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Abstract
Sleep is an essential requirement for both physiological and psychological functioning and has an impact on various health 
parameters. The present study aimed to examine how quantity and quality of sleep predicts burnout and well-being by using 
both self-reported and objectively collected sleep data. The participants were 104 white-collar workers who wore a fitness 
tracker for 14 consecutive days and filled out a questionnaire about sleep, burnout, and well-being. The results showed that 
self-reported sleep quality predicts burnout and well-being, but neither did self-reported nor objective sleep duration. We 
concluded that although measuring sleep duration with a consumer fitness tracker still needs to be improved, it is a useful 
addition to self-reported sleep measures. The study did solidify results from previous self-reported measures and point out 
the prominent role of sleep quality rather than hours of sleep.
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1 Introduction

Sleep is one of the most important factors for various health 
indicators and crucial to meeting the challenges in daily life. 
Insufficient or disturbed sleep has an impact on physical, 
cognitive, and psychological parameters and can lead to seri-
ous health complications [1–3]. One of the most common 
problem that underlies disturbed sleep is insomnia. However, 
several other parameters require equal attention when exam-
ining the relation between sleep and health. These include 
the time it takes to fall asleep (sleep latency), the quantity 
and extension of awakenings during the night, the total 
hours of sleep, the regularity of the sleep schedule, as well 
as heart rate, blood pressure, and rhythm of sleep phases 
(rapid eye movement vs. deep sleep) [2]. The importance 
of the topic becomes clear as disturbed sleep was shown to 

affect between 16.6% (Denmark) and 31% (Poland) of Euro-
peans [4]. Furthermore, in a national survey in Australia, 
Adams et al. [5] found that self-reported, insufficient sleep 
affected 33–45% of a representative sample. The participants 
reported various sleep indicators as being responsible for 
insufficient sleep, ranging from difficulty falling asleep, to 
waking up too early and not being able to fall asleep again, 
to feeling unrefreshed upon waking. In another international 
longitudinal study with over 100,000 participants from 21 
countries, Wang et al. [6] examined the relation between 
sleep and health. Their results showed that participants with 
insufficient sleep are more likely to die from cardiovascu-
lar diseases. These findings are in line with Itani et al. [7] 
who examined the relations between sleep and mortality 
and other notable health conditions. Their results showed 
that insufficient sleep is associated with diabetes mellitus, 
cardiovascular difficulties (e.g., hypertension or stroke), as 
well as obesity and mortality. Furthermore, insufficient sleep 
has been associated with difficulties concerning both mental 
concentration and daily functioning [2].

However, what remains less clear is whether the quality 
of sleep or the quantity (hours) of sleep is more suitable to 
explain the relation between sleep and health. For exam-
ple, while Lee et al. [8] found that longer sleep duration is 
associated with better sleep quality and a shorter period of 
falling asleep, Zhang et al. [3] found that short sleep duration 
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is associated with higher levels of anxiety, behavioral dis-
orders, suicidality, tobacco smoking, as well as poor mental 
and physical health. Itani et al. [7] found that short sleep 
duration is associated with diabetes mellitus, cardiovascular 
difficulties, as well as with obesity and mortality. They found 
the association with mortality to be especially strong when 
the average sleep duration was shorter than 6 h per night. 
The authors reported no significant association between 
sleep duration and depression, however, this might be due 
to the fact that they only included one study on depression 
and sleep in their review. Most of the studies included in the 
review from Itani et al. [7] defined short sleep duration as an 
average of fewer than 6 or 7 h per night, whereas a normal 
sleep duration was 7 h or more per night.

In sum the literature presented above concludes that 
clearly sleep in general is crucial for our health. The goal 
of the present study is to examine this relation by taking a 
closer look on the role of sufficient sleep considering the two 
specific health parameters well-being and burnout. Further-
more, the study aims to clarify whether objective sleep data 
from a common fitness tracker is adequate to describe this 
relation and if research may even benefit from including it. 
We want to determine whether objective sleep measures are 
more accurate than self-reported data to display the rela-
tion of sleep, burnout and well-being. Furthermore, we want 
to take a closer look on the chances and challenges when 
including objective sleep data, especially with devices which 
are easily accessible for everyone on the consumer market.

