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This study aimed to investigate the link between prolonged sedentary bouts and health-related quality of life
(QOL) in patients on chronic hemodialysis (CHD). A total of 84 outpatients on CHD, aged 71.6111.8 years,
were enrolled in this cross-sectional study. Parameters for prolonged sedentary bouts [i.e., 2 30 min (% and
bout) and =60 min (% and bout)] were measured using a triaxial accelerometer. Health-related QOL
(HRQOL) was evaluated by the Euro-QOL (EQ-5D). Clinical parameters were obtained from medical records.
Relatively prolonged sedentary bouts (%) were 44.0+ 18.2 (2 30 min)} and 29.8+16.5 (2 60 min) for total days.
Prolonged sedentary bouts (bouts) were 6,2+2.7 (2 30 min) and 2.7+1.6 (2 60 min) for total days. EQ-5D
scores were 0.728+0.220. All prolonged sedentary bout parameters were negatively correlated with EQ-5D
scores, except for prolonged sedentary bouts (2 60 min) (min) and relatively prolonged sedentary bouts (%) on
hemodialysis days. Muitiple regression analysis showed that prolonged sedentary bout parameters were an
important factor in EQ-5D scores even after adjusting for confounding factors for total and non-hemodialysis
days. Our results suggested that prolonged sedentary bouts were closely associated with HRQOL in patients on
CHD, especially on non-hemodialysis days.
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he increasing number of patients on chronic
hemaodialysis (CHD) has become a public health
challenge in Japan, The Japanese Society of Dialysis
Therapy reported that over 300,000 patients are cur-
rently receiving CHD therapy (https://docs.jsdt.orjp/
overview/file/2019/pdf/01.pdf; accessed June 13, 2021).
Therefore, appropriate maintenance is urgently required
for CHD patients.
Sedentary behavior, defined as £1.5 metabolic
equivalents (METs) during waking hours [1], is a rec-
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ognized risk factor for health outcomes such as diseases
including obesity and type 2 diabetes mellitus, as well as
increased mortality rate [2-6]. We previously reported
that sedentary behavior (%) was negatively correlated
with health-related quality of life (HRQOL) in patients
on CHD in a cross-sectional study [7]. In addition,
sedentary behavior (%) was a determinant factor of
mortality in CHD patients by longitudinal analysis [8].

Recently, it was reported that not only sedentary
behavior (%), but also prolonged sedentary bouts,
which reflect the quality of sedentary behavior, were

Conflict of Interest Disclosures: No potential conflict of interest relevant
fo this article was reported,



114 Namio et al.

associated with health outcomes [9-15]. However,
there have been no reports on the relation between pro-
longed sedentary bouts and HRQOL in patients on
CHD. Determining the effects of prolonged sedentary
bouts on HRQOL will provide useful information
regarding maintenance in patients on CHD.

Therefore, in this cross-sectional study, we evalu-
ated the relation between prolonged sedentary bouts
and HRQOL in patients on CHD.

Materials and Methods

Subjects. Among 208 outpatients who were
treated for CHD from September 2013 to September
2019 at Innoshima General Hospital, Onomichi, Japan,
a total of 84 outpatients (42 male and 42 females), aged
71.6+11.8 years, met the following criteria and were
enrofled in this cross-sectional study: (1) they under-
went measurements for prolonged sedentary bouts and
HRQOL; and (2) they provided written informed con-
sent, Ethical approval was obtained from the ethical
committee of Innoshima General Hospital, Onomichi,
Japan (H25-2-27, H26-1-23, H26-12-16, H27-12-25,
H28-12-9, H29-12-4, H30-11-1, H31-2-25).

