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Abstract

Background

The significance of the nutritional status in idiopathic pulmonary fibrosis (IPF) is largely unknown. Temporal body weight (BW)
change, a dynamic index of nutrition status, can detect the malnutrition more accurately than the conventional single-point body mass
index evaluation.

Objective

To investigate how the temporal BW change influences the clinical courses of IPF.

Methods

This multicentre study enrolled IPF patients from four referral hospitals of interstitial lung diseases in Japan (the Japanese cohort, the
derivation cohort) and the Royal Brompton Hospital (the UK cohort, the validation cohort). The annual rate of BW change from the
initial presentation was evaluated. A >5% decrease of BW was defined as a significant BW loss.

Results

Twenty-seven out of 124 patients in the Japanese cohort and 13 out of 86 patients in the UK cohort showed significant BW loss.
Patients with BW loss showed significantly worse survival in both cohorts. Multivariate analyses revealed that BW loss was an
independent factor for decreased survival (Japanese cohort: p = 0.047, UK cohort: p = 0.013). A 6.1% loss of BW was chosen as the
optimal cutoff value to predict the two-year mortality from the initial presentation. The stratified analysis revealed that a 6.1% or
greater BW loss could predict worse survival specifically in cases without a greater than 10% decline in FVC.

Conclusions



BW loss is independently associated with the survival of IPF patients, particularly when a decline in the FVC was not observed.

Further studies are needed to understand the mechanisms underlying BW loss in IPF.



Introduction

The clinical course of idiopathic pulmonary fibrosis (IPF) is characterized by a gradual decline in pulmonary function, which
eventually results in mortality[1]. Although the prognosis of IPF is generally poor, patterns of progression do vary[2]. While some
patients exhibit a rapid worsening just after diagnosis, some maintain a stable condition for years, whilst others experience a rapid
decline after a period of stability[1, 3]. The need for a tool to predict the clinical course had led to the intensive investigation of
prognostic factors in IPF[4-6]

Nutritional status has been shown to be a predictor of outcomes for some pulmonary diseases such as chronic obstructive
pulmonary disease (COPD)[7] or tuberculosis[8]. For these diseases, an unbalanced nutritional status is associated with a poorer
outcome. Conversely, the clinical significance of nutritional status or energy consumption has not been investigated for IPF
patients[2], even though the body mass index (BMI) has been proposed as a prognostic factor[5, 9].

Although a single-point BMI is said to be an indicator of nutritional status, it is still unclear which cutoff value for BMI is
appropriate in identifying malnutrition[10]. In addition, baseline BMI differs in association with factors including ethnicity, gender
and social status[11]. To identify a malnutrition status such as cachexia, the use of temporal body weight (BW) change is, therefore,
preferred[10], and previous studies have reported that temporal BW change has a stronger correlation with the outcomes of several
diseases[12, 13]. A recent study showed that temporal BMI change could be a prognostic indicator of IPF, but the number of study
subjects were relatively small [14]. Based on these considerations, we hypothesized that temporal BW loss could have a relationship
with the clinical indices and the prognosis of IPF.

In the present study, we assessed BW change in IPF patients one year after presentation and investigated the clinical
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characteristics of patients who exhibited significant BW loss. We then analyzed the associations between temporal BW loss and

changes in pulmonary function or survival.

Materials and methods
Subjects and data collection
This multicentre cohort study enrolled IPF patients diagnosed at four regional referral hospitals for interstitial lung disease in Japan
(Japanese cohort, derivation cohort) and Royal Brompton Hospital, United Kingdom (UK cohort, validation cohort). We enrolled
patients who were diagnosed at Kyoto University Hospital from April 2007 to March 2013, Tenri Hospital from April 2004 to March
2012, Kobe City Medical Centre West Hospital from November 2006 to December 2012, Kyoto Central Clinic from January 2004 to
May 2009, and the Royal Brompton Hospital from January 2008 to December 2010. The IPF diagnosis was made in accordance with
the current criteria through the re-evaluation at each institute[15]. This study was approved by the review board of each institute.
Patients were included in this study if their BW change within one year after the initial visit could be evaluated. Patients with
histories of malignancy within three years prior to, and one year after the first pulmonary function test (PFT) were excluded. Cases
with a comorbid a chronic infectious disease or autoimmune disease were also excluded. In addition, patients were excluded from
analyses if conditions involving excess body fluid (including renal failure, liver cirrhosis and exacerbation of congestive heart failure)
were present during the first and follow-up PFT. We planned to exclude patients if intentional BW loss was apparent from their
clinical records; however, no such case was identified.

Clinical data were collected from the patients’ clinical records. The data of patients’ BW and height were obtained from the
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PFT record. The rate of BW change was calculated using the following formula: {%BW change = 100 x (BW at follow-up PFT — BW
at initial PFT)/BW at initial PFT}. In reference to the criteria of cachexia, we defined a 5% or greater decrease in BW as a significant
BW loss[10]. In accordance with a previous study, we considered the PFT performed between 270 days and 450 days after the initial
study as the ‘follow-up study one year after the initial study[16]. Respiratory hospitalisation[17], gastroesophageal reflux[18], use of
antacids[19], diuretics and pirfenidone were also assessed as potential factors associated with prognosis or BW 10ss in patients with

IPF.

