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Abstract: The purpose of this study was to determine the relationship between quality of sleep 

and autonomic nervous functioning in healthy adult Japanese women using three measures, 

namely, the Pittsburgh Sleep Quality Index (PSQI) for subjective assessment of sleep quality, 

actigraphy for objective assessment of sleep, and heart rate variability using high frequency 

and low frequency domains. Participants were 31 healthy women in their 20s to 40s who met 

the selection criteria, including having normal monthly menstrual periods. Participants were 

categorized as good or poor sleepers according to their PSQI score. Median correlation coef-

ficients of activity count and high frequency were −0.62 (range −0.43 to −0.84) for good sleepers 

and −0.45 (range 0.003 to −0.64) for poor sleepers. Good sleepers showed a significantly 

higher correlation of activity count and high frequency (Z=−2.11, P,0.05). Median correlation 

coefficients of activity count and low frequency/high frequency were 0.54 (range 0.29–0.73) 

for good sleepers and 0.41 (range 0.11–0.63) for poor sleepers. The PSQI, actigraphy data, and 

heart rate variability results showed positive correlations between sleep time as measured by 

PSQI and duration of inactivity as measured by actigraphy (r=0.446, P,0.05) and sleep time 

as measured by actigraphy (r=0.377, P,0.05), and a negative correlation between sleep time 

as measured by PSQI and the correlation coefficients of activity count and high frequency 

(r=−0.460, P,0.01). These results support the finding that sleep-wake rhythms can be monitored 

efficiently with actigraphy, providing accurate data that can support the diagnosis of sleeping 

disorders. Furthermore, actigraphy data were associated with heart rate variability and PSQI 

findings, but only in subjects who were poor sleepers. Actigraphy is an accurate, efficient, rapid, 

and inexpensive test for determining objective and subjective sleeping problems, and can also 

be used in clinical tests for sleep assessment.

Keywords: Pittsburgh Sleep Quality Index, actigraph, heart rate variability, autonomic nervous 

system activity, women, screening method

Introduction
Sleep plays an important role in resting both the brain and the body.1 Polysomnography 

may be useful in order to accurately measure the quality and quantity of sleep.2,3 

Although the accuracy of this test is high, it is almost always conducted in a laboratory 

setting or requires hospital admission. In healthy people, actigraphy data have been 

found to have a high correlation with polysomnography,4,5 indicating that it is possible 

to accurately assess sleep and wakefulness using an actigraph. This makes it possible 

to quantitatively measure sleep time with efficiency.6–8 Therefore, an actigraph9 is a 

useful and reliable instrument for gathering data that can diagnose sleep disorders 

relatively simply and noninvasively, particularly in healthy young people.
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While actigraphy and polysomnography are measured 

quantitatively, assessment of subjective sleep conditions 

is often difficult, although a questionnaire survey, ie, the 

Pittsburgh Sleep Quality Index (PSQI),10,11 has been found 

to be a reliable instrument that can easily and qualitatively 

measure sleep disorders. There have been two research stud-

ies using multiple variables such as “primary insomnia and 

sleep state misperception”12 and “smoking and subjective 

quality of sleep”13 and also using PSQI and polysomnography. 

Other research studies have focused on sleep disorders and 

quality of life, including both objective and subjective sleep 

disturbance patterns, using the PSQI and actigraphy.14–17 

However, with PSQI and polysomnography, hospitalization 

is necessary to obtain data on a patient’s sleep disorder. 

Altogether, these findings indicate that it may be possible to 

determine more objective disorders of sleep and autonomic 

nervous system function using a combination of subjective 

and objective assessments, rather than simply relying on 

sleeping time.18,19

With regard to sex as a research variable, there are data 

showing that menstrual cycles, pregnancy, and signs and 

symptoms of menopause have significant effects on sleep 

disorders.20 It is also known that insomnia is more frequent 

in women than in men in all age groups, and that women 

typically have more sleep-related complaints than men.21

The purpose of this study was to determine the relation-

ship between quality of sleep and autonomic nervous system 

function in healthy adult Japanese women using three mea-

surements, namely, the PSQI for subjective assessment of 

sleep quality, actigraphy for objective assessment of sleep, 

and heart rate variability using high frequency and low fre-

quency domains.

