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A low-threshold sleep intervention
for improving sleep quality and
well-being
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Background: Approximately one-third of the healthy population su�er from sleep

problems, but only a small proportion of those a�ected receive professional help.

Therefore, there is an urgent need for easily accessible, a�ordable, and e�cacious

sleep interventions.

Objective: A randomized controlled study was conducted to investigate the e�cacy

of a low-threshold sleep intervention consisting of either (i) sleep data feedback

plus sleep education or (ii) sleep data feedback alone in comparison with (iii)

no intervention.

Material and methods: A total of 100 employees of the University of Salzburg (age:

39.51 ± 11.43 years, range: 22–62 years) were randomly assigned to one of the three

groups. During the 2-week study period, objective sleep parameters were assessed

via actigraphy. In addition, an online questionnaire and a daily digital diary were used

to record subjective sleep parameters, work-related factors, as well as mood and

well-being. After 1 week, a personal appointment was conducted with participants

of both experimental group 1 (EG1) and experimental group 2 (EG2). While the EG2

only received feedback about their sleep data from week 1, the EG1 additionally

received a 45-min sleep education intervention containing sleep hygiene rules and

recommendations regarding stimulus control. A waiting-list control group (CG) did

not receive any feedback until the end of the study.

Results: Results indicate positive e�ects on sleep and well-being following sleep

monitoring over the course of 2 weeks and minimal intervention with a single in-

person appointment including sleep data feedback. Improvements are seen in sleep

quality, mood, vitality, and actigraphy-measured sleep e�ciency (SE; EG1), as well as

in well-being and sleep onset latency (SOL) in EG2. The inactive CG did not improve

in any parameter.

Conclusion: Results suggest small and beneficial e�ects on sleep and well-being

in people being continuously monitored and receiving (actigraphy-based) sleep

feedback when paired with a single-time personal intervention.

KEYWORDS

sleep education, low-threshold, sleephygiene, sleep coaching, actigraphy, sleepquality, sleep
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Introduction

A growing number of stress-inducing factors in our fast-moving society have led to an
alarming increase in the impairment of sleep quality in the general population. Especially in
stressful times, sleep is often reduced [e.g., (1, 2)], while its impact on vital functions such as
recovery or cognition is largely underestimated. This lack of awareness of the importance of sleep
and its significant impact on mental (3) and physical health (4) is worrisome, as many people in
the western world suffer from insufficient sleep, irregular sleep patterns, and/or non-restorative
sleep episodes (5).
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The strong association between personal worry, human sleep, and
mental health factors became evident especially during the COVID-
19 pandemic [e.g., (6, 7)]. Alarming adverse effects on well-being
and mental health, such as the increase in depressive symptoms,
anxiety, and stress (7, 8) as well as increasing sleep problems
associated with decreased sleep quality (6, 7) and insomnia (9), have
consequently been reported. Studies conducted during the COVID-
19 pandemic show numbers reaching from 16% of the Austrian
population reporting clinical or severe insomnia symptoms (9) to
37% in a huge international comparison (7) and up to nearly 60%
affected by poor sleep quality in an Italian study (10). Frequent
reasons for sleep problems are high work demands and associated
chronic stress in the work as well as private environment (11).

Interestingly, many sleep problems remain clinically undiagnosed
or untreated and consequently often manifest themselves in chronic
sleep disorders (12, 13). Thus, we believe that it is inevitable
to broaden access to sleep-promoting, low-threshold interventions
for the general population, especially in the very early stages of
developing sleep problems.

Providing information about sleep and good sleep hygiene is one
of the core components of insomnia treatment (14, 15). Yet only a
few studies have investigated the use of low-threshold interventions
focusing on sleep education in the general population together
with objective measures for a more reliable sleep evaluation using
actigraphy or the gold standard of polysomnography (PSG) in
comparison with a waiting-list control group (CG) (16, 17).

Indeed, previous research suggested that brief intervention
programs with ≤4 sessions of cognitive behavioral therapy for
insomnia (CBT-I) can be effective in the improvement of both
subjective sleep data and actigraphy-measured sleep, especially in
the long run (18). A study that explicitly compared brief behavioral
treatment for insomnia (BBTI), which consists of fewer sessions and
a shorter duration than classical CBT-I programs, found promising
effects of BBTI on insomnia severity and improvements of sleep
onset latency (SOL), sleep efficiency (SE), total wake time, wake
after sleep onset (WASO), and sleep quality measured via sleep
diaries (19); however, the study could not conclusively demonstrate
non-inferiority of BBTI against the CBT-I standard.