Analysis of the association between BW loss and clinical indices
Factors associated with BW loss were investigated in both cohorts. We then compared the differences in survival from the initial PFT
(Supplementary Fig. 1) between patients with or without significant BW loss. We also assessed the two-year survival rate, i.e. rate of

survival at a time point of 730 days after the initial visit.

Statistical analysis

Statistical analyses were performed using EZR (Saitama Medical Centre, Jichi Medical University, Saitama, Japan), which is a
graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria)[20]. A Fisher’s exact test was used for
the analysis of categorical variables. Continuous data were presented as means =+ standard deviations, and a Student’s t-test was used
for the descriptive analysis comparisons. The logistic regression model was used for the analysis of factors associated with BW loss,

and multivariate analysis was performed with stepwise selection of variables based on the Akaike information criterion (AIC). We
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included factors which showed p value < 0.2 in univariate analysis for the Japanese cohort in the multivariate analyses. The log—rank
test was used to evaluate the Kaplan-Meier curves for survival. In the analysis of survival, the cases were censored at the time of lung
transplantation. The Cox proportional hazards test was used for univariate and multivariate analysis of survival, with the validity of
the proportional hazards evaluated using Shoenfeld residuals. Stratified multivariate analysis was performed for the factors that
violated the assumptions of proportional hazards. Multivariate analysis included previously reported prognostic factors of IPF, and
was performed with a stepwise selection of variables based on the AIC. The optimal cutoff value in BW change to distinguish patients
with a higher risk of two-year survival was calculated based on the receiver operating characteristic curve. A p value of < 0.05 was

considered statistically significant.

Results
Patients’ characteristics
In total, 124 patients in the Japanese cohort and 86 patients in the UK cohort were enrolled in this study (Table 1). In each cohort, lung
transplantation was performed for only one patient. The median follow-up period (interquartile range) was 1360.8 (845.3-1691.3)
days in the Japanese cohort and 1363.0 (911.5-1909.5) days in the UK cohort, respectively. The baseline BMI was substantially lower
in the Japanese cohort compared with the UK cohort.

In both cohorts, patients with BW loss showed a significantly higher rate of FVC decline within one year. In the Japanese
cohort, patients with a BW loss showed a significantly lower baseline %FVC compared with patients without a BW loss, whereas such

a tendency was not observed in the UK cohort. Otherwise, in both cohorts, patients with or without BW loss showed comparable
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characteristics.

Factors associated with significant BW loss

In the Japanese cohort, the following factors were associated with BW loss with a p value < 0.2: male gender, never smoked, diabetes
mellitus, hypertension, initial %FVC, annual rate of FVC change, total protein and albumin. Multivariate analysis showed that annual
rate of FVC change, diabetes mellitus, total protein, and never smoked showed significant associations with BW loss. We performed
the same analysis for the UK cohort, and multivariate analysis revealed that only the rate of F\VC change reproduced the significant
association with BW loss. There was no association between BW loss and gastroesophageal reflux, use of antacids, use of diuretics,

the introduction of pirfenidone or corticosteroid therapy (Table 2).

Survival
In the Japanese cohort, patients with a BW loss showed significantly worse survival (median: 1095 days, 95% confidence interval
[CI1]: 868 days—NA) than patients without BW loss (median: 2245 days, 95% CI: 1687-2704 days) (p < 0.001) (Fig. 1A). This
tendency was reproducible in the UK cohort (patients with BW loss, median: 928 days, 95% CI: 583-1392 days, patients without BW
loss, median: 1512 days, 95% CI: 1299-1780 days, p = 0.029) (Fig. 1B).

We also analyzed the causes of deaths, and we found that chronic disease progression was the major cause of death for the
patients with BW loss. In contrast, the deaths due to malignancy were relatively infrequent (Supplementary Table 1).

Furthermore, we performed a Cox proportional hazards test for survival. Univariate analysis in the Japanese cohort showed a
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significant association between survival and BW loss >5% (Hazard ratio [HR] 2.83, 95% CI: 1.61-5.30, p = 0.001); male gender (HR
2.83,95% ClI: 1.01-7.89, p = 0.048); %predicted FVC at baseline PFT (HR 0.96, 95% CI: 0.95-0.98, p < 0.001); %predicted DLco at
baseline PFT (HR 0.94, 95% CI: 0.92-0.97, p < 0.001); or decline in the F\VC >10% within one year (HR 4.88, 95% CI: 2.63-9.05, p

< 0.001). In contrast, age at the baseline PFT (HR 1.02, 95% CI: 0.98-1.07, p = 0.325); smoking habits (never smoked) (HR 1.55,

95% CI: 0.77-3.11, p = 0.223); one-year respiratory hospitalisation (HR1.62, 95% CI: 0.87-3.00, p = 0.126) and BMI at the initial

PFT (HR 0.99, 95% CI: 0.90-1.12, p = 0.996) did not show any association. These associations were reproduced in the UK cohort,
except for the association with male gender.

