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Abstract: The objective of this study was to explore the relationship between subjective happiness
and subjective and objective sleep. The participants were 24 healthy university students (11 males,
13 females; mean age 22.4 + 2.1). Their subjective happiness was measured by the Japanese Subjective
Happiness Scale (JSHS). Furthermore, their subjective and objective sleep evaluation was measured by
Ogri-Shirakawa-Azumi sleep inventory MA version (OSA-MA) and a non-contact sheet sensor (SS).
The results indicated that participants with higher subjective happiness had objectively shorter sleep
onset latency, higher sleep efficiency, and lower heart rate during sleep. On the other hand, no such
correlations were found between subjective sleep evaluation with OSA and subjective happiness.
These results suggest that subjective happiness is related with the ability to more easily fall asleep
and better sleep efficiency.
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1. Introduction

In recent years, human subjective happiness (or, in a broader sense, subjective well-being) has
garnered attention in developed countries as a topic in various fields, including psychology, medicine,
philosophy, economics, and sociology. Subjective happiness is an intrinsic human function representing
an individual’s evaluation of their daily life. The concept comprises affective aspects, such as the
extent of positive and negative emotions, and cognitive aspects assessing the degree to which one
is satisfied with their day-to-day experiences and their lives as a whole [1]. Subjective happiness
has previously been found to be beneficial to health and longevity, to have favorable effects on
the function of neurological systems, metabolic systems, and immunological systems involved in
promoting continued good health, and to be associated with cardiovascular function [2]. For example,
subjective well-being has been reported to suppress the activation of noradrenergic neurons and
excessive secretion of cortisol—a stress hormone—because of acute stress, and to be correlated with
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low levels of the typical inflammatory markers C-reactive protein (CRP) [3] and interleukin-6 (IL-6) [4].
Furthermore, increasing subjective happiness has been shown to enhance sleep quality and reduce
blood pressure [5]. Thus, while verification of the role of subjective happiness in mental and physical
health is underway;, it has been suggested that increasing subjective happiness may contribute to
the maintenance and enhancement of health. Yet, the types of factors that might elevate subjective
happiness remain unclear.

Correlations between various health-related behaviors and subjective happiness have recently
emerged [6]. Among health-related behaviors, sleep has been strongly correlated with happiness.
Particularly, subjective happiness and positive affect have been associated with high-quality sleep and
minimal sleep problems [7]. However, while the results of a systematic review on the relationship
between positive affect and sleep concluded that subjective happiness and positive affect are correlated
with sleep (length and quality), most of the data were from questionnaire surveys, and only 6 of 44 studies
used objective sleep evaluations. The authors of the review thus indicated that, though conclusions
must be made carefully due to so few studies having used objective sleep, use of objectively evaluated
sleep would reduce measurement error and likely lead to less bias in effect estimation. The authors
also indicated that more detailed examinations using both subjective and objective evaluations of sleep
are necessary to clarify the correlations between sleep, health, and subjective happiness [8].

Shimai, Otake, Utsuki, Ikemi, and Lyubomirsky [9] created the Japanese Subjective Happiness Scale
(JSHS) to clarify the characteristics of individuals who report feeling happy in various circumstances,
and found that individuals with high JSHS scores had high life satisfaction, high self-esteem, and were
physically healthy. Furthermore, JSHS scores have been found to negatively correlate with the cortisol
awakening response and peripheral proinflammatory cytokine concentration [10,11]. The JSHS is
useful as a standardized measure of subjective happiness.

Although polysomnography (PSG) is the gold standard for objective sleep evaluation, the method
involves attaching electrodes to the head, which can inhibit natural sleep and can be difficult to
conduct at home. Non-contact sheet sensors (SSs) are a recently-developed type of sensor confirmed
to have the reliability and validity of PSG and actigraphy [12]. Thus, SSs constitute a convenient
method for collecting sleep data, and can facilitate diagnoses, evaluations of treatment, and clinical
research on sleep disorders. SSs can be used to objectively and conveniently evaluate sleep without
requiring the subject to sleep with restraints. However, to our knowledge, no studies have examined
the association between subjective happiness, which is recognized as being closely related to sleep
quality, and objective sleep evaluations conducted using SSs. If data collected using SSs are found to
accurately reflect subjective happiness, this will indicate that noninvasive at-home sleep measurements
are possible, thereby significantly contributing to clarify the relationship between daily sleep habits
and subjective happiness.

In this study, we conducted an exploratory investigation of the relationship between subjective
happiness as measured by the JSHS, subjective sleep evaluated according to the Ogri-Shirakawa-Azumi
sleep inventory MA version (OSA-MA), and objective sleep evaluated using SS.