Holzinger et al. (20) reported positive effects of a low-threshold
non-pharmacological sleep intervention in the form of a 2-day
sleep coaching seminar for Austrian shift workers on subjective
measures of sleep quality, SOL, and daytime sleepiness. Using 1-day
workshops based on the core principles of CBT-I, one such study
trial found improvements in insomnia severity, subjective SE, and
WASO 3 months after the baseline measurement when compared
to a waiting-list CG (21). Recently, Wong et al. (22) compared two
low-intensity interventions for insomnia (half-day CBT-I workshop
and self-help Internet-delivered CBT-I) with an active-treatment CG
(half-day sleep hygiene education workshop) and found comparable
improvements in insomnia severity, anxiety, depressive symptoms,
and quality of life in all three groups. Effects were stable until 8
and 16-week post-baseline assessments. In addition, a pilot study in
a sample of working women with sleep disorders that included 30-
min weekly group sleep hygiene education classes over a period of 5
weeks revealed significant improvements in Pittsburgh Sleep Quality
Index values [PSQI; (23)] already after 2 weeks of participation (24).
There are even reports that a single-time 1-h sleep hygiene session in
a Japanese working population leads to decreased PSQI scores and
a significantly reduced subjective daytime sleepiness 4 weeks after

the intervention (25); however, like most of the trials, this study
also (i) did not find significant differences compared to a waiting-
list group and (ii) did not use objective measures for assessing the
participants’ sleep, which, therefore, is prone to placebo or “socially
desired” effects. Only a few studies have met those requirements.

A 4-week program with weekly 45-min CBT-I sessions in elderly
people, also including sleep-hygiene education, revealed significant
improvements in (actigraphy-measured) SE and the number (and
duration) of awakenings compared to an active CG; this effect
was stable up to 4 months after the completion of treatment (26).
Furthermore, in a sample of older adults with chronic insomnia
and common comorbidities, BBTI was delivered in one 45–60-min
individual session and two 20-min telephone calls and was compared
with an active control condition 4 weeks after treatment and at a 6-
month follow-up. Besides subjective sleep amelioration, actigraphy-
based improvements in SE, SOL, and WASO were also observed.
However, in polysomnographic parameters, no treatment effects
could be determined (16). In contrast, Krystal et al. (27) found a
CBT-I group compared with a placebo intervention group with 6
weekly sessions each to show greater improvements in ambulatory
PSG measures of WASO and SE from before to after the treatment.

Digital intervention solutions gain importance year by year (28,
29) and got a boost in the time of the COVID-19 pandemic. Often,
however, these programs cannot be classified as “low-threshold,” as
the duration is rather long (6–8 weeks) and intensity is high (weekly
60-min meetings). Among the shorter versions and, therefore, being
more low level, a 2-week online program based on cognitive-
behavioral intervention could improve subjective sleep quality and
subjective SOL among adult workers when compared to a waiting-
list CG (30). In a large comparison of digital CBT-I with sleep
hygiene education, improvements in sleep-related quality of life,
insomnia, and psychological well-being could be shown already at
mid-treatment (week 4) (31). Using an individually tailored app-
based treatment for insomnia for 2 weeks compared to a waiting-
list CG, Okajima et al. (32) found the treatment group to be more
improved in insomnia severity both at a 1- and 3-month follow-up.
Yet, here as well, reports fully rely on subjective reports, and there is a
lack of sleep and treatment evaluation using objective sleep measures.

In summary, it becomes evident that an overwhelming amount
of existing sleep studies using low-threshold sleep interventions rely
on subjective measures of sleep [e.g., (20–22, 33)] and, thereby, have
inherent problems arising from possibly biased self-reports. This is
especially problematic regarding sleep, which by definition is a state
of “unconsciousness” [e.g., (34)]. In addition to this, many studies
lack a proper CG that evaluates whether simple personal contact and
focus on one’s own sleep leads to (subjective) sleep improvements
independent of specific treatment effects. A possible and economical
way to enhance the objectivity of measuring sleep in intervention
studies is the use of actigraphy (35) or other reliable sensor data.
Although actigraphy cannot substitute the established gold standard
of PSG, some studies suggest that it still provides acceptable accuracy
for many sleep parameters (36), especially if data are collected for at
least six to seven continuous nights (37).

In the current study, we apply a single-time face-to-face
sleep intervention in a sample of 100 employees of an Austrian
University (University of Salzburg). We quantify improvements in
sleep using daily objective sleep parameters gained from wrist-worn
actigraphy and daily subjective sleep parameters over the course of
2 weeks.
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Materials and methods

Sample

The sample comprised 100 volunteers of the working staff of the
University of Salzburg, of whom 69% (n= 69) were women. Their age
ranged between 22 and 62 years (M = 39.51 ± 11.43). The majority
worked in science (46%), followed by 26% who were working in
administration. Besides this, 15% had teaching assignments, and 35%
worked in “other” sectors of the university. Regarding the educational
qualification, 72% of the participants had a university degree (n= 72),
16% had graduated from high school (n = 16), and the remaining
12% had undergone educational training (n = 7), engaged in further
education (n = 3), or attended primary or secondary school (n = 2).
Most of the participants had full-time jobs (35+ h, n = 47) or were
engaged in part-time work (15–35 h a week, n = 41). The remaining
were employed for less than 15 h a week (n= 10) or declared that they
had two jobs or were just searching for new employment (n= 2).

