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2

1 Department of Sociology, Faculty of Social Sciences, Charles University, Prague, Czechia, 2 Institute of

Sociology of the Czech Academy of Sciences, Prague, Czechia

* 40672727@fsv.cuni.cz

Abstract

Previous research has shown that sleep deprivation, low quality sleep or inconvenient sleep-

ing times are associated with lower quality of life. However, research of the longitudinal

effects of sleep on quality of life is scarce. Hence, we know very little about the long-term

effect of changes in sleep duration, sleep quality and the time when individuals sleep on

quality of life. Using longitudinal data from three waves of the Czech Household Panel Study

(2018–2020) containing responses from up to 4,523 respondents in up to 2,155 households,

the study examines the effect of changes in sleep duration, sleep quality and social jetlag on

satisfaction with life, happiness, work stress, subjective health and wellbeing. Although

sleep duration and timing are important, panel analyses reveal that sleep quality is the stron-

gest predictor of all sleep variables in explaining both within-person and between-person dif-

ferences in quality of life indicators.

Introduction

Previous research has shown that sleeping patterns are related to quality of life (QoL) and that

key aspects are the time when individuals sleep, sleep duration and sleep quality. People who

obtain sufficient high-quality sleep at proper times were found to have better general health [1]

and overall quality of life [2]. By contrast, individuals who sleep too much [2] or sleep poorly

[3] exhibit diminished quality of life. Despite previous research on QoL and sleep being sub-

stantial, they often lack in depth and scope and we know little about the effects of these three

aspects of sleep on QoL and the development of their influence over time, which are significant

considerations. Using three waves of the Czech Household Panel Study data, the present study

contributes to the literature by examining the effect of sleep duration, sleep quality and social

jetlag on five QoL indicators and exploring the trends in time.

Quality of life definition

Originally, high QoL was perceived as a lack of stress, but the idea evolved into a multidimen-

sional concept which emphasizes the subjectivity of experience, function and wellbeing and

encompasses the physical, psychological and social domains of life [4]. QoL is an interplay

between the perception of an internal state, such as the experience of happiness or feeling of
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good health or satisfaction, and external events in the surrounding environment, which may

include family and career [5].

The model in the present study was built according to the theoretical model of QoL by Ven-

tegodt et al. [6]. The model comprises various parameters grouped into three complementary

categories, each being concerned with an aspect of good life: subjective, existential and objec-

tive. The above-mentioned authors incorporated notions of QoL into an integrative quality-of-
life (IQOL) theory. We base our analysis on the subjective component of this all-embracing

theory, which includes the following parameters: wellbeing, satisfaction with life, happiness

and meaning in life (Fig 1).

These IQOL parameters are intertwined and crucial factors in describing QoL [4]. For

instance, subjective wellbeing might be characterized as an emotional response and evaluation

of satisfaction with life [7] which includes both cognitive judgments and affective reactions

[4]. Since wellbeing captures a person’s emotional state and touches on their mental state, our

interpretation regards these states as complementary to subjective health, which more straight-

forwardly encompasses physical aspects. While happiness could be described as a person’s cur-

rent positive emotional condition [8], satisfaction with life represents a stable assessment of

general feelings about life and indicates a long-term attitude [8]. Work also forms an impor-

tant part of life, contributing to its meaning [6]. Although work can be exciting and satisfying,

it may also be a cause of stress. Work stress refers to a negative psychological state which may

involve numerous conditions in the working environment and consists of an interplay of cog-

nitive, affective and physiological reactions functioning as stressors [9]. Stress causes the ana-

tomic nervous system to release the hormone cortisol, which commonly aids in regulating

sleep cycles. At elevated levels, however, cortisol results in sleep disturbances and insomnia

[10]. Insufficient, excess, poor or otherwise impaired sleep, especially in the long-term, is con-

cerning since it may result in severe physical, mental and social consequences in quality of life.

Previous research

Quality of life and its relationship to sleep

According to Repair and Restoration theory (RRT), sufficient sleep rewards us with restoration

and repair that no other physiological process is able to achieve [11]. After a good night’s sleep,

individuals feel mentally sharp and rested. Research on body functioning also suggests that

muscle repair, tissue growth and many other essential processes occur primarily during sleep

[12], thereby affecting wellbeing and QoL. By contrast, insufficient sleep and accumulated

sleep debt impairs mental function [13] and leads to health problems, including depression

[14], obesity [15], diabetes and cardiovascular disease [16], increases the risk of cancer and

reduces life expectancy [17]. IQOL and RRT theories and strong empirical evidence indicate

that sleep affects QoL. Not only that sleep, in theory, restores the body and elevates the mind,

studies have confirmed that sleep predicts quality of life, not the opposite [18, 19]. Previous

research suggests three aspects of sleep are related to QoL: sleep duration, sleep quality and

social jetlag.

Sleep duration. Sleep duration is a reliable predictor of wellbeing [18] and affects QoL. A

systematic review and meta-analysis by Cappuccio et al. [20] found that both too short and too

long periods of sleep lead to elevated mortality. There is, however, no agreement in the litera-

ture on what is normal, short or long sleep duration, each study used different cut-off points.

This is also a reason why our study relates only to relative time spent sleeping (less or more

hours in comparison to other respondents). A longitudinal study of 1,601 Swiss and Norwe-

gian adolescents concluded that longer sleep duration is associated with higher levels of wellbe-

ing [18]. In another study of adolescents (n = 4,582), shorter sleep duration was related to a
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lower level of happiness [21]. Ness and Saksvik-Lehouillier [22] surveyed 474 Norwegian uni-

versity students and concluded that longer average sleep duration is associated with greater life

satisfaction.

