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Abstract

Physical activity is the most relevant risk factor for mortality in patients with chronic obstructive pulmonary
disease (COPD), and sedentary time has recently been reported to be an independent risk factor for mortality.
We investigated the relationship between the sedentary time and the duration of lying-down or sitting to clarify
the details of sedentary behavior in COPD patients using two types of triaxial accelerometers. Sixteen stable
COPD patients were included in the analysis. The duration with 1.0-1.5 metabolic equivalents (METs) during
waking time was correlated with the lying-down + sitting time but not with the separate lying or sitting time.
The duration with 1.0-1.5 METs accounted for >60% of both the lying-down and sitting times, and the duration
with 0 METs accounted for approximately 30% of the lying-down time. The ratio of lying-down time to sitting
time tended to be low in younger patients and those with low dyspnea. Reducing sedentary time is often argued
primarily as shortening the sitting time. However, as the sedentary time in COPD patients consists of both lying
and sitting components, it might be important to consider how to reduce not only sitting time but also lying-down

time in order to reduce the overall sedentary time.
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Introduction

Reduced levels of physical activity are associated with a poor
prognosis in patients with chronic obstructive pulmonary dis-
ease (COPD) [1,2]. Physical activity is the most relevant risk
factor for mortality in COPD patients [3]. Recently, sedentary
behavior has begun attracting attention, as it is a risk factor for
COPD mortality, independent of moderate to vigorous intensity
of physical activity [4-12].

Sedentary behavior is defined as all waking behaviors with an
energy expenditure of <1.5 metabolic equivalents (METs) spent
in a sitting or lying posture [13,14]. To evaluate the physical ac-
tivity, a triaxial accelerometer has been widely used [15-21] and
research using the Active Style Pro HJA-750C® (HJA; Omron
Healthcare, Kyoto, Japan) has been conducted to evaluate the in-
tensity of physical activity in Japan [21-23]. Activity <1.0 MET
in intensity cannot be detected by an accelerometer and is shown
as 0 METs, so sedentary time can be detected by an accelerome-
ter as the duration of activity at 1.0-1.5 METs [24]. As sedentary
behavior is defined by the intensity of activity but includes a

lying-down or sitting posture [14], the ratio of the types of ac-
tivity performed during sedentary time may vary from disease
to disease.

Replacing 30 minutes of sedentary time with mild or moderate
to vigorous intensity of activity reduced mortality in men over 45
years of age [25]. Furthermore, COPD patients with a long TV
viewing time were shown to have a higher mortality rate than
those with less viewing time [26]. Efforts to reduce sedentary
time often focus on shortening the sitting time, but sedentary
behavior includes both sitting and lying-down time. In healthy
subjects, most sedentary behavior might be performed in a sit-
ting posture; however, the details in COPD patients are unclear.

The present study investigated the rates of sitting and lying
down during sedentary time in COPD patients by compar-
ing the relationship between the sedentary time obtained by
an HJA, which can detect the intensity of physical activity,
and the lying-down or sitting times obtained by a DynaPort
MoveMonitor® (DMM; McRoberts BV, The Hague, the Neth-
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erlands), which can detect different types of physical activity.
Materials and Methods

Patients

COPD patients >40 years of age who visited the Nation-
al Hospital Organization Wakayama Hospital from March
2017 to September 2017 were recruited. COPD was defined
as a post-bronchodilator forced expiratory volume in 1 second
(FEV1)/ forced vital capacity (FVC) of <70%. Patients with
clinically apparent bronchial asthma, using oxygen therapy, with
a history of lung resection, with a history of an exacerbation of
COPD within three months, or with an extremely suppressed
physical activity due to diseases other than COPD were exclud-
ed.

Protocol

This was a prospective observational study of a single facil-
ity that was conducted at the National Hospital Organization
Wakayama Hospital. The HJA can detect the intensity of activity
performed each minute and records the values in METs; how-
ever, it records any value <1.0 MET as “0 METs”. The DMM
records the durations of five types of activity (lying, sitting,
standing, shuffling, and locomotion) in seconds.

The HJA and DMM were worn on the waist at the same time
for five days from the time the subject woke up until they went
to bed, except for when taking a bath. Among the recorded data,
days when the wearing time was >8 h were defined as valid days,
and the data of the patients for whom >3 valid days were ob-
tained were selected for the analysis, based on previous reports
[15,21]. The wearing time was detected according to the wearing
time of the DMM, which was determined by a manufacturer-de-
fined calculation program, and the data from times when the
DMM device was not worn were excluded. The average values
of data from three valid days of wearing time from the begin-
ning were employed as the representative values of each patient.
Three studies were conducted using the valid data obtained.

