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We investigated the relationship between sedentary behavior and all-cause mortality in patients undergoing
hemodialysis. A total of 71 patients (39 men, 32 women, aged 72.1+11.7 years) were enrolled in this longitu-
dinal study. Their sedentary behavior was measured using a tri-accelerometer that provides relative values per
daily wearing time. We classified the sedentary behavior time into 2 groups (under the median: short-seden-
tary behavior (SB) group; over the median: long-SB group) and compared the groups’ clinical parameters. We
compared the groups’ survival rates by using Kaplan-Meier curves and the log-rank test, and we performed
multivariate analyses by a Cox-proportional hazard model to evaluate the relationship between the sedentary
behavior and the survival rate. Twenty patients (28.2%) died during the observation period. The survival rate of
the short-SB group was significantly higher than that of the long-SB group. Sedentary behavior was thus an
important factor for all-cause mortality even after adjusting for confounding factors by a Cox-proportional haz-
ard model. Sedentary behavior is closely linked to all-cause mortality, especially total days and non-hemodial-
ysis days, and reducing sedentary behavior may be beneficial to reduce the all-cause mortality of patients on
chronic hemodialysis.
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I n Japan, both the number of chronic hemodialysis
patients and the average age of such patients are
increasing (The Japan Society for Dialysis Therapy,
http://docs.jsdt.or.jp/overview/pdf2017/p015.pdf,
accessed on Sep. 15,2018). Although the survival rate
of chronic hemodialysis patients is improving due to
recent medical advances (http://docs.jsdt.or.jp/over-
view/pdf2014/p029.pdf. accessed on Sep.15,2018),
the patients’ prognosis is still poor [1,2].
Improvements in the quality of life (QOL) and all-cause
mortality are thus considered to be important for
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patients on chronic hemodialysis.

Sedentary behavior, defined as physical activity of
<1.5 metabolic equivalents (METs) in a reclining or
sitting posture [3], is well known to be closely linked to
all-cause mortality [4-13]. In patients on chronic dialy-
sis, nutrition [14], physical activity [15-17], physical
function [18], muscle mass [19], muscle strength
[19,20], and metabolic syndrome [21] have been
reported to be associated with all-cause mortality.
However, to our knowledge, the relationship between
sedentary behavior and all-cause mortality in Japanese
hemodialysis patients has not been established. In our
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prior investigations of patients on chronic hemodialy-
sis, the patients’ physical activity was closely associated
with their health-related quality of life (HRQOL)
[22,23]. In a cross-sectional study, sedentary behavior
was found to be an important factor for HRQOL inde-
pendent of physical activity [24].

We thus conducted the present longitudinal study to
evaluate the relationship between sedentary behavior
and all-cause mortality in Japanese patients on chronic
hemodialysis, and our analyses revealed that the seden-
tary behavior in this cohort was closely linked to the
patients’ all-cause mortality.

Patients and Methods

Patients.  Among 183 patients on chronic hemo-
dialysis at our hospital, a total of 71 patients (39 men
and 32 women; aged 72.1+11.7 years; duration of
hemodialysis, 88.2+87.7 months) voluntarily enrolled
in this longitudinal study conducted from 2013 to 2018.
The 71 enrolled patients met the following criteria: (1)
they underwent chronic hemodialysis at Innoshima
General Hospital, Onomichi, Japan, between
September 2013 and September 2018; (2) they under-
went measurements of their physical activity including
sedentary behavior using a tri-accelerometer as part of
a previous study [24]; and (3) they provided written
informed consent to participate in the present study.

Ethical approval for the present study was obtained
from the ethical committee at Innoshima General
Hospital, Onomichi, Japan (H25-2-27, H26-1-23,
H26-12-16, H27-12-25, H28-12-9, and H29-12-4).