However, some studies, such as a two-decade old experiment involving 75 university stu-

dents who maintained sleep logs for three seven-day periods over three months and subse-

quently took part in a survey [23], claim that sleep quantity does not contribute to wellbeing.

Two recent studies drawing on the German Socio-Economic Panel separately investigated

sleep duration on workdays and weekends: Pagan [24] observed a sample of 105,340 individu-

als with disabilities for six years (2008–2013) and concluded that longer sleep duration on

workdays increases life satisfaction. Piper [25] explored a sample of 68,782 individuals from

the same panel data (2008–2012) and found that life satisfaction increases with longer sleep

duration during workdays but not on weekends. In a study of 547 university students, Önder

[26] found no correlation between sleep duration and happiness. However, the reliability of

these conclusions is debatable since they were both based on small student samples, and the

Turkish study involved mainly women (80.4%). Similarly, a longitudinal two-year study of

1139 Chinese university students indicated that sleep duration does not predict QoL [27].

Besides sleep duration, sleep quality is also related to wellbeing [1, 22, 23] and overall QoL

[28–30].

Sleep quality. Although sleep quality is often considered affecting QoL more than sleep

duration, they are not usually investigated together, the focus being solely on sleep quality.

One notable example used a representative Austrian sample of 1,049 people and showed the

significance of the relationship between sleep quality and QoL [30]. Research based on repre-

sentative samples is scarce, and studies have principally involved student samples or patients.

Poorer sleep was found to be associated with adverse effects and significantly lower levels of

happiness [21] and life satisfaction among Norwegian [22] and Korean students [19]. The

above-mentioned small-scale experiment by [23] on college students in the US revealed no

effect of sleep quantity on QoL but found sleep quality to be a strong and consistent long-term

predictor of QoL. In an experiment on the interaction of sleep with campus residence and its

effect on wellbeing, the authors of a Chinese study of university students concluded that overall

Fig 1. Subjective quality of life according to integrative quality-of-life (IQOL) theory. Note: Modified model of

Søren Ventegodt et al. (2003:1032) integrative quality-of-life theory. The indicators for the five dimensions of quality of

life refer to the indicators used in the Czech Household Panel Survey.

https://doi.org/10.1371/journal.pone.0282085.g001
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sleep quality deteriorated over time and that sleep had no significant effect on QoL [27]. Stu-

dents are often used in experiments for their accessibility, but the general applicability of the

results of studies on these samples is limited. Students are young, do not work in full-time

employment, and their physiological and life characteristics differ from the general population.

Other studies often use specific populations such as patients, the elderly or workers in certain

heavy industries.

In a study of a specific adult and mostly male population of 145 patients diagnosed with

schizophrenia, the conclusions resembled other reports in that poor sleepers tend to report

lower QoL [29]. A longitudinal two-year Australian study of a sample of 93 adults with autism

similarly concluded that poor sleep quality predicted poor QoL [31]. Jean-Louis et al. [1] col-

lected sleep data on 273 adult San Diego residents (aged 40–64 years); their investigation

revealed that self-perceived sleep quality is associated with wellbeing. Another cross-sectional

study researched 435 female shift-working nurses in Taiwan and also concluded that poor

sleep quality in the sample resulted in poorer life quality [28]. Disrupted sleep and therefore

low-quality sleep, was also found to decrease QoL and increase work stress in a sample of

35,932 Korean workers [10].

Social jetlag. Previous studies have shown that sleep duration and sleep quality are crucial

variables in predicting QoL. However, the time when individuals sleep is often overlooked.

People must adjust the time when they sleep to social arrangements which do not often agree

with their intrinsic preferences. This misalignment between our social and internal biological

rhythms leads to social jetlag, which has previously been found to relate to QoL [32, 33]. The

relationship between social jetlag and QoL is understudied, and the results of studies are

inconsistent. Only two small-scale studies have been conducted on student samples, finding

no link between social jetlag and QoL [26, 34]. Other studies have reported a negative correla-

tion between social jetlag and QoL [35].

Summary of previous research. With the exception of some studies which used longitu-

dinal data [18, 23–25, 31, 34], the majority of studies are cross-sectional [e.g., 22, 33, 36] and

hence, a deficit in longitudinal panel studies exists. Only two studies exploring the effect of

sleep variables on the quality of life are nationally representative [25, 30], while the remainder

of studies were conducted on either a few dozen [23] or few hundred [e.g., 1, 22, 37] individu-

als and mainly examined specific populations, such as adolescents [19, 21, 34], university stu-

dents [e.g., 19, 21, 22, 37], people with disabilities [24], people with autism [31] or patients

diagnosed with schizophrenia [29]. Although Lau et al. [27] concluded that social jetlag pre-

dicted QoL, caution is required in interpreting their results. Their claim that social jetlag is

reflected in perceived poorer sleep and impaired wellbeing is problematic, and their results are

therefore debatable. The only accepted method of measuring social jetlag is the computation

model developed by Roenneberg et al. [38]. Even though some studies have explored two

aspects of sleep, for example, sleep duration and sleep quality [e.g., 21–23], or sleep duration

and social jetlag [26], none have incorporated all three aspects (sleep duration, sleep quality,

social jetlag), and hence, we have insufficient knowledge of the relative importance of the three

most important sleep characteristics on QoL.

Based on the IQOL and RRT theories and the previous literature and considering the ana-

lytical methods allowing us to observe relative in-between and within differences, we formu-

lated the following hypotheses on the role of sleep in QoL:

H1A. Individuals with on average longer sleep duration have higher levels of QoL than indi-

viduals with shorter sleep duration.