Materials and methods
Measurement items
Pittsburgh Sleep Quality Index
Participants completed the Japanese version of the PSQI on 

the final day of the study. The PSQI is an internationally 

standardized scale, and the Japanese version (Cronbach’s 

α=0.77)22 is reliable and appropriate for assessing lack 

of sleep and subjective quality of sleep.23,24 A PSQI score 

of $6.0 is used as the cutoff point to determine the risk of 

poor sleep quality.25

Actigraphy
Actigraphy is a measurement procedure that is used to assess 

the balance between waking time and sleeping time, and the 

conditions of sleep disturbance.26 In this study, a portable micro 

mini-type actigraph (Ambulatory Monitoring, Inc, Ardsley, 

NY, USA) was attached to each participant’s nondominant 

arm for 3 days (72 hours) starting at 6 pm on day 1 until the 

finish time on day 3. Objective sleep time was obtained from 

the actigraph records. The actigraph was worn on the wrist 

like a watch and electronically measured the number of move-

ments exceeding 0.01 g (gravitational force per minute of 

recording). Sleep or wake time was judged by activity count 

on the actigraph. The time during which the participants were 

wearing the actigraph was divided into “up” (daytime activity) 

intervals, defined as the period of time participants reported 

being out of bed, and “down” (sleep) intervals, defined as the 

period during which participants were in bed.

The following terms and abbreviations were used for the 

actigraph measurement items: Duration (time [minutes] from 

the start to the end of the “down” interval [sleep time]); W
min

 

(the total time [minutes] of wake time); S
min

 (minutes scored 

as “asleep” [sleep + light sleep]); and PSLP (percentage 

of time spent sleeping [minutes]). S
min

 was converted into 

hours (converted S
min

) to match the sleep time described on 

the PSQI.

Heart rate variability
Heart rate variability is an efficient noninvasive method used 

to investigate autonomic nervous system function and cardio-

vascular control while awake or during sleep. In this study, 

electrodes were placed at strategic locations on the chest 

and recording was done via a portable Holter electrocardio-

graphic monitor for 24 hours. The heart rate variability results 

included the low frequency component (0.04–0.15 Hz) and 

the high frequency component (0.15–0.50 Hz), as extracted 

by power-spectrum density. The high frequency component 

also served as an indicator of parasympathetic nervous 

system activity. Low frequency/high frequency indicates 

sympathetic nervous system activity.

Participants and data collection period
Participants comprised 31 volunteer adult Japanese women 

aged in their 20s to 40s who described themselves as being 

healthy. Volunteers were included in the study if they met 

the following criteria: a normal monthly menstrual cycle, 

no menopausal symptoms, a normal body mass index 

(range 17.5–25.3), no eating disorder, and on a regular 

diet. Prospective volunteers working on rotating or night 

schedules, and those who were pregnant or menopausal were 

excluded from the study. The subjects were instructed not 

to consume alcohol during the study period. The data were 

collected from June 2012 to August 2013.
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Analytical methods
The researcher explained the procedures for data collection 

to all subjects who met the selection criteria. In order to 

obtain accurate measurements, participants were instructed 

on how to use the actigraphic and electrocardiographic 

devices. These were all done by the researchers (MS, YY, 

and TT). Actigraph and heart rate variability data were 

analyzed using a dedicated analyzer, and the results were 

recorded graphically, enabling visual assessment. Such 

visual representation provided clear reliable data. The data 

obtained from the actigraph were analyzed using AW2 

software (Ambulatory Monitoring, Inc). Time series data 

for the interbeat interval were formalized from the FM180 

electrocardiograph (Fukuda Denshi Co, Ltd, Tokyo, Japan) 

using Holter software (Fukuda Denshi Co, Ltd). Heart rate 

variability was analyzed using the Mem Calc/CHIRAM 

procedure (GMS Co, Tokyo, Japan).