Prolonged sedentary bouts.  Sedentary behavior
including prolonged sedentary bouts and physical
activity parameters were evaluated using a friaxial
accelerometer (Active Style Pro: Hja-350it Omron,
Kyoto, Japan), for which the validity and accuracy have
been previously confirmed [16,17]. Subjects were
asked to wear the activity meter except during sleeping
and bathing [1,7,18]; total non-wearing time was
defined as the periods when estimated physical activity
intensity obtained from the triaxial accelerometer
showed a value of 0 for more than 60 consecutive min.
Total wearing time was defined as 24 h minus the
non-wearing time, As prolonged sedentary bouts
parameters, we used = 30 min (% and bout), = 60 min
(% and bout) and total sedentary behavior (%). In
addition, we measured light-intensity physical activity
(LPA: 1.6-2.9 METs) (%) and moderate-to-vigorous
intensity physical activity (MVPA: =3 METs) (%).

HRQOL. HRQOL was also evaluated using the
EuroQOL (EQ-5D) Japanese version as previously
described [19]. EQ-5D consists of five subscales with
three levels collectively describing 3° (i.e., 243) possible
health combinations. The five subscales are (1) mobii-
ity, (2) self-care, (3) usual activities, (4) pain/discom-
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fort, and (5} anxiety/depression.

Clinical parameters. We evaluated sex, age,
height (cm), body weight (dry weight; kg), duration of
hemodialysis {months), history of diabetes mellitus
(yes/no), and blood examinations. Body mass index
{BML: kg/m’®) was calculated as follows: body weight
(kg) / [height {m)]*>. Albumin (mg/dL), blood glucose
(mg/dL), triglycerides (mg/dL) and HDL cholesterol
(mg/dL) were measured by conventional laboratory
methods. The geriatric nutritional risk index (GNRI),
which reflects nutritional status, was calculated as fol-
lows: GNRI=14.89xserum albumin (g/dL)+41.7x
BMI/22 [20].

Statistical analysis.  All parameters are expressed
as mean = standard deviation (SD). Clinical parameters
between subjects with shorter relatively prolonged sed-
entary bouts (=30 min) (%) and with longer relative
prolonged sedentary bouts (= 30 min) (%) were com-
pared using unpaired # test, x* test and Fisher’s exact test.
The relations between EQ-5D scores and clinical
parameters were evaluated by simple correlation analy-
sis. In addition, multiple regression analysis was used
to evaluate the relation between prolonged sedentary
bouts and HRQOL (p < 0.05 was considered statistically
significant). All statistical analyses were performed
using JMP15 Pro 15.1.0 (SAS, Cary, NC, USA).

Results

Table 1 shows the clinical profiles of enrolled patients
on CHD. On total days, prolonged sedentary bouts
(=30 min) (min) and prolonged sedentary bouts
{= 60 min) (min) were 461.4+232.1 min and 317.4%
198.8 min, respectively, and prolonged sedentary bouts
{= 30 min) (bouts) and prolonged sedentary bouts
{=60 min) (bouts) were 6.2::2.7 bouts and 2.7+1.6
bouts, respectively. The EQ-5D score was 0.728+0.220
for total days. Thirty patients (40.5%) had a history of
diabetes mellitus.

Next, we compared the clinical parameters between
subjects with longer prolonged sedentary bouts and
without shorter prolonged sedentary bouts (= 30 min)
(%) (Table 2). There were significant differences of sex,
age, height and body weight between the two groups.
However, other clinical parameters did not show signif-
icant differences between the groups.

We also evaluated the relation between EQ-5D
scores and physical activity, including sedentary behav-



April 2022 Long Sedentary Bouts in Hemodialysis 1§15
Table 1  Clinical characteristics of patients on chronic hemodialysis (CHD)

Mean & 5D Minimum Maximum
Men/Women 42/42
Age (vears) 716+ 118 41.0 920

over 65 years 66 (78.6%)