H1B. Increases in sleep duration over time are related to higher levels of QoL.
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H2A. Individuals with on average higher sleep quality have higher levels of QoL than individu-

als with lower sleep quality

H2B. Improvements in sleep quality over time are related to higher levels of QoL.

H3A. Individuals with on average lower social jetlag levels have higher levels of QoL than indi-

viduals with higher social jetlag.

H3B. Decreases in social jetlag over time are related to higher levels of QoL.

Data and methods

Study design and participants

The analyses used data from the Czech Household Panel Survey (CHPS) which focuses on map-
ping the living conditions and describing the dynamics of change among both Czech households
and individuals in the long-term perspective [39]. These data were collected annually from 2015

until 2020, typically between the end of June and the end of October. A two-stage stratified

random sampling method was applied and the design effects were further mitigated by the use

of a large number of small primary sampling units. The original sampling frame from the very

first data collection consisted of the Register of Census Districts and Buildings which had been

transformed into an address database. Since the target population was the non-institutional-

ized population of the Czech Republic, all members of the sampled households were inter-

viewed. In each of the following waves, the same members of the same households

participating in the preceding wave were approached (e.g., in wave three in 2017, only partici-

pants from wave two were approached). The data are nationally representative of the adult

population in CR. The retention rate of households between the first and sixth waves of data

collection was 21.6% on average, and the retention rate of individuals was 20.6%. All informa-

tion regarding data collection including survey design is available in the Czech Social Science

Data Archive [39].

A total of 5,132 paper-and-pencil self-administered questionnaires (SAQ) incorporating

the key variables were collected from Czech adults in 2018, 2,046 in 2019, and 2,161 question-

naires in 2020. The final dataset contained responses from up to 4,523 respondents in up to

2,155 households. The significant drop in the sample between 2018 and 2019 was caused by

the blood draw requirement. Sleep variables were included into the questionnaires during the

waves 4–6 (2018–2020) due to the collaboration between Institute of Sociology and Institute of

Physiology of the Czech Academy of Sciences at that time. They were measured according to

the Munich Chronotype Questionnaire (MCTQ): some were measured, and some were com-

puted (for more information on used variables, see the section Measures down below). Written

informed consent was obtained from all respondents. The study followed the principles of the

Declaration of Helsinki and was approved by Ethics Committee of the Institute for Clinical

and Experimental Medicine and Thomayer Hospital in Prague (study number G-16–05–02).

The data from the CHPS are widely used by researchers for secondary data analysis: for

instance, studies are focusing on certain aspects of sleep, specifically chronotype assessment

[40] and social jetlag in the work-family context [41], other studies explore the division of

housework and relative resources [42] partnership trajectories [43], mechanisms of the repro-

duction of homeownership [44], voter turnout [45].

Measures

We investigated the effect of sleep on the five dependent variables which describe QoL: life sat-

isfaction, wellbeing, happiness, subjective health and work stress. At all points in time, life

PLOS ONE Sleep and quality of life

PLOS ONE | https://doi.org/10.1371/journal.pone.0282085 March 15, 2023 5 / 18

https://doi.org/10.1371/journal.pone.0282085


satisfaction was measured with responses to the question “All things considered, how satisfied

are you with your life as a whole?” The response options were scaled from zero to ten, zero

indicating “extremely dissatisfied” and ten indicating “extremely satisfied”. Many other studies

have used the same items to measure life satisfaction [e.g., 46, 47].

Wellbeing was calculated as an average of three items to measure how often over the last

two weeks respondents “have been cheerful and in good spirits”; “have felt calm and relaxed”;

“have been active and vigorous”. The six response options with scores from one to six were “at

no time”, “some of the time”, “less than half of the time”, “more than half of the time”, “most

of the time”, “all of the time”. The resultant reliability estimates are acceptable (αt1 = .811; αt2 =

.828 αt3 = .830; αt4 = .841 αt5 = .825). The scale was computed as a sum of means also ranging

from one to six. The same items were measured during two out of three analysed years of data

collection in 2018 and 2019 and have also been used to measure wellbeing in other studies

[e.g., 48].

Perceived happiness was measured with the question “Taking all things together, how

happy would you say you are?”. The respondents were asked to answer on a scale of zero to

ten, zero indicating “extremely unhappy” and ten indicating “extremely happy”. The same

items were measured during two out of three analysed years of data collection in 2018 and

2019 and have also been used to measure happiness in other studies [e.g., 47, 49].

Respondents rated their subjective health according to the question “In general, would you

say your health is. . .?” on a five-point scale of “poor”, “fair”, “good”, “very good” and “excel-

lent”. The same items were measured during two out of three analysed years of data collection

in 2018 and 2019 and have also been used to measure subjective health in other studies [e.g.,

47, 49].

The respondents’ perceived work stress was calculated according to the proportion of affir-

mative answers to the question “Have the following circumstances in your current job caused

you excess worry or stress in the past 12 months?” according to the following items: “threat of

layoffs or losing the job”; “workplace safety, accidents, or injuries on the job”; too many

demands or too many working hours at work.” The response options were “yes” or “no”. The

same items were measured during one wave (2018) during the reference period. The questions

are proxies inspired by the European Working Conditions Surveys (EWCS).

In addition to the dependent variables, three facets of sleep were measured. Specifically, we

assessed the average sleep duration, perceived sleep quality, and social jetlag. Sleep duration

was calculated as the average of answers to questions regarding the time when respondents

usually fell asleep and woke up on free days and when they usually fell asleep and woke up on

workdays. The same items were measured during the complete analyzed period: wave 4

(2018), wave 5 (2019) and wave 6 (2020) of data collection and have also been used to measure

sleep quality in other studies [e.g., 33, 40].