We next included all the variables above in a model and performed multivariate analysis with a stepwise selection of variables
based on the AIC. As a final model, the following factors remained as variables with a significant association: BW loss >5% (HR
2.51, 95% CI: 1.01-6.23, p = 0.047), male gender (HR 17.88, 95% CI: 4.00-80.01, p < 0.001), baseline %DLco (HR 0.94, 95% CI:
0.91-0.96, p < 0.001), and smoking habits (HR 6.76, 95% CI: 2.35-19.42, p < 0.001). In the UK cohort, BW loss >5% (HR 2.30, 95%
Cl: 1.20-4.43, p = 0.013), baseline %DLco (HR 0.95, 95% CI: 0.93-0.97, p < 0.001), FVC decline >10% (HR: 2.11, 95% CI: 1.29—
3.46, p = 0.003) showed reproducible association. On the other hand, the association with male gender or never smoked was not
reproducible in the UK cohort, whereas the initial BMI showed an independent association (HR: 1.06, 95% CI: 1.01-1.12, p = 0.026)
(Table 3).

Evaluation of the Schoenfeld residuals in the UK cohort showed violation of the assumptions of proportional hazards analysis
with regard to age at baseline, smoking status, and FVC decline (Supplementary Table 2). Accordingly, we added the stratified
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analysis to the data by these factors, and found that body weight loss > 5% remained an independent prognostic factor[6].

Optimal cutoff value of BW loss to predict two-year mortality
The two-year mortality rate for the patients with BW loss in the Japanese cohort was 22.2%, which was significantly higher than that
for the patients without BW loss (6.2%, p = 0.023). Also in the UK cohort, the rate tended to be higher (12.3% for the patients with
BW loss, 30.8% for those without, respectively), even though it did not reach statistical significance (p = 0.103) (Table 1).

To determine an optimal cutoff value to predict the two-year mortality, we performed a receiver operating characteristic curve
analysis based on the data of the Japanese cohort. As a result, a cutoff value of 0.705% (specificity: 52.7%, sensitivity: 83.3%) and
6.138% (specificity: 84.8%, sensitivity: 50.0%) were identified (area under the curve: 0.670) (Supplementary Fig. 2A), and we found

that, 6.1% was the best cutoff value to distinguish patients according to survival (Supplementary Figs. 2B-E).

Stratified analysis based on the decline of the FVC

Among the temporal factors in IPF, the decline of FVC is the most established predictor of survival. We examined whether BW loss
could provide additional information to the FVVC decline in the prediction of survival. We performed a stratified analysis of survival in
patients with or without a significant FVC decline (>10%). Among patients without significant FVC decline, the existence of a BW
loss >6.1% was associated with a significantly worse chance of survival, both in the Japanese cohort (p = 0.042) and the UK cohort (p

= 0.041) (Fig. 2).
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Discussion

In the present study, we showed that the presence of BW loss in one year was associated with poorer survival. In particular, BW loss
could identify patients with worse chance of survival among those who did not show a FVC decline. These results were reproducible
for two independent cohorts in Japan and the UK.

BW loss has been recognized as a common complication of IPF[21]. In the present study, 21% of patients in the Japanese
cohort and 15% of patients in the UK cohort showed more than 5% BW loss within one year. The present study revealed that there
was no significant difference in the initial BMI between those with and without BW loss. This result may indicate that the occurrence
of BW loss was not affected by the initial BMI, suggesting that a single-point measurement of BW is not enough to evaluate the status
of IPF patients.

In addition, single-point BMI could be influenced by a patient’s background such as ethnic characteristics. In this study, the
Japanese cohort showed a substantially lower BMI compared to the UK cohort. This difference between Asian and Caucasian patient
groups has been observed in previous studies[5, 9, 22-24]. Notably, one report from Korea indicated that the prognostic value of
single-point BMI was not significant[23], in agreement with our Japanese cohort. On the basis of these data, we consider that it is
difficult to set a uniform standard to evaluate single-point BMI as a prognostic factor in different populations.

The present study also showed that temporal BW loss is an independent prognostic factor for IPF patients even in the
multivariate analysis including FVVC decline as one of the variables. The majority of the patients with BW loss died from chronic
disease progression, not from malignancy. Whereas the decline of the FVC is one of the most established parameters among the

temporal prognostic factors in IPF[25, 26], the stratified analysis showed that BW loss could predict survival even for those who did
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not show a significant decline in FVC. These results may suggest that, for a subset of patients, BW loss may reflect other aspects of
disease progression that a F\VC change cannot detect. Previous studies suggest that BW loss is caused by various conditions such as
chronic inflammation, oxidative stress, reduced food intake due to loss of appetite or loss of muscle mass due to inactivity [27], which
can be associated with the progression or the complications of IPF [28, 29]. Therefore, in daily practice, BW loss could be an easily
measurable alert to notify the necessity of detailed evaluation for the disease activity or complications..