Height {cm) 164,992 133.8 17558
Body welght [dry weight) (kg) 53.5+11.0 3583 81.0
Body mass index (ke/m?) 222438 16.5 5
Duratien of hemodialysis {meonths) 7941839 4.0 3380
History of diabetes mellitus (%) 34 {40,5%)
EQ-50 scares 0,728 40,220 -0.062 1.000
Blood sample
Albumin (g/mL) 3804 2.7 5.2
Blocd ghicose (mg/dL) 133.7:1:41.2 82.0 286,0
Triglyceride (mg/dL) 1123+ 683 29,0 431.0
HOL cholesterol {(mg/dl) 550171 19.1 168.7
GNRI 988.34-10.2 771 1371
Physical Activity (Total)
Wear time (min/day) 1,010.5 42051 693.1 14258
Sedentary behavior (min/day) 757.4 4 246,0 2504 1,320.4
Prolonged sedentary bouts (2 30 min) {min) 461.4 +232.1 33.6 1,014.4
Pralonged sedentary bouts (& 60 min) {min) 31741988 0.0 786.4
Prolonged sedentary bouts (2 30 min} (bouts) 6.2+27 0.8 13.7
Prolonged sedentary houts (= 60 min) (bouts) 27+16 0.0 7.0
LPA (min/day} 2387 £107.9 40.9 482.0
MVPA (min/day) 176204 0.1 118.0
Relative sedentary behavior {%} 735£ 136 32.2 854
Relative prolonged sedentary bouts (& 30 min) (%) 44,0 18.2 47 83,0
Relative prolonged sedentary bouts (= 80 min (%) 29.8+ 165 0.0 69,6
Relative LPA [%) 2481124 D.1 55.6
Relative MVPA (%) 20+25 0.0 15.1
Physical Activity (Hemodialysis days)
Wear time [mir/day) 896.5+ 223.4 832.3 1,440.0
Sedentary behavior (min/day} 760.4 3 256.1 1987 1,3310
Prolonged sedentary bouts {2 30 min) {(min) 470.7 = 248.2 20,0 1,095.7
Prolonged sedentary bouts {= 6¢ min) {min) 353,34 2264 0.0 953.0
Prolonged sedentary bouts {= 3¢ min) (bouts) 591248 0.3 15.0
Prolonged sedentary bouts {2 68 min) {bouts) 28+17 0.0 6.7
LPA {min/day) 222.2£107.0 53.7 5303
MVPA (min/day) 16.7 4= 18.1 0.0 101.0
Relative sedentary behavior (%) 7481136 314 94.2
Aelative prolonged sedentary bouts {& 38 min) (%) 48,5+ 201 27 80.2
Relative prolonged sedentary bouts {= 60 min) (%) 34,0£ 19.6 0.0 742
Relative LPA {%) 2341126 0.1 £6.3
Relative MVPA (%) 19424 0.0 159
Physical Activity (Non-hemodialysis days)
Waar fime {min/day} 1,020.7 £ 213.1 682.8 1,436.8
Sedentary behavior (min/day) 754,91 2613 304.5 1,312.5
Prolonged sedentary bouts (= 30 min) (min) 44752454 438 960,3
Prolonged sedentary bouts (= 60 min) (min) 2090.7+212.0 0.0 852.0
Prolonged sedentary bouts (& 30 min) (bouts) 65130 0.8 14.8
Prolonged sedentary bouts (= 80 min) (bouts) 2717 0.0 7.8
LPA {min/day) 251141213 31.3 584.0
MVPA {min/day) 18,11 23.0 0.3 1325
Relative sedentary behavior (%) 72.5: 148 328 96,5
Relative prolonged sedentary bouts (=30 min) (%) 421+18.3 52 87.9
Relative prolonged sedentary bouts (= 60 min) (%) 26,7176 0.0 79.1
Relative LPA {%) 258:+13.3 0.1 57.9
Relative MVPA (%) 20+26 0.0 145

LPA, light intensity physical activity, 1.6 METs = LPA <3.0 METs; MVPA, moderate-vigorous intensity physical activity, over 3.0 METs; GNRI, geriatric nutritional

risk index.
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Table 2  Comparison of clinical parameters at baseline between subjects with longer prolonged sedentary bouts and without shorter
prolonged sedentary houts (= 30 min) (%)
Longer group Shorter group
Mean £ SD Mean £ SD P