Perceived quality of sleep was measured with the question “How would you rate the quality

of your sleep?” according to a four-point Likert scale for the response options “very bad”,

“bad”, “good” and “very good”. The same items were measured during the complete analyzed

period: wave 4 (2018), wave 5 (2019) and wave 6 (2020) of data collection and have also been

used to measure sleep quality in other studies [e.g., 50, 51].

Social jetlag was calculated according to a MCTQ [52] as the difference between the mid-

sleep time on free days and workdays. The resultant values were converted into numeric vari-

ables which represented the hours. The results were interpreted as follows: zero indicated no

sleep debt during workdays or free days, and any values above zero indicated an accumulation

of sleep debt. The same items were available during the complete analyzed period: wave 4

(2018), wave 5 (2019) and wave 6 (2020) of data collection and have also been used to measure

social jetlag in other studies [e.g., 14, 33, 34].
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Data on age, gender, highest level of education attained (basic and secondary vocational,

secondary with maturita, tertiary education), net household income (Net household income is

stated in Czech Crowns (CZK). For illustration, according to the European Union–Statistics

on Income and Living Conditions (EU-SILC), the average monthly net income of a Czech

household reached CZK 17.5 thousand per person in 2019 [53]. The net household income

categories used in this article can be roughly converted to USD as it follows: 1 = up to 918

USD, 2 = 918 to 1,197 USD, 3 = 1,198 to 1,396 USD, 4 = 1,397 to 1,596 USD , 5 = 1,597 to

2,993 USD, 6 = more than 2,994 USD.) (1 = up to CZK 22,999, 2 = CZK 23,000 to 29,999,

3 = CZK 30,000 to 34,999, 4 = CZK 35,000 to 39,999, 5 = CZK 50,000 to 74,999, 6 = more than

CZK 75,000), number of children below the age of five in the household, and economic status

were also collected and controlled for (45.80% employed, 6.20% self-employed, 2.90% unem-

ployed, 8.88% students, 33.07% retired, and 3.14% on maternity leave). The descriptive statis-

tics for all variables used in our analyses is reported in Table 1.

Statistical analysis strategy

To test our hypotheses on the effects of the three measured aspects of sleep on life satisfaction,

wellbeing, happiness, subjective health and work stress, we analysed the CHPS data according

to mixed, multilevel repeated measurement models with random intercepts for individuals,

households and a random slope for time. To examine whether sleep quality, sleep duration

and social jetlag would predict between-person and within-person changes in the dependent

variables, we constructed three-level hierarchical models with time nested within both individ-

uals and households. The variables at the within-person level were person-mean-centred and

constituted a measurement of the degree to which an individual’s characteristics changed over

time. The variables at the between-person level were grand-mean-centred and tested whether

and how much individuals differed from each other.

We started with null models which incorporated the dependent variables without predic-

tors to capture the variance of the dependent variables (S1 Table). Next, we examined the lon-

gitudinal effects of the three tested facets of sleeping hygiene on the five measures of QoL by

adding sleep duration, sleep quality and social jetlag variables and interaction terms for time

and sleeping variables (Models 1A–5A). In the final step, Models 1B–5B decomposed the

effects of sleeping on within-person and between-person effects. We then evaluated the model

Table 1. Descriptive statistics of used variables.

Number of respondents Mean Std. Dev. Min Max

Gender (2018, 2019, 2020) 4,523 1.58 0.49 1 2

Education (2018, 2019, 2020) 4,523 1.95 0.76 1 3

Age (2018, 2019, 2020) 4,523 51.93 16.766 18 96

Household income (2018, 2019, 2020) 4,523 3.79 1.78 1 6

Economic status (2018, 2019, 2020) 4,523 1.79 1.92 0 5

Social jetlag (2018, 2019, 2020) 4,523 0.87 0.87 0 5.83

Sleep duration (2018, 2019, 2020) 4,523 7.48 1.12 3.5 13.48

Quality of sleep (2018, 2019, 2020) 4,523 3.00 0.68 1 4

Children below the age of 5 (2018,2020) 4,523 0.18 0.47 0 2

Life satisfaction (2018, 2019, 2020) 4,523 7.47 1.79 0 10

Wellbeing (2018, 2019) 3,850 4.08 0.92 1 6

Subjective health (2018, 2019) 3,867 3.12 1.00 1 5

Working stress (2018, 2020) 2,097 0.19 0.24 0 1

Happiness (2018, 2019) 3,857 7.34 1.77 0 10

https://doi.org/10.1371/journal.pone.0282085.t001
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fits according to the general principle that models with lower deviance and AIC values than

the null model are considered better fitting models [54].

Results

Initially, we built models without predictors to examine the variance in all five of the measured

aspects of quality of life. These null models (S1 Table) showed 47% variance in life satisfaction

between individuals and 23% variance between households, 56% variance in wellbeing

between individuals and 20% variance between households, 74% variance in subjective health

between individuals and 26% variance between households, 51% variance in working stress

between individuals and 12% variance between households, 56% variance in happiness

between individuals and 23% variance between households.

Do changes in sleep affect the quality of life over time?

To test the effect of sleep over time, we added sleep duration, sleep quality, social jetlag, control

variables, the fixed effect of time and interaction term for time, and each of the three variables

which capture sleeping (Table 2: Models 1A–5A). The variables improved model fit in all mod-

els (life satisfaction: Δ-2LL = 247.68 (16), p< .001; ΔAIC = 215.68; wellbeing: Δ-2LL = 404.70

(16), p< .001; ΔAIC = 372.70; health: Δ-2LL = 1307.65 (16), p < .001; ΔAIC = 1275.65; work

stress: Δ-2LL = 106.62 (16), p< .001; ΔAIC = 74.62; happiness: Δ-2LL = 296.54 (16), p< .001;

ΔAIC = 262.54).