The significance of BW loss in IPF patients has been previously discussed in reference to COPD[9], one of the diseases in
which the significance of nutrition status has been well studied. However, the present study indicated that nutritional status influences
IPF and COPD differently. In COPD, the BMI is strongly associated with prognosis[30, 31], and is included as a factor in the
integrated index for the prediction of prognosis[32]. In contrast, the present study suggested that the association between a single-point
BMI and survival is weak. We speculate that the difference in the role of BMI in predicting survival from these two diseases is due to
the manner of progression after the onset. In general, the progression of COPD is relatively modest than IPF, indicating that
undiagnosed period after the disease onset is longer as for COPD patients. Considering that COPD is a systemic inflammatory
disease[33], which induces BW loss in its early stages[12, 34], BW loss can be established at the time of diagnosis, In contrast, as for
IPF patients, relatively rapid progression of disease may result in the diagnosis before the complication of overt BW loss. This
characteristic may result in the highlighting of the significance of temporal factors in IPF compared to those in COPD.

The association between BW loss and mortality presents an opportunity to potentially benefit these IPF patients by supporting
them nutritionally, although there is no previous report proving its efficacy. A recent study suggested that pulmonary rehabilitation

had a positive impact on functional status and quality of life for interstitial lung disease patients including those with IPF[35, 36]. In
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addition, it was proposed that the combination of nutritional support and rehabilitation was beneficial for improving exercise capacity
and the quality of life in COPD[37]. Considering this, studies evaluating the efficacy of rehabilitation integrated with nutritional
support are expected in the future.

This study includes several limitations. First, we included patients who received a follow-up PFT, which means patients who
were unable to receive a follow-up PFT due to death or rapid worsening of the disease were excluded. Therefore, we might have
focused on patients with comparatively better disease conditions. In addition, excluding patients who missed their follow-up PFT may
have limited the study cohort. Second, we could not obtain the information needed for a detailed evaluation of nutrition status, such as
intensity of daily activity[38] or the existence of appetite loss. In addition, we could not include other potential predictors for mortality
in our analysis because of the retrospective design. These included hypoxia, exercise capacity and its temporal changes, pulmonary
hypertension and the degree/severity of dyspnoea [1] [5]. Third, although we carefully excluded cases with apparent episodes of fluid
excess, we could not obtain sufficient data to evaluate cardiac function (such as an echocardiogram or a right heart catheter),
indicating that congestive heart failure may have had a potential effect on BW. Despite these limitations, the present study showed, for
the first time, an association between BW change and survival. In addition, the results were confirmed by two independent and
international cohorts, which further strengthen the reliability of the study. Results of this study may increase our understanding of the
significance of energy imbalance and the efficacy of nutritional support in patients with IPF, as these aspects were previously
underestimated.

In conclusion, BW change was independently associated with survival in IPF. In daily practice, BW change could be an easily

measurable indicator of the prognosis for IPF patients. The nutritional status of patients with IPF has not been a focus of previous
14



studies; therefore, further studies are required to understand the mechanisms underlying BW loss in IPF.

15



Acknowledgments
We thank Drs. Kizuku Watanabe (Department of Respiratory Medicine, Fukui Red Cross Hospital, Fukui, Japan) and Kensaku Aihara
(Department of Respiratory Medicine, Saiseikai Noe Hospital, Osaka, Japan) for their contribution in clinical practice and sample

collection.

Financial Disclosure and Conflicts of Interest

This study was supported by grants from the Respiratory Failure study group and Diffuse Lung Disease study group from the Ministry
of Health, Labor and Welfare, Japan. This work was also supported by a Grant-in-Aid from the Japan Society for the Promotion of
Science.

None of the authors have any conflicts of interest to declare regarding the publication of this manuscript.

References

1 Ley B, Collard HR, King TE, Jr.: Clinical course and prediction of survival in idiopathic pulmonary fibrosis. Am J Respir Crit
Care Med 2011;183:431-440.

2 Thickett DR, Kendall C, Spencer LG, Screaton N, Wallace WA, Pinnock H, Bott J, Pigram L, Watson S, Millar AB: Improving
care for patients with idiopathic pulmonary fibrosis (IPF) in the UK: a round table discussion. Thorax 2014;69:1136-1140.

3 Schmidt SL, Tayob N, Han MK, Zappala C, Kervitsky D, Murray S, Wells AU, Brown KK, Martinez FJ, Flaherty KR:
16



Predicting pulmonary fibrosis disease course from past trends in pulmonary function. Chest 2014;145:579-585.

4 Tzilas V, Koti A, Papandrinopoulou D, Tsoukalas G: Prognostic factors in idiopathic pulmonary fibrosis. Am J Med Sci
2009;338:481-485.

