ≥ 20.0 to < 22.0, ≥ 22.0 kg/m2) at base line survey. Early deaths 
caused by COPD—those that took place within the first 5, 10, and 15 years of enrolment—and participants with 
self-reported expectoration at the baseline survey were excluded in order to reduce the chances of a reverse causal 
relationship between BMI or weight reduction, and COPD mortality.

All analyses were performed using SAS version 9.3 (SAS Institute, Cary, North Carolina, USA). Two-tailed 
probability p-values lower than 0.05 were considered statistically significant.

All the study was carried out in accordance with the ethics guideline set out by the Ministry of Health, 
Labour and Welfare, Japan, based on the fundamental principle in the Declaration of  Helsinki50, and all of these 
processes were reviewed and approved by the Ethics Committees of the Hokkaido University, Osaka University 
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and Juntendo University (Ethical Review Board of Juntendo University Faculty of Medicine). The data will be 
available on request.

Received: 5 June 2020; Accepted: 12 October 2020

References
 1. Schols, A. M., Slangen, J., Volovics, L. & Wouters, E. F. Weight loss is a reversible factor in the prognosis of chronic obstructive 

pulmonary disease. Am J Respir Crit Care Med. 157, 1791–1797 (1998).
 2. Gray-Donald, K., Gibbons, L., Shapiro, S. H., Macklem, P. T. & Martin, J. G. Nutritional status and mortality in chronic obstructive 

pulmonary disease. Am. J. Respir. Crit. Care Med. 153, 961–966 (1996).
 3. Slinde, F., Grönberg, A., Engström, C. P., Rossander-Hulthén, L. & Larsson, S. Body composition by bioelectrical impedance 

predicts mortality in chronic obstructive pulmonary disease patients. Respir. Med. 99, 1004–1009 (2005).
 4. Celli, B. R. et al. The body-mass index, airflow obstruction, dyspnea, and exercise capacity index in chronic obstructive pulmonary 

disease. N. Engl. J. Med. 350, 1005–1012 (2004).
 5. Schols, A. M., Broekhuizen, R., Weling-Scheepers, C. A. & Wouters, E. F. Body composition and mortality in chronic obstructive 

pulmonary disease. Am. J. Clin. Nutr. 82, 53–59 (2005).
 6. Landbo, C., Prescott, E., Lange, P., Vestbo, J. & Almdal, T. P. Prognostic value of nutritional status in chronic obstructive pulmonary 

disease. Am. J. Respir. Crit. Care Med. 160, 1856–1861 (1999).
 7. Yamauchi, Y. et al. Paradoxical association between body mass index and in-hospital mortality in elderly patients with chronic 

obstructive pulmonary disease in Japan. Int. J. Chron. Obstruct. Pulmon. Dis. 9, 1337–1346 (2014).
 8. Cao, C. et al. Body mass index and mortality in chronic obstructive pulmonary disease: A meta-analysis. PLoS ONE 7, e43892. 

https ://doi.org/10.1371/journ al.pone.00438 92 (2012).
 9. Guo, Y. et al. Body mass index and mortality in chronic obstructive pulmonary disease: A dose-response meta-analysis. Medicine 

(Baltimore). 95(28), e4225. https ://doi.org/10.1097/MD.00000 00000 00422 5 (2016).
 10. http://apps.who.int/gho/data/node.main.A900A ?lang=en (website, accessed at 25 April 2018).
 11. Yang, L. et al. Body mass index and chronic obstructive pulmonary disease-related mortality: A nationally representative prospec-

tive study of 220,000 men in China. Int J Epidemiol. 39, 1027–1036 (2010).
 12. Jee, S. H. et al. Body-mass index and mortality in Korean men and women. N Engl J Med. 355, 779–787 (2006).
 13. http://www.mhlw.go.jp/touke i/saiki n/hw/jinko u/suii0 9/index .html (website, accessed at 5 May 2018).
 14. Flegal, K. M., Troiano, R. P., Pamuk, E. R., Kuczmarski, R. J. & Campbell, S. M. The influence of smoking cessation on the prevalence 

of overweight in the United States. N. Engl. J. Med. 333, 1165–1170 (1995).
 15. Vogelmeier, C. F. et al. Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Lung Disease 2017. 

Report GOLD Executive Summary. Am. J. Respir. Crit. Care Med. 195, 557–582 (2017).
 16. Tamakoshi, A., & JACC Study Group. et al. BMI and all-cause mortality among Japanese older adults: Findings from the Japan 

collaborative cohort study. Obesity 18, 362–369 (2010).
 17. Suzuki, M., & Hokkaido COPD Cohort Study Investigators et al. Clinical features and determinants of COPD exacerbation in the 

Hokkaido COPD cohort study. Eur. Respir. J. 43, 1289–1297 (2014).
 18. López-Varela, M. V., & PLATINO team et al. Comorbidities and health status in individuals with and without COPD in five Latin 

American cities: The PLATINO study. Arch. Bronconeumol. 49, 468–474 (2013).
 19. de Torres, J. P. et al. Prognostic evaluation of COPD patients: GOLD 2011 versus BODE and the COPD comorbidity index COTE. 