1.1  Sleep, burnout and well‑being

The impact of disturbed or non-restorative sleep on well-
being is another dominant factor in the relation between 
sleep and health [9–11]. Findings in literature show that poor 
mental health is associated with a short duration of sleep 
[3]. Therefore, we hypothesize that a longer sleep duration 
improves well-being (Hypothesis 1). What is interesting is, 
that literature also indicates curvilinear effects of hours of 
sleep on well-being. Hamilton et al. [12] found that optimal 
sleep duration is associated with higher scores in psycho-
logical health, such as well-being, depression, and anxiety. 
They defined optimal sleep to be an average of 6 to 8.5 h of 
sleep per night, and non-optimal sleep to be fewer than 6 h 
or more than 8.5 h of sleep per night. Therefore, when test-
ing Hypothesis 1, we will statistically control for curvilinear 
effects.

Furthermore, literature shows that disturbed or non-restorative  
sleep also influences one of the most prominent health  
issues in the last decade: burnout [1, 13, 14]. Metlaine et al. 
[14] found subjective sleep data (insomnia and non-restorative 
sleep) to be associated with a higher risk of burnout. Allen 
et al. [13] examined the relations among stress, burnout, and 
sleep. They found two major burnout indicators–exhaustion 

and cynicism–are positively associated with shorter sleep 
duration [13]. Therefore, we assume that a shorter sleep dura-
tion will increase burnout symptoms (Hypothesis 2). When 
testing hypothesis 2, we will also statistically control for cur-
vilinear effects because literature showed that both too few 
(< 6) and too many (> 8) hours of sleep on average per night 
might be associated with mortality [6]. Another study also 
found differences in the prevalence of burnout among groups 
of habitual sleep time in hours: Participants with fewer than 
6 h as well as participants with more than 9 h of sleep per 
night showed a higher percentage of burnout than participants 
with 7 to 9 h of sleep [14].

Sleep duration, however, is not the only factor that has an 
impact on health:

Pilcher et al. [9] conducted a diary-study in which par-
ticipants filled out a sleep-log for seven consecutive days to 
report their sleep duration and perceived quality of sleep. 
The results showed that quality of sleep is more strongly 
associated with health measures such as depression, anger 
or fatigue, than is quantity of sleep. Results of several stud-
ies show the importance of a good quality of sleep for well-
being [9–11, 15]. Reciprocity marks the relation between 
well-being and sleep quality: When people sleep better, they 
report a higher well-being and, conversely, when people feel 
well, they report better sleep quality [15, 16]. Additionally, 
good quality of sleep not only improves well-being but also 
facilitates the finding of balance between work and life [17]. 
Furthermore, also Jean-Louis et al. [18] found that self-
reported satisfaction as a measure of sleep quality had an 
impact on well-being. In line with the presented literature, 
we expect a better quality of sleep to be associated with 
more well-being (Hypothesis 3).

A recent study of Allen et al. [13] also point out the 
importance of quality of sleep by reporting an increased 
relation of stress and exhaustion when quality of sleep was 
poor. In detail, all three burnout indicators they examined 
– exhaustion, cynicism, and inefficacy –were shown to be 
positively associated with a lower quality of sleep [13]. 
Another study found that participants with high sleep qual-
ity had significantly lower burnout scores than participants 
with poor sleep quality [1]. Consequently, we expect a bet-
ter sleep quality to be associated with lower burnout-scores 
(Hypothesis 4).

In sum, the literature indicates that both sleep quality and 
hours of sleep are important indicators for health parameters.

1.2  Subjective and objective data on sleep

Self-reported data often include difficulties and inaccura-
cies [19–22]. Study participants on the one hand tend to 
overestimate sleep latency and on the other hand to over-
estimate sleep duration [23]. Findings regarding sensitiv-
ity and specificity for smartphone applications to measure 

1248 Health and Technology (2021) 11:1247–1257



1 3

sleep are similar. In a study Fino et al. [24] compared dif-
ferent smartphone apps to detect sleep and wake time with 
a polysomnography (PSG). The results indicate that most 
apps were correlated with the PSG for time spent in bed 
but not necessarily for time or quality of actual sleep (sleep 
efficacy). The authors, therefore, have recommended adding 
external sensors to measure physiological parameters, for 
example, heart rate or breathing, to improve the validity of 
sleep applications on smartphones. It is, thus, important to 
use multiple modalities when examining sleep and health. 
For example, it may not be enough to use a sleep tracking 
mat alone when trying to understand the interaction between 
sleep and well-being, but combining the mat with a device 
to measure vital parameters may be more useful [25]. The 
evidence reviewed here seems to suggest a pertinent role 
for both subjective and objective data when examining the 
relation between sleep and health. A common tool to col-
lect objective data on sleep is a fitness tracker worn on the 
wrist [26]. For that reason, we also include objective sleep 
measures to test the hypotheses. Objective sleep measures 
provide the possibility to calculate the day-to-day variability 
of sleep duration [11]. A study from Lemola [11] used actig-
raphy to examine the relation of sleep and health. Results 
showed a significant association between sleep quality and 
well-being. When considering the fact that the regularity 
of the sleep schedule is an indicator for better sleep [2], the 
day-to-day variability of sleep duration could serve as an 
objective parameter of sleep quality. Furthermore, findings 
indicate an association between a longer sleep duration and 
a better quality of sleep [8]. We expect this to be true for 
the relation of both self-reported and objective measures 
of sleep duration and quality (Hypothesis 5). Based on this 
expectation and the other hypotheses we further propose 
an indirect effect of sleep duration on well-being through 
sleep quality (Hypothesis 6) and an indirect effect of sleep 
duration on burnout through sleep quality (Hypothesis 7).