2. Materials and Methods

2.1. Participants

Participants were recruited by phone and email. Participants were 24 healthy university students
(11 males, 13 females; age range 19-26 years, mean age 22.4 + 2.1 years) from whom consent to participate
was obtained. It was confirmed in advance that experiment participants were free from any endocrine,
eating, or psychiatric disorders and were not taking steroids or oral contraceptive medications.

2.2. Procedure

Participants were asked to come to the laboratory and were administered a questionnaire on
their year in school, sex, age, and JSHS after an explanation of a simple study protocol and how to
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use the SS. They were asked to place the SS beneath their usual bedding at home and to perform the
actual measurement (one night) after a one-night trial to confirm the monitor was operating properly.
Participants were asked to complete the OSA-MA upon waking. They were not specifically instructed
to perform on either weekdays or weekends but were asked to measure their sleep on days when they
could maintain their regular life, including sleep patterns.

2.3. Questionnaire

SHS [9]: The SHS is a questionnaire measuring subjective happiness comprising 4 items,
self-evaluated on a 7-point scale. For example, the first item asks participants to characterize
themselves using absolute ratings from “not a very happy person” (1) to “a very happy person” (7).
The scores from each item were averaged into a single JSHS composite score, with higher scores
demonstrating a higher level of subjective happiness. The test-retest reliability, convergent validity,
and discriminant validity of the SHS were confirmed through a series of studies to determine the
characteristics of people who continue to be happy regardless of their circumstances.

OSA-MA [13]: The OSA-MA is a scale measuring subjective sleep quality upon waking, comprising
5 subscales and 16 items self-evaluated on a 4-point scale: Sleepiness on rising (e.g., “I have the ability
to concentrate”), initiation and maintenance of sleep (e.g., “I slept very well”), frequent dreaming
(e.g., "I frequently had a dream”), refreshing (e.g., “Fatigue still remains”), and sleep length (e.g., “I had
a long sleep time”). The Z scores were calculated in order to adopt recommended statistical weighting
score [14] for the following analysis, where a higher score demonstrates a worse subjective sleep quality.

2.4. Non-Contact Sheet Sensor

Objective sleep evaluation used the Sleep Monitor (Aisin Seiki Co., Ltd., Aichi, Japan). This device
consists of a sleep monitor terminal and movement sensor sheet (The sheet size was 60 X 19 cm, with a
thickness of 10 mm). The seat is equipped with six piezoelectric sensors, which detect vibrations.
The vibration is sent to the analysis circuit and extracts the signal elements of body movement,
heart rate, and respiration after filtering the signal. Sleep indicators are extracted and recorded based
on this information. Therefore, simply spreading the sensor sheet beneath one’s bedsheets allows
simple measurement of total sleep time (TST), sleep onset latency (SOL), wake time after sleep onset
(WASOQ), heart rate (HR), and respiration rate (RR) during sleep. It is also possible to evaluate sleep
efficiency (SE) from these values.

2.5. Data Analysis

Data were analyzed using SPSS (Statistical Package for the Social Sciences) 20.0] for Windows.
Correlations between JSHS score, sleep indicators measured by SS (TST, SOL, SE, WASO, HR, RR,
and BM), and subscale scores of the OSA-MA (sleepiness on rising, initiation and maintenance of sleep,
dreaming, refreshing, sleep length) were calculated using partial correlation coefficient controlling for
the influence of sex. We also performed backward stepwise multiple regression analysis to examine
the predictability of subjective happiness (single JSHS composite score) by subjective and objective
sleep indicators; Subjective and objective sleep indicators as the object variable; JSHS composite score
as the dependent variable; and sex, age, BMI and smoking habits as covariates. All statistical analyses
were carried out with values below 5% treated as a significant difference and values below 10% treated
as a significant trend.

2.6. Ethical Considerations

This study was carried out with the approval of the Ethics Committee of Kurume University.
Participants provided consent after both an oral and written explanation that participant safety would
be prioritized, research results data anonymized and used only for research purposes, privacy would
be strictly observed, there would be no disadvantages to declining to participate, and that subjects
could revoke their participation freely at any time even after participating.
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3. Results

3.1. Participants Characteristics

The participants’ characteristics are shown in Table 1. Approximately half (54%) of the subjects
were women, and the mean JSHS score was 4.8. The mean BMI was 21.12, and most of the participants
did not habitually smoke (91.7%) or drink alcohol (95.8%). The mean TST was 345.6 min, SOL was
7.8 min, and the SE was 97.8% as measured by the SS.

Table 1. Characteristics of the participants.