5 Mura M, Porretta MA, Bargagli E, Sergiacomi G, Zompatori M, Sverzellati N, Taglieri A, Mezzasalma F, Rottoli P, Saltini C,
Rogliani P: Predicting survival in newly diagnosed idiopathic pulmonary fibrosis: a 3-year prospective study. Eur Respir J
2012;40:101-109.

6 Ryerson CJ, Vittinghoff E, Ley B, Lee JS, Mooney JJ, Jones KD, Elicker BM, Wolters PJ, Koth LL, King TE, Jr., Collard HR:
Predicting survival across chronic interstitial lung disease: the ILD-GAP model. Chest 2014;145:723-728.

7 Landbo C, Prescott E, Lange P, Vestbo J, Almdal TP: Prognostic value of nutritional status in chronic obstructive pulmonary
disease. Am J Respir Crit Care Med 1999;160:1856-1861.

8 Miyata S, Tanaka M, Thaku D: The prognostic significance of nutritional status using malnutrition universal screening tool in
patients with pulmonary tuberculosis. Nutr J 2013;12:42.

9 Alakhras M, Decker PA, Nadrous HF, Collazo-Clavell M, Ryu JH: Body mass index and mortality in patients with idiopathic
pulmonary fibrosis. Chest 2007;131:1448-1453.

10 Evans WJ, Morley JE, Argiles J, Bales C, Baracos V, Guttridge D, Jatoi A, Kalantar-Zadeh K, Lochs H, Mantovani G, Marks
D, Mitch WE, Muscaritoli M, Najand A, Ponikowski P, Rossi Fanelli F, Schambelan M, Schols A, Schuster M, Thomas D, Wolfe R,
Anker SD: Cachexia: a new definition. Clin Nutr 2008;27:793-799.

11 Wang Y, Beydoun MA: The obesity epidemic in the United States--gender, age, socioeconomic, racial/ethnic, and geographic
17



characteristics: a systematic review and meta-regression analysis. Epidemiol Rev 2007;29:6-28.

12 Prescott E, Almdal T, Mikkelsen KL, Tofteng CL, Vestbo J, Lange P: Prognostic value of weight change in chronic obstructive
pulmonary disease: results from the Copenhagen City Heart Study. Eur Respir J 2002;20:539-544.

13 Chang SH, McDonald SP: Post-kidney transplant weight change as marker of poor survival outcomes. Transplantation
2008;85:1443-1448.

14 Kishaba T, Nagano H, Nei Y, Yamashiro S: Body mass index-percent forced vital capacity-respiratory hospitalization: new
staging for idiopathic pulmonary fibrosis patients. J Thorac Dis 2016;8:3596-3604.

15 Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown KK, Colby TV, Cordier JF, Flaherty KR, Lasky JA, Lynch DA,
Ryu JH, Swigris JJ, Wells AU, Ancochea J, Bouros D, Carvalho C, Costabel U, Ebina M, Hansell DM, Johkoh T, Kim DS, King TE,
Jr., Kondoh Y, Myers J, Muller NL, Nicholson AG, Richeldi L, Selman M, Dudden RF, Griss BS, Protzko SL, Schunemann HJ,
Fibrosis AEJACoIP: An official ATS/ERS/JRS/ALAT statement: idiopathic pulmonary fibrosis: evidence-based guidelines for
diagnosis and management. Am J Respir Crit Care Med 2011;183:788-824.

16 Richeldi L, Ryerson CJ, Lee JS, Wolters PJ, Koth LL, Ley B, Elicker BM, Jones KD, King TE, Jr., Ryu JH, Collard HR:
Relative versus absolute change in forced vital capacity in idiopathic pulmonary fibrosis. Thorax 2012;67:407-411.

17 du Bois RM, Weycker D, Albera C, Bradford WZ, Costabel U, Kartashov A, Lancaster L, Noble PW, Raghu G, Sahn SA,
Szwarcberg J, Thomeer M, Valeyre D, King TE, Jr.: Ascertainment of individual risk of mortality for patients with idiopathic
pulmonary fibrosis. Am J Respir Crit Care Med 2011;184:459-466.

18 Wuyts WA, Collard HR: Gastroesophageal Reflux in Idiopathic Pulmonary Fibrosis: More than a Gut Feeling? Respiration
18



2016;91:1-2.

19 Kreuter M, Spagnolo P, Wuyts W, Renzoni E, Koschel D, Bonella F, Maher TM, Kolb M, Weycker D, Kirchgassler KU,
Costabel U: Antacid Therapy and Disease Progression in Patients with Idiopathic Pulmonary Fibrosis Who Received Pirfenidone.
Respiration 2017;93:415-423.

20 Kanda Y: Investigation of the freely available easy-to-use software 'EZR' for medical statistics. Bone Marrow Transplant
2013;48:452-458.

21 American Thoracic Society. Idiopathic pulmonary fibrosis: diagnosis and treatment. International consensus statement.
American Thoracic Society (ATS), and the European Respiratory Society (ERS). Am J Respir Crit Care Med 2000;161:646-664.