2  Method

2.1  Participants

In total 104 (45.2% female) white-collar workers participated 
in the study. To provide anonymity we asked the age of par-
ticipants in form of categories: < 25 years (0%), 25–29 years 
(7.7%), 30–34 years (5.8%), 35–39 years (13.5%), 40–44 years 
(5.8%), 45–49  years (10.6%), 50–54  years (18.3%), 
55–59 years (21.1%), 60–64 years (10.6%) and no state-
ment (6.7%). Participants worked at a certain department of 
a public institution in Austria. The majority of them worked 
fulltime: ≤ 25 h per week (10.6%), 26–45 h per week (8.7%) 
and ≥ 36 h per week (68.3%), no statement (12.5%). Work 
activity of participants included both in-house activities and 

on-the-road activities, visiting customers. Regardless of activ-
ity, employees could easily take the fitness tracker (wrist band) 
with them all day.

2.2  Procedure

Participation was fully voluntary. As a benefit for taking part, 
each participant received individual feedback on their health 
parameters and some suggestions on how to improve their 
health at the end of the study. Participants needed to register 
for participation in advance in order to take part at the opening 
event of the study where they were informed about content and 
purpose of the study and gave consent. The field study was 
approved in terms of ethical compliance by the committee of 
the public institution’s workers' council. At the opening event 
participants also received a fitness tracker, which they chose 
randomly. Overall, they could wear the fitness tracker for four-
teen consecutive days, but because of work-related appoint-
ments some participants received their device one day later 
and/or returned it one day earlier. Therefore, in terms of data 
continuity, we excluded the first and the last two days of data 
collected and included ten days for further analyses, because 
this was the official time of data collection.

We used the XIAOMI “Mi Band 2” fitness tracker for 
several reasons. First, it had enough internal storage to save 
all data during the duration of data collection. We only 
synchronized the data when the participants returned their 
trackers. Second, the trackers had a long-lasting battery 
which kept the effort for participants to a minimum. They 
did not have to charge the device every other day, which 
was important for both participants’ commitment and con-
tinuous collection of data. Finally, third, the trackers had an 
application programming interface that we used to pair the 
devices exclusively with our own application based on the 
open source app Gadgetbridge to ensure data security. When 
participants returned their fitness tracker, they received the 
link to an online questionnaire that included standard soci-
odemographic data (age, gender, educational level, marital 
status, working hours) as well as measures about sleep qual-
ity, sleep duration, burnout, and wellbeing. It also included 
other health parameters (e.g., physical activity) that are not 
part of the current research model. We then used the serial 
number of the fitness tracker as the identification code for 
each participant to match the objective sleep data with the 
data of the online survey.

2.3  Measures

2.3.1  Self‑reported Sleep Quality

To assess self-reported sleep quality (SSQ), we used the 
German version of the Jenkins Sleep Quality Index [27]. 
The index consists of four items that ask about the most 
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common parameters for sleep quality, for example, trouble 
falling asleep or not feeling refreshed after a sufficient time 
of sleep. Items were originally rated on a 6-point scale, 
expressing how often the condition appeared in the last 
month. We changed the instructions from “in the last month” 
to “in the last 14 days.” To fit the design of the current study, 
the answering scale was adapted from: “not at all”, “1 to 
3 days”, “4 to 7 days”, “8 to 14 days”, “15 to 21 days” and 
“22 to 31 days” to: 1 “to a very large extent”, 2 “to a large 
extent”, 3 “somewhat”, 4 “to a small extent” and 5 “to a 
very small extent.” Originally, high sleep quality was dem-
onstrated with a low score, but for statistical analyses, items 
were revised so that a high sleep quality was demonstrated 
with a high score. Observed reliability within this sample 
was Cronbach’s α (alpha) = 0.81.

