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Background: Daily physical activity is reduced in patients with chronic obstructive pul
monary disease (COPD) and a reduced level of physical activity has been shown to be an 
important predictor for the prognosis, such as increased risk of exacerbation and mortality. 
However, there has not yet been a useful biomarker of the physical activity. In our previous 
cross-sectional study, we showed that the level of one of the possible myokines, which is an 
anti-aging factor, growth differentiation factor 11 (GDF11), was decreased in the plasma 
from patients with COPD and correlated with the physical activity. To clarify this relation
ship, we conducted a longitudinal evaluation of such factors.
Patients and Methods: Twenty-four COPD patients were enrolled and prospectively 
followed. We measured the levels of plasma GDF11 and systemic inflammatory markers 
with immunoblotting or ELISA, respectively. We also evaluated lung function and daily 
physical activity using a triaxial accelerometer and the incidence of exacerbation.
Results: The change in the plasma level of GDF11, but not systemic inflammatory 
markers, was positively correlated with the change in the physical activity in an intensity- 
dependent manner (between the change in the number of steps and GDF11; r = 0.41, p = 
0.047). In the multiple regression analysis, the relationship was confirmed (β = 0.93, p < 
0.001). In addition, patients who maintained their plasma level of GDF11 showed 
a significantly lower incidence in exacerbations of COPD than those with decreased levels 
of GDF11 (p = 0.041).
Conclusion: The longitudinal change in the plasma level of GDF11 was positively corre
lated with the change in the daily physical activity in COPD. GDF11 could be a useful 
humoral factor that reflects the physical activity in COPD.
Keywords: chronic obstructive pulmonary disease, physical activity, growth differentiation 
factor 11, exacerbation, longitudinal study

Introduction
Daily physical activity is reduced in patients with chronic obstructive pulmonary 
disease (COPD).1–3 The reduced level of physical activity has been reported to be 
associated with lower lung function3–5 and more frequent hospitalizations caused 
by exacerbations.6,7 In addition, a low level of physical activity has been reported to 
be associated with increased mortality risk in patients with COPD,6,8,9 and the level 
of physical activity has been shown to be an important predictor of the prognosis.10 

Thus, it is recommended to encourage patients with COPD to maintain their level 
of daily physical activity.11 At present, the daily physical activity is evaluated using 
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motion sensors and self-reported questionnaires,4–8,12 but 
the assessment is not simple. Therefore, a specific biomar
ker of the physical activity is needed.

Growth differentiation factor 11 (GDF11), a member of 
the transforming growth factor (TGF) beta superfamily,13 

has been reported to be an anti-aging and rejuvenating 
factor.14–16 GDF11 is one of the possible myokines highly 
detected in skeletal muscles14,17 and has been shown to 
increase the muscle strength and exercise endurance in 
aged mice.16 In our previous cross-sectional study, the 
plasma level of GDF11 in patients with COPD was 
decreased and positively correlated with the daily physical 
activity.18,19 However, the relationship has not been fully 
evaluated, especially in terms of the data stability and 
continuity at the individual level. Therefore, we conducted 
a longitudinal evaluation of the changes in the plasma 
level of GDF11 and the daily physical activity to clarify 
the relationship.

Patients and Methods
Study Design and Subjects
Patients with COPD were recruited into the current study 
from Tohoku University Hospital and Tohoku Rosai 
Hospital. The recruitment period was between 2015 and 
2017. All patients with COPD were older than 40 years, 
had a former smoking history of more than 10 pack- 
years, and were diagnosed according to the Global 
Initiative for Chronic Obstructive Lung Disease 
(GOLD) documents.20 All patients with COPD had 
been free of infection of the respiratory tract and exacer
bations due to any reasons for at least 2 months prior to 
the study. All patients had quit smoking at least 1 year 
before. Patients with pathologic conditions including cer
ebrovascular diseases, rheumatoid arthritis and arterio
sclerosis obliterans, which affect the physical activity, 
were excluded from the study. All the patients underwent 
baseline examination and follow-up examination includ
ing lung function, daily physical activity and venous 
blood sampling, and the time point differed among 
patients. Finally, the data from twenty-four outpatients 
were analyzed in current study. The median (inter quartile 
range; IQR) time between the baseline examination and 
follow-up examination was 439 (245–725) days. Written 
informed consent was obtained from all patients. All 
experiments in the current study were approved by the 
ethics committee of Tohoku University Graduate School 
of Medicine (approval number: #2019-1-353) and 