After confirmation of participation, the participants were
randomly assigned to one of the three groups [i.e., experimental
group 1 (EG1), experimental group 2 (EG2), and CG], while the time
point of confirmation was the determining factor for the alternating
group allocation to circumvent time effects. There were no exclusion
criteria other than that the participants had to be members of
the (scientific or non-scientific) working staff of the University of
Salzburg, and sleep improvement was desired.

Objective measurement

Objective sleep data were measured by using ©wGT3X-BT
ActiGraphs (ActiGraphTM; Pensacola, FL, USA), which capture
continuous, high-resolution physical activity and provide sleep/wake
analysis. ActiGraph data were processed using the ©ActiLife software
and the implemented Cole–Kripke algorithm (38) with a pre-defined
sleep epoch length of 60 s; we here focused on SE and SOL of that
algorithm. In addition, participants were asked to keep a daily sleep
log, where individual lights on/off was recorded. Participants were
instructed to provide these timings immediately before switching off
and after turning on the lights.

Subjective measurement

A few days before the start of the pre-intervention period,
participants filled out an entry questionnaire (T1), where
demographic data and information about individual sleep problems
using the PSQI were assessed. The PSQI reliably measures the
self-reported sleep quality over the past 4 weeks by means of 19
items and covers seven areas, namely, subjective sleep quality,
sleep latency, sleep duration, habitual SE, sleep disturbances, use of
sleep medication, and daytime dysfunction. The global PSQI score
ranges from 0 to 21, while a value of >5 suggests “bad sleep,” and a
value of >10 is considered a sleep disorder with clinical relevance.
Furthermore, work-related demands and resources [COPSOQ; (39)],
work-related distress and eustress (40), as well as subjective general
well-being [HSWBS; (41)] were collected in this questionnaire.
The COPSOQ, work-related distress and eustress, and the HSWBS

were collected again at T2 and T31. In addition to this, participants
completed daily morning and evening protocols, which were
available using the “PsyDiary” mobile-phone app (Eating Behavior
Laboratory, University Salzburg–SmartHealthCheck Project). The
morning diary (refer to Supplementary Table 1) collected (based on
one item each) the subjective evaluation of the previous night’s sleep
quality (“How did you sleep tonight?”, from “very bad” to “very
good”), self-reported vitality (“How do you feel at the moment?”,
from “faint” to “alive”), and current mood (“How is your mood
at the moment?”, from “very bad” to “very good”) via a slider bar
from 0 to 100. Furthermore, subjective psychological well-being
was assessed as part of the morning diary by the use of an adapted
version of the WHO-Five Well-Being Index (42), which is answered
on a 5-point Likert scale and consists of five statements like, for
example, “I feel cheerful and in good spirits.” In the evening, the
evaluation of daily job demands and resources, self-reported tension,
psychological detachment, and daily sleepiness was assessed using
15 questions (refer to Supplementary Table 2). Participants were
instructed to fill out the daily protocol in the morning 30–60min
after turning on the lights and in the evening at least 2 h before going
to bed. Questionnaire data (i.e., T2 and T3) were obtained before the
personal meetings with the study team.

Sleep interventions

At the midpoint of the study period (after 1 week), the EG1
received a face-to-face, 45–60-min lasting session with a member
of the Laboratory for Sleep, Cognition and Consciousness Research
of the University of Salzburg, who was trained for the “sleep
education intervention.” General information about sleep, basic
principles of sleep hygiene, as well as general advice for better sleep
(stimulus control), were explained and discussed by the use of an
information booklet. In addition, the “coach” showed and explained
the participants’ sleep data of the first week as recorded from the
actigraph. Furthermore, the sleep data feedback addressed the PSQI
value at study entrance. The EG2 received sleep data feedback only,
at the same point of time in the study protocol (namely 1 week after
study entrance). Finally, the CGwas simply monitored for the 2-week
period with actigraphy and daily morning and evening protocols via
smartphone app and only had a personal appointment to discuss the
data at the end of the study period (cf. Figure 1).