2.3.2  Self‑reported Sleep Duration (SSD)

To assess SSD, we used the single item for sleep duration 
from the Pittsburgh Sleep Quality Index: “How many hours 
of actual sleep do you get at night? (This may be different 
than the number of hours you spend in bed)” [28]. To fit the 
study design, we adapted the instructions slightly from “… 
do you get at night” to “… did you on average get at night 
in the last 14 days.” Participants responded with the average 
hours of sleep, for example, 6.5 h or 7 h.

2.3.3  Objective Sleep Duration (OSD)

To record OSD, we used the Xiaomi “Mi Band 2” tracker 
and extracted the data with our own application based on the 
open source app, Gadgetbridge. With this software we were 
able to extract the raw data to a database and divided it into 
the columns: id, mac-address, timestamp in 60 s steps, raw 
intensity, heart rate, and raw kind. The first two columns (id 
and mac-address) were necessary for unique identification of 
data set with person; raw intensity and raw kind were indi-
cators for specific activities like sitting, running, or sleep-
ing. After some investigation at the official github wiki and 
the relevant reddit forum, we identified the raw kind codes 
for sleep as 105, 106, 112, 121, 122, 123, 124 for the lat-
est version of Gadgetbridge, numbered 0.24.2. We verified 
the codes using a small test study with 8 participants, who 
recorded their sleeping time every night by hand as well. We 
identified the relevant raw data (according to the raw kind 
codes) and calculated sum scores of sleeping hours per night 
and person. We used the sum scores to build an individual 
mean of hours of sleep for each person. We examined the 
accuracy of the Mi Band 2 in measuring sleep duration in 
a diary-study with 45 participants, ages ranging from 18 to 
59 years (manuscript in preparation). Participants wore the 
fitness tracker on 10 consecutive days and filled out a daily 
sleep protocol. The protocol involved questions on the times 

of going to bed and waking up, sleep quality, and concrete 
hours of sleep. The results of multilevel analyses show a sig-
nificant relation between objective and self-reported hours 
of sleep. Thus, the Mi Band 2 is, at least to some extent, 
suitable for measuring objective sleep duration (manuscript 
in preparation).

2.3.4  Objective Sleep Quality (OSQ)

The regularity of the sleep schedule is an indicator for better 
sleep [2]. Therefore, we used the day-to-day variability of 
sleep duration as indicator for objective sleep quality. We 
calculated the day-to-day variability based on the objective 
hours of sleep from the Mi Band 2. We divided the indi-
vidual variance of sleep duration with the individual mean 
of sleep duration and multiplied it with 100 as suggested by 
Lemola et al. [11]. This procedure results in the coefficient 
of variance. A higher coefficient indicates a higher variabil-
ity of sleep duration from day-to-day whereas a smaller coef-
ficient indicates a lower variability [29].

2.3.5  Burnout

To measure personal burnout, we used the German ver-
sion of the Copenhagen Burnout Inventory (CBI) [30]. The 
authors refer to personal burnout in the following way “Per-
sonal burnout is the degree of physical and psychological 
fatigue and exhaustion experienced by the person”, p. 197 
[30]. The CBI consists of 6 items that ask about physical and 
psychological fatigue and exhaustion, for example, “How 
often are you emotionally exhausted” or “How often are 
you physically exhausted.” Participants can choose 100% 
“always”, 75% “often”, 50% “sometimes”, 25% “seldom” 
and 0% “never/almost never” to answer the items. In order to 
make it easier to interpret the burnout score, we transformed 
answer options to a 5-point scale for statistical analysis 
(100% “always” = 5, 75% “often” = 4, 50% “sometimes” = 3, 
25% “seldom” = 2 and 0% “never/almost never” = 1). Cron-
bach’s α (alpha) was 0.89, indicating adequate internal 
consistency. 

2.3.6  Well‑being

We assessed well-being with the WHO-5 Well-Being Index 
[31]. The five items can be answered on a 6-point scale rang-
ing from 0 “at no time” to 5 “at all times.” The questionnaire 
contains items about general well-being, for example, “I 
have felt calm and relaxed” or “My daily life has been filled 
with things that interest me.” To fit the design of the cur-
rent study, we adapted the instruction slightly from “Please 
respond to each item by marking one box per row regarding 
how you felt in the last two weeks” to “Please respond to 
each item by marking one box per row regarding how you 

1250 Health and Technology (2021) 11:1247–1257



1 3

felt in the last ten days.” Internal consistency using Cron-
bach’s α (alpha) was 0.85.