Tohoku Rosai Hospital (approval number: #15-11). This 
study was conducted in accordance with the Declaration 
of Helsinki. Whole blood was collected into vacutainer 
tubes containing an anticoagulant. The plasma samples 
were obtained by centrifugation of the tubes at 3000 rpm 
for 10 minutes and then stored at −80°C until the assay. 
Physical activity was measured by a triaxial acceler
ometer for 2 weeks and the levels of physical activity 
were analyzed.19,21

Assessment of Physical Activity
Patients wore the triaxial accelerometer (Actimarker; 
Panasonic CO., Osaka, Japan) during the daytime for 14 
consecutive days. From among the 14 days monitoring 
data, except the first and last days, the data of 5 non- 
rainy weekdays were analyzed according to previous 
studies.21 We measured the parameters of physical activity 
as follows: number of steps, duration of activity at ≥2.0, 
≥2.5 and ≥3.0 metabolic equivalents (METs).

Definition of Exacerbation of COPD
Exacerbation was defined as an acute worsening of 
respiratory symptoms that led to the prescription of anti
biotics and/or corticosteroids.22–24 The number of exacer
bations was assessed by medical reports for 2 years from 
the baseline.

Immunoblot Analysis of Plasma GDF11
Immunoblot analysis of the plasma GDF11 levels was 
performed as described previously.18,19 The plasma sam
ples were diluted with saline and the diluted samples were 
mixed with sample buffer (Bio-Rad Laboratories, 
Hercules, CA). The samples containing 50 µg of protein 
were loaded and separated by electrophoresis on 10% SDS 
polyacrylamide gels. In addition to the samples, in order to 
compare samples from separate gels, 50 µg of a particular 
sample was loaded. After electrophoresis, the separated 
proteins were transferred to a PVDF membrane (Merck 
Millipore Ltd., Darmstadt, Germany). We used an anti
body raised against GDF11 specifically (1:1000 dilution, 
R&D Systems Inc., Minneapolis, MN).18 Bound antibo
dies were visualized using a peroxidase-conjugated anti- 
mouse goat antibody (1:2000 dilution, Santa Cruz 
Biotechnology Inc., Dallas, TX) and enhanced chemilumi
nescence (GE Healthcare Ltd., Buckinghamshire, UK) 
with a chemiluminescence imaging system (LAS-4000 
mini; Fujifilm CO., Tokyo, Japan). Ponceau S staining 
was used to evaluate the amounts of protein. The GDF11 
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levels were calculated by measuring the intensity of the 
bands. Band intensity was quantified using ImageJ 1.52v 
software (National Institutes of Health, Bethesda, MD). In 
order to compare across blots, the protein levels were 
normalized against a particular sample.

Measurement of Plasma IL-6, hs-CRP and 
MDA
Plasma levels of interleukin-6 (IL-6) and high sensitivity 
C-reactive protein (hs-CRP) were measured with an 
enzyme-linked immunosorbent assay (ELISA) kit (R&D 
Systems Inc., Minneapolis, MN), according to the manu
facturer’s instructions. Malondialdehyde (MDA), which is 
a marker of lipid peroxidation, was measured as thiobar
bituric acid (TBA) reactive substances according to the 
manufacturer’s instructions (Abcam plc., Cambridge, UK).

Statistical Analysis
The data were expressed as mean ± standard deviation 
(SD) or median (interquartile range [IQR]) as appropriate. 
Data were analysed using the Wilcoxon Rank-Sum Test. 
Statistical correlation analyses were performed using 
Spearman’s rank test. A linear regression analysis was 
performed using the method of least squares. 
Multivariable models were used to determine associations 
between the decline of physical activity and other vari
ables. Multiple regression analysis was performed using 
the change in the number of steps as the dependent vari
able. The independent variables were selected using 
a stepwise approach and included in the model (ie, change 
in GDF11). Potential confounders such as age, body mass 
index (BMI), lung function, inflammatory markers were 
also included in the model. Statistical analysis was per
formed using the GraphPad Prism 6 (GraphPad Software 
Inc., San Diego, CA) and JMP v15 Pro (SAS Institute Inc., 
Cary, NC). P values less than 0.05 were considered 
significant.