The interaction of sleep duration and the time variable was a positive and statistically signif-

icant predictor of wellbeing (B = .092, p< .001), subjective health (B = .060, p = .005), and hap-

piness (B = .148, p = .001). The effect of the interaction term was not a statistically predictor in

the model for life satisfaction (B = −.019, p = .497) or work stress (B = −.003, p = .575).

The interaction of sleep quality and the time variable was not a statistically significant pre-

dictor of any of the tested dependent variables (subjective health: B = −.029, p = .391; happi-

ness: B = −.115, p = .110; life satisfaction: B = .050, p = .268; wellbeing: B = −.017, p = .652;

work stress: B = .006, p = .562).

The interaction of social jetlag and the time variable was a negative and statistically signifi-

cant predictor of wellbeing (B = −.062, p = .042), but not a statistically significant predictor in

the models for subjective health (B = −.041, p = .136), happiness (B = .022, p = .700), life satis-

faction (B = −.016, p = .678) or work stress (B = −.005, p = .536).

A graphical representation of the calculated marginal effects highlighted the differences in

QoL between individuals who slept fewer or more hours on average (Fig 2), perceived their

sleep to be worse or better quality (Fig 3), and suffered from less or more social jetlag (Fig 4),

whereas other variables remained at their mean values.

Does sleep predict within-person and between-person changes in quality of

life?

Further examination of the longitudinal effect of sleep on quality of life in Models 1B–5B

(Table 3) distinguish the discussed between-person and within-person effects. Separation of

the between-person and within-person effects improved model fit in the models for predicting

life satisfaction (Δ-2LL = 37.44 (1), p< .001; ΔAIC = 37.44), wellbeing (Δ-2LL = 15.25 (41), p

< .001; ΔAIC = 13.25), health (Δ-2LL = 50.66 (1), p< .001; ΔAIC = 50.66) and happiness (Δ-

2LL = 16.69 (1), p< .001; ΔAIC = 18.69) but did not show any statistically significant improve-

ment in model fit for work stress (Δ-2LL = 3.184 (1), p< .074; ΔAIC = 3.18) over Models 1A–

5A.
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The effects of sleep duration on subjective health (B = −.045, p = .001) and happiness (B =

−.084, p = .003) were statistically significant at the between-person level. Sleep duration was

Table 2. Sleeping habits and quality of life, linear mixed models with repeated measurements.

Model 1A Model 2A Model 3A Model 4A Model 5A

Life satisfaction Wellbeing Subjective health Work stress Happiness

Interaction terms

Sleep duration�time −.02 (−.07 - .04) .09��� (.04 - .14) .06�� (.02 - .10) < .01 (−.02 - .01) .15��� (.06 - .24)

Sleep quality�time .05 (−.04 - .14) −.02 (−.09 - .06) −.03 (−.10 - .04) .01 (−.01 - .02) −.11 (−.26 - .03)

Social jetlag�time −.02 (−.09 - .06) −.06� (−.12 - −.01) −.04 (−.09 - .01) < .01 (−.02 - .01) .02 (−.09 - .13)

Sleep variables

Sleep duration .06 (−.14 - .26) −.30��� (−.46 - −.15) −.23�� (−.37 - −.09) < .01 (−.04 - .05) −.56��� (−.85 - −.27)

Sleep quality .32 (−.01 - .65) .45��� (.19 - .70) .47��� (.24 - .69) −.06 (−.12 - .01) .99��� (.52–1.47)

Social jetlag .02 (−.25 - .30) .20 (−.01 - .40) .13 (−.05 - .30) .03 (−.02 - .09) −.12 (−.49 - .26)

Socio-demographic

variables

Time .01 (−.46 - .47) −.53�� (−.93 - −.13) −.33 (−.68 - .03) < .01 (−.10 - .10) −.69 (-1.43 - .05)

Gender (ref. cat. male) .08 (−.02 - .19) .07� (.02 - .13) .09�� (.03 - .14) −.01 (−.03 - .01) .14� (.03 - .25)

Education–secondary

with maturita

.10 (−.03 - .23) −.03 (−.10 - .04) .14��� (.07 - .21) −.03 (−.05 - .00) .08 (−.05 - .22)

Education–tertiary .09 (−.06 - .25) −.02 (−.10 - .06) .26��� (.18 - .34) −.04�� (−.07 -

−.01)

.15 (−.01 - .31)

Age .01�� (.00 - .02) < .01 (−.01 - .00) −.02��� (−.02 - −.02) <−.01�� (−.01 -

−.01)

.01�� (.00 - .01)

Household income .14��� (.10 - .17) .01 (−.01 - .03) .04��� (.02 - .06) < .01 (−.01 - .00) .12��� (.08 - .16)

Economic status (ref. cat.

employed)

Self-employed .06 (−.17 - .29) −.09 (−.21 - .03) .05 (−.07 - .17) .02 (−.02 - .06) .02 (−.22 - .26)

Unemployed −.31 (−.65 - .04) −.22� (−.40 - −.04) −.27�� (−.44 - −.09) −.04 (−.12 - .03) −.12 (−.47 - .23)

Student .58��� (.30 - .87) .17� (.02 - .32) .24�� (.10 - .38) −.10��� (−.16 -

−.04)

.49�� (.19 - .78)

Retired .08 (−.12 - .29) < .01 (−.11 - .11) −.20��� (−.30 - −.09) −.10��� (−.15 -

−.05)

.22� (.00 - .43)

Maternity leave .27 (−.05 - .58) −.04 (−.20 - .13) −.03 (−.19 - .14) −.10�� (−.17 -

−.03)

.02 (−.31 - .34)