3  Results

3.1  Descriptive statistics and correlations

For data analysis and management, we used SPSS 26.0. 
Table 1 contains descriptive statistics, sample sizes, corre-
lations and p-values of study variables. Sleep quality showed 
the expected association with health parameters: a better 
quality of sleep was linked to lower burnout scores and more 
well-being. There was also a low but significant association 
with self-reported hours of sleep, indicating that longer sleep 
duration is related to better sleep quality. In this sample we 
found no significant correlation between self-reported and 
objective sleep duration. As expected, we found burnout 
and well-being to be negatively associated, indicating that 
participants who felt better also experienced fewer burnout 
symptoms.

3.2  Regression analyses

Overall, we conducted two hierarchical regression analyses 
to test the hypotheses 1 to 4 and two multiple linear regres-
sion analyses to test the hypothesis 5. Literature indicated 
curvilinear effects of sleep duration on well-being and burn-
out [6, 12, 14]. Therefore, we included quadratic terms as 
control variables in the first step of both hierarchical regres-
sion analyses. In the second step of hierarchical analyses we 
included measures of sleep duration and in the third step we 
added measures of sleep quality as predictors to determine 
the incremental amount of variance explained. With the 
first hierarchical regression analysis we examined if hours 
of sleep and sleep quality added to prediction of well-being 
(Hypotheses 1 and 3). For the first step, the quadratic terms 
of self-reported and objective sleep duration were added as 
control variables and results indicate that there are no cur-
vilinear effects (R2 = 0.034, p = 0.269). In the second step 

the predictor variables objective and self-reported sleep 
duration were included. The results still showed a model 
not to be statistically significant (∆R2 = 0.045, p = 0.643). 
For the third step, we added the predictor variables self-
reported and objective sleep quality to the analysis. The 
results showed a significant change in the R2 value, suggest-
ing that the addition of sleep quality explained 41.6%% of 
the variation in well-being (F(2, 73) = 23.23, p < 0.001). The 
beta coefficients show, that only self-reported sleep quality 
significantly added to prediction of well-being (B = 0.629, 
SE = 0.093, p < 0.001), whereas objective sleep quality did 
not (B = –0.003, SE = 0.002, p = 0.082). We repeated the 
procedure for the outcome variable burnout (Hypotheses 2 
and 4). The results of the first two models indicated, that 
there are no curvilinear effects of sleep duration on burnout 
(R2 = 0.013, p = 0.600) and that sleep duration did not statis-
tically add to prediction of burnout (∆R2 = 0.016, p = 0.898). 
After adding the third block of predictors (self-reported and 
objective sleep quality) the analysis revealed a significant 
change in the R2 value (∆R2 = 0.235, p < 0.001). There-
fore, the results indicate that the addition of sleep quality 
explained 23.5% of variance in burnout (F(1, 73) = 10.479, 
p < 0.001). The beta coefficients show, that only self-
reported sleep quality significantly added to prediction of 
burnout (B = –0.418, SE = 0.091, p < 0.001), whereas objec-
tive sleep quality did not (B = –0.001, SE = 0.002, p = 0.724). 
In sum, the results of the analyses did not support the 
hypotheses 1 and 2 but did partly support the hypotheses 3 
and 4. Table 2 contains the details of the two hierarchical 
regression analysis.

To test the assumption that a longer sleep duration leads 
to more sleep quality we conducted two multiple linear 
regression analyses (Hypothesis 5). In the first analysis 
self-reported and objective sleep duration served as predic-
tors for self-reported sleep quality and in the second anal-
ysis for objective sleep quality. Overall, the results show, 
that the predictors could significantly explain variance in 
self-reported sleep quality (R2 = 0.087, p = 0.030) but not 
in objective sleep quality (R2 = 0.001, p = 0.970). The beta 
coefficients considering the outcome variable self-reported 

Table 1  Descriptive statistics 
and correlations of study 
variables

SSD self-reported sleep duration, OSD objective sleep duration, SSQ self-reported sleep quality, OSQ 
objective sleep quality
* p = < .05; **p = < .001

Variable M SD n (1) (2) (3) (4) (5) (6)

(1) SSD 6.63 0.87 89 -
(2) OSD 7.78 0.78 92 0.11 -
(3) SSQ 3.30 0.93 99 0.24* –0.09 -
(4) OSQ 32.23 43.61 92 0.00 –0.08 0.08 -
(5) Well-being 4.06 0.91 99 0.04 –0.13 0.57** –0.09 -
(6) Burnout 2.14 0.93 89 –0.04 0.12 –0.49** –0.01 0.78** -
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sleep quality show, that only self-reported sleep duration 
significantly added to the prediction (B = 0.309, SE = 0.282, 
p = 0.012) whereas objective sleep duration did not 
(B = -0.151, SE = 0.137, p = 0.275). Therefore, the results 
partly support hypothesis 5. Table 3 contains the details of 
the multiple linear regression analyses.