Clinical parameters and measurements. We
evaluated the following clinical parameters as described
previously [24]: sex; age (years); height (cm); body
weight (dry weight) (kg); duration of hemodialysis
(months); body mass index (BMI) (kg/m*) (calculated
as body weight (kg)/[height (m)]*); and the date and
reason for dialysis cancellation. We used the patients’
clinical records to determine their values of albumin (g/
mL), fasting blood glucose (mg/mL), triglyceride (mg/
dL), HDL-cholesterol (mg/dL), and hemoglobin (g/dL)
as blood sample data, and diabetes mellitus (DM),
hypertension, hyperlipidemia, low back pain (i.e,
osteoarthritis), and knee pain (i.e., osteoarthritis) as
complicating diseases. Details of low back pain and
knee pain could not be evaluated.

The patients’ physical activity (including sedentary
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behavior) was measured using a tri-accelerometer
(Active style Pro: HJA-350IT; Omron, Kyoto, Japan)
as described previously [24]. We evaluated the patients’
sedentary behavior as the relative values (%) per daily
wearing time, and based on the results we categorized
the patients into two groups: a short-sedentary behav-
ior (SB) group (under the median SB value) and a
long-SB group (over the median). We defined the days
that the patients underwent hemodialysis treatment as
the hemodialysis days, and the other days as the
non-hemodialysis days, and we defined “total days” as
the sum of hemodialysis days and non-hemodialysis
days.

Statistical analysis.  Data are expressed as the
mean + standard deviation (SD). We compared the clin-
ical parameters between the short-SB and long-SB
groups by using the unpaired ¢-test and chi-square test,
where p<0.05 was considered to be significant. We
obtained Kaplan-Meier curves and used the log-rank
test to compare the survival rates of the short- and
long-SB groups. We performed a multivariate analysis
and Cox-proportional hazards regression analysis to
evaluate the relationship between the survival rate and
sedentary behavior to adjust for confounding factors.
The statistical analyses were performed using JMP 13.0
software (SAS, Cary, NC, USA).

Results

The clinical profiles of the enrolled 71 patients on
chronic hemodialysis are summarized in Table 1. The
average age at the first hemodialysis was 61.6+14.9
years. The reason for the hemodialysis was diabetic
nephropathy in 22 patients (31.0%). The average dura-
tion of the patients’ sedentary behavior was 74.0 +13.6%
total days, 74.7+14.1% hemodialysis days, and
73.4+14.3% non-hemodialysis days (Table 2). A total
of 20 patients (28.2%) died during the follow-up period.
The causes of death were sudden death (n=3), pneu-
monia (n=2), cerebral infarction (n=2), heart failure
(n=2) and others (n=11). The average follow-up
period was 3.0+ 1.7 years.

We compared the clinical parameters between the
short- and long-SB groups of patients on chronic hemo-
dialysis (Table 3). There were significant differences in
the sex, age, height, body weight, duration of hemo-
dialysis, and history of diabetes mellitus between the
short-SB and long-SB groups defined based on total
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days. When the groups were defined based on the
hemodialysis days, there were also significant between-
group differences in the sex, age, body weight, and low
back pain. When they were defined based on non-he-
modialysis days, the sex, age, height, and history of
diabetes mellitus in the short-SB group were signifi-
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cantly different from those in the long-SB group.

The cumulative survival rate of the 71 patients was
91.6% at 1 year, 79.3% at 3 years and 59.8% at 5 years.
The survival rate of the short-SB group was significantly
higher than that of the long-SB group by survival analy-
sis (total days, p=0.028; hemodialysis days, p=0.016;
non-hemodialysis days, p=0.024). The hazard ratio

Table 1 Clinical characteristics of patients on hemodialysis
Women 32 (45.1%)
Age (years) 721 +11.7
over 65 years 56 (78.9%)
Height (cm) 155.5+9.3
Body weight (dry weight) (kg) 53.7 =10.7
Body mass index (kg/m?) 221+34
Duration of hemodialysis (months) 88.2 =87.7
Blood sample
Albumin (g/mL) 38+04
Fasting blood glucose (mg/dL) 136.1 =46.3
Triglyceride (mg/dL) 1116 £72.3
HDL-cholesterol (mg/dL) 55.3+17.2
Hemoglobin (g/dL) 11.1%£0.9
Complicating disease
Diabetes mellitus 30 (42.2%)
Hypertension 66 (92.9%)
Hyperlipidemia 33 (46.5%)
Low back pain 27 (38.0%)
Knee pain 14 (19.7%)