Statistical analysis

Statistical analyses were performed using SPSS version 24 (SPSS
Inc., Chicago, Illinois). To test whether the data were normally
distributed, Shapiro–Wilk tests were used. Analyses were mainly
based on repeated measure analyses of variance (ANOVA), t-tests,
or Wilcoxon tests, depending on the distribution of the data. As
suggested by Wasserstein et al. (43), we interpreted the overall

1 The PSQI was not used as an outcome measure at the end of the 2-week

study period, as traditionally subjective sleep quality is evaluated over the last

4 weeks. We here rather focused on the daily measurements related to sleep

quality from the online morning protocol as well as on the objective measures

from the 2-week continuous sleep monitoring via actigraphy.
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FIGURE 1

Study design. Participants wore an actigraph for 2 weeks and filled out questionnaires at three points of time as well as two daily protocols (morning and

evening) via a mobile phone app (PsyDiary). During a personal appointment (after week 1), experimental group 1 (EG1) received feedback on their sleep

data from the first week plus a sleep education intervention, while EG2 received sleep data feedback only. The waiting-list control group (CG) was

monitored like the other groups, but only had a personal appointment and got feedback after the end of the 2-week study period.

pattern rather than focusing on individual p-values. Therefore, we
also interpreted p-values of 0.05 < p ≤ 0.1 as statistical trends, if
they were in line with the overall pattern. For a measure of effect
size, either partial eta squared (η²p) or the correlation coefficient
(r) are provided, depending on the inferential statistics applied. The
Greenhouse–Geisser correction was used in case the assumption of
sphericity was violated. For post-hoc comparisons, parametric tests
(t-tests) or Wilcoxon-rank-sum-tests were applied (depending on
the distribution of the data), and two-tailed critical p-values were
reported. There were no significant differences in the investigated
outcome variables between the groups at time point T1 (pre). For
descriptive values of the outcome variables at time point T1, refer
to Supplementary Table 3. Pre-measurements refer to the mean of
the first week (T1 to T2) and post-measurements refer to the mean
of the second week (T2 to T3) of continuous morning diary and/or
actigraphy data. As in the EG2, there were two participants who did
not fill out the sleep diary during the pre-intervention period, only
the data of n = 32 participants could be included in the analyses of
subjective data for the EG2.

Results

Sleep diary

Sleep quality
A2× 3 repeatedmeasures ANOVAwith the within-subject factor

TIME (Pre and Post), the between-subject factor GROUP (EG1,

EG2, and CG), and the dependent variable subjective sleep quality
revealed a significant main effect of TIME [F (1, 95) = 4.70, p =

0.033, η²p = 0.047], indicating that subjective sleep quality increased
significantly over participants from pre- (M = 66.44, SD = 13.35)
to post-intervention (M = 68.87, SD = 14.48). The main effect of
GROUP was not significant [F (2, 95)= 0.80, p= 0.451, η²p= 0.017]
nor was the interaction TIME×GROUP [F (2, 95)= 1.77, p= 0.176,
η²p = 0.036]. Explorative post hoc paired samples t-tests revealed a
trend for a significant increase in subjective sleep quality from pre to
post for the EG1 [Pre: M = 64.17 ± 11.92, Post:M = 68.07 ± 15.54;
t(33) = −1.96, p = 0.058, r = 0.32] and a significant increase for
the EG2 [Pre: M = 68.03 ± 14.34, Post: M = 71.87 ± 13.59; t (31)
= −2.31, p = 0.028, r = 0.38] but no change for the CG [Pre: M =

67.26± 13.84, Post:M = 66.70± 14.11; t (31)= 0.27, p= 0.787] (cf.
Figure 2A).

Well-being
A 2 × 3 repeated measures ANOVA with the within-subject

factor TIME (Pre and Post), the between-subject factor GROUP
(EG1, EG2, and CG), and the dependent variable well-being revealed
no significant main effect of TIME [F (1, 95) = 0.19, p = 0.274,
η²p = 0.013] and no significant main effect of GROUP [F (2,
95) = 2.04, p = 0.136, η²p = 0.041]. There was a trend for a
significant interaction effect TIME × GROUP [F (2, 95) = 2.56, p
= 0.083, η²p = 0.051]. Subsequent post-hoc Wilcoxon tests revealed
a significant increase in well-being from pre to post only for the
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FIGURE 2

Subjective values assessed by sleep diaries from pre- to post-intervention. Note that EG1 improved tendentially in (A) sleep quality, (C) vitality, and (D)

mood, but not in (B) well-being, and the EG2 improved significantly on all parameters, while the CG did not show any improvements. Measurements

were assessed daily and averaged over a week each. EG1 (n = 34), EG2 (n = 32), and CG2 (n = 32). Asterisks represent significant results, *p < 0.05, +p <

0.10, two-tailed. Error bars display ±1 standard error. EG1, experimental group one; EG2, experimental group two; CG, control group.