Sleep quality was assessed using the PSQI. The partici-

pants were divided into two groups, ie, good sleepers (PSQI 

score ,6) and poor sleepers (those at risk of poor sleep 

quality, ie, PSQI score $6). The activity count was matched 

with the heart rate variability data produced over 5-minute 

intervals. Differences between the two groups with regard 

to actigraph and heart rate variability data were analyzed 

using the Mann–Whitney U statistical test. Correlations 

between activity count and parasympathetic and sympathetic 

nervous system activity were analyzed using Pearson’s 

product–moment correlation coefficient. PSQI score and 

other items of the actigraph and heart rate variability data 

were analyzed using Spearman’s product–moment cor-

relation coefficient statistic. Differences between average 

values of parasympathetic and sympathetic nervous system 

activity during the daytime and while asleep were assessed 

using an unpaired t-test statistic. The statistical analysis was 

carried out using Statistical Package for the Social Sciences 

version 18 software (PASW Statistics for Windows, SPSS 

Inc, Chicago, IL, USA). Statistical significance was set at 

P,0.05.

Ethical considerations
The data were managed according to the Private Information 

Protection Law, with approval from the Tokushima Uni-

versity Hospital ethics board (approval number 1558). 

Participants were assured that their personal information 

would be protected, reported in aggregate, and used only 

for research purposes. The purpose and methods used in 

the study were explained to all participants, with informed 

consent obtained thereafter.

Results
Clinical and demographic  
characteristics of subjects
The participants comprised 14 university students and 17 

light-duty workers (clerks); 18 were single and 13 were 

married (Table 1). All participants had regular monthly 

menstrual cycles. The median age of the participants was 32 

(range 20–48) years. The median PSQI score was 5 (range 

2–15) points. Among the 14 participants who scored above 

the cutoff PSQI score of 6, four were in their 20s, six were 

in their 30s, and four were in their 40s. The median body 

mass index was 20.6 (range 17.5–25.3) kg/m2. The median 

Duration judged by AW2 was 382 (range 256–589) minutes, 

the converted S
min

 was 6 (range 4–10) hours, W
min

 was 23 

(range 7–79) minutes, and S
min

 was 365 (range 233–538) 

minutes. The median PSLP as measured by actigraphy 

was 92.20% (range 79.19%–98.12%). The median activity 

count and high frequency correlation coefficient was −0.60 

(range 0.003 to −0.84), and the median activity count and 

low frequency/high frequency correlation coefficient was 

0.50 (range 0.11–0.73). In addition, the mean value for 

Table 1 Summary of all participants’ measured item values (n=31)

Measured items Median (range) Measured items Median (range)

PSQI score (points) 5 (2–15)
BMI (kg/m²) 20.6 (17.5–25.3) Correlation coefficient of AC and HF (r) -0.60 (-0.84–0.003)
Duration (min) 382 (256–589) Correlation coefficient of AC and LF/HF (r) 0.50 (0.11–0.73)
Converted Smin (h) 6 (4–10) Mean value of HF in down interval (msec²) 374.10 (97.18–1,772.19)
Wmin (min) 23 (7–79) Mean value of HF in up interval (msec²) 175.40 (42.45–674.78)
Smin (min) 365 (233–538) Mean value of LF/HF in down interval (ratio) 2.20 (0.91–5.36)
PSLP (%) 92.20 (79.19–98.12) Mean value of LF/HF in up interval (ratio) 5.00 (2.45–11.65)

Notes: Participants were 14 university students and 17 light-duty workers (clerks); 18 were single and 13 were married. All had regular menstrual cycles. Among the 14 
participants who scored above the cutoff PSQI score (£6), four were in their 20s, six were in their 30s, and four were in their 40s.
Abbreviations: PSQI, Pittsburgh Sleep Quality Index; BMI, body mass index; Duration, time (min) from the start to the end of the “down” interval; Converted Smin, Smin 
converted to hours to match Stime; Wmin, number of minutes scored; Smin, number of minutes scored as sleep; PSLP, percentage of minutes of sleep; AC, activity count; HF, 
high frequency; LF, low frequency; h, hours; min, minutes.
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high frequency during a “down” interval was 374.10 (range 

97.18–1,772.19) msec² and that during the “up” interval was 

175.40 (range 42.45–674.78) msec²; the mean value of low 

frequency/high frequency during the “down” interval was 

2.20 (range 0.91–5.36) and that during the “up” interval was 

5.00 (range 2.45–11.65).

Characteristics of sleep quality
Sleep quality was assessed using the PSQI; 17 participants 

whose scores were below the cutoff point were classified as 

good sleepers and 14 participants whose scores were above 

the cutoff point were classified as poor sleepers (Table 2). 