Values are shown as mean + SD or n (%)

Table 3

was 2.83 (95% confidence interval [CI]: 1.11-7.32) for

Table 2  Physical activity in patients on hemodialysis
Mean & SD Minimum Maximum
Total days
SB (%) 740136 322 95.4
LPA (%) 244 +126 0.1 55.6
MVPA (%) 18+24 0.0 15.1
Hemodialysis days
SB (%) 747 =141 31.4 94.2
LPA (%) 23.7 £131 0.1 56.3
MVPA (%) 1.8+24 0.0 15.9
Non-hemodialysis days
SB (%) 734143 32.8 96.5
LPA (%) 25.0£13.2 0.1 57.9
MVPA (%) 18126 0.0 145

SB: Sedentary behavior, <1.5 Metabolic equivalents (METS)
LPA: Light intensity physical activity, 1.6-2.9 METs
MVPA: Moderate-to-vigorous intensity physical activity, 3.0 METs

<

Comparison of clinical parameters between short-SB and long-SB in patients on hemodialysis

Total days Hemodialysis days Non-hemodialysis days
Variables Short-SB Long-SB Short-SB Long SB Short-SB LongSB

(n=35) n=36) PYA® -3 n=36) PYa¥ (-3 (n=3) P vale
Women (%) 22 (62.9%) 10 (27.8%)  0.003 20 (57.1%) 12(33.3%)  0.044 22 (62.9%) 10 (27.8%)  0.003
Age (vears) 68.3+1.9 757419 0007 692419 748+19 0042  683+19 75.7+19 0.007
Height (cm) 15341+15  157.9+15 0027 1540+16 157015 0164 1532+£15  157.8+15 0.032
Body weight (dry weight) (kg) 502+ 1.7 57.0+17 0007  508+18 564+17 0027  519+18 554-+18 0.180
Body mass index (kg/m?) 214406 228+06 0088 214406 228+06 0093  220+06 222406 0.831
Duration of hemodialysis (months) ~ 111.1£14.4 659142  0.029 991148  776+146 0304 1081+146  689+143  0.059
Albumin (g/mL) 3.840.1 38+01  0.833 3740.1 38+00 0578 3.8+ 0.1 37401 0.241
Fasting blood glucose (mg/dL) 1261+77 1459476 0071 1268+7.7 145276 0094 1289+78  1432+77 0.193
Triglyceride (mg/dL) 10041 +12.2  1228+120 0188 1125+123  1107+121 0917 1062+123 1168+121 0539
HDL-cholesterol (mg/dL) 59.0 2.9 517428 0075  57.0%29 536429 0417 582429 52429 0.155
Diabetes mellitus 10 (28.6%) 20 (55.6%)  0.021 12 (34.3%) 18 (50.0%)  0.180 10 (28.6%) 20 (55.6%)  0.021
Hypertension 31 (88.6%) 35(97.2%) 0454 32 (91.4%) 34 (944%) 0620  31(8857%)  35(97.2%)  0.154
Hyperlipidemia 15 (44.1%) 18 (50.0%) 0622 16 (47.1%) 17 (472%) 0989 15 (44.1%) 18 (50.0%)  0.622
Low back pain 12 (35.3%) 15 (41.7%) 0584 9 (26.5%) 18 (50.0%)  0.043 12 (35.3%) 15 (41.7%) 0.584
Knee pain 7 (20.6%) 7(19.4%)  0.905 8 (25.5%) 6(16.7%) 0473 6 (17.7%) 8(222%) 0632

SB: Sedentary behavior, <1.5 Metabolic equivalents (METSs)

Bold values indicated statistically significant (p<0.05)

Values are shown as the mean + SD or n (%)
Sedentary behavior was classified into two groups (under median: short-SB, over median: long-SB).



422 Hishii et al.

the total days, 2.98 (95%CI: 1.21-8.03) for the hemodi-
alysis days, and 2.79 (95%CI: 1.13-7.49) for the
non-hemodialysis days (Fig.1).