Number of children below the

age of 5

One child .18 (−.03 - .39) .02 (−.09 - .12) .08 (−.02 - .17) < .01 (−.02 - .04) .38��� (.16 - .59)

Two or more children .41� (.07 - .76) .06 (−.12 - .24) .16 (−.00 - .33) <-0.01 (−.07 - .05) .38� (.03 - .74)

Constant 4.82��� (3.06–

6.57)

4.76��� (3.41–6.11) 3.94��� (2.74–5.14) .45� (.09 - .82) 7.15��� (4.63–9.67)

Observations 4,523 3,850 3,867 2,097 3,857

Households 2,155 2,100 2,105 1,305 2,101

AIC 17502 9551 9013 -60 14623

BIC 17662 9701 9169 81 14779

ICC households 15% 5% 7% 3% 5%

ICC individuals 69% 94% 82% 95% 96%

ll -8726 -4752 -4482 55.31 -7287

Note: ��� p<0.001,

�� p<0.01,

� p<0.05, 95% CI in parentheses

https://doi.org/10.1371/journal.pone.0282085.t002
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not a statistically significant predictor of life satisfaction (B = −.021, p = .436), wellbeing (B =

−.013, p = .364) or work stress (B = −.005, p = .424) at the between-person level. At the within-

person level, the effects of sleep duration were not a statistically significant predictor of happi-

ness (B = −.044, p = .405), wellbeing (B = .028, p = .335), subjective health (B = −.020, p =

.412), work stress (B = −.022, p = .110) or life satisfaction (B = −.007, p = .890).

The effects of sleep quality on life satisfaction (B = .653, p< .001), wellbeing (B = .463, p<

.001), work stress (B = −.043, p< .001) subjective health (B = .468, p< .001) and happiness (B

= .742, p< .001) were statistically significant at the between-person level. At the within-person

level, the effects of sleep quality were a statistically significant predictor of life satisfaction (B =

.149, p = .036), wellbeing (B = .183, p< .001), subjective health (B = .143, p< .001) and happi-

ness (B = .283, p< .001), but not of work stress (B = −.009, p = .612).

Fig 2. Sleep duration and quality of life at the individual level in time. Note: 95% confidence intervals.

https://doi.org/10.1371/journal.pone.0282085.g002

Fig 3. Sleep quality and quality of life at the individual level in time. Note: 95% confidence intervals.

https://doi.org/10.1371/journal.pone.0282085.g003
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The effects of social jetlag on life satisfaction (B = −.086, p = .040) and work stress (B = .017,

p = .020) were statistically significant at the between-person level. Social jetlag was not a statis-

tically significant predictor of happiness (B = −.083, p = .052), wellbeing (B = −.019, p = .378)

or health (B = −.032, p = .125) at the between-person level. At within-person level, the effects

of social jetlag on life satisfaction (B = .105, p = .136), wellbeing (B = .032, p = .433), work stress

(B = .017, p = .296), happiness (B = .068, p = .352) and health (B = .059, p = .087) were not sta-

tistically significant.

Discussion

The Czech Republic (CR) is comparable to other European countries in standard of living.

The CR is on average commensurable with other European countries in life expectancy and

economic activity [55] and self-perceived health [56]. While the life satisfaction score in the

CR is very close to the European average, Czechs are slightly less happy, their happiness score

being comparable to European countries such as Portugal, Italy and Greece [57]. The average

sleep duration in the CR is 7.5 hours (see Data and methods section), which is similar to other

European countries such as Belgium, France, Hungary, the Netherlands and the United King-

dom [58]. The proportion of Czechs (31%) with social jetlag is also comparable to the Euro-

pean average [15]. However, although Czechs report around 49 minutes of social jetlag (see

Data and methods section), Spaniards and Germans report longer times [59]. The source of

this difference is unclear, but it is probably because the samples are non-representative. It may

be also the result of distinct cultural and environmental contexts or locations. In summary, the

CR represents a case study of a population with living standards, QoL and sleep patterns are

comparable to other European countries. The findings of the present study can therefore be

reasonably generalized to other countries.

Building on IQOL theory and previous studies, the present study expands on the relation-

ship between QoL and sleep. It contributes to the existing literature by examining the main

areas of life and sleep from representative panel data to form a better understanding of how

sleep and QoL are intertwined and the development of their relationship over time. The results

of this study do not support the hypothesis (H1B) that QoL increases when people change

their sleeping habits to spend more time sleeping. However, the results agree with previous

Fig 4. Social jetlag and quality of life at the individual level in time. Note: 95% confidence intervals.

https://doi.org/10.1371/journal.pone.0282085.g004
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studies which report a relationship between sleep duration and QoL [18, 21] from results

which show differences between people in their perceived health and happiness according to

Table 3. Sleeping habits and quality of life, linear mixed models with repeated measurements.

Model 1B Model 2B Model 3B Model 4B Model 5B

Life satisfaction Wellbeing Subjective health Work stress Happiness

Sleep variables—

between person level

Sleep duration −.02 (−.08 - .03) −.01 (−.04 - .02) −.04�� (−.07 - −.02) < .01 (−.02 - .01) −.08�� (−.14 - −.03)

Sleep quality .65��� (.56 - .74) .46��� (.42 - .51) .47��� (.42 - .51) −.04��� (−.06 - −.03) .74��� (.65 - .84)

Social jetlag −.09� (−.17 - −.00) −.02 (−.06 - .02) −.03 (−.07 - .01) .02� (.00 - .03) −.08 (−.17 - .00)

Sleep variables—

within person level

Sleep duration −.01 (−.11 - .09) .03 (−.03 - .08) −.02 (−.07 - .03) −.02 (−.05 - .01) −.04 (−.15 - .06)