22 Brown AW, Shlobin OA, Weir N, Albano MC, Ahmad S, Smith M, Leslie K, Nathan SD: Dynamic patient counseling: a novel
concept in idiopathic pulmonary fibrosis. Chest 2012;142:1005-1010.

23 Song JW, Do KH, Jang SJ, Colby TV, Han S, Kim DS: Blood biomarkers MMP-7 and SP-A: predictors of outcome in
idiopathic pulmonary fibrosis. Chest 2013;143:1422-1429.

24 Kim JH, Lee JH, Ryu YJ, Chang JH: Clinical predictors of survival in idiopathic pulmonary fibrosis. Tuberc Respir Dis
(Seoul) 2012;73:162-168.

25 Flaherty KR, Mumford JA, Murray S, Kazerooni EA, Gross BH, Colby TV, Travis WD, Flint A, Toews GB, Lynch JP, 3rd,
Martinez FJ: Prognostic implications of physiologic and radiographic changes in idiopathic interstitial pneumonia. Am J Respir Crit
Care Med 2003;168:543-548.

26 Taniguchi H, Kondoh Y, Ebina M, Azuma A, Ogura T, Taguchi Y, Suga M, Takahashi H, Nakata K, Sato A, Sugiyama Y,
19



Kudoh S, Nukiwa T, Pirfenidone Clinical Study Group in J: The clinical significance of 5% change in vital capacity in patients with
idiopathic pulmonary fibrosis: extended analysis of the pirfenidone trial. Respir Res 2011;12:93.

27 Balasubramanian VP, Varkey B: Chronic obstructive pulmonary disease: effects beyond the lungs. Curr Opin Pulm Med
2006;12:106-112.

28 Kliment CR, Oury TD: Oxidative stress, extracellular matrix targets, and idiopathic pulmonary fibrosis. Free Radic Biol Med
2010;49:707-717.

29 Bahmer T, Kirsten AM, Waschki B, Rabe KF, Magnussen H, Kirsten D, Gramm M, Hummler S, Brunnemer E, Kreuter M,
Watz H: Clinical Correlates of Reduced Physical Activity in Idiopathic Pulmonary Fibrosis. Respiration 2016;91:497-502.

30 Dolan S, Varkey B: Prognostic factors in chronic obstructive pulmonary disease. Curr Opin Pulm Med 2005;11:149-152.

31 Hallin R, Gudmundsson G, Suppli Ulrik C, Nieminen MM, Gislason T, Lindberg E, Brondum E, Aine T, Bakke P, Janson C:
Nutritional status and long-term mortality in hospitalised patients with chronic obstructive pulmonary disease (COPD). Respir Med
2007;101:1954-1960.

32 Celli BR, Cote CG, Marin JM, Casanova C, Montes de Oca M, Mendez RA, Pinto Plata V, Cabral HJ: The body-mass index,
airflow obstruction, dyspnea, and exercise capacity index in chronic obstructive pulmonary disease. N Engl J Med 2004;350:1005-
1012.

33 Gan WQ, Man SF, Senthilselvan A, Sin DD: Association between chronic obstructive pulmonary disease and systemic
inflammation: a systematic review and a meta-analysis. Thorax 2004;59:574-580.

34 Wilson DO, Rogers RM, Wright EC, Anthonisen NR: Body weight in chronic obstructive pulmonary disease. The National
20



Institutes of Health Intermittent Positive-Pressure Breathing Trial. Am Rev Respir Dis 1989;139:1435-1438.

35 Nishiyama O, Kondoh Y, Kimura T, Kato K, Kataoka K, Ogawa T, Watanabe F, Arizono S, Nishimura K, Taniguchi H: Effects
of pulmonary rehabilitation in patients with idiopathic pulmonary fibrosis. Respirology 2008;13:394-399.

36 Huppmann P, Sczepanski B, Boensch M, Winterkamp S, Schonheit-Kenn U, Neurohr C, Behr J, Kenn K: Effects of inpatient
pulmonary rehabilitation in patients with interstitial lung disease. Eur Respir J 2013;42:444-453.

37 Sugawara K, Takahashi H, Kasai C, Kiyokawa N, Watanabe T, Fujii S, Kashiwagura T, Honma M, Satake M, Shioya T: Effects
of nutritional supplementation combined with low-intensity exercise in malnourished patients with COPD. Respir Med
2010;104:1883-1889.

38 Leuchte HH, Mernitz P, Baezner C, Baumgartner RA, von Wulffen W, Neurohr C, Behr J: Self-Report Daily Life Activity as a

Prognostic Marker of Idiopathic Pulmonary Fibrosis. Respiration 2015;90:460-467.