Thorax 69, 799–804 (2014).
 20. Coxson, H. O. et al. Early emphysema in patients with anorexia nervosa. Am. J. Respir. Crit. Care Med. 170, 748–752 (2004).
 21. Wilson, D. O., Rogers, R. M. & Hoffman, R. M. Nutrition and chronic lung disease. Am. Rev. Respir. Dis. 132, 1347–1365 (1985).
 22. Nakamaru, Y. et al. A protein deacetylase SIRT1 is a negative regulator of metalloproteinase-9. FASEB J. 23, 2810–2819 (2009).
 23. Rajendrasozhan, S., Yang, S. R., Kinnula, V. L. & Rahman, I. SIRT1, an antiinflammatory and antiaging protein, is decreased in 

lungs of patients with chronic obstructive pulmonary disease. Am. J. Respir. Crit. Care Med. 177, 861–870 (2008).
 24. Ito, K. & Barnes, P. J. COPD as a disease of accelerated lung aging. Chest 135, 173–180 (2009).
 25. Soler-Cataluña, J. J. et al. Mid-arm muscle area is a better predictor of mortality than body mass index in COPD. Chest 128, 

2108–2115 (2005).
 26. Ischaki, E. et al. Body mass and fat-free mass indices in COPD: Relation with variables expressing disease severity. Chest 132, 

164–169 (2007).
 27. Vermeeren, M. A., & COSMIC Study Group et al. Prevalence of nutritional depletion in a large out-patient population of patients 

with COPD. Respir Med. 100, 1349–1355 (2006).
 28. Rolland Y, Cesari M, Vellas B. Sarcopenia. In: Fillit HM, Rockwood K, Young JB editors, Brocklehurst’s Textbook of Geriatric 

Medicine and Gerontology. The 8th Edition. Elsevier, 2017, Philadelphia, PA, USA.
 29. McDonald, M. N. et al. It’s more than low BMI: Prevalence of cachexia and associated mortality in COPD. Respir. Res. 20, 100. 

https ://doi.org/10.1186/s1293 1-019-1073-3 (2009).
 30. The Society on Sarcopenia, Cachexia and Wasting Disorders. Definition of cachexia and sarcopenia. https://society-scwd.org/

cachexia-definition/. (Accessed at 21 September 2020).
 31. Ikeda, N. et al. What has made the population of Japan healthy?. Lancet 378, 1094–1105 (2011).
 32. Dansinger, M. L., Gleason, J. A., Griffith, J. L., Selker, H. P. & Schaefer, E. J. Comparison of the Atkins, Ornish, Weight Watchers, 

and Zone diets for weight loss and heart disease risk reduction: A randomized trial. JAMA 293, 43–53 (2005).
 33. Villareal, D. T. et al. Aerobic or Resistance Exercise, or Both, in Dieting Obese Older Adults. N Engl J Med. 376, 1943–1955 (2017).
 34. Piercy, K. L. et al. The Physical activity guidelines for Americans. JAMA 320, 2020–2028 (2018).
 35. Schols, A. M. The 2014 ESPEN Arvid Wretlind Lecture: Metabolism & nutrition: Shifting paradigms in COPD management. Clin. 

Nutr. 34, 1074–1079 (2015).
 36. Wagner, P. D. Possible mechanisms underlying the development of cachexia in COPD. Eur. Respir. J. 31, 492–501 (2008).
 37. Evans, W. J. et al. Cachexia: A new definition. Clin. Nutr. 27, 793–799 (2008).
 38. Cruz-Jentoft, A. J. et al. Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing. 48, 16–31 (2019).
 39. Niedziela, J. et al. The obesity paradox in acute coronary syndrome: A meta-analysis. Eur J Epidemiol. 29, 801–812 (2014).
 40. Stevens, J., Keil, J. E., Waid, L. R. & Gazes, P. C. Accuracy of current, 4-year, and 28-year self-reported body weight in an elderly 

population. Am J Epidemiol. 132(11), 1156–1163 (1990).
 41. Nakamura, K., Hoshino, Y., Kodama, K. & Yamamoto, M. Reliability of self-reported body height and weight of adult Japanese 

women. J. Biosoc. Sci. 31, 555–558 (1999).
 42. Afzal, S., Tybjærg-Hansen, A., Jensen, G. B. & Nordestgaard, B. G. Change in Body Mass Index Associated With Lowest Mortality 

in Denmark, 1976–2013. JAMA 315, 1989–1996 (2016).

