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ABSTRACT

Sleep quality analysis is crucial for human health and it is related to duration, rhythm and quality. 
The goal of  this study is to analyze objective assessment of  the sleep-wake cycles with actigraphy, 
subjective questionnaires and their relationship with sleep quality indices. A wearable actigraph 
registered the sleep habits of  41 healthy subjects for 9 days. Afterwards, the subjects filled two 
questionnaires about sleep quality (Pittsburgh Sleep Quality Index) and sleepiness (Epworth Sleepi-
ness Scale). The subjects were divided into two groups based on cut-off  scores and the actigraphy 
parameters were compared between groups. Group 1 in ESS and PSQI categorization had less diur-
nal sleepiness and better sleep quality, respectively, than Group 2. Measurements of  regularity (IS), 
fragmentation (IV), active phase amplitude (M10), rest amplitude (L5), and relative amplitude (RA) 
were compared between groups. Group 2 had higher L5 values. Parameter L5 (lowest of  5 consecu-
tive hours of  activity) was concluded to be relevant to identify the sleep conditions of  the subjects.
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INTRODUCTION
Sleep is a complex phenomenon that could be understood 

and assessed using objective (polysomnography, actigraphy) and/or 
subjective (sleep diaries, questionnaires) approaches.

Actigraphy provides a non-invasive method to assess 
sleep-wake cycles over long periods, from days to months. It is 
based on continuously monitoring body movements and identi-
fying the activity and resting periods. Its advantage is providing 
information for extended periods in the natural environment of  
the user1. The use of  actigraphy is usually complemented with 
qualitative methods for a more complete information about 
sleep problems, and sleep-related behaviors2. For instance, ques-
tionnaires such as the Pittsburgh Sleep Quality Index (PSQI) or 
the Epworth Sleep Scale (ESS) have been employed as general 
measures of  sleep quality and daytime sleepiness, and also to 
assess health and daytime dysfunction3.

In the sleep phase most of  the body’s physiological re-
coveries occur, such as musculoskeletal recoveries, processes 
related to immunity, and also in memory consolidation and 
learning facilitation4,5. Thus, sleep is an active process linked to 
wakefulness and the study of  the interaction between these two 
behavioral states is necessary for the understanding of  all pro-
cesses involved in sleep and among the main ones is the circa-
dian oscillation.

Borbély6 and Daan et al.7 proposed a process which in-
volves the circadian and homeostatic regulation. In this model, 
the sleep pressure (homeostatic process) increases exponentially 
from the beginning of  the wake to the beginning of  the sleep, 
recovering the sleep pressure. The homeostatic process acts to-
gether with a circadian component (circadian process) in which 
there are times of  the day with bigger and smaller propensity 
to sleep. n this way, for a better understanding of  sleep phe-
nomenon, the study of  sleep and circadian parameters from the 
actigraphy may be a good approach in order to explain multifac-
torial sleep disturbances.

The relation of  self-reported and some objective sleep 
indicators (duration, latency, and efficiency) has been analyzed 
in the last years8-11. Most of  these articles do not show agree-
ment between the two measures. However, in none of  them 
the nonparametric circadian rhythm analysis (interday stability 
- IS, intraday variability - IV, the least active 5-h period - L5, 
the most active 10-hour period - M10, relative amplitude - Ra) 
was used as the method for extracting circadian characteristics 
from the rest-activity cycle. The degeneration of  the circadian 
timing system likely contributes to the changes in sleep. Up to 
date, there are no studies comparing non-parametric circadian 
rhythms analysis and PSQI and ESS in healthy population. The 
goal of  this study is to analyze the objective assessment of  the 
sleep-wake cycles with actigraphy, the standard subjective ques-
tionnaires and their relationship with sleep quality indices.

ACTIGRAPHY
Hardware

The actimeter used for the analysis is the ActTrust 
(Condor Instruments Ltda). The ActTrust device is equipped 

with a 3-axis accelerometer, two precision temperature sensors, 
one in the skin and one for the environment and a light sensor 
with RGB spectrum detailing. The device can monitor up to 3 
months of  continuous data. The devices were configured to reg-
ister the activity data and to process it with Proportional Integral 
Mode (PIM) algorithm with a 60 seconds epoch. This algorithm 
filters and integrates the acceleration to obtain a measure of  
the user’s activity. The PIM data with 60 seconds epoch was 
integrated within every hour of  the days generating twenty-four 
epochs of  3600 seconds. The resulting data was used to calcu-
late the nonparametric parameters.

The data was downloaded using the software ActStudio 
(Condor Instruments Ltda., SP, Brazil) (Fig. 1).

Data analysis
The actigraphy data can be analyzed focusing sleep or 

the total circadian rhythm. In sleep analysis, it is possible to mea-
sure the start and end of  sleep, total sleep time, latency to sleep 
onset, duration in minutes of  nighttime awakenings, and sleep 
efficiency.