21



Table 1.Patients’ characteristics

Japanese cohort UK cohort
BW loss (-) BW loss (+) p value BW loss (-) BW loss (+) p value
n=97 n=27 n=73 n= 13

Age at initial PFT, years 68.21 £7.39 69.78 £8.74 0.350 65.55 (9.84) 65.23 (12.38) 0.918
Male gender, n (%) 85 (87.6) 20 (74.1) 0.127 58 (79.5) 11 ( 84.6) >0.99
Histological diagnosis, n (%) 27 (27.8) 10 (37.0) 0.353 16 (21.9) 2(15.4) 0.727
Never smoked, n (%) 11 (11.3) 6(22.2) 0.202 26 (35.6) 4(30.8) 0.855
Comorbid diseases, n (%)

Diabetes mellitus 27 (29.3) 3(11.1) 0.120 17 (23.3) 2(154) 0.801

Hyperlipidemia 20 (21.7) 5(18.5) >0.99 33 (45.2) 5(38.5) 0.584

Ischemic heart disease 12 (12.3) 1(3.7) 0.451 19 (26.0) 4(30.8) 0.642

Hypertension 25(27.2) 11 (40.7) 0.142 40 (54.8) 5(38.5) 0.364

Congestive heart failure 3(3.3) 1(3.7) >0.99 3(4.1) 0(C 0.0 0.638

Gastroesophageal reflux 8(8.2) 2(7.4) >0.99 36 (49.3) 7 (53.8) >0.99
Pulmonary function test

Initial %FVC, % 84.18 £18.89 75.01 £23.58 0.037 75.94 +£17.70 73.52 +£14.28 0.643

Initial %DLco, % * 46.78 £15.19 42.64 £12.95 0.236 41.38 £13.57 43.58 £9.67 0.579

Initial CPI* 40.04 £21.98 49.20+19.74 0.073 50.46 £10.78 49.45+9.53 0.752

Annual rate of FVC change, % 0.03 £9.66 -8.33+£13.91 <0.001 -4.72 £11.38 -13.99 £ 24.44 0.031
Initial BMI 23.82 £2.66 23.76 £3.66 0.924 28.44 +£4.90 27.46 +£5.05 0.508
Laboratory Test

KL-6 (U/ ml) 1119.06 £ 980.80 1320.09 + 1021.80 0.387 NA NA

Total protein (g/ dl) 7.48 £0.52 7.64 £0.55 0.178 7.25+0.60 7.15+£0.54 0.598

Albumin (g/ dl) 4.22 £0.32 4.09 £ 0.46 0.152 3.93 £0.35 3.93+0.35 0.984
Treatment, n (%)

Pirfenidone 27 (27.8) 8(29.6) >0.99 17 (23.3) 3(23.1) >0.99

Corticosteroid 37 (38.1) 12 (44.4) 0.502 67 (91.8) 11 ( 84.6) 0.347

Proton pump inhibitor/H2 blocker 39 (40.2) 7(25.9) 0.351 44 (60.3) 7 (53.8) 0.762

Diuretics 8(8.2) 1(3.7) 0.686 12 (16.4) 1(7.7) 0.681
Acute exacerbation, n (%) 29 (29.9) 8(29.6) >0.99 6(8.2) 0(C 0.0 0.647
Death, n (%) 38(39.2) 17 (63.0) 0.186 57 (78.1) 13 (100.0) 0.115
Transplantation, n (%) 0(0) 1(3.7) 0.224 1(1.4) 0( 0.0 >0.99
One-year respiratory hospitalization (%) 15 (15.4) 10 (37.0) 0.027 8 (11.0) 1(7.7) >0.99
Two year mortality, n (%) 6(6.2) 6(22.2) 0.023 9(12.3) 4(30.8) 0.103

Data are presented as n or mean+SD, PFT: pulmonary function test, FVC: forced vital capacity, DLco: diffusing capacity of the lung

for carbon monoxide, CPI: composite physiologic index.

* Data were missing for 17 patients in Japanese cohort.