EG2 (Pre: M = 3.49 ± 0.56, Post: M = 3.74 ± 0.64; Z = –2.50,
p = 0.013, r = 0.44). For the EG1 (Pre: M = 3.35 ± 0.70, Post:
M = 3.37 ± 0.56; Z = –1.282, p = 0.200) and the CG (Pre: M
= 3.43 ± 0.61, Post: M = 3.37 ± 0.66; Z = –0.442, p = 0.658),
there was no significant change from pre- to post-measurement (cf.
Figure 2B).

Vitality
A 2 × 3 repeated measures ANOVA with the within-subject

factor TIME (Pre and Post), the between-subject factor GROUP
(EG1, EG2, and CG), and the dependent variable vitality revealed
a trend toward a significant main effect of TIME [F (1, 95)= 3.04,
p = 0.084, η²p = 0.031] while the main effect of GROUP was
not significant [F (2, 95) = 2.13, p = 0.125, η²p =0.043]. For the
interaction effect TIME × GROUP, there was a trend toward a
significant effect [F (2, 95) = 2.66, p = 0.075, η²p =0.053]. Post-
hoc Wilcoxon tests revealed a trend for an increase in the feeling of
vitality for the EG1 (Pre: M = 57.18 ± 13.57, Post: M = 61.21 ±

14.47; Z = −1.85, p = 0.065, r = 0.32) and a significant increase
for the EG2 (Pre: M = 64.08 ± 15.40, Post: M = 66.99 ± 18.19;
Z = −2.23, p = 0.026, r = 0.39) but not for the CG (Pre: M =

62.24 ± 16.57, Post: M = 60.31 ± 17.62; Z = −0.44, p = 0.660) (cf.
Figure 2C).

Mood
A 2 × 3 repeated measures ANOVA with the within-subject

factor TIME (Pre and Post), the between-subject factor GROUP
(EG1, EG2, and CG), and the dependent variable mood revealed
a significant main effect of TIME [F (1, 95) = 7.90, p = 0.006,

η²p = 0.077], while the main effect of GROUP was not significant
[F (2, 95) = 2.33, p = 0.103, η²p = 0.047]. The interaction effect
TIME × GROUP was significant [F (2, 95) = 3.89, p = 0.024,
η²p = 0.076]. Post-hoc paired samples t-tests revealed a trend
toward an increase in mood for the EG1 [Pre: M = 64.74 ±

12.54, Post: M = 67.49 ± 13.15; t (33) = −1.89, p = 0.068, r
= 0.31] and a significant improvement for the EG2 [Pre: M =

70.32 ± 13.72, Post: M = 75.97 ± 13.84; t (31) = −3.50, p =

0.001, r = 0.53] but no change for the CG [Pre: M = 68.86 ±

16.07, Post: M = 68.19 ± 15.45; t (31) = 0.40, p = 0.694] (cf.
Figure 2D).

Actigraphy

Sleep e�ciency
A2× 3 repeatedmeasures ANOVAwith the within-subject factor

TIME (Pre and Post), the between-subject factor GROUP (EG1,
EG2, and CG), and the dependent variable (actigraphy-measured) SE
revealed no significant result for the main effect of TIME [F (1, 97)
= 0.89, p = 0.349, η²p = 0.009] and of GROUP [F (2, 97) = 0.44,
p = 0.643, η²p = 0.009], but a significant interaction effect of TIME
× GROUP [F (2, 97) = 3.32, p = 0.040, η²p = 0.064] and, therefore,
confirmed the above effects. Subsequent post-hoc paired samples t-
tests revealed a trend toward increased objective SE from pre to post
for the EG1 [Pre:M = 88.50± 4.33, Post:M = 89.12± 3.90; t (33)=
−1.78, p= 0.085 r= 0.25] and a significant increase for the EG2 [Pre:
M = 88.80± 4.67, Post:M = 89.46± 4.51; t (33)=−2.14, p= 0.040,
r= 0.35]. For the CG, the paired samples t-test showed no significant
difference [Pre: M = 88.46 ± 4.89, Post: M = 87.83 ± 4.55; t (31) =
1.21, p= 0.236] (cf. Figure 3A).

Frontiers in Psychiatry 05 frontiersin.org

https://doi.org/10.3389/fpsyt.2023.1117645
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Eigl et al. 10.3389/fpsyt.2023.1117645

FIGURE 3

Actigraphy-recorded parameters from pre to post in all three groups. Note that the EG1 showed a trend toward an improvement from pre to post in (A)

sleep e�ciency, but not in (B) sleep onset latency; the EG2 improved significantly from pre to post in both measures, while the CG showed no

improvement. Measurements were assessed daily and averaged over a week each. EG1 (n = 34), EG2 (n = 34), and CG (n = 32). Asterisks represent

significant results, *p < 0.05, +p < 0.10, two-tailed. Error bars display ±1 standard error. EG1, experimental group one; EG2, experimental group two; CG,

control group.