We also observed significant differences in the mod-
erate-to-vigorous intensity physical activity
(MVPA: 23.0 METs) between the younger patients
(<65 years) and the older group (=65 years) only on
non-hemodialysis days. There were also significant dif-
ferences in both sedentary behavior and low-intensity
physical activity (LPA: 1.6-2.9 METs) between the dia-
betic and non-diabetic patients for only the non-hemo-
dialysis days. Finally, using the Cox-proportional haz-
ard model after adjusting for confounding factors
including age and history of diabetes mellitus, we
observed that the clinical impact of sedentary behavior
on the survival rate was notable, excluding adjustments
for sex and age in hemodialysis days (Table 4).

1.0
short-SB
e aeene (death:7)
0.8 - long-SB 4
(death:13)  '====="% L
9 fomay
© 0.6 - hees
g
> 0.4 Total days "
(?) p=0.028
0.2 Hazard ratio 2.83 (1.11-7.32)
0.0 - T — - T - T -
0.0 1.0 2.0 3.0 4.0 5.0
Survival time (years)
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Discussion

This is the first study to investigate the relationship
between sedentary behavior evaluated by a tri-acceler-
ometer and all-cause mortality in Japanese patients on
chronic hemodialysis, and our analyses demonstrated
that sedentary behavior was an important factor for all-
cause mortality, especially as measured over total days
or non-hemodialysis days.

Concerning the association between sedentary
behavior and mortality, too much sitting was reported
to be a factor in 3.8% of the all-cause mortality in 54
countries [25]. Another study reported that Japanese
people engage in longer sitting times compared to indi-
viduals in all other studies examined as measured by the
International Physical Activity Questionnaire (IPAQ)
[26]. Among Japanese subjects in primary industry,
sedentary behavior was reported to be closely associated
with mortality [11]. However, there is no prior study

1.0
"Tiao, short-SB
emmmeeny (death:7)
08- long-SB E
o (death:13) ~"TTTTTTTT . .
§ 0.6 e
T
'S 0.4 Hemodialysis days -1
(3 p=0.016
0.2 Hazard ratio 2.98 (1.21-8.03)
0.0 —— . - e . — ]
0.0 1.0 2.0 3.0 4.0 5.0
Survival time (years)
Fig. 1 Kaplan-Meier analysis of survival rate for 71 hemodialysis
patients
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Table 4  Multivariate analysis for hemodialysis patients’ survival rate (Cox-proportional hazard model)
) 95% CI
Independent variables B (Lower, Upper) p value
Total days
SB (%) 0.0427 0.0051, 0.0843 0.025
Sex 0.5967 -2.3438, -0.2076 0.017
Goodness of Model Fit p=0.001
SB (%) 0.0439 0.0044, 0.0857 0.029
Age (years) 0.0380 -0.0060, 0.0088 0.093
Goodness of Model Fit p=0.004
SB (%) -0.0001 0.0157, 0.0929 0.005
Duration of hemodialysis (months) 0.0531 -0.0053, 0.0045 0.976
Goodness of Model Fit p=0.018
SB (%) 0.0490 0.0105, 0.0896 0.012
Albumin (g/mL) -0.7619 -2.0691, 0.5182 0.250
Goodness of Model Fit p=0.009
SB (%) 0.0500 0.0106, 0.0921 0.012
History of diabetes mellitus -0.1020 -0.5852, 0.3685 0.670
Goodness of Model Fit p=0.016
Hemodialysis days
SB (%) 0.0355 -0.0018, 0.0779 0.063
Sex 0.6223 0.1329, 1.1950 0.012
Goodness of Model Fit p=0.002
SB (%) 0.0358 -0.0023, 0.0784 0.066
Age (years) 0.0424 -0.0013, 0.0922 0.058
Goodness of Model Fit p=0.009
SB (%) 0.0454 0.0078, 0.0868 0.017
Duration of hemodialysis (months) -0.0010 —-0.0053, 0.0045 0.974
Goodness of Model Fit p=0.052
SB (%) 0.0407 0.0030, 0.0826 0.034
Albumin (g/mL) -0.8422 -2.1141, 0.4004 0.189
Goodness of Model Fit p=0.022
SB (%) 0.0408 0.0028, 0.0836 0.035
History of diabetes mellitus -0.1764 -0.6503, 0.2859 0.453
Goodness of Model Fit p=0.040
Non-hemodialysis days
SB (%) 0.0430 0.0069, 0.0833 0.018
Sex 0.5871 0.0915, 1.1642 0.019
Goodness of Model Fit p=0.001
SB (%) 0.0450 0.0068, 0.0850 0.021
Age (years) 0.0362 -0.0075, 0.0861 0.107
Goodness of Model Fit p=0.003
SB (%) 0.0536 0.0175, 0.0918 0.003
Duration of hemodialysis (months) —-0.0001 —0.0054, 0.0045 0.971
Goodness of Model Fit p=0.012
SB (%) 0.0500 0.0128, 0.0890 0.008
Albumin (g/mL) -0.7460 -2.0800, 0.5647 0.271
Goodness of Model Fit p=0.006
SB (%) 0.0516 0.0130, 0.0922 0.008
History of diabetes mellitus -0.0679 -0.5553, 0.4066 0.779
Goodness of Model Fit p=0.011