3.3  Mediation analysis

The hypotheses 1 to 5 provided the stage for two media-
tion hypotheses: On the one hand we proposed an effect of 
sleep duration and sleep quality on well-being and burnout. 
On the other hand we assumed that a longer sleep duration 
leads to more sleep quality. Therefore, we further proposed 
indirect effects of sleep duration on well-being and burnout 
through sleep quality (Hypotheses 6 and 7). Overall to test 
the hypotheses 6 and 7 we conducted two mediation analy-
ses. The analyses were performed using Hayes’ PROCESS 
macro [32] in SPSS version 26. The PROCESS macro [32] 
can estimate mediation models with more than one inde-
pendent variable by including the additional variable as 
covariate [33]. The only difference is that the model has to 
be executed again for each additional independent variable 
as X variable and the remaining variables as covariates, to 
determine the indirect effects for all X variables [33]. There-
fore, in the first mediation model on the outcome variable 
well-being we included self-reported sleep duration as pre-
dictor, whereas the objective sleep duration was added as 
covariate. To statistically control for curvilinear effects we 
also included the quadratic terms of subjective and objec-
tive sleep duration in the mediation analyses as control vari-
ables. Then we repeated the analysis by taking objective 
sleep duration as the X variable and the self-reported sleep 
duration as covariate to determine the indirect effects of 
objective sleep duration on well-being. The results of the 
total effect of sleep duration on well-being, excluding the 
mediators and the direct effect, including the mediators were 

already estimated by the regression analyses for the hypoth-
eses 1 to 4. To determine whether sleep quality mediated 
the effect of sleep duration on well-being we considered the 
indirect effects of mediation analyses. The results indicate, 
that neither self-reported nor objective sleep quality signifi-
cantly mediated the effect of sleep duration on well-being 
(Table 4). To examine if sleep quality mediated the effect 
of sleep duration on burnout we repeated the whole pro-
cedure but replaced well-being as outcome variable with 
burnout. The total effect and the direct effect were already 
estimated by the regression analyses for the hypotheses 1 
to 4. The results of the mediation analyses showed, that the 
indirect effects were not significant, indicating that neither 
self-reported nor objective sleep quality mediated the effect 
of sleep duration on burnout (Table 4).

4  Discussion

The present study was designed to determine the effect of 
sleep quality and duration on burnout and well-being. Addi-
tionally, to increase knowledge about the benefit of using 
objective sleep data, we used a fitness tracker to collect data 
on the objective hours and quality of sleep. We assumed that 
a longer sleep duration and a higher quality of sleep would 
enhance well-being and reduce burnout (Hypotheses 1 to 4). 
Furthermore, we expected the sleep duration to predict sleep 
quality (Hypotheses 5). These expectations further lead to 
the assumption that sleep quality might mediate the effect 
sleep duration had on well-being (Hypothesis 6) and burnout 
(Hypothesis 7).

The correlation of study variables showed the expected 
positive relation between better sleep quality and well-
being and a reduced burnout-score. Furthermore, we found 
a small but significant correlation between sleep duration 
and quality. Participants reporting a higher quality of sleep 
also reported more hours of sleep, although this relation was 

Table 3  Results of multiple 
linear regression analyses on 
the prediction of sleep quality 
through sleep duration

SSD self-reported sleep duration, OSD objective sleep duration, SSQ self-reported sleep quality, OSQ 
objective sleep quality
* p = < .05; **p = < .001

Outcome 
variable

Predictors B SE B β t p

SSQ Intercept 2.367 1.267 1.868 0.066
SSD 0.309 0.12 0.282 2.578 0.012*

OSD –0.151 0.137 –0.12 –1.099 0.275
R2 = .063, p = .03

OSQ Intercept 42.76 61.071 0.7 0.486
SSD 0.201 5.811 0.004 0.035 0.973
OSD –1.64 6.617 –0.028 –0.248 0.805

R2 = .001, p = .97
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only true for self-report and not objective sleep measures. 
Against our expectation, we did not find a significant cor-
relation between self-reported and objective hours of sleep. 
This might be related to the fact that people tend to overesti-
mate sleep latency and overestimate sleep duration which, in 
turn, is an indication of bias in self-reported sleep data [23].