This study was conducted in accordance with the Declaration
of Helsinki and was approved by the local ethics committee
(IRB Committee of National Hospital Organization Wakaya-
ma Hospital; approval number: 27-8; approval date: March 20,
2015). It was registered with the University Hospital Medical
Information Network (UMIN 000016363, January 28, 2015).
Written informed consent was obtained from all patients.

1) The relationship between the duration with 1.0-1.5 METs
and the lying-down and sitting time.

The duration with 1.0-1.5 METs was calculated as the sum
of the time recorded as 1.0-1.5 METs every minute by the HJA,
and the lying-down time, sitting time, and total time spent lying
and sitting (lying down + sitting) were calculated as the sum of
each type of activity, which was determined every second by
the DMM. The relationships between the duration of activity at
1.0-1.5 METs, as measured by the HJA, and the time spent lying,
sitting, and lying down + sitting (as determined by the DMM)
were examined.

2) Rates of activity intensities while lying down and sitting.

To detect the intensity of activity in each posture, only the data

in which patients continuously remained lying or sitting for 1
minute (between 0 and 59 seconds of each minute on the clock)
were selected. Data obtained when patients had adopted several
postures within a minute were excluded. For the ratio of the 0
METs, 1.0-1.5 METs, 1.6-1.9 METs, 2.0-2.9 METs, and >3.0
METs times regarding the lying-down time were calculated for
each subject. Then the average value of the data of all subjects
was then evaluated. The same procedure was also conducted for
the sitting time.

3) Relationship between the lying-down/sitting ratio and de-
mographic factors.

To evaluate the factors affecting the ratio of each posture, the
ratio of the lying-down time to the sitting time (lying-down/sit-
ting ratio) while awake was compared according to demographic
factors, including the age, pack-year, body mass index, modified
British Medical Research Council (mMRC), inspiratory capaci-
ty, FVC % of predicted (%pred), and FEV1 %pred. The subjects
were divided into two groups based on the median value of each
factor, and the lying-down/sitting ratios were compared between
the two groups.

Statistical analyses

A correlation coefficient was evaluated for the relationships
between the duration of activity at 1.0-1.5 METs and time spent
lying, sitting, or lying down + sitting. An unpaired t-test was
used to analyze the relationships between the lying-down/sitting
ratio and demographic factors.

Results

Eighteen patients were registered, and two were exclud-
ed because they wore accelerometers during both waking and
sleeping. At least three valid days of data were obtained for all
patients. Ultimately, 16 patients were included in the analysis
(Figure 1).

The characteristics of the patients were as follows: males,
n=15; females, n=1; age, 74.3£5.6 years old; FVC %pred,
84.3%+19.6%; and FEV1 %pred, 54.9%+17.8% (Table 1). The
average time spent wearing the DMM was 748+111 minutes. The
time spent performing activity of each intensity was as follows:
0 METs, 103+80 minutes; 1.0-1.5 METSs, 404+137 minutes; 1.6-
1.9 METs, 87+39 minutes; 2.0-2.9 METs, 120£72 minutes; and

20 COPD patients screened for eligibility

3

refused participation (2)

18 COPD patients attended

violation of wearing time (2)

16 COPD patients analyzed

Figure 1. The CONSORT diagram.
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Table 1. Patient caracteristics.

sex(male/female) 15/1
age 743 £ 56
pack-year 85.6 £ 45.2
BMI 193 £ 2.8
mMRC(0/1/2/3/4) 2/6/2/6 0
Stage( | /11/1I/1V) 1/7/7/1
IC (L) 1.96 £ 0.36
FVC (L) 2.76 £ 0.57
FVC %pred (%) 84.3 £ 19.6
FEV1 (L) 1.41 £ 0.36
FEV1 %pred (%) 549 = 17.8
FEV1/FVC (%) 51.5 £ 95

Abbreviations: BMI: body mass index; mMRC: modified British Medical
Research Council; IC: Inspiratory capacity; FVC: forced vital capacity;
Y%pred: % of predicted; FEV1: Forced expiratory volume in one second.

