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Abstract 
The purpose of this study was to examine the relationship between daily ac-
tivities and sleep durations for patients following elective percutaneous coro-
nary intervention (ePCI) and diagnosed with ischemic heart disease (IHD) af-
ter discharge to their homes. The actigraph data were used to collect data 
from twenty five patients. The duration of night-time sleep (minutes from the 
start to end of night-time) and actual night-time sleep duration (total sleep 
duration excluding wake-up durations of night-time) on the seventh day after 
discharge were divided into three groups; less than 360, 360 to 480, and more 
than 480 minutes (short, optimal and long respectively). Subsequently, among 
the three groups of patients, the data were analyzed by Kruskal Wallis H-test 
with multiple comparison procedures using the Scheffé-test in order to com-
pare differences in daytime activity items at seven days after discharge from 
the hospital. Total daytime nap duration (p < 0.05), percent nap duration in 
day time (p < 0.05), and longest daytime nap duration (p < 0.05) were signifi-
cantly higher and the daytime activity index which was significantly lower in 
the group with short night-time sleep durations than those with optimal 
night-time sleep duration (p < 0.05). However, the duration of night-time 
sleep and daytime activity did not significantly differ. If actual night-time 
sleep duration is improved from 360 to 480 minutes, daytime nap could po-
tentially be decreased. Determining objective sleep conditions for patients 
and treating sleep disorders may improve overall patient health, facilitating 
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appropriate sleep and wake rhythms. 
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1. Introduction 

Coronary heart disease (CHD) is one of the leading causes of mortality and 
morbidity worldwide [1] [2]. The Ministry of Health, Labour and Welfare Min-
istry of Japan, has identified cardiac disease as the second leading cause of death 
in Japan. In 2011, 752,000 adults were diagnosed with ischemic heart disease 
(IHD) [3]. Elective Percutaneous Coronary Intervention (ePCI), which involves 
coronary angioplasty, is the most widely performed procedure for the treatment 
of symptomatic coronary disease [4]. Drug-eluting stents for CHD have been 
associated with reduced target vessel revascularization and an increased survival 
rate [5]. However, there are several significant factors that have been associated 
with a decrease in survival rate following ePCI; diets, smoking, physical activi-
ties, stress [6] and sleep disorders including obstructive sleep apnea [7] [8]. 

Several studies have examined the relationship between sleep duration and 
increased risk of IHD [9] [10]. The Jichi Medical School Cohort Study revealed 
that the risk of cardiovascular events was higher among men who slept for fewer 
than 6 hours per day than those who slept from 7 to 7.9 hours per day [11]. In 
addition, the risk of a myocardial infarction was higher in women who slept less 
than 6 hours [12]. On the contrary the Japan Collaborative Cohort Study for 
Evaluation of Cancer Risk found that women who sleep more than 9 hours per 
day also had a higher risk of IHD [10] or total cardiovascular disease [13].  

Similarly, several studies have found that both, short and long durations of 
sleep are associated with increased mortality in persons with CHD and IHD, and 
that the relationship is U-shaped, with total mortality reaching a lowest point at 
7 to 8 hours of sleep [14] [15]. While many studies have suggested that 
night-time sleep duration is a risk associated with CHD and IHD, however the 
relationship between restenosis and sleep duration after ePCI has not been fully 
evaluated.  

In order to provide appropriate interventions, it is important to understand 
factors related to sleep. A review of the literature identified several factors asso-
ciated with sleep duration and sleep quality; gender [16], age [17], negative af-
fectivity [18], diet [19], daytime nap [20] [21], and activities of daytime [22] 
[23]. However, no studies could be found which explored actual sleep duration 
among patients with IHD after ePCI. Little is known about the relationship be-
tween daytime activities and night-time sleep durations after the ePCI proce-
dure. 
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2. Purpose of the Study 

The purpose of the study was to determine the relationship between daytime ac-
tivities and actual night-time sleep duration of patients with IHD following ePCI 
once discharged from the hospital. 

3. Methods 
3.1. Subjects and Study Location 

The sample consisted of 25 patients from a public hospital located in southwest 
Japan. Subjects met the following inclusion criteria: 1) no history of heart failure 
or life-threatening arrhythmia before ePCI; 2) no diagnosis of chronic mental 
illness requiring psychotropic medication, 3) no sleep disorders; and 4) ePCI as 
initial therapy or two or more re-treatments by ePCI. 