Number of subjects n=42 n=42
Men/Women 27/15 15/27 0.009
Age (years) 76.0+£956 6721123 <0.001

over 65 years 37 (88.1%) 29 (69.0%) 0.061
Height (cm) 157.4+ 9.1 152.4 + 8.7 0.011
Body weight (dry weight) (k) 56.2410.4 509 £ 11.0 0.025
Body mass index (kg/m?) 226+3.6 218436 0.296
Duration of hemodialysis (months) 69.0+£73.6 89,7928 0.262
History of diabetes mellitus (%) 21 (50.0%) 13 (30.1%) 0.075
EQ-5D scores 0.7+£0.2 08+02 0.150
Blood sample
Albumin (g/mL) 3.8£04 3804 0.914
Bloed glucose (mg/dL) 136.6 £ 38.8 13091438 0.529
Triglyceride (mg/dL) 119.2476.7 105,54 61.2 0.368
HDL cholesteral (mg/dL) 528+ 16.1 572179 0.243
GNRI 99.0+£10.2 97,6+ 10.3 0.527

GNRI, geriatric nutritional risk index.

ior parameters, by simple correlation analysis (Table 3).
For total days and non-hemodialysis days, all sedentary
behavior parameters were significantly and negatively
correlated with HRQOL. Relative LPA (%) and MVPA
(%) were positively correlated with EQ-5D scores. For
hemodialysis days, prolonged sedentary bouts
(=30 min) (min), prolonged sedentary bouts
(=30 min and = 60 min) {(bouts) and relative sedentary
behavior (%) were negatively correlated with EQ-5D
scores, Relatively LPA (%) and relatively MVPA (%)
were positively correlated with EQ-5D scores. However,
other continuous parameters were not significantly cor-
related with EQ-5D scores.

Finally, we evaluated the relation between pro-
longed sedentary bout parameters and EQ-5D sores by
multiple regression analysis (Table 4). We used EQ-5D
scores as a dependent variable, and sex, duration of
hemodialysis (months), age, history of diabetes melli-
tus, albumin and prolonged sedentary bout parameters
as independent variables. For total days and non-
hemodialysis days, prolonged sedentary bout parame-
ters [f.e., prolonged sedentary bouts (=30 min and
=60 min) (min) and prolonged sedentary bouts
{=30 min and =60 min) (bouts)] were determinant
factors for EQ-5D scores, even after adjusting for con-
founding factors, However, for hemodialysis days,

prolonged sedentary bout parameters, except pro-
longed sedentary bouts (=30 min} (min), were not
significantly associated with EQ-5D scores.

Discussion

In this study, we evaluated the relationship between
prolonged sedentary bouts and HRQOL in patients on
CHD, and found that prolonged sedentary bouts, espe-
cially on non-hemodialysis days, were an important
factor in HRQOL.

Studies using a questionnaire or single-accelerome-
ter to measure sedentary behavior found that sedentary
behavior in CHD patients was significantly longer than
that in patients without CHD [18,21,22]. In our previ-
ous report using a triaxial accelerometer, the rate of
sedentary behavior in CHD patients was 74% [8]. As
for the relation between sedentary behavior and
HRQOL in patients on CHD, patients with longer sed-
entary behavior had lower HRQOL based on question-
naire results {21]. There was a negative relationship
between sedentary behavior and FIRQOL evaluated by
EQ-5D in our previous report [8].

Prolonged sedentary bouts have been closely associ-
ated with onset of metabolic syndrome [11]. Schmid et
al. reported that replacing 30 min of total sitting time
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Table 3  Simple correlation analysis between EQ-5D scores and physical activity including sedentary behavior