Variable
Age (years) 2242 (2.1)
Gender (% female) 54.2%
BMI 21.12 (3.15)
JSHS 4.75 (1.03)
OSA-MA
Sleepiness on rising 13.88 (5.21)
Initiation and maintenance of sleep 17.13 (6.49)
Frequent dreaming 24.25 (7.93)
Refreshing 14.62 (5.68)
Sleep length 14.73 (7.47)
Non-contact sheet sensor
TST (min) 345.58 (61.48)
SOL (min) 7.83 (4.41)
SE (%) 97.80 (1.36)
WASOQO (min) 13.29 (8.09)
HR (bpm) 60.08 (6.73)
RR (bpm) 15.16 (1.53)
Presently smoking (% No) 91.67%
Presently drinking (% No) 95.83%

3.2. The Relationship between Subjective and Objective Sleep Indicators

The correlation analysis of the sleep indicators measured by the SS and OSA-MA indicated that
the TST, as measured by the SSs, was positively correlated with the “initiation and maintenance of
sleep”, “refreshing”, and “sleep length” factor scores of the OSA-MA (r = 0.53, p = 0.009; r = 0.64,
p = 0.001; r = 0.48, p = 0.020, respectively). Similarly, a positive correlation was observed for SE,
as measured by the SS, and the “initiation and maintenance of sleep” factor score of the OSA-MA
(r=0.46, p = 0.029). Significant correlations were not found for any other sleep indicators.

3.3. The Relationship between Subjective Happiness and Sleep Indicators

We used partial correlation coefficient to examine the associations between JSHS scores and
SS/OSA-MA sleep indicators (Table 2). As a result, significant correlations were confirmed between
JSHS score and SOL (r = —0.50, p = 0.014), SE (r = 0.52, p = 0.011), and HR (r = —0.44, p = 0.035),
as measured by the SS (Figure 1). Significant correlations were not observed between JSHS scores and
any OSA-MA factor scores.



Sustainability 2020, 12, 4630 50f9

Table 2. Correlations between the JSHS score and sleep indicators after controlling for the influence of sex.

Non-Contact Sheet Sensor OSA-MA
TST SOL SE WASO HR RR Sleepn}ess .Imtlatlon and Frequgnt Refreshing Sleep length
on rising maintenance of sleep  dreaming
JSHS -0.01 -0.50* 0.52*  0.03 -0.44* 0.20 —-0.20 0.08 —-0.09 —-0.07 —-0.02

JSHS: Japanese Subjective Happiness Scale; OSA-MA: OSA sleep inventory MA version; TST: total sleep time; SOL: sleep onset latency; SE: sleep efficiency; WASO: wake time after sleep
onset; HR: heart rate; RR: respiration rate. * p < 0.05.
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Figure 1. Scatter diagrams of correlations among JSHS score and objectively evaluated sleep onset latency, sleep efficiency and heart rate.
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Backward stepwise multiple regression analysis was carried out to clarify the effects of sleep
indicators on JSHS scores with each sleep indicator as an explanatory variable, JSHS score as the
target variable, and sex, age, BMI, alcohol consumption, and smoking habits as covariates (Table 3).
Consequently, SE (8 = 0.45, R? change = 0.195, p = 0.018) and HR (8 = —0.33, R? change = 0.104, p = 0.076),
as measured by SS, had significant coefficients of determination (R? = 0.38, Adjusted R? = 0.32, p = 0.007).
The correlation coefficients between explanatory variables were all < r = (0.70 and the variance inflation
factors (VIF) were all <5, ruling out the possibility of multicollinearity.

Table 3. Backward stepwise multiple regression of JSHS score by sleep indicators.

B AR? t p Value  VIF

OSA-MA
Sleepiness on rising - - - - -
Initiation and maintenance of sleep - - - - _
Frequent dreaming - - - - -
Refreshing - - - - _
Sleep length - - - - -

Non-contact sheet sensor
TST - - - - _
SOL - - - - -
SE 045 0.20 2.56 0.018 1.05
WASO - - - - _
HR -0.33 0.10 -1.87 0.076 1.05
RR - - - - -

JSHS: Japanese Subjective Happiness Scale; OSA-MA: OSA sleep inventory MA version; TST: total sleep time;
SOL: sleep onset latency; SE: sleep efficiency; WASO: wake time after sleep onset; HR: heart rate; RR: respiration
rate Adjusted for sex, age, BMI and smoking habits.

4. Discussion

In this exploratory study, we examined the relationship between subjective happiness and objective
sleep, as measured by SS, and that with subjective sleep, as measured by the OSA-MA during one
night in university students. The results revealed that participants with higher levels of subjective
happiness, as measured by the JSHS, had higher objective sleep quality. Furthermore, although only
a significant trend, lower heart rate during sleep was correlated with higher subjective happiness.
Conversely, no such correlations were found between subjective sleep, as evaluated using the OSA-MA,
and subjective happiness. This suggests that subjective happiness is closely related to objective sleep
quality, and furthermore, that subjective happiness might be related to subjective and objective sleep
evaluations in different ways.