Results
Characteristics at Baseline
Twenty-four patients with COPD (GOLD stage I, n= 2; 
GOLD stage II, n =11; GOLD stage III, n =8; GOLD stage 
IV, n =3) took part in the current study. The characteristics 
of the study subjects are presented in Table 1. The mean 
age of participants was 72.2 years and the mean % pre
dicted of FEV1 was 54.4%. Concerning the basal level of 

physical activity, the number of median steps per day was 
2846.

Longitudinal Association Between Plasma 
Level of GDF11 and Physical Activity
At first, there was no significant difference in the median 
number of steps (IQR) in the patients with COPD between 
at baseline and the follow-up in the current study [2846 
(2191–4809) at baseline vs 2551 (1687–5052) at the fol
low-up, p = 0.751] (Supplementary Figure S1). Also, there 
was no significant difference in the mean level of plasma 
GDF11 between the two time points (Supplementary 
Figure S2). When we evaluated the longitudinal associa
tion between the plasma level of GDF11 and physical 
activity, the changes in the plasma levels of GDF11 in 
the patients with COPD had a significant positive 

Table 1 Characteristics of the Study Subjects

Subjects, n 24

Age, years 72.2 ± 6.7

Males/females 23/1

Smoking, pack-years 57.0 ± 20.8

BMI, kg/m2 21.8 ± 3.1

mMRC scale 1.4 ± 1.2

FVC, % predicted 88.8 ± 18.8

FEV1, % predicted 54.4 ± 19.5

FEV1/FVC, % 48.9 ± 14.7

IC, L 2.1 ± 0.5

DLco, % predicted 54.6 ± 30.5

GOLD (I/II/III/IV) (2/11/8/3)

Steps per day 2846 (2191–4809)

6MWD, m 396 (291–486)

LABA, n 18

LAMA, n 22

ICS, n 4

Note: Data are presented as mean ± SD or median (with interquartile ranges). 
Abbreviations: BMI, body mass index; mMRC, modified Medical Research 
Council; FVC, forced vital capacity; FEV1, forced expiratory volume in 
one second; IC, inspiratory capacity; DLco, diffusing capacity of the lung for carbon 
monoxide which was measured with a single-breath method and calculated simul
taneously with the measured alveolar volume; GOLD, Global Initiative for Chronic 
Obstructive Lung Disease; 6MWD, six-minutes walking distance; LABA, long-acting 
β2 agonist; LAMA, long-acting muscarinic antagonist; ICS, inhaled corticosteroids.
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correlation with the changes in the number of steps (r = 
0.41, p = 0.047, Figure 1A). In the sub-analysis with the 
intensity of the physical activity, the changes in the plasma 
levels of GDF11 had significant positive correlations with 
changes in the duration ≥3.0 METs (r = 0.57, p = 0.004, 
Figure 1B) and ≥2.5 METs (r = 0.50, p = 0.013, Figure 
1C), but not with those of a duration ≥2.0 METs (r = 0.39, 
p = 0.056, Figure 1D). We also evaluated whether the 
severity of COPD affect the changes of physical activity, 
but there was no significant correlation between the basal 
% predicted of FEV1 and the changes in the number of 
steps (r = 0.28, p = 0.181).

Longitudinal Relationship Between 
Systemic Inflammatory Markers and 
Physical Activity
Since the daily physical activity has also been shown to be 
associated with systemic inflammation in COPD,25,26 we 

investigated the longitudinal relationship between the 
number of steps and systemic inflammatory markers 
including IL-6, hs-CRP and MDA. However, there were 
no correlations between the changes in physical activity 
and the changes in the values of plasma IL-6 (r = −0.06, 
p = 0.787, Figure 2A), hs-CRP (r = −0.23, p = 0.325, 
Figure 2B) or MDA (r = −0.35, p = 0.135, Figure 2C). In 
the sub-analysis with the intensity of physical activity, 
there were no relationships between the changes in the 
duration of METs and the systemic inflammatory markers 
(data not shown).

Multiple Regression Analysis of the 
Changes in Physical Activity in the 
Patients with COPD
Next, we investigated factors that influence the changes 
in physical activity by using multiple regression analysis 
in the patients with COPD (Table 2). In the current study, 

Figure 1 Longitudinal association between the plasma level of GDF11 and physical activity. 
Notes: Correlations between the plasma levels of GDF11 and the parameters of physical activity including the number of steps (A), duration ≥3.0 METs (B), ≥2.5 METs (C) 
and ≥2.0 METs (D) were investigated. r is the correlation coefficient. Delta (∆) means change in values between baseline and follow-up. Data were statistically analyzed by 
the Spearman’s rank test. 
Abbreviations: GDF11, growth differentiation factor 11; METs, metabolic equivalents.
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there was no relation between the changes in the daily 
activity and various variables including age, BMI, 
mMRC scale and changes in FEV1 or inspiratory capacity 
(IC). Concerning the humoral factors, the change in the 
plasma level of GDF11, but not IL-6, was significantly 
related to the change in number of steps per day inde
pendently of the inflammation markers and lung function 
(β = 0.93, p < 0.001, Table 2).