r P
Physical Activity (Total days)
Prolonged sedentary bouts (= 30 min) {min) -0.3597 <0.001
Prolonged sedentary bouts {2 80 min) {min) -0.365 0.001
Prolonged sedentary bouts (= 30 min) (bouts) ~(.385 <{.001
Prolonged sedentary bouts (= 80 min) {bouts) -0.335 0.002
Relative sedentary behavior {%) -0.390 0.001
Relative prolonged sedentary bouts (= 30 min) (%} ~-0.280 0.010
Relative prolonged sedentary bouts (= 60 min) (%) =-0.271 0.013
Relative LPA (%) 0.329 0.002
Relative MVPA (%) 0.397 <0.001
Body mass index (kg/m?) 0.046 0.879
Blood sample
Albumin (g/ml.) 0.235 0.032
Blood glucose {mg/dL) -0.091 0411
GNRI 0.167 0.128
Physical Activity (Hemodialysis days)
Prolonged sedentary bouts {= 30 min) (min) -0.281 0.007
Prolonged sedentary bouts (= 60 min) (min) ~0.187 0.088
Prolonged sedentary bouts {= 30 min) (bouts) ~-0.401 <0.001
Prolonged sedentary bouts (= 60 min) (bouts) -0.229 0.036
Relative sedentary behavior (%) -0.280 0.010
Relative prolonged sedentary bouts (= 30 min} (%) -0.123 0.266
Relative prolonged sedentary bouts (= 60 min) (%) -0.042 0.706
Relative LPA {%) 0.249 0.022
Relative MVPA (%) 0.419 <0.001
Physical Activity (Non-hemodialysis days)
Prolonged sedentary bouts (= 30 min) {min} ~0.436 <0.001
Prolonged sedentary bouts (= 60 min) {min} -0.448 <0.001
Prolonged sedentary bouts (= 30 min) {bouts) -0.331 0.002
Prolonged sedentary bouts (= 60 min) (bouts) -0.374 0.001
Relative sedentary behavior (%) -0.371 0.001
Relative prolonged sedentary bouts (= 30 min) (%) -0.366 0.001
Relative prolonged sedentary bouts (= 60 min) (%) -0.407 <0.001
Relative LPA (%) 0.358 0.001

LPA, light intensity physical activity, 1.6 METs = LPA <3.0 METs; MVPA, moderatevigorous intensity physical activity, over 3.0 METs;

GNRI, geriatric nutritional risk index.

with low-intensity physical exercise resulted in a 14.0%
reduction in the risk of death [12]. Interruption of pro-
longed sedentary behavior has also been associated with
a reduction in abdominal circumference [13], post-
prandial blood sugar [14] and mortality rate [9].
However, there are no reports on the relation between
prolonged sedentary bouts and HRQOL in CHD
patients.

In this study, we found a significant relationship
between prolonged sedentary bouts and HRQOL in
patients on CHD, especially on non-hemodialysis days.
On hemodialysis days, CHD patients must lie still con-
tinuously for at least 4h (https://onlinelibrary.wiley.

com/doi/pdf/10.1111/1744-9987.12294; accessed June
13, 2021). Therefore, the effect of prolonged sedentary
bouts on HRQOL on hemodialysis days was lower than
on non-hemodialysis days. In addition, in patients on
CHD, increasing physical activity, especially MVPA, is
expected to be difficult. However, reducing prolonged
sedentary bouts [= 30 min (% and bout), =60 min (%
and bout)] on non-hemodialysis days might be easier
for CHD patients in clinical practice. Therefore, a new
strategy of reducing prolonged sedentary bouts, eg.,
encouraging standing every 30 min, could be useful for
patients.

This study had some limitations. First, because it



118 Namioetal Acta Med. Okayama Val. 76, No. 2

Table 4  Relation between EQ-5D scores and clinical parameters by multiple regression analysis
Total days Hemodialysis days Non-Hemoadialysis days

o) el VIF B D VIF B p VIF
Dependent variable: EQ-5D scores
Independent variables
Relative profonged sedentary bouts (= 30 min) (%) -0.281 0016 1248  -0.129 0256 1.154  -0373  0.002 1.313
Sex (men/women) 0.129 0.222  1.056 0.095 0376 1.033 0.160 0.124 1.079
Duration of hemcdialysis {months) -0,223 0.034  1.026 -0.227 0.039 1.057 ~-0.193 0.058 1.021
Age (vears) -0.088 0.428 1172 -0.144 0189 1127 -0.060 0.581 1.174
History of diabetes mellitus 0.035 0,738  1.077 0.076 0.481 1.044 -0.002 0.985 1.110
Albumin {g/mL) 0,193 0,067 1.041 0.196 0.07 1.042 0.184 0.073 1.041