Consistent with our assumption, the results of the hierar-
chical regression analyses showed that sleep quality signifi-
cantly added to prediction of both burnout and well-being. 
Overall, self-reported sleep quality explained 41.6% of the 
variance in well-being and 23.5% of the variance in burnout. 
When sleep quality was better participants reported more 
well-being and showed lower burnout scores. However, 
the day-to-day variability of sleep duration as parameter 
for objective sleep quality did not significantly add to the 
prediction of the outcome variables. Although the regular-
ity of the sleep schedule is an indicator for better sleep [2] 
it might be useful for future research to include multiple 
objective parameters on sleep quality and not only the day-
to-day variability of sleep duration. Against our expectation, 
neither subjective nor objective hours of sleep significantly 
predicted well-being or burnout in the hierarchical regres-
sion analyses. Regarding the mean sleep duration per night 
(Table 1), we came to results similar to those reported by 
Zhang et al. [3] and Adams et al. [5], which implies that 
hours of sleep within our sample were in a normal range. 
One reason that sleep duration did not predict burnout and 
well-being might be that participants themselves reported 
fewer hours of sleep on average than the fitness tracker did. 
This inconsistency can be explained in part by previous stud-
ies that have shown how most trackers underrated quality 
of sleep whereas they overrated hours of sleep [34]. Some 
previous findings in the literature also suggest that both too 

little and too much sleep were associated with less well-
being and higher burnout scores [6, 12, 14]. To investigate 
whether a curvilinear relation of variables was the reason 
self-reported and objective sleep duration did not signifi-
cantly predict well-being and burnout, we included quadratic 
terms in the hierarchical regression analyses. Nevertheless, 
results of the analyses indicated that there were no curvilin-
ear effects in this sample.

We expected sleep duration to have an effect on sleep 
quality and therefore, we conducted two multiple linear 
regression analysis to test the hypothesis. The results partly 
supported our assumption: Self-reported sleep duration 
explained 6.3% of the variance of self-reported sleep qual-
ity, whereas no significant prediction was found for objec-
tive sleep duration and quality. We computed the day-to-day 
variability of sleep duration as parameter of objective sleep 
quality as we aligned it to findings in the literature, that the 
regularity of the sleep schedule is an indicator for better 
sleep [2]. Nevertheless, we are unsure if the day-to-day vari-
ability of sleep duration is the best fit for an objective param-
eter of sleep quality. Maybe research would also benefit from 
using multiple parameters for objective sleep quality rather 
than relying on one parameter.

To test the assumption that sleep quality mediated the 
effect of sleep duration on burnout and well-being we con-
ducted mediation analyses. We included quadratic terms of 
sleep duration to control for curvilinear effects but no effect 
was found. Against our expectations, the results did not show 
a significant mediating effect, neither for self-reported nor 
objective sleep quality. An explanation might be that we 
did not ask participants on a daily basis about their sleep-
ing behavior, but only retrospectively. The challenge of ret-
rospective data is that it can be inaccurate because people 

Table 4  Summary of indirect 
effects of mediation analyses 
of sleep quality mediating the 
effect of sleep duration on well-
being and burnout

SSD self-reported sleep duration, OSD objective sleep duration, SSQ self-reported sleep quality, OSQ 
objective sleep quality, CI confidence interval