Sleep quality .15� (.01 - .29) .18��� (.10 - .26) .14��� (.07 - .21) −.01 (−.04 - .03) .28��� (.14 - .43)

Social jetlag .11 (−.03 - .24) .03 (−.05 - .11) .06 (−.01 - .13) .02 (−.01 - .05) .07 (−.08 - .21)

Socio-demographic

variables

Time .03 (−.03 - .09) .05� (.00 - .10) < .01 (−.05 - .04) −.01� (−.02 - −.00) .09� (.00 - .18)

Gender (ref. cat.

male)

.10 (−.00 - .21) .08�� (.03 - .14) .10��� (.04 - .15) −.01 (−.03 - .01) .15�� (.04 - .26)

Education–secondary

with maturita

.09 (−.04 - .22) −.02 (−.09 - .04) .14��� (.07 - .20) −.03 (−.05 - .00) .08 (−.06 - .22)

Education–tertiary .08 (−.08 - .23) −.02 (−.11 - .06) .25��� (.17 - .33) −.04� (−.07 - −.01) .14 (−.02 - .30)

Age .01�� (.00 - .02) < .01 (−.01 - .00) −.02��� (−.02 - −.02) <−.01�� (−.01 - −.01) .01� (.00 - .01)

Household income .13��� (.10 - .17) .01 (−.01 - .03) .04��� (.02 - .05) < .01 (−.01 - .00) .12��� (.08 - .16)

Economic status (ref. cat.

employed)

Self-employed .05 (−.18 - .28) −.09 (−.21 - .03) .05 (−.07 - .16) .02 (−.02 - .05) .01 (−.23 - .25)

Unemployed −.31 (−.65 - .03) −.21� (−.39 -

−.03)

−.27�� (−.44 - −.09) −.05 (−.12 - .03) −.12 (−.47 - .23)

Student .55��� (.26 - .83) .16� (.01 - .31) .22�� (.08 - .37) −.10��� (−.16 - −.04) .45�� (.16 - .75)

Retired .06 (−.15 - .26) < .01 (−.11 - .11) −.20��� (−.31 - −.10) −.10��� (−.15 - −.05) .20 (−.01 - .42)

Maternity leave .25 (−.07 - .57) −.03 (−.20 - .13) −.03 (−.20 - .13) −.10�� (−.17 - −.03) .01 (−.32 - .34)

Number of children below the

age of 5

One child .18 (−.03 - .40) .02 (−.09 - .13) .08 (−.02 - .18) .01 (−.02 - .04) .38��� (.17 - .59)

Two or more

children

.41� (.07 - .75) .08 (−.11 - .26) .18� (.01 - .34) −.01 (−.07 - .05) .40� (.05 - .76)

Constant 4.47��� (3.82–5.12) 2.74��� (2.39–3.10) 2.71��� (2.38–3.04) .50��� (.37 - .63) 4.36��� (3.67–5.05)

Observations 4,523 3,850 3,867 2,097 3,857

Households 2,155 2,100 2,105 1,305 2,101

AIC 17464 9538 8962 -64 14604

BIC 17625 9694 9118 77 14754

ICC households 14% 7% 5% 3% 10%

ICC individuals 70% 87% 85% 95% 88%

ll -8707 -4744 -4456 56.91 -7278

Note: ��� p<0.001,

�� p<0.01,

� p<0.05, 95% CI in parentheses

https://doi.org/10.1371/journal.pone.0282085.t003
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the number of hours they spend sleeping (H1A). Individuals who spent more time sleeping

also reported worse subjective health and lower levels of happiness. The negative association

between subjective health and sleep duration may be a result of long-term stress or mental ill-

ness which have affected their sleeping habits since previous studies have shown that individu-

als with poor mental health and depressive symptoms report sleeping issues and also longer

sleep duration [60]. The negative association between sleep duration and QoL agrees with pre-

vious findings [2, 18, 21].

In accordance with our hypotheses (H2A and H2B) and previous studies, sleep quality was

found to be a robust and reliable predictor of QoL [1, 29, 30]. Our analyses show individuals

who experience higher quality sleep also have greater satisfaction with life, more wellbeing, feel

healthier, perceive less work stress and are happier (H2B). With changes over time, a positive

association between improvement in quality of sleep and increase in life satisfaction, wellbeing,

subjective health, and happiness is evident (H2A). The overall positive effect of change in sleep

quality on QoL agrees with previous research [1, 10, 28, 30]. The only indicator not associated

with a change in sleep quality is work stress, perhaps due to the complexity of the link between

these indicators. A mediator variable which also captures emotional aspects, such as workplace

relationships, might be missing [21].

These results also contribute to the ongoing debate regarding the ambiguous consequences

of social jetlag on our lives. Our results agree with Jankowski [34] and Önder [26] are contrary

to Chang and Jang [35]. Our hypothesis (H3A) that individuals with a higher level of social jet-

lag are less satisfied with life and experience a higher level of work stress than others was only

partially confirmed. Our findings do not suggest any association between social jetlag and well-

being, subjective health or happiness. Furthermore, a change in social jetlag has no effect on any

measured QoL aspect (H2B). This may be due to social jetlag being relatively stable, as it is likely

to change only as a consequence of a relatively major life change (new job, birth of a child)

which results in a new sleep schedule. Therefore, individuals with less sleep debt experience a

minor increase in various aspects of QoL, but individuals with more social jetlag stagnate, apart

from experiencing a decrease in work stress. Since these changes are not very frequent, social

jetlag has a low variation over time, leading to the absence of a longitudinal effect, except in

work stress, which is most likely related to changes in employment arrangements.