Adjusted R?=0.138, p=0.007 Adjusted A*=0.086, p=0.043 Adjusted R?=0.184, p=0.001

Dependent variable: EQ-5D scores
Independent variables

Relative prolonged sedentary bouts (= 60 min) (%) -0.233 0.042 1204  -0.025 0823 1129  -0.381 0.001 1.279
Sex (men/women) 0.102 0.333 1.033 0,086 0425 1.028 0.135 0.186 1.048
Duration of hemodialysis {months) -0.212 0.045 1.021 -0.208 0.059 1.058 -0.169 0.096 1.0314
Age (years) =-0.107 0.336 1.155 -0.174 0.123 1.114 -0.068 0.519 1.147
History of diabetes mellitus 0.040 0.712 1.084 0.084 0.439 1.044 =-.013 0.899 1.124
Albumin {g/mL) 0.180 6.091 1,043 0,191 0.080 1.041 0.160 0.119 1.049

Adjusted R*=0.119, p=0.014  Adjusted R*=0.071, p=0068 Adjusted R*=0.192, p=0.001

Dependent variable: EQ-5D scores
Independent variables

Prolonged sedentary bouts (2 30 min) (bouts) -0.396 <0.001 0210 -0.3%% <0001 1105 -0.334  0.004 1.253
Sex (men/women) 0.172 0.094  1.085 0161 0111 . 1.066 0159 0,132 1.087
Duration of hemodialysis (months) -0.197 0.049 1020 -0.195 0.050 1.021 -0.200 Q.082 1.020
Age (years) -0.064 0.538  1.140  -0.097 0.337 1.084 -0.073  0.498 1.165
History of diabetes mellitus 0.036 0.720  1.058 0.060 0.544 1.041 0.035 0733 1,066
Albumin {(g/mL} 0.194 0.055 1.041 0.194 0.053  1.041 0.193  0.063 1.041

Adjusted R*=0.210, p<0.001 Adjusted R*=0.226, p<0,001 Adjusted R?=0.166, p=0.003

Dependent variable: EQ-50 scores
Independent variables

Prolonged sedentary bouts {z 60 min) {bouts) -0.307 0.007 1217 -0.212 0052 1078 -0.353  0.003 1.341
Sex (men/women) 0.130 0.213 1.052 0.101 0.341 1.032 0,150 0,154 1.071
Duration of hemodialysis (months) ~0.190 0.066 1.022 =-0.217 0.042  1.024 -0.163 0.114 1.038
Age (years) ~0.088 0.417 1.146 -0.136 0.203  1.082 ~0.063 0.563 1.184
History of diabetes mellitus 0.025 0.810  1.084 0.064 0.548  1.049 0.000 0,998 1117
Albumin (g/mL) 0.182 0.081 1.042 0.192 0.073 1.041 0.174 0.092 1.044

Adusted R*=0.154, p=0.004 Adjusted R*=0.115, p=0.018 Adjusted R*=0.171, p=0.002

p<0.05 indicated in bold.

had a cross-sectional rather than a longitudinal design,
it was not possible to assess trends over time. Second,
enrolled patients were from one hospital and were
thought to be more health conscious than average CHD
patients. Therefore, the results obtained may not apply
to all CHD patients in Japan. Third, the mechanism
underlying the link between prolonged sedentary bouts
and HRQOL was not clearly elucidated. Fourth, only
prolonged sedentary bouts (=30 min) (bouts) was a
significant factor for HRQOL on hemodialysis days.
Although prolonged sedentary bouts (=30 min and
=60 min) (min) and prolonged sedentary bouts

(= 60 min) (bouts) on hemodialysis days were higher
than those on non-hemeodialysis days, prolonged sed-
entary bouts (= 30 min) (bouts) on hemodialysis days
were lower than those on non-hemodialysis days. These
results may have affected the relation between pro-
longed sedentary bouts (= 30 min) (bouts} and HRQOL
on hemodialysis days. Nevertheless, reducing pro-
longed sedentary bouts would clearly be beneficial to
HRQOL in patients on CHD. Further prospective and
large sample studies are urgently needed to investigate
this subject in the future.
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