Sleep onset latency
A2× 3 repeatedmeasures ANOVAwith the within-subject factor

TIME (Pre and Post), the between-subject factor GROUP (EG1, EG2,
and CG), and the dependent variable (actigraphy-measured) SOL
revealed a significant result for the main effect of TIME [F (1, 97)
= 4.65, p = 0.034, η²p = 0.046] and a trend toward a significant
interaction effect of TIME×GROUP [F (2, 97)= 2.61, p= 0.078, η²p
= 0.051]. The main effect for GROUP [F (2, 97) = 0.87, p = 0.424,
η²p= 0.018] was not significant. Subsequent post-hoc paired samples
t-tests revealed a significant decrease of objective SOL only for the
EG2 [Pre:M = 8.73 ± 3.90, Post:M = 7.01 ± 2.96; t (33) = 2.7, p =
0.011, r = 0.43]. For the EG1 [Pre: M = 7.75 ± 2.86, Post: M = 7.66
± 2.53; t (33) = 0.16, p = 0.872] and the CG [Pre: M = 7.27 ± 2.54,
Post:M= 7.02± 2.06; t (31)= 0.69, p= 0.493], the paired samples t-
test showed no significant difference from pre- to post-measurement
(cf. Figure 3B).

Sleep intervention vs. control

As the EG1 and the EG2 both had a personal appointment
after week 1 and the observed effects from pre- to post-intervention
(Figures 2, 3) are of very similar direction and size, we additionally
pooled EG1 and EG2 and highlight the differences between the “sleep
intervention” group (n= 68) and the inactive CG (n= 32).

Sleep diary
Sleep quality

A2× 2 repeatedmeasures ANOVAwith the within-subject factor
TIME (Pre and Post), the between-subject factor GROUP (EG1+EG2
and CG), and the dependent variable subjective sleep quality revealed
no significant main effect for TIME [F (1, 96) = 2.00, p = 0.160, η²p
= 0.020], nor for GROUP [F (1, 96) = 0.13, p = 0.720, η²p = 0.001],
but a trend for an interaction effect TIME × GROUP [F (1, 96) =
3.58, p = 0.062, η²p = 0.036]. Post-hoc t-tests revealed significant
improvements in daily subjective sleep quality from pre to post only
for the “sleep intervention group” (EG1 + EG2) [Pre: M = 66.04 ±

13.19, Post:M = 69.92 ± 14.64; t (65) = −2.99, p = 0.004, r = 0.35]

but not for the CG [Pre:M= 67.26± 13.84, Post:M= 66.70± 14.11,
t (31)= 0.27, p= 0.787] (cf. Figure 4A).

Vitality

A2× 2 repeatedmeasures ANOVAwith the within-subject factor
TIME (Pre and Post), the between-subject factor GROUP (EG1+EG2
and CG), and the dependent variable vitality revealed neither a
significant main effect of TIME [F (1, 96) = 0.76, p = 0.387, η²p =

0.008] nor of GROUP [F (1, 96)= 0.19, p= 0.661, η²p= 0.002]. The
interaction effect TIME × GROUP was significant [F (1, 96) = 5.35,
p= 0.023, η²p=0.053]. Post-hocWilcoxon tests revealed a significant
increase in the feeling of vitality from pre to post only for the “sleep
intervention group” (EG1+EG2) (Pre: M = 60.52 ± 14.79, Post: M
= 64.10 ± 16.57; Z = −2.95, p = 0.003, r = 0.36) but not for the CG
(Pre: M = 62.24 ± 16.57, Post: M = 60.31 ± 17.62; Z = −0.44, p =

0.660) (cf. Figure 4B).

Mood

A2× 2 repeatedmeasures ANOVAwith the within-subject factor
TIME (Pre and Post), the between-subject factor GROUP (EG1 +

EG2 and CG), and the dependent variable mood revealed a trend
toward a significant main effect of TIME [F (1, 96)= 3.16, p= 0.079,
η²p = 0.032], while the main effect of GROUP was not significant [F
(1, 96) = 0.12, p = 0.735, η²p = 0.001]. The interaction effect TIME
× GROUP was significant [F (1, 96) = 6.07, p = 0.016, η²p =0.059].
Post-hoc paired samples t-tests revealed a significant improvement
in mood from pre to post only for the “sleep intervention group”
(EG1+EG2) [Pre: M = 67.45 ± 13.33, Post: M = 71.60 ± 14.05; t
(65) = −3.81, p < 0.001, r = 0.43] but not for the CG [Pre: M =

68.86± 16.07, Post:M = 68.19± 15.45; t (31)= 0.40, p= 0.694] (cf.
Figure 4C).