Significant differences were observed in sleep time described 

on the PSQI, the correlation coefficient of activity count and 

high frequency, and the correlation coefficient of activity 

count and low frequency/high frequency. The median sleep 

time described on the PSQI was 7 (range 5–9) hours for 

good sleepers and 6 (range 4–7) hours for poor sleepers. 

Sleep time described on the PSQI in the good sleeper 

group was significantly longer (Z=−2.29, P,0.05). The 

median activity count and high frequency correlation coef-

ficient in the good sleeper group was −0.62 (range −0.43 to 

−0.84) and that in the poor sleeper group was −0.45 (range 

−0.64 to 0.003); there was a significant negative correla-

tion between activity count and high frequency in the good 

sleepers (Z=−2.11, P,0.05). The median activity count 

and low frequency/high frequency correlation coefficients 

were 0.54 (range 0.29–0.73) and 0.41 (range 0.11–0.63) for 

the good and poor sleepers, respectively. The correlation 

was significantly strong between activity count and low 

frequency/high frequency in the good sleepers (Z=−2.53, 

P,0.05). No significant difference was observed for any 

of the other items.

Sleep time as measured by PSQI, 
actigraph, and autonomic nervous 
function
Sleep time as described on the PSQI for the previous month, 

actigraphy data, and heart rate variability data were ana-

lyzed (Table 3). Sleep time as described on the PSQI was 

recognized as having a significant positive correlation with 

Duration (r=0.446, P,0.05) and converted S
min

 (r=0.465, 

P,0.01), a positive correlation with S
min

 (r=0.377, P,0.05), 

and a negative correlation with the activity count and high fre-

quency correlation coefficient (r=−0.460, P,0.01). Duration 

was found to have a positive correlation with the converted 

S
min

 (r=0.961, P,0.01) and S
min

 (r=0.940, P,0.01), and a 

negative correlation with activity count (r=−0.499, P,0.01) 

and the average of the low frequency/high frequency value 

(r=−0.366, P,0.05).

Converted S
min

 was observed to have a positive cor-

relation with S
min

 (r=0.937, P,0.01) and a negative 

correlation with activity count (r=−0.477, P,0.01). 

W
min

 had a negative correlation with PSLP (r=−0.955, 

P,0.01). In contrast, S
min

 had a positive correlation with 

PSLP (r=0.404, P,0.05) and a negative correlation with 

activity count (r=−0.531, P,0.01). There was a negative 

correlation between the activity count and high frequency 

correlation coefficient and that for activity count and low 

frequency/high frequency (r=−0.371, P,0.05). There was 

also a negative correlation between the mean value for 

Table 2 Characteristics of the measured items by sleep quality

Measured items Good sleepers (n=17) 
Median (range)

Poor sleepers (n=14) 
Median (range)

Z P

Stime on PSQI (h) 7 (5–9) 6 ( 4–7) -2.29 *
Duration (min) 409 (269–589) 376 (256–507) -1.17 NS
Converted Smin (h) 7 (4–10) 6 (4–8) -1.79 NS
Wmin (min) 26.5 (7–79) 23 (13–68) -0.08 NS
Smin (min) 389 (238–538) 348 (233–492) -1.15 NS
PSLP (%) 92.70 (79.19–98.12) 92.24 (82.20–97.43) -0.18 NS
Correlation coefficient of AC vs HF (r) -0.62 (-0.43 to -0.84) -0.45(-0.64 to 0.003) -2.11 *
Correlation coefficient of AC vs LF/HF (r) 0.54 (0.29– 0.73) 0.41 (0.11–0.63) -2.53 *
BMI (kg/m²) 21.1 (17.7–25.3) 21.0 (17.5–25.3) -0.33 NS
AC (count) 148.53 (99.4–177.24) 156.16 (83.49–194.48) -0.85 NS
Mean value of HF (msec2) 275.71 (94.91–950.38) 147.70 (76.65–753.16) -1.08 NS
Mean value of LF/HF (ratio) 4.11 (1.87–8.97) 4.91 (2.34–6.09) -0.72 NS

Notes: Mann–Whitney U test. *P,0.05; NS: not significant. Stime is subjective sleep time described on PSQI (h).
Abbreviations: PSQI, Pittsburgh Sleep Quality Index; BMI, body mass index; Duration, time (min) from the start to the end of the “down”; Converted Smin, Smin converted to 
hours to match Stime; Wmin, number of minutes scored as awake; Smin, number of minutes scored; PSLP, percentage of minutes of sleep; AC, activity count; HF, high frequency; 
LF, low frequency; h, hours; min, minutes; vs, versus.
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high frequency and that for low frequency/high frequency 

(r=−0.651, P,0.01).