https://doi.org/10.1371/journal.pone.0043892
https://doi.org/10.1097/MD.0000000000004225
http://apps.who.int/gho/data/node.main.A900A?lang=en
http://www.mhlw.go.jp/toukei/saikin/hw/jinkou/suii09/index.html
https://doi.org/10.1186/s12931-019-1073-3


9

Vol.:(0123456789)

Scientific Reports |         (2021) 11:1531  | https://doi.org/10.1038/s41598-020-79860-4

www.nature.com/scientificreports/

 43. Padwal, R., Leslie, W. D., Lix, L. M. & Majumdar, S. R. Relationship among body fat percentage, body mass index, and all-cause 
mortality: A cohort study. Ann. Intern. Med. 164, 532–541 (2016).

 44. Tamakoshi, A. et al. Cohort profile of the Japan Collaborative Cohort Study at the final follow-up. J. Epidemiol. 23, 227–232 (2013).
 45. Cui, R., Iso, H., Tanabe, N., Watanabe, Y., Tamakoshi, A & JACC Study Group. Association between weight change since 20 years 

of age with mortality from myocardial infarction and chronic heart failure in the Japan collaborative cohort (JACC) study. Circ J. 
78, 649–655 (2014).

 46. Cui, R. & JACC Study Group et al. Body mass index and mortality from cardiovascular disease among Japanese men and women: 
The JACC study. Stroke 36, 1377–1382 (2005).

 47. Yamada, S., & Japan Collaborative Cohort Study Group et al. Risk factors for fatal subarachnoid hemorrhage: The Japan Collabora-
tive Cohort Study. Stroke 34, 2781–2787 (2003).

 48. Tamakoshi, K., & JACC Study Group et al. A prospective study of body size and colon cancer mortality in Japan: The JACC Study. 
Int. J. Obes. Relat. Metab. Disord. 28, 551–558 (2004).

 49. Chei, C. L., Iso, H., Yamagishi, K., Inoue, M. & Tsugane, S. Body mass index and weight change since 20 years of age and risk of 
coronary heart disease among Japanese: The Japan Public Health Center-Based Study. Int. J. Obes. (Lond.) 32, 144–1451 (2008).

 50. The Ministry of Health, Labour and Welfare. Guideline for Epidemiologic Study. [document in Japanese]. https ://www.mhlw.go.jp/
seisa kunit suite /bunya /hokab unya/kenky ujigy ou/i-kenky u/dl/02-02.pdf.

Acknowledgements
Authors declare none to be acknowledged.

Author contributions
H.W., A.I., K.M, K.Y., P.J.B., T.T., A.T., and H.I. substantially contributed to the conception or design of the 
work; or the acquisition, analysis, or interpretation of data for the work. H.W., A.I., K.M., K.Y., P.J.B., T.T., A.T., 
and H.I. substantially contributed to drafting the work critically for important intellectual content, with final 
approval of the version to be published.

Funding
This study was supported by Grants-in-Aid for Scientific Research from the Ministry of Education, Culture, 
Sports, Science and Technology of Japan (61010076, 62010074, 63010074, 1010068, 2151065, 3151064, 4151063, 
5151069, 6279102, 11181101, 17015022, 18014011, 20014026, 20390156 and 16H06277), and Grant-in-Aid from 
the Ministry of Health, Labour and Welfare, Health and Labour Sciences Research Grants, Japan (H23-Junkanki-
tou [Seishuu]-Ippan-005, H26-Junkankitou Seisaku-Ippan-001 and H29-Junkankitou [Seishuu]-Ippan-003). 
The funding source had no role in the design or conduct of the study; collection, analysis, or interpretation of 
the data, or writing of the report.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https ://doi.
org/10.1038/s4159 8-020-79860 -4.

Correspondence and requests for materials should be addressed to H.I.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© The Author(s) 2021

https://www.mhlw.go.jp/seisakunitsuite/bunya/hokabunya/kenkyujigyou/i-kenkyu/dl/02-02.pdf
https://www.mhlw.go.jp/seisakunitsuite/bunya/hokabunya/kenkyujigyou/i-kenkyu/dl/02-02.pdf
https://doi.org/10.1038/s41598-020-79860-4
https://doi.org/10.1038/s41598-020-79860-4
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Low BMI and weight loss aggravate COPD mortality in men, findings from a large prospective cohort: the JACC study
	Results
	Discussion
	Political implication. 
	Limitations. 
	Strengths of the study. 

	Conclusion
	Methods
	Study population and mortality surveillance. 
	Statistical analysis. 

	References
	Acknowledgements