Relationship Between Decreased Level of 
GDF11 and the Exacerbations of COPD
The decline of daily physical activity was reported to be 
associated with more frequent hospitalization caused by 
exacerbations of COPD.6,7 Therefore, we also investigated 
whether the change in the plasma level of GDF11 was 
associated with the exacerbation of COPD. Firstly, since 
there remained no suitable cut-off value for GDF11, we 
divided the patients into a GDF11 high group (ie, plasma 
level of GDF11 ≥ mean at baseline) and GDF11 low group 

(ie, plasma level of GDF11 < mean at baseline) as a matter 
of convenience and compared the incidence of exacerba
tions of COPD. However, the incidence of exacerbations 

Figure 2 Longitudinal relationship between systemic inflammatory markers and physical activity. 
Notes: Correlations between the amounts of IL-6 (A), hs-CRP (B) and MDA (C) and the parameter of physical activity with the number of steps were investigated. Delta 
(∆) means change in values between baseline and follow-up. r is the correlation coefficient. Data were analyzed by the Spearman’s rank test. 
Abbreviations: hs-CRP, high sensitivity C-reactive protein; IL-6, interleukin-6; MDA, malondialdehyde.

Table 2 Multiple Regression Analysis of the Changes in Physical 
Activity in the Patients with COPD

Change in Number of Steps

Variables β p value

Age 0.26 0.259
BMI −0.22 0.221

mMRC scale −0.17 0.371

∆FEV1 0.26 0.209
∆IC 0.24 0.258

∆GDF11 0.93 <0.001

∆IL-6 −0.20 0.298

Notes: β = standardized regression coefficient. Delta (∆) means change in values 
between baseline and follow-up. Data were analyzed by multivariate linear regres
sion. R2 = 0.71 (adjusted R2 = 0.56). 
Abbreviations: BMI, body mass index; mMRC, modified Medical Research 
Council; FEV1, forced expiratory volume in one second; IC, inspiratory capacity; 
GDF11, growth differentiation factor 11; IL-6, interleukin-6.
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was not significantly different between the two groups at 
baseline (data not shown). Therefore, we re-defined the 
groups as a GDF11 maintained group (ie, the amount of 
plasma level of GDF11 after the follow up was same or 
higher than that at baseline) and a GDF11 decline group 
(ie, the amount of plasma level of GDF11 after the follow 
up was lower than that at baseline) and compared the 
frequency of exacerbations between the two groups. 
Patients who maintained their plasma level of GDF11 
showed a significantly lower incidence in exacerbations 
of COPD than those with a decreased level of GDF11. (p = 
0.041, Figure 3).

Concerning the relationship between GDF11 and 
exacerbations, there was also a possibility that physical 
activity decreased due to exacerbations and GDF11 
decreased as a result. Although we evaluated whether 
exacerbations affected the changes of physical activity, 
the changes in the number of steps were not significantly 
different between the groups with or those without exacer
bations (Supplementary Figure S3).

Discussion
In the present study, we demonstrated that a longitudinal 
change in the plasma level of GDF11 in patients with 
COPD was positively correlated with changes in the 
daily physical activity. Especially, in those with higher 
exercise intensity, a stronger positive correlation was 

shown in the longitudinal changes between the plasma 
level of GDF11 and the physical activity. Multiple regres
sion analysis also showed that changes in the plasma level 
of GDF11 were related to changes in the daily physical 
activity independently of the lung function. In addition, we 
demonstrated that the patients who maintained their 
plasma level of GDF11 showed a significantly lower inci
dence of exacerbations of COPD than those with 
decreased levels of GDF11. From these results, we con
firmed that GDF11 could be a useful humoral factor that 
reflects the physical activity in COPD.