Discussion
Previous studies27,28 have indicated that subjective sleep time is 

associated with a risk of developing lifestyle-related diseases, 

although some of these studies29–31 used objective sleep data as 

well. Compounding subjective sleep data with objective sleep 

data provides a more accurate evaluation of sleep state as a 

risk of lifestyle-related disease. Therefore, it is important to 

compare and evaluate the influence of subjective and objective 

sleep time in order to correctly determine the risk of developing 

lifestyle-related diseases and autonomic nervous functioning. 

In the present study, subjective sleep time (measured by the 

PSQI) and objective sleep time (S
min

) were used as variables.

Subjects with an average sleep time of 6–8 hours are 

generally regarded as having the lowest risk for diabetes mel-

litus and obesity.27,28 However, in this study of 31 participants, 

14 had PSQI scores above the cutoff value of 6, indicating 

poor subjective sleep quality. Comparison of good sleepers 

and poor sleepers showed that although sleep time as mea-

sured by PSQI was significantly longer in good sleepers, no 

significant differences in Duration and S
min

 were observed 

between the two groups.

Differences  between subjective sleep time and objective 

data have been reported,29,30 and personal emotions are known 

to affect subjective satisfaction with sleep. The correlations 

between activity count and high frequency and between activ-

ity count and low frequency/high frequency were significantly 

weaker in the poor sleeper group. Therefore, it is useful when 

considering patient education or therapeutic efficacy monitor-

ing for poor sleepers that three measurements are available; 

ie, the PSQI, actigraphy, and heart rate variability.

Furthermore, it was assumed that there was a negative 

correlation between activity count and high frequency over 

24 hours, which is an indication of a healthy representation 

of sleep–wake rhythm.31,32 There was a positive correlation 

between activity count and low frequency/high frequency, 

indicating that for women aged 20–40 years with a normal 

body mass index, activity count obtained by actigraphy can 

be used as an indicator for assessment of autonomic ner-

vous function. There was a negative correlation between the 

average value of high frequency and that of low frequency/

high frequency, and this was presumed to be the result of 

antagonistic double innervation of autonomic nerves.33,34 This 

finding suggests the possibility of determining the status of 

sleep and autonomic nervous function by assessing the cor-

relation coefficient of activity count and high frequency or 
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low frequency/high frequency.32,35 The fact that there were 

positive correlations between sleep time as measured by PSQI 

and Duration and S
min

 is consistent with previous research 

on PSQI and actigraphy.

On the PSQI, poor sleepers were recognized as hav-

ing a significantly short subjective sleep time. In addition, 

considering that the correlation coefficient of activity count 

versus high frequency and that of activity count versus low 

frequency/high frequency are significantly lower in poor 

sleepers compared with good sleepers, it was considered 

possible to detect poor subjective sleep status and low auto-

nomic nervous function by combining actigraphy and heart 

rate variability analysis. In addition, because a significant 

negative correlation was observed between sleep time as 

measured by PSQI and the correlation coefficient of activity 

count versus high frequency, individuals with a short sleep 

time as measured by PSQI were thought to have a low corre-

lation coefficient between activity count and high frequency, 

indicating low parasympathetic function.

In a population-based sample of middle-aged adults, 

sleep time as measured by PSQI is moderately correlated 

with S
min

, but is biased by systematic over-reporting. The 

true associations between sleep duration and health may 

differ from associations between self–reported sleep and 

health.36 Participants with poor sleep quality on the PSQI 

can be examined in everyday settings (normal life, including 

work) by assessing the sleep–wake rhythm condition using a 

combination of an actigraph and heart rate variability analy-

sis, and without the use of complicated diagnostic equip-

ment such as polysomnography, a procedure that requires 

hospitalization in order to collect data. Also, in the case of 

the treatment of sleep disorders, therapeutic results used 

in the testing methods by this research can be effectively 

shown to a patient.