Table 2. Factors associated with BW loss

Japanese cohort UK cohort
Odds ratio (lower, higher 95% CI)  p value  Odds ratio (lower, higher 95% CI)  p value
Univariate analysis
Age at initial PFT (years) 1.03 (0.97, 1.09) 0.348 0.99 (0.94, 1.06) 0.917
Male gender 0.40 (0.14, 1.15) 0.091 0.70 (0.14, 3.52) 0.668
Never smoked 2.23(0.74, 6.73) 0.153 0.80 (0.23, 2.87) 0.736
Diabetes mellitus complicated 0.33(0.09, 1.19) 0.090 0.58 (0.12, 2.87) 0.502
Hyperlipidemia complicated 0.90 (0.30, 2.70) 0.851 0.80 (0.23, 2.77) 0.726
Ischemic heart disease complicated 0.32 (0.04, 2.66) 0.294 1.34 (0.36, 4.98) 0.660
Hypertension complicated 2.11 (0.85, 5.25) 0.110 0.54 (0.16, 1.85) 0.324
Congestive heart failure complicated 1.24 (0.12, 12.40) 0.857 NA 0.991
Gastroesophageal reflux complicated 1.01 (0.20, 5.12) 0.989 1.20, (0.37,3.91) 0.764
Initial %FVC (%) 0.98 (0.95, 0.99) 0.040 0.99 (0.96, 1.03) 0.639
Initial %DLco (%) 0.98 (0.95, 1.01) 0.235 1.01 (0.97, 1.06) 0.575
Annual rate of FVC change (%) 0.93 (0.89, 0.98) 0.002 0.96 (0.92, 0.99) 0.039
Initial BMI 0.99 (0.86, 1.15) 0.923 0.96 (0.84, 1.09) 0.503
Total protein (g/dl) 1.82 (0.76, 4.33) 0.178 0.97 (0.88, 1.08) 0.594
Albumin (g/dl) 0.37 (0.09, 1.47) 0.157 0.98 (0.18, 5.33) 0.984
Pirfenidone usage 1.10 (0.42, 2.85) 0.848 0.99 (0.24, 4.01) 0.987
Corticosteroid usage 1.37 (0.56, 3.34) 0.485 0.49 (0.09, 2.76) 0.420
Proton pump inhibitor/H2 blocker usage 0.61 (0.23, 1.61) 0.316 0.77 (0.24, 2.52) 0.664
Diuretics usage 0.48, (0.06, 4.07) 0.503 0.42, (0.05, 3.57) 0.430
Multivariate analysis (Stepwise)

Annual rate of FVC change (%) 0.92 (0.86, 0.97) 0.003 0.96 (0.92, 0.99) 0.039
Diabetes mellitus complicated 0.16 (0.03, 0.96) 0.045

Total protein (g/dl) 5.79 (1.61, 20.90) 0.007

Never smoked 4.98 (1.19, 20.90) 0.028

FVC: forced vital capacity, DLco: diffusing capacity of the lung for carbon monoxide, BMI: body mass index.



Table 3. Univariate and multivariate analysis for mortality

Japanese cohort UK cohort
Hazard ratio (95% CI) p value Hazard ratio (95% CI)  p value
Univariate analysis
Body weight loss > 5% 2.83 (1.61-5.30) 0.001 1.99 (1.06-3.74) 0.033
Age at initial PFT (years) 1.02 (0.98-1.07) 0.325 1.01 (0.98-1.03) 0.584
Male gender 2.83 (1.01-7.89) 0.048 1.29 (0.72- 2.33) 0.390
Never smoked 1.55(0.77-3.11) 0.223 0.75 (0.45-1.25) 0.271
Initial %FVC (%) 0.96 (0.95-0.98) <0.001 0.99 (0.97-0.99) 0.040
Initial %DLco (%) 0.94 (0.92-0.97) <0.001 0.96 (0.94-0.98) <0.001
FVC decline >10% 4.88 (2.63-9.05) <0.001 2.08 (1.28-3.37) 0.003
Initial BMI 0.99 (0.90-1.12) 0.996 1.01 (0.97-1.06) 0.656
One-year respiratory hospitalization 1.62 (0.87-3.00) 0.126 2.07 (0.98-4.36) 0.055
Multivariate analysis (Stepwise)

Body weight loss > 5% 2.51(1.01-6.23) 0.047  Body weight loss > 5% 2.26 (1.17-4.35) 0.015
Male gender 17.88 (4.00-80.01) <0.001 Initial %DLco (%) 0.95 (0.93-0.97) <0.001
Initial %DLco (%) 0.94 (0.91-0.96) <0.001 FVC decline > 10% 2.34 (1.41-3.87) 0.001
FVC decline > 10% 1.95 (0.82-4.66) 0.13  Initial BMI 1.06 (1.01-1.12) 0.012
Never smoked 6.76 (2.35-19.42) <0.001

FVC: forced vital capacity, DLco: diffusing capacity of the lung for carbon monoxide, BMI: body mass index.



Fig. 1. The survival rate based upon the existence of body weight (BW) loss.

The survival rate based upon the existence of body weight (BW) loss in the Japanese cohort (A) or the
UK cohort (B) (Log-rank test). Patients with BW loss showed significantly worse survival in both cohorts
[Japanese cohort, median: 1095 days, 95% confidence interval [CI]: 868 days—NA, UK cohort, median:
928 days, 95% CI: 583—-1392 days] compared to patients without BW loss [Japanese cohort, median: 2245
days, 95% CI: 1687-2704 days, UK cohort, 1512 days, 95% CI: 1299—-1780 days] (Japanese cohort: p <

0.001, UK cohort: p =0.029). FVC, forced vital capacity.

Fig. 2. Stratified analysis of the survival rate.

Stratified analysis of the survival rate based upon the existence of body weight(BW) loss and the FVC
decline (Log-rank test). In both cohorts, patients with a BW loss = 6.1% showed a significantly worse

survival in the subgroup of patients without a FVC decline (Japanese cohort: p = 0.042, UK cohort: p =

0.041). FVC, forced vital capacity.