Actigraphy
Sleep e�ciency

A2× 2 repeatedmeasures ANOVAwith the within-subject factor
TIME (Pre and Post), the between-subject factor GROUP (EG1 +

EG2 and CG) and the dependent variable (actigraphy-measured) SE
revealed no significant main effect of TIME [F (1, 98) = 0.00, p =

0.984, η²p = 0.00] or for GROUP [F (1, 98) = 0.80, p = 0.373, η²p
= 0.008] but a significant interaction effect TIME × GROUP [(F (1,
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FIGURE 4

Subjectively assessed changes from pre to post in the sleep intervention group (EG1 + EG2) compared to the waiting-list control group (CG). Note that

the sleep intervention group improved significantly from pre to post in (A) sleep quality, (B) subjective vitality, and (C) subjective mood. Pre- and

post-measurements were assessed daily and averaged over a week each. Asterisks represent significant results, **p < 0.01, ***p < 0.001. Error bars

display ±1 standard error. EG1+EG2, pooled sleep intervention group (experimental group one + experimental group two); CG, control group.

FIGURE 5

Actigraphy-recorded changes in sleep e�ciency from pre to post in

the sleep intervention group (EG1 + EG2) compared to the waiting-list

control group (CG). Note that the sleep intervention group improved

significantly from pre to post in actigraphy-measured sleep e�ciency.

Pre- and post-measurements were assessed daily and averaged over a

week each. Asterisks represent significant results, **p < 0.01. Error bars

display ±1 standard error. EG1 + EG2, pooled sleep intervention group

(experimental group 1 + experimental group 2); CG, control group.

98)= 6.70, p= 0.011, η²p= 0.064]. According to post-hoc tests, only
the “sleep intervention group” improved significantly in (actigraphy-
measured) SE from pre- to post-intervention [Pre:M = 88.65± 4.47,
Post:M = 89.29 ± 4.18; t (67) = −2.77, p =0.007, r = 0.32], but the
CG did not [Pre:M = 88.46± 4.89, Post:M = 87.83± 4.55; t (31)=
1.21, p= 0.236] (cf. Figure 5).

Discussion

The present study confirms that even a single, face-to-face
intervention can have a positive yet small impact on the participants’
sleep, well-being, and mood. Importantly, we here sampled 100
adults working at an Austrian university and not from a young
student population. Surprisingly, most subjective as well as objective
sleep parameters improved from pre to post with moderate effect
sizes in both intervention groups (i.e., EG1 and EG2), although
participants were provided with just a brief personal meeting and
sleep data feedback using actigraphy over the course of 2 weeks.

Sleep parameters of a waiting-list CG did not change in any of
the parameters.

Concerning actigraphy-based SE, the analyses reveal (marginal)
significant effects in both intervention groups. These findings are
in good agreement with previous studies, which found a beneficial
influence of minimal sleep hygiene interventions on actigraphy-
measured parameters (16) and sleep quality in working populations
and which span interventions from only a few hours (25) to 5 weekly
meetings for 30 min (24).

It might appear surprising to see improvements in the EG2,
although it only had one single personal feedback of ∼45min
focusing on the participants’ questionnaire and personal actigraphy
data in the middle of the 2-week study period. Yet, most of the
participants mentioned that they were pleased by the actigraphy-
based sleep feedback, as their subjective estimates of sleep were
usually considerably worse, and sleep feedback was perceived as
a relief. This fits with data from Gavriloff et al. (44) who found
that even sham feedback if positive (using actigraphy-derived SE)
improves mood and alertness and can lead to a reduction of
subjectively perceived sleepiness in patients with insomnia. Further
sleep education of our EG1 did not seem to have an additional
effect, yet we expect that catamnesis after a few months, which
we, unfortunately, did not include in this study, may have revealed
more stable and long-lasting effects on sleep in this group. What
we could do was follow up with participants and collect the
PSQI global scores of 43 participants again in fall 2022, i.e., 36
months after the study started. As it was an ad-hoc follow-up
3 years after the study started, it was not possible to reach all
the participants. Interestingly, we here found that EG1 was the
only group, which had a sustained improvement in sleep quality,
manifested in significantly improved PSQI values up to date (refer
to Supplementary Table 4). We speculate that administering the
sleep education during the study period (EG1) was presumably
more effective compared to administering it at the end of the
study protocol (EG2 and CG), as participants of the EG1 had the
chance to apply the rules immediately during the study period while
knowing that they were still monitored. Furthermore, the EG1 was
the most affected group (most participants with PSQI>10) and,
therefore, might also have had the strongest adherence to the sleep
education rules.

The most important factor which might have contributed to
improvements in both experimental groups, is the personal contact
that both groups encountered. This is in line with research,
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which suggests self-administered CBT-I with the support of a
psychotherapist to be more effective than self-administered CBT-I
alone (45, 46).