To assess the circadian rhythm, analyses were performed 
to measure regularity (IS), fragmentation (IV), amplitude of  the 
active phase (M10), amplitude of  rest (L5) and relative ampli-
tude (RA).

The intraday variability (IV) is calculated as the average 
of  the differences between the posterior and previous hour nor-
malized by the variance of  one-hour activity data obtained with 
the PIM12. ‘X’ is the registered activity data or registry value; 
‘Xm’ is the mean of  all registry values; ‘N’ is the total number 
of  records.

                                                                  (1)

This value is used to detect fragmentation of  activity 
rhythms. A value of  high IV is usually an indicative of  daytime 
sleep and/or nighttime awakenings.

Interday stability (IS) is calculated as the ratio of  the vari-
ance of  the average profile 24 hours by variance of  the data. IS 
was calculated from the average value IS computed from 1 to 60 
minutes13. In equation ‘p’ is the number of  records in one day 
and ‘Xh’ is the average of  all values obtained at time ‘h’ in a day.

                                                                   (2)

As Moore-Ede et al.14 pointed out, changes in the IS may 
indicate a loose coupling between the rhythm of  rest-activity 
and its supposedly stable markers because IS tends to decrease 
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as the change in the day-to-day increases (that is, by definition, a 
weak coupling of  activity patterns).

M10 is defined as the maximum sum of  10 consecutive 
hours of  activity log. L5 is defined as the lowest sum of  5 con-
secutive hours of  the activity log. RA is calculated as (M10-L5)/
(M10+L5)12.

EXPERIMENTS
Subjects

Forty-one healthy volunteers of  both genders partici-
pated in the study (mean age 22.2 years, mean body mass index 
22.47 Kg/m2, 80.49% women). The exclusion criteria were diag-
noses of  psychiatric or sleep disorders.

The study was approved by the local Ethics Committee 
at the Federal Institute of  Education, Science and Technology 
of  the Southeast of  Minas Gerais, Barbacena, Brazil (register 
number 39125214.0.0000.5588).

Actigraphy
Participants were asked to wear an actimeter watch (Act-

Trust®, Condor Instruments, Brazil) all the time except while 
bathing. Circadian rhythm and sleep variables were collected in 
proportional integration mode (PIM).

Questionnaire parameters
The Pittsburgh Sleep Quality Index Questionnaire 

(PSQI)15 subjectively evaluates sleep disturbances as well as 
sleep quality. This questionnaire is composed of  nineteen indi-
vidual items that generate seven “component” scores: subjec-
tive sleep quality, sleep latency, sleep duration, habitual sleep 
efficiency, sleep disturbances, use of  sleeping medication, and 
daytime dysfunction. The score of  the answers is based on a 0 to 
3 scale. A global sum of  the components equal or greater than 
“5” indicates problems in sleep.

The Epworth Sleep Scale (ESS)16 is a questionnaire that 
measures a person’s general level of  daytime sleepiness. The re-
spondents have to rate, on a 4-point scale (0 - 3), their usual 
chances of  dozing off  or falling asleep. The higher the score, 
the higher the person’s level of  daytime sleepiness. Using a total 
cut-off  score >10, it is possible to identify individuals with high 
possibility of  excessive daytime sleepiness. Scores > 16 indicate 
severe sleepiness.

The PSQI and the ESS are two commonly employed 
questionnaire instruments3,11.

Data analysis
The division of  the Groups according to the PSQI 

scores was determined by the threshold of  5 points of  the to-
tal scores (Group 1: total score of  < 5; Group 2: score of  ≥ 
5). The division by ESS score was determined by the threshold 
of  10 points. Group 1 (n=21) in the ESS categorization has 
less diurnal sleepiness than Group 2 (n=20). Group 1 (n=21) 
in PSQI has better quality of  sleep than Group2 (n=20). The 
normality tests were performed using the Shapiro-Wilk test and 
the difference of  means was made using the independent T test. 
Statistical significance level was set at p≤0.05. The statistical pro-
cedures were performed using the SPSS 20 program (IBM Corp. 
Released 2011. IBM SPSS Statistics for Windows, Version 20.0. 
Armonk, NY: IBM Corp.).

RESULTS
From the analysis of  the results, significant differences 

are observed in L5 values by the PSQI groups categorization.
Individuals who have lower quality of  sleep in PSQI 

have higher L5 values when compared with the group with 
better sleep quality (F=7.428; t= -2.097; p=0.043; Cohen’s d= 
-0.67; effect-size r=0.32 - Table 1, Fig. 2).

Figure 1. Actogram, raw actigraphy data along with the detection of  the sleep intervals.
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Table 1. Between group differences in the circadian parameters.