In this study, because the participants were young (20s 

to 40s), and this age group typically does not have problems 

with falling or staying asleep, few difficult cases of getting 

to sleep and arousal during sleep were identified. However, 

in order to assess and diagnose the sleep condition and 

determine the autonomic nervous system disorder for the 

participants whose W
min

, or arousal during sleep, was long, 

it is important to discuss both Duration and actual S
min

 with 

the patient, simply because even if Duration is between 6 

and 8 hours, the actual S
min

 is shorter. In such cases, where 

there was a negative correlation between sleep time as 

described on the PSQI and the correlation coefficient of 

activity count and high frequency, and where sleep time 

as described on the PSQI was long (6–8 hours), it was 

presumed that the negative correlation between activity 

count and high frequency was strong. It was considered 

possible to predict autonomic nervous function to a certain 

extent by assessing sleep time and sleep quality as described 

on the PSQI and the measured actigraph results. Chronic 

sleep deprivation is associated with cardiovascular events. It 

causes an autonomic imbalance and decreases intracellular 

magnesium levels, which may be associated with chronic 

sleep deprivation-induced cardiovascular events.37 There-

fore, it was considered that there is a need to study further 

factors which may potentially influence these sleep–wake 

conditions.

There was a significant negative correlation between 

activity count, Duration, converted S
min

, and S
min

. If the 

activity count is large, Duration, converted S
min

, and S
min

 are 

short. Therefore, it is recommended that results of the PSQI, 

actigraph, and heart rate variability be considered when 

undertaking a sleep quality study to establish the diagnosis. 

In the case report of a man with a sleep disorder who was 

examined with a combination of actigraphy and heart rate 

variability analysis,33,38 the correlation between activity count 

and high frequency or low frequency/high frequency was 

weak. In addition, in cases of elderly patients with diabetes 

mellitus,34,39 sleep time was long and the correlation between 

activity count and high frequency or low frequency/high 

frequency was weak as well. These findings suggest that it 

is possible to predict changes in autonomic nervous function 

due to disease by assessing these factors using a combination 

of actigraphy and heart rate variability analysis.

Limitations
The participants in this research had a body mass index 

within the normal range.35,40 However, high frequency 

and low frequency/high frequency can be affected by 

activity, diet, and stress. These data may fluctuate within 

individuals.18,34 Although standards of high frequency and 

low frequency/high frequency by age group have been 

provided, they vary between individuals.39,41 The power 

of high frequency components decreases with advancing 

aging.40,42,43 Therefore, it is important to increase the num-

ber of participants in future studies, and test for differences 

between age groups.

Complicated calculations were required for high fre-

quency and low frequency/high frequency. However, the 

development of simple calculation software will be helpful 

for the diagnosis of sleep quality conditions and abnormalities 

in autonomic nervous function. It is necessary to increase the 

number of participants and move further ahead with research 
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on the correlations among sleep quality, activity count, and 

autonomic nervous function.

The participants in this research were healthy women 

in their 20s to 40s, and all were Japanese. Therefore, there 

are limitations when applying the results of this research to 

unhealthy men and women, and to other ethnic/racial and 

minority groups. In addition, the menstrual cycle of the 

participants was not taken into consideration. It is impor-

tant to clarify the standard values necessary to detect sleep 

condition and autonomic nervous function by taking the 

menstrual cycle into consideration, and increasing the num-

ber of samples (including consideration of sex, particularly 

for men).

The criteria for patient selection did not consider coffee 

intake, which is known to influence sleep–wake rhythms. 

The current study was conducted without restriction of cof-

fee intake, allowing a normal daily consumption of coffee. 

Finally, family history of neurologic disorders was another 

factor not considered in this study.

Conclusion
The aim of this study was to determine the relationship 

between quality of sleep and autonomic nervous system func-

tioning using three measurements, ie, the PSQI, actigraphy, 

and heart rate variability. Actigraphy data were associated 

with heart rate variability and PSQI findings, but only in 

subjects who were poor sleepers. This affirms the value of 

actigraphy as a rapid, efficient, and inexpensive means of 

assessing sleep disorders. Actigraphy and PSQI are signifi-

cant clinical tests which can be useful to supplement other 

techniques of sleep assessment.
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