GDF11 has been shown to be one of the possible 
myokines from mice studies,14,16,17 which suggest that 
the plasma level of GDF11 might be associated with the 
physical activity, especially in higher exercise intensity. In 
our previous cross-sectional study, we firstly showed that 
the plasma level of GDF11 in patients with COPD was 
decreased and positively correlated with the daily physical 
activity.19 In the current study, we demonstrated that long
itudinal changes in the plasma level of GDF11 in the 
patients with COPD were positively correlated with 
changes in the daily physical activity with an exercise 
intensity-dependent manner. This result further supports 
that GDF11 could act as a myokine in the human body 
same as in mice. However, it remains unclear whether 
GDF11 secretion is promoted by exercise or rehabilitation. 
Further studies are needed to clarify this issue.

Systemic inflammation and oxidative stress in COPD 
have been reported to be associated with reduced levels of 
physical activity.25–27 Therefore, we examined whether 
changes in physical activity are related to systemic inflam
matory markers including IL-6, hs-CRP and MDA in the 
current longitudinal study. However, no significant corre
lations were found between them in this study. Also, there 
is a previous study consistent with our current results, 
which reported that the decline in physical activity was 
not in parallel with a worsening of the inflammation in 
patients with COPD.5 Concerning the correlation between 
systemic inflammation and the physical activity, there is an 
inconsistency between the studies. This difference might 
be due to the relatively small number of patients and short 
follow-up period in our current study. A larger study 
population and longer period might be needed for evaluat
ing the relationship between systemic inflammatory mar
kers and the physical activity.

In the current study, we demonstrated that the plasma 
level of GDF11 in the patients with COPD was associated 
with the amount of high intensity physical activities. 

Figure 3 Relationship between maintained plasma level of GDF11 and the exacer
bation of COPD. 
Notes: Data represent the median (with interquartile ranges). Data were analysed 
using Wilcoxon Rank-Sum tests. P values less than 0.05 were considered significant. 
Abbreviation: GDF11, growth differentiation factor 11.
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However, a recent report has shown that high intensity 
physical activity was associated with increased mortality 
in patients with severe COPD, suggesting that high inten
sity physical activity may be harmful to such patients.28 

Although there is a possibility that high intensity physical 
activity in severe COPD patients causes systemic inflam
mation and increased the level of IL-6, our current study 
did not show apparent changes in the plasma level of IL-6. 
This might be due to differences in the severity of the 
patients with COPD. In our current study, the severity of 
the participants was mainly GOLD grade II or III, but not 
grade IV. High intensity physical activity in less severe 
patients with COPD may not induce plasma level of IL-6.

The decline of daily physical activity has been shown 
to be associated with more frequent hospitalization caused 
by exacerbation of COPD.6,7 Therefore, we also investi
gated whether the plasma GDF11 is related to the exacer
bations. In the current study, we first demonstrated 
a significantly lower rate of exacerbations in the patients 
who maintained their plasma level of GDF11 compared to 
those with decreased levels of GDF11. This result could 
suggest the possibility that the plasma level of GDF11 is 
correlated with the incidence of exacerbation. This corre
lation could be explained by the anti-inflammatory effect 
of GDF-11 that we have previously reported.18 However, 
we could not demonstrate a relationship between the basal 
level of GDF 11 and the incidence of the exacerbation in 
the current study. This might be due to the small sample 
size and the short follow-up duration. On the other hand, 
there is also a possibility that the physical activity 
decreases due to exacerbations leading to the decreased 
level of GDF11. However, in the current study, exacerba
tions did not appear to influence the changes in the number 
of steps. Therefore, the influence of exacerbations on the 
changes in physical activity in our current study could be 
small. This might be due to the relatively low rate of 
exacerbations in our current study. Further study is neces
sary to confirm the relationship between GDF11 and 
exacerbations of COPD.

There are several limitations in the present study. First, 
the sample size of this study was relatively small, espe
cially in the severe grade of COPD. The current results 
should be verified in another study with larger cohorts to 
confirm the findings. Second, the follow-up duration 
before the re-evaluation in the plasma sample, physical 
activity and lung function was not equal among the 
patients, which might have caused lower sensitivity.

In conclusion, we demonstrated that the longitudinal 
change in the plasma level of GDF11 was positively 
correlated with the change in the daily physical activity 
in patients with COPD. This result suggests that GDF11 
could be a useful humoral factor that reflects the daily 
physical activity in COPD.

Summary at a Glance
This is the first study to investigate the longitudinal asso
ciation between the plasma level of GDF11 and physical 
activity in patients with COPD. We showed that the 
amount of GDF11 was positively correlated with the phy
sical activity in COPD, which also had a possible relation
ship with exacerbations.
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