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Abstract
Study Objectives: Stress can adversely impact sleep health by eliciting arousal increase and a cascade of endocrine reactions that may impair sleep. To date, little is 

known regarding continuous effects of real-world stress on physiological sleep characteristics and potential effects on stress-related psychopathology. We examined 

effects of stress on heart rate (HR) during sleep and total sleep time (TST) during prolonged real-world stress exposure in medical interns. Moreover, we investigated 

the influence of previous stress and childhood trauma exposure on HR during sleep, TST, and its interaction in predicting anxiety.

Methods: We examined a sample of 50 medical students prior to and during their first internship, a well described real-world stressor. HR and TST were 

continuously collected over 12 weeks non-invasively by a wrist-worn activity monitor. Prior to starting the internship, at baseline, participants reported on their 

sleep, anxiety, and childhood trauma exposure. They also tracked stress exposure during internship and reported on their anxiety symptoms 3 months after this 

professional stress.

Results: Mean HR during sleep increased over time, while TST remained unchanged. This effect was more pronounced in interns exposed to childhood trauma 

exposure. In multilevel models, childhood trauma exposure also moderated the relation between individual HR increase and development of anxiety.

Conclusions: Prolonged stress may lead to increased HR during sleep, whereas individuals with childhood trauma exposure are more vulnerable. Childhood 

trauma exposure also moderated the relation between individual HR increase and development of anxiety. These findings may inform prevention and intervention 

measures.
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Statement of Significance

Longitudinal trajectories of sleep health have rarely been investigated during prolonged stress exposure. Little is thus known about con-
tinuous effects of real-world stress on physiological sleep characteristics and on stress-related psychopathology. Here we show that pro-
longed stress exposure may lead to increased heart rate during sleep. Interestingly, trauma exposure during childhood may add to the 
effects, affect adult sleep quality, and increase anxiety. The interactions are instrumental for prevention and intervention measures.
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Elevated stress levels may adversely impact sleep quality and 
quantity [1]. Sleep naturally occurs in regular intervals and al-
lows the organism to restore energy and consolidate experiences 
made during waking [2]. A complex and bi-directional relation-
ship between stress and sleep has been suggested: stressful and 
emotional experiences may elicit increased arousal at encoding 
and insufficient integration of experiences into hippocampal–
cortical networks, as well as introducing a cascade of endocrine 
reactions involving the release of glucocorticoids, such as cortisol 
[3]. Cortisol, in turn, hinders the production of melatonin which 
supports falling asleep. Sleep fragmentation or insufficient time 
asleep affects emotional reactivity [4] and has been linked to 
negative mental health consequences, such as anxiety and mood 
disorders [5]. To date, few studies have examined continuous 
effects of stress on sleep over time. Much of the previous evi-
dence is based on associations between real-life stress and sleep 
indexed either via questionnaires or via EEG or actigraphy during 
short periods, such as hours or days [6–9]. Moreover, only few in-
vestigations have focused on more complex relationships, for in-
stance, by including further key influences on sleep that, possibly 
in interaction with stress, impact on sleep, such as previous stress 
or exposure to trauma during childhood or adulthood.

Stress-related disturbances of the sleep architecture may 
not only be characterized by several indices, such as alterations 
of total sleep time (TST), increased sleep fragmentation, and 
awakenings, but also by additional physiological indices, such 
as lower heart rate variability (HRV) during sleep [10] and an in-
creased nocturnal heart rate (HR) [11]. Nocturnal HR was fur-
thermore found to correlate with micro-arousals during sleep 
[12]. Such prolonged cardiovascular effects during sleep after 
various kinds of stressors have indeed been observed, but to our 
knowledge never studied continuously over time [13].