Table 2. The average time spent performing activity of each intensity or
each type of activity.

time(min) %
total 748+ 111 100
Intensity of activity (METs)
0 103+80 13.7
1.0-1.5 404 +137 54.0
1.6-1.9 87+39 11.6
2.0-2.9 120£72 16.1
=3.0 34+25 4.6
type of activity
lying 212+160 28.3
sitting 370£123 49.4
standing 101+73 13.5
shuffling 18+14 2.4
locomotion 47+30 6.3

>3.0 METs, 34+25 minutes. The time spent performing each
type of activity was as follows: lying down, 212+160 minutes;
sitting, 370123 minutes; standing, 101£73 minutes; shuffling,
18+14 minutes; and locomotion, 47+30 minutes (Table 2).

Regarding the relationship between the duration with 1.0-1.5
METs and the lying-down and sitting time, no correlation was
found between the duration with 1.0-1.5 METs while waking
and the time spent lying down (r = 0.382, p = 0.145) (Figure
2A) and sitting (r = 0.296, p = 0.265) (Figure 2B). A significant
correlation was found between the duration with 1.0-1.5 METs
and the time spent lying down + sitting (r = 0.761, p<0.001; Fig-
ure 2C). For rates of activity intensities while lying down and
sitting, the time spent performing activity of 0 METs and 1.0-1.5
METs accounted for 29.5% and 62.7% of the lying-down time,
respectively (Figure 3A).

The time spent performing activity of 0 METs, 1.0-1.5 METs,
and >1.6 METs accounted for 9.2%, 63.3%, and 27.5% of the
sitting time, respectively (Figure 3B). Considering relationship
between the lying-down/sitting ratio and demographic factors,

when the patients were grouped according to the medi-
an values of each factor, the lying-down/sitting ratio did not
differ markedly for any of the factors (Table 3). However, in
the younger group and the group with a better mMRC, the ly-
ing-down/sitting ratio tended to be smaller than in others (p =
0.227, p = 0.216, respectively), and the lying-down time tended
to be shorter.

Discussion

In COPD patients, a correlation was observed between the
duration with 1.0-1.5 METs while awake and the lying down
+ sitting time but not between the duration with 1.0-1.5 METs
and the lying-down or sitting times (Figure 2). In terms of the
intensity of activity spent while lying down and sitting, the du-
ration with 1.0-1.5 METs accounted for more than 60% of both
the lying-down and sitting times (Figure 3). The duration with 0
Mets accounted for approximately 30% of the lying-down time,
and the duration with >1.6 Mets accounted for approximately
30% of the sitting time.

A correlation was found between the duration with 1.0-1.5
METs and the lying down + sitting time but not between the
duration with 1.0-1.5 METs and the lying-down or sitting times
(Figure2). This indicates that both the lying-down and sitting
times were equally important factors in the sedentary time of
COPD patients. Previous reports on sedentary behavior have
recommended reducing TV-viewing time or breaking up long
sitting times to reduce the sedentary time [26-28]. There has thus
been a focus on how to reduce sitting time. As both lying-down
and sitting times can influence the sedentary time in COPD pa-
tients, reducing the sedentary time might require considering
reducing not only the sitting time but also the lying-down time.
As the intensity of activity while lying down was lower than that
while sitting—as seen in the results of Study 2—reducing ly-
ing-down time might be more important than reducing sitting
time in COPD patients.

The lying-down time accounted for 28% of the total waking
time per day, while the sitting time accounted for 49% of the
total time (Table2). Pitta et al. reported that the lying-down and
sitting times accounted for 12% and 52% of the total waking
time in COPD patients, respectively [15]. Furlanetto et al. re-
ported that the lying-down and sitting times accounted for 14%
and 44% of the total waking time, respectively [4]. In the current
study, the percentage of time spent sitting was similar to that in
previous reports, while the percentage of time spent lying down
was longer than in those reports. The FEV1 %pred in this study
was rather high (current study, 54.9%+17.8%; previous studies,
43%+18% or 41%), and the average age of the patients in the
current study was relatively old (current study, 74 years old; pre-
vious study, 64 or 66 years old) (Tablel). Godftrey et al. reported
that healthy subjects of 70-75 years of age had a significantly
longer sedentary than those 65-70 years of age [28]. COPD pa-
tients also might indulge in longer sedentary times as they be-
come older. Considering the results of our study, wherein the
percentage of sitting time was the same as in previous studies
while the rate of lying-down time was longer than in previous re-
ports, the sedentary time, especially the lying-down time, might
increase as patients age, although the lying-down/sitting ratio
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Figure 2. The relationship between the duration with 1.0-1.5 METs, as measured by the HJA, and the time spent lying down (A), sitting (B), and lying down +
sitting (C), as measured by the DMM.