Cl, Confidence interval; SB, Sedentary behavior, <1.5 Metabolic equivalents (METS).

0.05).

Bold values indicate statistically significant (o <
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reporting the relationship between sedentary behavior
and mortality in Japanese patients on chronic hemodi-
alysis. Our earlier cross-sectional study revealed a sig-
nificant relationship between sedentary behavior and
HRQOL after adjusting for age, sex, duration of hemo-
dialysis, and history of diabetes mellitus [24].

Concerning the relationship between sedentary
behavior and all-cause mortality, there are reports that
muscle weakness is strongly associated with an
increased mortality risk [19,20]. A study using electro-
myography showed no activity of the quadriceps muscle
while the subjects were seated [26], and other reports
showed that sedentary behavior had a negative effect on
lipid metabolism [27,28] and insulin sensitivity [29].
Moreover, sedentary behavior is reported to be associ-
ated with cardiovascular disease [30,31]. These multi-
ple factors of sedentary behavior may contribute to the
increase in all-cause mortality observed in several stud-
ies.

The effects of exercise on patients with chronic kid-
ney disease have been described previously [32], and
renal rehabilitations such as exercise intervention
improved the life-prognosis of patients undergoing
hemodialysis [33,34]. Renal rehabilitation is thus rec-
ommended as an effective means to improve the life
prognosis in patients undergoing hemodialysis
(Japanese Society of Renal Rehabilitation, https://jsrr.
jimdo.com/accessed March 8, 2019). Most dialysis
patients are elderly, and their physical activity level is
low [24,35-37]. It can be difficult to increase the phys-
ical activity of patients on chronic hemodialysis.
Although in the present study there was no significant
relationship between sedentary behavior and all-cause
mortality after adjusting for sex and age for the patients’
hemodialysis days, a reduction of sedentary behavior
especially on non-hemodialysis days may improve the
all-cause mortality of patients on chronic hemodialysis
in clinical practice. The lying down for approximately
4-hr that is required on hemodialysis days may affect the
relationship between sedentary behavior and the all-
cause mortality on hemodialysis days.

Our study has several potential limitations. The
sample size was small (n=71) and the investigation was
conducted at only one hospital because of the difficulty
evaluating of the physical activity of chronic hemodial-
ysis patients [38]. In addition, the patients’ sedentary
behavior on their hemodialysis days might not have
been accurately evaluated due to the approximately 4-hr
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period of lying down during the hemodialysis. Finally,
we assessed sedentary behavior on only 2-3 hemodialy-
sis days for each patient.

These results suggest that reducing sedentary behav-
ior, especially on patients’ non-hemodialysis days, may
reduce the all-cause mortality in clinical practice.
Further studies using larger samples and including mul-
tiple hospitals and prospective intervention studies to
improve sedentary behavior are needed for Japanese
patients on chronic hemodialysis.
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