A diverse range of factors may influence the association be-
tween sleep and stress, such as negative affectivity, maladaptive 
coping style, circadian misalignment, and others [14–16]. One key 
factor linked to sleep disturbances in adulthood is exposure to 
stressful or traumatic events experienced earlier in life [17, 18]. 
Adverse childhood trauma may shape brain systems that govern 
stress responsivity affecting the sympathetic nervous system’s 
(SNS) reactivity to psychological stress years later [19]. Such 
heightened SNS responses could serve as adaptive mechanism 
to increase vigilance and attention to potentially threatening 
situations at the time of trauma exposure that may become dys-
functional and maintain stress-related psychopathology, such 
as posttraumatic stress disorder, in later life [20]. Cardiovascular 
reactivity is proposed to be a central mechanism connecting 
childhood trauma exposure to developing psychopathology [21]. 
Students with a history of emotional neglect, for instance, in-
dicated a lower self-reported sleep quality mediated by greater 
psychological distress during a stressful period of life [6]. Current 
stress may lead to additional increases in arousal and, among 
other symptoms, may reduce feelings of safety and disrupt sleep 
[21, 22]. However, the impact of the interaction between child-
hood trauma, sleep-related cardiovascular reactivity during real-
world stress on psychopathology has not been studied in detail.

The current study aims to close this gap by parsing physio-
logical indices of sleep over an extended period of real-world 
stress, as well the consequences on symptoms of anxiety. We 
investigate this in a sample of medical interns, who just com-
mence their first medical rotation, a well-known real-world 
stressor associated with acute and chronic stress, as well as 
increased psychopathology [22–25]. We indexed sleep quality 

continuously between just before the start of the medical ro-
tation until 3  months into the rotation. We acquired data 
on HR during sleep and TST longitudinally from a wearable 
(FitbitChargeHR) over the first 3 months of medical internship. 
This is relevant to understand the impact of stress on psycho-
pathology as well as resilience. In the group of interns studied 
here, consequences of fatigue and elevated work stress during 
their internship may not only have an impact on interns phys-
ical and mental health, but may also result in compromised pa-
tient care [26]. Here we investigated individual differences in 
TST and HR during sleep over 3  months of internship-related 
stress exposure. Specifically, we hypothesized that (1) TST de-
creases while individual slopes of nocturnal HR increase over 
time, (2) increased rate of childhood trauma exposure is asso-
ciated with decreased TST and increased nocturnal HR. Finally, 
we investigated whether (3) sleep pattern predict later anxiety 
symptoms and whether increased childhood trauma may en-
hance this relationship.

Methods

Participants

The study sample comprised 50 subjects, while they were med-
ical students and during their first 12 weeks of internship at the 
University of Zurich by information in lectures, emails, and a 
bulletin in the medical faculty. We recruited medical students 
enrolled in their fifth year of medical training, just prior to their 
internship representing a well described real-world stressor 
[25–27]. Exclusion criteria for the participation in this study were 
self-reported psychiatric disorders, including sleep disorders, 
suicidality, or severe physical conditions. Participants were re-
imbursed for their time (100 CHF, equivalent to 100 US dollars) at 
the end of the study in exchange for participation. In addition, 
participants could keep their personal FitbitChargeHR that they 
had worn during the study.

Study procedures

Prior to the start of the internship (t0, baseline), participants 
were screened for the presence of current depression, psychosis, 
or suicidality by means of a structured diagnostic interview; 
(SCID-I) [28]. Severity of sleep disturbances at t0 was examined 
using the Insomnia Severity Index (ISI) [29]. If they met the in-
clusion criteria of being a fifth year medical student undergoing 
their first clinical internship), and after providing informed 
consent, they answered the first questionnaire battery. It con-
tained questions about demographic information, health situ-
ation, sleep quality, and anxiety symptoms. They also received 
a FitbitChargeHR (Fitbit Inc., San Francisco, CA, USA) that they 
were instructed to wear for continuous recording of HR and 
their sleep/wake cycle over the 3  month period. At 3  months 
follow up (t1, midterm of the internship), a second questionnaire 
on anxiety was administered. The local ethics review board at 
the University of Zurich approved the study.

Longitudinal sleep and HR recordings

The FitbitChargeHR provided mean HR in beats per minute (bpm) 
at minute intervals and TST at the end of each night. HR was es-
timated using the optical photoplethysmographic method where 
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blood volume changes are detected by measuring the absorption 
of light that had passed through perfused tissues [30]. Nocturnal 
HR was defined as the mean over all HR values from sleep onset to 
sleep offset as defined by the device. In addition, the FitbitChargeHR 
registers movement via a microelectronic triaxial accelerometer. 
Proprietary algorithms of the company further classify pattern of 
motion to identify sleep [31]. The device had to be recharged every 
4–5 days with a charging duration of approximately 2 h. In a pre-
vious study, overall good agreement with polysomnography (PSG) 
and electrocardiography (ECG) in measuring sleep indices and HR 
during sleep was documented [32].