Circadian Parameters

Questionnaires

ESS- Mean (SD) and 
95% CI for mean: 

Upper

PSQI- Mean (SD) and 
95% CI for mean:

Upper

Lower Lower

IS

Group1 .309 (0.0794)
0.273

p 
0.23

.321 (0.0779)
0.285

p
0.71

0.345 0.356

Group2 .343 (0.1000)
0.296

.331 (0.1040)
0.282

0.390 0.380

IV

Group1 .724 (0.0939)
0.682

p
0.21

.731 (0.0893)
0.690

p
0.11

0.767 0.771

Group2 .677 (0.1438)
0.609

.670 (0.1442)
0.603

0.744 0.738

M10

Group1 3290422 (689010)
2976789

p
0.32

3183031 (615794)
2902726

p
0.07

3604057 3463338

Group2 3570038 (1086026)
3061763

3682799 (1089727)
3172791

4078315 4192807

L5

Group1 46617 (45562)
25877

p
0.26

40144 (18360)*
31787

p
0.04

67357 48502

Group2 63912 (51216)
39942

70708 (64117)*
40701

87883 100717

Ra

Group1 .972 (0.0226)
0.962

p
0.22

.974 (0.0132)
0.968

p
0.11

0.982 0.980

Group2 .963 (0.0263)
0.950

.961 (0.0318)
0.946

0.975 0.976
* p<0.05 in independent T test.

Figure 2. L5 values in PSQI Groups.

However, there are no differences when comparing the 
groups separated by the ESS categorization. No other statistical 
differences were found.

DISCUSSION AND CONCLUSIONS
The chronic restriction is related with the contempo-

rary daily habits; the delay in sleep due artificial lighting in the 

residences and waking up early due to social obligations, result 
in a significant reduction in quality of  life17. Chronic sleep depri-
vation is associated with several health and brain function prob-
lems, which cause loss of  performance in daily tasks and in the 
learning process4.

It seems that a large portion of  the population is sleep 
deprived. The pattern of  restriction and extension of  sleep du-
ration due the differences in routines on workdays and on free 
days generates sleep deprivation18-20. This pattern of  restriction 
and extension of  sleep was popularized when Wittman et al.18 
and Roenneberg et al.20 adopted the term “social jet lag” to de-
scribe the same phenomenon. The authors associated social jet 
lag with the incidence of  various diseases, such as depression, 
substance dependence, such as smoking and disorders, such as 
obesity. In addition, it cognitive deficit has been reported due 
to a disturbance in frontal cortex connectivity caused by sleep 
deprivation. Despite all of  the problems caused by sleep depri-
vation it is difficult to measure in long-term recordings. This has 
led to evaluation by means of  questionnaires that suffer from 
the subjective perception about sleep and sleep condition. The 
use of  actigraphy has opened a window to assess activity, related 
to sleep, in long-term recordings. When comparing the actigra-
phy parameters with the ESS and PSQI questionnaires scales 
we have used a classification of  the participants in two groups 
based on the questionnaires scores.
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Afterwards, we have compared the actigraphy param-
eters from each group in order to see if  they corresponded to 
different populations. We found that the L5 parameter obtained 
with the PIM algorithm was the only one that had a significant 
difference between the two groups defined by PSQI. The PSQI 
is a subjective approach to assess disturbances related to sleep 
and quantify sleep quality. In this way, if  it is possible to mea-
sure the sleep movements in the sleep phase, it may be possible 
to identify an objective correlate for the sleep quality measures 
obtained by questionnaires. For this goal, the analysis of  the 
actigraphy parameters is a promising approach.

Regarding the sleep deprivation assessment by sleep/
wake parameters, higher values of  L5 means that the subject has 
more awakenings or movements during the sleep phase, which 
may compromise the quality of  rest, resulting in more diseases 
and disturbances related to sleep deprivation. Higher values of  
L5 are also observed in patients with neurological diseases, such 
as Alzheimer and Parkinson13, populations in which the quality 
of  sleep is known to be deteriorated. However, in our analy-
sis, differences in parameters of  stability and fragmentation of  
sleep (IS and IV, respectively) were not observed, which leads to 
suppose that the phenomenon is too complex to be explained 
with a single parameter.

The results from the questionnaires, a subjective evalu-
ation, match the results from the actigraphy only in one sleep/
wake rhythm parameter, which is considered an objective assess-
ment of  the sleep condition of  the subject. Since L5 records 
the movement of  the individuals during the sleep phase, the use 
of  this parameter as a criterion for the identification of  sleep 
disturbances can contribute to a better understanding of  this 
phenomenon.

The actigraphy data contained measurements obtained 
during a period of  time, comprising weeks or up to months 
(nine days in our experiments).  On the other hand, the ques-
tionnaires are usually skewed towards more recent information, 
probably reflecting the behavior of  the last couple of  days or 
even considering recent unexpected events that are mostly re-
membered.

It seems that sleep evaluation must be treated as a mul-
tivariate time series because several variables must be consid-
ered to describe sleep deprivation conditions in certain periods 
of  time. In addition, several questionnaires capturing different 
aspects of  sleep behavior should be taken into account. There-
fore, L5 that is an actigraphy parameter and a sleep rhythm 
measurement, also contains information about the quality of  
sleep, as shown by its relationship with the sleep quality scores 
obtained from the questionnaires.
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