The results of the present study are consistent with previous studies [1, 22, 28] and suggest

a strong relationship between sleep quality and QoL and a rather limited effect of sleep dura-

tion or social jetlag on QoL. A comparison of the respondents’ sleep quality indicated a slight

improvement in happiness in those who experienced poorer sleep during the last wave (2020)

of data collection. This may have been caused by an overall increase in sleep quality triggered

by social lockdowns designed to suppress Covid-19. Poor sleepers also indicated a small

decline in work stress, perhaps because of more flexible working arrangements experienced

early during the Covid-19 pandemic. Longitudinal effects nonetheless remained stable over

the previous three years, as we presumed.

The results of this longitudinal study provide an important insight into people’s lifestyles.

Despite people having different sleep requirements, the results suggest that both average sleep

duration and social jetlag remain moderately stable over time. Sleep quality is also a valuable sub-

jective measure related to other factors which encompass several important areas of life, such as

mental and physical health, emotional wellbeing, cognitive functioning and feeling of safety.

Limitations

The strengths of our study are longitudinal design, differentiation of between-person and

within-person effects and the advantage of a representative dataset which enabled the
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incorporation of all three aspects of sleep (quantity, quality, social jetlag) into a single model.

This is also the first study which has tested the longitudinal effect of social jetlag on QoL.

Admittedly, the study also has limitations. First, the period of measurement is relatively too

brief to allow stronger claims regarding the longitudinal effect of sleep. Second, all the results

are correlational. Using panel data does not qualify for asserting causal claims, and therefore it

is not possible to state, for example, whether people feel less healthy because of low quality

sleep or whether low-quality sleep leads to poorer health. Third, even though the CR is compa-

rable to other European countries in living standard and sleeping habits, this is a case study of

a single country. Having the opportunity to test our findings in other countries would be a

great venue for future research. Fourth, the sleep indicators are self-reported and therefore

have limitations despite self-reported measures being similarly reliable predictors [61]. Ideally,

the measures would be collected in a medical lab or via mobile devices to aid in cross validating

our results with more objective methods of measurement. Fifth, even though data were col-

lected on regular days, the final wave partially captured the experience of the pandemic in the

spring of 2020, and this study, therefore, might not be representative of the behavior under

normal circumstances. However, data collection occurred during periods of eased restrictions

and likely did not affect the generalizability of the results.

Conclusion

The present study delivers a comprehensive analysis built on previous studies to extend knowl-

edge on the role of sleep in life. In measuring three distinct facets of sleep in a single longitudi-

nal model, sleep quality was found to be the most influential factor affecting the five aspects of

QoL (wellbeing, life satisfaction, subjective health, work stress and happiness). Individuals

who experienced more quality sleep also reported better QoL. Improvement of sleep quality

over time is also related to improvements in QoL. Sleep duration and social jetlag are also

somewhat related to QoL, but in contrast to sleep quality, these factors do not appear signifi-

cant. The study suggests, with the exception of extremes, that sleep duration alongside the dif-

ferences in sleep habits on workdays and free days is not as important to QoL as what is

considered a good night’s sleep. Sleep is vital to our functioning. Changes in lifestyle and psy-

chological challenges which have either emerged or been amplified under the currently ongo-

ing pandemic have undoubtedly affected sleeping habits. That topic, preferably in a study

involving multiple points over time for a long-term comparison and sleep at non-standard

times such as Covid-19 pandemic, will be the focus of future research.
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References
1. Jean-Louis G, Kripke DF, Ancoli-Israel S. Sleep and quality of well-being. Sleep. 2000; 23: 1115–1121.

https://doi.org/10.1093/sleep/23.8.1k PMID: 11145326

2. Groeger JA, Zijlstra FRH, Dijk DJ. Sleep quantity, sleep difficulties and their perceived consequences in

a representative sample of some 2000 British adults. J Sleep Res. 2004; 13: 359–371. https://doi.org/

10.1111/j.1365-2869.2004.00418.x PMID: 15560771

3. Paunio T, Korhonen T, Hublin C, Partinen M, Kivimäki M, Koskenvuo M, et al. Longitudinal study on
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between sleep duration and sedentary behaviours in European adults. Obesity Reviews. 2016; 17: 62–

67. https://doi.org/10.1111/obr.12381 PMID: 26879114

59. Randler C, Dı́az-Morales JF, Jankowski KS. Synchrony in chronotype and social jetlag between dogs

and humans across Europe. Time Soc. 2018; 27: 223–238. https://doi.org/10.1177/

0961463X15596705

60. Chen X, Wang S Bin, Li XL, Huang ZH, Tan WY, Lin HC, et al. Relationship between sleep duration and

sociodemographic characteristics, mental health and chronic diseases in individuals aged from 18 to 85

years old in Guangdong province in China: A population-based cross-sectional study. BMC Psychiatry.

2020; 20: 1–10. https://doi.org/10.1186/s12888-020-02866-9

61. Wunsch K, Nigg CR, Weyland S, Jekauc D, Niessner C, Burchartz A, et al. The relationship of self-

reported and device-based measures of physical activity and health-related quality of life in adoles-

cents. Health Qual Life Outcomes. 2021; 19: 1–10. https://doi.org/10.1186/s12955-021-01682-3

PLOS ONE Sleep and quality of life

PLOS ONE | https://doi.org/10.1371/journal.pone.0282085 March 15, 2023 18 / 18

https://doi.org/10.1111/obr.12381
http://www.ncbi.nlm.nih.gov/pubmed/26879114
https://doi.org/10.1177/0961463X15596705
https://doi.org/10.1177/0961463X15596705
https://doi.org/10.1186/s12888-020-02866-9
https://doi.org/10.1186/s12955-021-01682-3
https://doi.org/10.1371/journal.pone.0282085