Data were collected between August 2009 and August 2011. The demographic 
characteristics of the sample were: male, N = 14 (56.0%); female, N = 11 (44.0%); 
average age, 65.1 (SD 11.4) years, age range was 47 - 88 years; those with mul-
tiple ePCI were N = 19 (76.0%), while 6 (24.0%) were first ePCI. 

3.2. Data Collection Methods 

Actigraphy is a non-invasive technique used to assess sleep-wake cycles using a 
portable instrument called the Actigraph.  

Actigraph data using the sleep/awake formula of Cole and others closely cor-
relate with polysomnography, with reliability coefficients ranging from 0.89 to 
0.98 for normal sleep [24] [25] [26]. In this study, a Micro-mini Accelerometer 
type Actigraph (Ambulatory Monitoring, Inc. Ardsley, NY, USA) was used to 
measure sleep condition. The actigraph used zero crossing mode: 2 - 3 Hz, a time 
constant of 0.01 G/rad/sec and an epoch of 1 minute. G is gravitational accelera-
tion (9.8 m/sec2). The actigraph was attached to each subject’s non-dominant 
arm 1 to 2 days prior to discharge and 6 days after discharge from the hospital, 
excluding the day of discharge, for a total of seven days. The subjects were in-
structed to wear the actigraph on their non-dominant wrist except when bath-
ing. 

3.3. Data Analysis 

Actigraphic data were imported from the external interface using an 
ACT2000/ACT Millennium, displayed and analyzed using Action W-2 (AW2) 
software (Ambulatory Monitoring) based on a standardized sleep scoring algo-
rithm [24]. Daytime activities were defined as activities during the day, including 
nap time. Actual night-time was defined as total sleep duration excluding 
wake-up durations in night-time using AW2. Night-time data used phase be-
tween day-time and next day-time which was identified by AW2 software.  

Data analysis consisted of seven days of night-time and daytime data. The du-
ration of night-time sleep (minutes from the start to end of night-time) and ac-
tual night-time sleep duration were divided three sleep durations groups: less 
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than 360 minutes, 360 to 480 minutes, and more than 480 minutes (short, op-
timal and long respectively) [27].  

Samples are small, therefore this study used appropriate nonparametric tests 
like as the Kruskal Wallis H-test with multiple comparison procedures using the 
Scheffé-test. Comparisons were made between subjects with multiple ePCI (N = 
19) and subjects with first ePCI (N = 6) using Mann-Whitney U-test. All data 
were analyzed using IBM SPSS ver. 19.0 and Excel statistical functions ver. 2006 
(SSRI: Social Survey Research Information, for windows). The level of signific-
ance was set at p < 0.05. 

3.4. Ethical Considerations 

This research study was approved by the Ethics Committee of Tokushima Pre-
fectural Hospital (No 09-07) and the Tokushima University Hospital Ethics 
Board (No. 1257). Consent was also obtained from the University Hospital 
Medical Information Network Clinical Trial Registration (UMIN-CTR, No 
R000012184). Subjects were assured that their personal information would be 
protected, and the results of the study would only be reported as aggregate data, 
and used only for research purposes. The purpose and procedure of the study 
were explained to all subjects and informed consent was obtained from the sub-
jects. 

4. Results 

Table 1 shows the differences in daytime activity with durations of night-time 
sleep at seven days after discharge among the three groups of subjects.  

Results of actual night-time sleep duration, total daytime nap duration (p < 
0.01), percent nap duration in the daytime (p < 0.01), longest daytime nap dura-
tion (p < 0.05) and daytime activity index (p < 0.05) significantly differed.  

However, mean daytime activities compared with actual night-time sleep du-
ration did not show significant difference. 

The duration of night-time sleep, total daytime nap duration, percent nap du-
ration in the daytime, longest daytime nap duration, daytime activity index and 
mean daytime activities did not significantly differ among the three groups of 
patients. 