Surprisingly, improvements appeared greater from pre to post
for the EG2 than for the EG1. Although the chi-square test
revealed no significant difference regarding the distribution of
PSQI categories (“good sleepers”/“bad sleepers”/“bad sleepers with
clinical relevance”) between the groups, we believe that the less
pronounced effects in the EG1 are due to the shortcoming that
in the EG1, there were many more “bad sleepers with clinical
relevance” than in the EG2 (PSQI > 10; EG1: n = 10 vs. EG2:
n = 5) and only half as many “good sleepers” (PSQI <5; EG1: n
= 7 vs. EG2: n = 14). Indeed, exploratory analyses revealed that
sleep quality improved significantly in EG1 and with a tendency
in EG2 if participants with clinically disturbed sleep (PSQI > 10)
were excluded from the analyses (refer to Supplementary Table 5,
Figure 1).

In fact, we found that those rated as “good sleepers” (given
the PSQI) seem to profit more (according to effect sizes) from
the intervention than those rated as “bad sleepers.” That could
be explained by the fact that PSQI-defined “bad sleepers” might
be more chronic bad sleepers who cannot benefit much from
such short and minimal interventions as tested here. Chronic
“bad sleepers” may also have gathered information about the basic
recommendations for better sleep and may, therefore, already have
been familiar with the information provided in our sleep education
session. This previous knowledge about sleep and sleep hygiene could
influence the efficacy of the intervention and was not assessed in the
present investigation.

Altogether, this suggests that minimal interventions as evaluated
here should be delivered at an early stage in the general population
before sleep problems become chronic.

Regarding the group differences mentioned, both minimal
intervention groups were then combined and compared to
the waiting-list CG. The results show that both subjectively
and objectively measured sleep parameters improved from the
first to the second week and correspond to findings, which
demonstrated improvements in well-being and sleep behavior
with the help of simple sleep hygiene interventions (20, 25).
Finally, it was observed that our sleep intervention also enhanced
vitality and mood from pre- to post-evaluation. This is in
line with previous findings that show that high sleep quality
is associated with good well-being (47) and increased positive
affect (48).

As a limitation, it should be mentioned that the changes seen as
a result of our sleep intervention are small in absolute numbers and,
therefore, the clinical significance of such effects may be a matter of
discussion. In contrast, the results of our study highlight that even a
truly ‘minimal intervention’ with only one session (EG1) or review of
1 week of sleep data (EG2) can evoke statistically meaningful changes
in sleep parameters and well-being.

Looking at our sample from a clinical perspective, it is most
alarming that almost two-thirds (67%) of our participants, who
were employees of the University of Salzburg (Austria), had a PSQI
score of >5, which indicates poor sleep and relevant sleep problems.
This proportion is twice as high as reported for the Austrian
population by Zeitlhofer et al. in 2000 (49) but almost identical to
what was recently found by Blume et al. (50) with 69% poor or

very poor sleepers in an online-surveyed convenience sample in the
Austrian population.

A further limitation to be mentioned is that although our study
had a completely randomized group allocation, we, unfortunately,
got an unequal distribution of good and bad sleepers (based on
PSQI) in our groups, with the EG1 having nearly 80% (PSQI-based)
bad sleepers, and in contrast, EG2 and CG having about 60% bad
sleepers each. However, actigraphy-derived measures indicated that
the participants’ objective sleep was comparable among groups with
SE ranging around 89% across all groups at baseline. Although it is
a clear strength of the present “low-threshold intervention” study
to not only rely on subjective measures of sleep and to include 2
weeks of continuous actigraphy measurements, we are aware that
this is not the accepted gold standard. In our upcoming studies, we,
therefore, intend to include ambulatory data (sensors and PSG) to
measure sleep and specifically the distribution of different sleep stages
in the familiar home environment of the participant seeking help for
better sleep.

Conclusion

The results of this study show that a minimal intervention
with actigraphy-based monitoring of sleep and personal feedback
regarding individual sleep over the course of 2 weeks is promising
for having positive effects on sleep as well as general well-
being. The present findings indicate that face-to-face, low-threshold
sleep feedback can be used at an early stage in a preventive
manner in the general population and should be evaluated in
more detail and extended until clinically meaningful effects are
established. Here, we document that improvements in subjective
and objective sleep parameters as well as in sleep-related factors
are feasible with minimal time investment, which may be
especially relevant in times when big proportions of the world
population suffer from bad sleep, which worsened during the
current coronavirus pandemic (6, 7). Ideally, future studies
should, therefore, evaluate such minimal intervention programs
using PSG and include catamnesis several months later. In
summary, the data are promising and highlight the importance
of non-pharmacological, sleep-promoting programs that are easily
accessible, affordable, time-efficient, and, therefore, applicable to the
general public.
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