Indirect Effects B SE 95% CI

Well-being
SSD → SSQ → Well-being 0.996 0.9522 [–1.1872, 2.5494]
SSD → OSQ → Well-being –0.0689 0.2368 [–0.6578, 0.3277]
SSD → SSQ → OSQ → Well-Being –0.0286 0.0709 [–0.1821, 0.1102]
OSD → SSQ → Well-being 2.0307 1.5696 [–2.2977, 4.7154]
OSD → OSQ → Well-being 0.2806 0.4439 [–0.4880, 1.2787]
OSD → SSQ → OSQ → Well-Being –0.0582 0.1326 [–0.3246, .2435]
Burnout
SSD → SSQ → Burnout –0.662 0.6344 [–1.6973, 0.8339]
SSD → OSQ → Burnout 0.0135 0.143 [–0.2470, 0.3239]
SSD → SSQ → OSQ → Burnout 0.0056 0.0371 [–0.0863, 0.0589]
OSD → SSQ → Burnout –1.3498 1.0471 [–3.1342, 1.3499]
OSD → OSQ → Burnout –0.0551 0.332 [–1.0871, 0.3472]
OSD → SSQ → OSQ → Burnout 0.0114 0.0771 [–0.1821, 0.1178]
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tend to forget, not remember properly, or answer in accord-
ance with social desirability [23, 35, 36]. Thus, it becomes 
clear that further research on sleep duration should use a 
diary-study design in order to get continuous subjective data 
instead of asking retrospectively. Unfortunately, a diary-
design was beyond the constraints of this study because of 
the collaboration with a public institution we had to keep 
effort for participants at a minimum. Furthermore, collecting 
sleep data with a fitness tracker is challenging and validity 
can be a struggle. Adams et al. [5] found that 44% of people 
in their sample spent time on the internet and 52% watched 
TV before going to bed. Since people are most likely to do 
these activities whilst laying on the couch or in bed, the 
physiological parameters (movement and heartrate) that the 
fitness tracker uses to calculate whether a person is sleeping 
or not decrease. When a person does not move and has a low 
heart rate over some time, the fitness tracker is likely to track 
this period as “sleep” even if the person is just in a state of 
reduced activity. This might result in an inaccurate real-time 
sleep duration. In a recent study by Mendelsohn et al. [37], 
participants wore a fitness tracker over fourteen consecutive 
days to learn more about the associations among work hours, 
physical activity, sleep, well-being and burnout. The average 
sleep duration per night was rather low, at 5.90 h, whereas 
the average daily physical activity was even higher than the 
WHO recommendation of 8,000 steps per day. While around 
60% of the participants had high burnout scores, they also 
found no significant association with sleep duration [37].

Although consumer wearable technology has become 
more popular to measure sleep, results on the validity of 
the devices are inconsistent, especially when the samples 
include people with disturbed sleep or short sleep dura-
tion. When using a fitness tracker to learn more about sleep 
behavior, we need to rely on the algorithm that processes 
the data to generate the feedback. Although some algo-
rithms are open source, most of them are proprietary to 
the manufacturer [34]. This circumstance leads to a classi-
cal black-box problem: A device collects data to generate 
feedback about a certain behavior, but the exact steps on 
how the data are processed are not available. This is also 
true when working with raw data because an algorithm is 
used to transform behavior into numbers before further 
analysis by the researcher. In their review about the valid-
ity of fitness trackers to measure sleep parameters, Kolla 
et al. [34] described seven studies where the accuracy of 
different fitness trackers was compared to reliable tools 
such as actigraphy and PSG. The authors concluded that 
some fitness trackers were able to display sleep parameters 
with some accuracy, but there was still a large discrepancy 
compared to actigraphy and PSG. They state that fitness 
trackers “tend to have reasonable sensitivity in detect-
ing sleep but have poor specificity i.e. they are unable 

to accurately detect wake”, p. 505 [34]. When Lemola 
et al. [11] assessed both objective and subjective duration 
of sleep, they also found no significant relation between 
sleep duration and psychological well-being. However, 
they found that sleep quality partially mediates the relation 
between higher day-to-day variability in sleep duration and 
lower scores of well-being.

In summary, there were several limitations of the study. 
First, we could not use a diary-study design to collect con-
tinuous self-reported data on quality and quantity of sleep, 
because we had to keep effort for participants at a mini-
mum. Nevertheless, a diary-design in the future would be 
useful to better understand the complex relation between 
sleep and health. This might also be the reason that self-
reported sleep duration is not associated with objective 
sleep duration in our study. Second the sample size for 
statistical analysis was rather small because we could only 
include participants who fully completed the questionnaire 
and who continuously wore the fitness tracker. Because 
sample size was small and all participants worked at the 
same department, results may lack representativity.

While acknowledging the limitations of the present 
study, the equal distribution of male and female partici-
pants is a strength because men usually engage more in 
studies using fitness trackers, which could lead to gender 
bias in the results [26]. For future research, it might also 
be useful to include interpersonal differences in detecting 
sleep patterns with wearable devices. As existing studies 
have shown, in some cases sleep duration is crucial for 
understanding the interaction of sleep and health, while in 
others, the quality of sleep in terms of awakening during 
the night is more important [38]. In a technical meeting 
the World Health Organization (WHO) has also stated that 
“Self-reported sleep can also be used as an indicator: it is 
considered the least reliable objectively but perceived as 
the most important by the individual “, p. 2 [2].

In a nutshell, the results of our study support the impor-
tance of adequate sleep for health–it decreases the risk 
of burnout and increases well-being. Although measuring 
sleep data with consumer fitness trackers still lacks valid-
ity, it does solidify results from self-reported measures 
when used concurrently. To enhance the understanding 
of the complex relationships between sleep and health, 
exploiting the potential of fitness trackers in measuring 
sleep data can be an important avenue for future research.
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