In actual night-time sleep duration, multiple comparisons also showed that 
total daytime nap durations were significantly longer in the group with short 
night-time sleep duration, than with optimal night-time sleep durations (121.0 
min vs. 15.0 min; p < 0.05). The percent nap duration in the daytime was signif-
icantly higher in the group with shorter than with optimal night-time sleep du-
rations (12.6 % vs. 1.5 %; p < 0.05). The longest daytime nap duration was sig-
nificantly longer (35.0 min vs. 7.0 min; p < 0.05) and the daytime activity index 
was significantly lower in the group with shorter, than optimal night-time sleep 
duration (89.5 % vs. 96.2 %; p < 0.05). 

Table 2 shows the difference between subjects with multiple ePCI (N = 19)  
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Table 1. Differences in daytime activity with durations of night-time sleep at seven days after discharge among the night-time 
sleep length (short, optimal and long). 

Items 

Duration of night-time sleep (min) N = 25 Actual night-time sleep duration (min) N = 25 

Short 
1) <360 min  

(N = 5) 

Optimal 
2) 360 - 480 min  

(N = 7) 

Long  
3) >480 min  

(N = 13) χ2 
p  

value 

Shoort 
1) <360 min  

(N = 7) 

Optimal 
2) 360 - 480 min  

(N = 13) 

Long 
3) >480 min  

(N = 5) χ2 
p  

value 
Multiple  

comarison 

Median Median Median Median Median Median 

Total daytime  
nap duration  
(min) 

99.0 54.0 37.0 2.3 0.31 121.0 15.0 69.0 10.1 0.01 
1) > 2)  

χ2 = 8.2,  
p = 0.016 

Percent nap  
duration in the  
daytime (%) 

9.5 5.3 3.9 2.0 0.37 12.6 1.5 8.4 9.6 0.01 
1) > 2)  

χ2 = 7.4,  
p = 0.025 

Longest daytime 
nap duration 
(min) 

35.0 31.0 17.0 4.0 0.13 35.0 7.0 28.0 8.0 0.02 
1) > 2)  

χ2 = 7.1,  
p = 0.028 

Daytime activity  
Index (%) 

90.0 94.5 95.8 1.9 0.38 89.5 96.2 87.5 7.5 0.02 
1) < 2)  

χ2 = 6.4,  
p = 0.042 

Mean daytime  
activity index 
(count/min) 

181.7 168.0 192.0 4.0 0.14 159.5 200.6 188.7 4.7 0.09  

Kruskal Wallis H-test with multiple comparison procedures using Scheffé-test. Duration of night-time sleep is from the start to end of sleep duration at 
night-time. Actual night-time sleep duration is total sleep duration excluding wake-up duration at night-time. Daytime activity index which is the percent 
epochs with >0 activity score for day time duration. Also, one epoch means same as one minute. 

 
Table 2. Difference between subjects with multiple ePCI (N = 19) and subjects with first ePCI (N = 6). 

Item 
Subjects with multiple ePCI (N = 19) Subjects with first ePCI (N = 6) 

Z p value 
Median Median 

Duration of night-time sleep (min) 450.00 485.00 −1.08 0.28 

Actual night-time sleep duration (min) 402.00 449.50 −1.21 0.23 

Total daytime nap duration (min) 54.00 22.50 −1.31 0.19 

Percent nap duration in the daytime (%) 5.32 2.35 −1.24 0.22 

Longest daytime nap duration (min) 28.00 12.50 −1.50 0.14 

Daytime activity Index (%) 91.34 97.63 −2.10 0.04 

Mean daytime activity index (count/min) 188.74 206.30 −1.21 0.23 

Mann-Whitney U-test. Duration of night-time sleep is from the start to end of sleep duration at night-time. Actual night-time sleep duration is total sleep 
duration excluding wake-up duration at night-time. Daytime activity index which is the percent epochs with >0 activity score for day time duration. Also, 
one epoch means same as one minute. 

 
and subjects with first ePCI (N = 6). There was a significant difference in day-
time activity index (%) (91.34% vs. 97.63%; p < 0.05). However, other items did 
not show significant differences. 

5. Discussion 

Night-time sleep might influence daytime activity and nap duration. Total day-
time nap duration, percent nap duration in the daytime and longest daytime nap 
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duration significantly differed when compared with actual night-time sleep du-
ration. First, in actual night-time sleep duration, total daytime nap duration, 
percent nap duration and longest daytime nap duration were significantly longer 
in the group with shorter night-time sleep than with optimal sleep duration. If 
total daytime nap duration and longest daytime nap durations are longer, total 
night-time sleep duration might be shorter. These findings suggest that daytime 
nap duration may be a factor that leads to poor night-time sleep quality. 