Intensity of activity

(A) lying I

(B) sitting .

00 100 200 300 400 500 600 700 800 900 1000 (%)
00 01.0-15 01.6-19 m2.0-29 m23.0 (METs)

Figure 3. The percentage of time spent performing activities of each intensity while lying down (A) and sitting (B).
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Table3.Therelationshipsbetweenthelying/sittingratioanddemographicfactors.

lying(min)  sitting(min) lying/sitting  p

age 0.227
<735 154£125 405145 0.51£0.58
=735 769£178 334£94 0.81£2.16

pack-year 0.318
<84 177172 408135 0.55+0.61
=84 2451150 330£105 0.91+0.78

BMI 0.709
<19 217174 380154 0.80£0.72
=19 206156 359194 0.66%0.72

mMRC 0.216
<2 163£160 400£127 0.51£0.57
=2 2141134 354+130 0.950.79

IC 0.882
<2l 190£178 378£145 0.52%1.62
ViR 216119 396£125 0.65%1.55

FVC % pred 0.339
>80% 154 %144 365+ 143 0.56%0.61
<80% 209+115 400£109 0.90+0.78

FEV1 % pred 0.504
=50% 181£135 357£99 0.61£0.58
<50% 243186 382150 0.85£0.83

was not significantly associated with age in the current study.

The lying-down time was 212 minutes, the sitting time was
370 minutes, and the lying-down/sitting ratio was 0.57 in the
present study (Table2). The lying-down/sitting ratio was not cor-
related with any demographic factors; however, it tended to be
high in the older group and in the high mMRC group. Pitta et
al. reported that the lying-down/sitting ratio was 0.10 in healthy
subjects and 0.23 in COPD patients [15]. The lying-down/sitting
ratio in healthy subjects was much smaller than that in COPD
patients. The sedentary time in healthy subjects might be large-
ly composed of the sitting time, while that in COPD patients
might include a higher rate of lying-down time. This suggests
that reducing the lying-down time may become an important
target for reducing sedentary time in COPD patients. Although
the lying-down time and sitting time have often been considered
together as the sedentary time, it may be important to focus on
the lying-down time when discussing sedentary behavior in the
future studies of COPD patients.

Regarding the rates of the intensities of activity during ly-
ing down and sitting, the time spent engaged in activity of 1.0-
1.5 METs in intensity accounted for more than 60% of the time
during both lying and sitting (Figure3). This indicates that both
lying-down and sitting times are equally important elements of
sedentary behavior in COPD patients. Activity of >1.6 Mets,
which is beyond the category of sedentary behavior, was hardly
observed during the lying-down time, but approximately 30% of
the sitting time was spent performing activity of this intensity. An
intensity of activity in the sitting time was relatively high, while
activity of this intensity was rarely performed in lying-down
time. Thus, reducing the lying-down time together with reducing
the sitting time may be important for reducing the sedentary time
in COPD patients.

Some of the lying-down time during waking may be record-
ed as 0 METs, which cannot be detected as sedentary time when

an intensity-type accelerometer is employed. Although sedentary
behavior is defined as all behavior of <1.5 METs during waking
hours, the duration of activity of <1.0 MET cannot be detect-
ed. In the current study, the time spent performing activity of 0
METs accounted for approximately 30% of the total lying-down
time while awake, which means that activity was not detected
by an accelerometer for approximately 30% of the lying-down
time. Thus, when the lying-down time is evaluated, undetected
lying-down time (about 30%) should be considered.

Several limitations associated with the present study warrant
mention. First, the number of patients was relatively small. A fur-
ther study with a larger number of patients is required to evaluate
the effect of the lying-down time. Second, the time that the sub-
jects spent wearing the DMM differed among the measured days,
as the waking time differs from day to day. We were only able
to confirm whether or not the HJA had been worn at the same
time as the DMM was worn by asking the patients, and we were
unable to exclude data obtained when subjects were napping.
Unfortunately, these problems are difficult to solve.

Conclusion

The sedentary time in COPD patients consists equally of both
lying-down and sitting components. Among the sedentary time,
lying-down time is relatively long. To reduce the sedentary time,
it is important to consider how to reduce not only sitting time but
also lying-down time.
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