The correlation analysis between sleep variables measured via SS and subjective sleep quality
revealed that objective sleep time and sleep efficiency were correlated with subjective sleep quality
(“initiation and maintenance of sleep”, “refreshing,” and “sleep length”) upon waking. The reliability
and validity of SSs have already been confirmed through simultaneous measurement with PSG and
actigraphy [12]. Our data also supported the efficacy of SSs as an accurate method of measuring
subjective sleep quality upon waking.

The results of our correlation analysis and multiple regression analysis for subjective happiness
and sleep variables confirmed moderate positive correlations between JSHS scores and objective sleep
latency, sleep efficiency, heartrate during sleep, and identified sleep efficiency as a factor influencing
subjective happiness. Higher subjective happiness has been correlated with lower levels of rumination
on negative thoughts before falling asleep, higher quality sleep, fewer sleep problems, a shorter period
between falling asleep and reaching deep sleep, and fewer bodily movements during sleep [15-17].
Furthermore, high-quality sleep and ease of falling asleep have been found to correlate with recovery
from fatigue and good physical health, which are known to improve quality of life (QOL) [18].
These findings suggest that university students with higher levels of subjective happiness might fall
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asleep more easily and have higher sleep efficiency, which could lead to better subjective ratings
of health.

Although marginally significant, heart rate during sleep was found to be a factor relating to
subjective happiness. Positive affect—particularly a calm mood and feelings of satisfaction—has been
shown to correlate with low heart rate during sleep [19]. Additionally, activity in the parasympathetic
nervous system has been found to be predominant during non-REM sleep, reducing physiological
functions such as heart rate variability, respiration rate, blood pressure, and body temperature [20,21].
Moreover, Okano, Tochikubo, and Uemura [22] indicated that individuals with better cardiovascular
function during sleep have higher health-related QOL. These previous data and our current findings
suggest that subjective happiness may be correlated with cardiovascular function during sleep,
and consequently, that cardiovascular function during sleep may have important effects on physical
and mental health, as well as daily social activity. Further detailed investigations regarding the
relationship between subjective happiness and physiological function during sleep are necessary to
clarify these relationships.

We found no significant correlations between subjective happiness and subjective sleep quality,
as measured by the OSA-MA. This may reflect the utility of the OSA-MA in analyzing the psychological
aspects of sleep on the awake, rather than to obtain subjective evaluations of sleep latency, sleep time,
and sleep quality. These results also may reflect that both subjective and objective sleep evaluations
were carried out for only one night. Further examinations of the relationship between subjective
happiness and subjective sleep quality by long-term nighttime measurements may benefit from the
use of subjective sleep evaluation methods that measure sleep problems (insomnia, inadequate sleep
time, and poor sleep quality), as well as other sleep questionnaires such as the Pittsburgh Sleep Quality
Index (PSQI) [23] or the 3 Dimensional Sleep Scale (3DSS) [24].

This study has several limitations. First, this study lacked statistical power due to the small
sample size taken from a limited population of university students. Additionally, consideration of
confounding factors, such as health behaviors and BMI, was limited. For these reasons, future studies
that consider additional confounding factors, such as psychosocial factors, diet, and physical activity,
with larger samples with different ages and occupations, including workers, are required to clarify
the generalizability of our results. Next, both subjective and objective sleep evaluations were carried
out for only one night. Sleep is thought to be strongly affected by psychological stress or the events
of the day. Therefore, longer-term sleep evaluations that include both weekdays and weekends are
necessary. Furthermore, the average SE of all participants was 97.8%, which was a remarkably high
value. Further studies regarding the relationship between subjective happiness and subjective and
objective sleep for populations with lower SE are necessary. Finally, because this was a cross-sectional
study, the causal relationship between subjective happiness and sleep remains unclear. Subjective
happiness and sleep have been observed to exert a bidirectional influence on one another in which
both are causes and effects [8,15]. Longitudinal or interventional research will enable exploration of
the causal relationship between the two variables.

5. Conclusions

This study was an exploratory investigation of the relationship between subjective happiness and
subjective and objective sleep evaluations in university students. Our results indicated that higher
levels of subjective happiness are associated with objectively shorter sleep onset latency, higher sleep
efficiency, and lower heartrate during sleep. Further research is needed to measure long-term nighttime
sleep in a large sample and clarify the function and role of subjective happiness in sleep, physical
health, and mental health, including relationships with psychosocial factors.
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