Suzuki [10] found that the relative risk of IHD is 1.23-fold and 1.42-fold 
higher for men and for women who took a nap, respectively. On the other hand, 
when controlling for sex as well as the indicated potential confounders and using 
those not taking midday sleep as a reference category, both men and women 
taking midday nap of any frequency or duration had a coronary mortality risk of 
0.66 (95% confidence interval, 0.45 - 0.97) [28]. However, the relationship be-
tween total daytime nap durations and risk of IHD needs further study.  

Short sleep durations confer increased risk of developing a risk of IHD [11] 
[12], and the relative risk of sleep duration and IHD is a horseshoe curve [14] 
[15]. Therefore, if night-time sleep duration can be improved from short to op-
timal, daytime naps could potentially become shorter. In addition, optimal sleep 
duration might lower the risk for incident IHD, and be a contributory factor in 
reducing the risk of cardiovascular disease. 

A longer duration of night-time sleep might not influence daytime activity. 
Although the mechanisms underlying this association are not clear [9] longer 
sleep durations are associated with mortality from several causes [29] [30]. These 
findings suggested an association between daytime activity and night-time sleep 
conditions. The daytime activity index was significantly lower in the group with 
shorter, than optimal night-time sleep duration of after discharge. However, no 
significant differences were obtained in daytime parameters among those with 
long sleep duration according to actual night-time sleep in this study.  

Patients with IHD can develop anxiety due to coronary artery restenosis [31] 
[32]. Therefore, such patients’ physical activity and activities of daily living 
(ADL) might are limited. 

In this study, it was confirmed significant lower daytime activity index (%) in 
subjects with multiple ePCI than first ePCI.  

The majority of patients with acute coronary syndrome are elderly, depen-
dency in activities of daily living is as one of prognostic predictors [33]. About 
half of our study subjects were more than 70's years old. Patients might have an-
xiety to have multiple ePCI, these psychological issues may significantly affect a 
patient’s coronary cardiac rehabilitation (CCR) programs.  

The CCR is aimed at improving exercise capacity and optimizing daily physi-
cal functioning in relation to individual physical activity limitations and partici-
pation restrictions. Also, these programs provide inactive patients to develop 
and maintain an active lifestyle [34]. The CCR has been shown to reduce all- 
cause mortality, cardiovascular mortality and events after acute myocardial in-
farction [35]. Therefore, daytime activities should be maintained at levels that 
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are sufficient to avoid poor sleep quality in patients who have not received CCR 
after PCI. 

On the other hand, in this study, the duration of night-time sleep did not sig-
nificantly affect daytime activity and sleep durations. The duration of night-time 
sleep was spent in bed. Most patients with IHD are elderly and non-REM sleep 
decreases whereas arousal increases in the elderly regardless of sleep duration 
[36]. The amount of time spent asleep in bed might not be identical to actual 
night-time sleep duration. 

More active daily activities might lead to reducing daytime napping and op-
timal night-time sleep.  

In that sense, CCR might be important for patients with IHD [37] [38]. 
Hence, information should be provided about CCR or appropriate daytime ac-
tivity levels for patients, and ADL should be promoted so that actual sleep dura-
tion (except arousal during sleep) becomes optimal. Our finding was the total 
sleep time is important to patients. 

However, the limitations of this study include small sample size, possible se-
lection bias, and the patient's sleeping patterns and conditions were not meas-
ured before ePCI.  

6. Conclusions 

Total daytime nap duration and longest daytime nap duration were significantly 
longer, percent nap duration in the day time (ratio of nap duration between the 
daytime) was significantly higher in the group with short night-time sleep dura-
tions than those with optimal night-time sleep duration. In addition, the daytime 
activity index was significantly lower in the group with shorter sleep durations 
than those with optimal sleep durations.  

The data from this study can also be used to assist patients with IHD to antic-
ipate changes in sleep patterns during recovery and to appreciate the subjective 
situation of the patient after ePCI. Clarifying objective sleep conditions for pa-
tients and treating sleep disorders might improve the health of persons with 
IHD. 
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