Questionnaire measures

A sociodemographic questionnaire was employed to assess basic 
demographic information such as age, gender, and relationship 
status. Traumatic experiences during childhood were measured 
by the Childhood Trauma Questionnaire (CTQ) [33] which in-
cludes 28 items with 6 subscales, namely abuse (emotional, phys-
ical, or sexual), neglect (emotional or physical), and denial. Each 
item was measured by a 5-point Likert scale ranging from 1 (“not 
at all”) to 5 (“very often”). As an indicator of the overall childhood 
trauma load, the CTQ sum score was applied (range: 25–125). The 
Beck Anxiety Inventory (BAI) [34] was used to assess anxiety. All 
21 items were applied and measured on a 4-point scale ranging 
from 0 (“not at all”) to 3 (“strongly, I could barely stand it”). To 
examine sleep quality and disturbances, the Pittsburgh Sleep 
Quality Index (PSQI) [35] was used, asking participants about 
their sleep situation in the last 4 weeks by a 4-point scale ranging 
from 0 (“never in the last 4 weeks”) to 3 (“three times or more 
per week”). The 7 subscales of its 19 self-assessment items were 
sleep quality, sleep latency, sleep duration, sleep efficiency, sleep 
disturbances, sleep medication, and sleepiness during the day. 
We asked participants to indicate their perceived distress during 
the internship, that is, “How distressed were you during the in-
ternship?” Participants were also asked to describe their most 
stressful events using a free text entry panel.

Statistical analyses

Preprocessing of HR data was conducted in MATLAB 2016b (The 
MathWorks, Natick, MA) extracting the bpm values from sleep 
onset to sleep offset and calculating the individual mean HR per 
night. We chose to identify the individual mean HR per night to 
best quantify the change of nocturnal arousal level within parti-
cipants over a duration of 3 months. To exclude poor recordings 
with a small number of measures, only sleep episodes with a 
minimum sleep duration of 240 min were included into our ana-
lyses. Visual assessments for outliers on the minute by minute 
resolution were conducted and showed no univariate outliers. 
As repeated HR and TST measurements were nested within par-
ticipants, we employed multilevel regression analyses. We first 
calculated intraclass correlations (ICC) to test whether meas-
ures within participants were non-independent. We expected 
inter-individual differences in slopes of HR and TST over time. 
We calculated either models featuring random intercept only 
as well as models featuring both random intercept and slopes. 
To identify the best fitting model, we use the R-nlme package 
[36]. We controlled for autocorrelation by incorporating an 
autoregressive correlation structure of order 1 (AR(1)) into our 
models. We visually assured no homoscedasticity violations 

in our temporal data (HR and TST, respectively) and included 
gender and age as covariates in our analyses. All of the multi-
level analyses steps were conducted in R (version 3.3.3) [37].

Results

Descriptive statistics

Sample characteristics are displayed in Table 1. The final sample 
consisted of 50 individuals, including 72% women with overall 
good self-reported sleep quality at baseline. One participant 
dropped out of the study before midterm of the internship 
and could therefore not be included in the respective analyses. 
Another two participants did not wear the activity tracker and 
were excluded from the longitudinal sleep analyses. For one 
participant, the questionnaires were missing. In four cases of 
the CTQ and in three cases of the BAI, a single item was not an-
swered and we replaced them by the individual mean score. In 
total, we collected 3,491 days of sleep data with a mean of 6 h 
and 58 min of sleep per night and an average HR during sleep of 
60.04 (SD = 8.57, see Table 1). The measured means of nocturnal 
HR and TST in our study resembled previously reported typical 
values [32]. Exposure of traumatic childhood experiences in our 
overall sample was rather low, with a mean sum score of 31.4 
(SD = 3.83, range 26–40). Anxiety levels increased from baseline 
to midterm of the internship across the sample (t(46) = −2.02, 
p = 0.049). With regards to perceived stress in their rotation, 15 
students reported being “not distressed” during the internship, 
27 reported being “somewhat distressed”, 6 participants en-
tered “very distressed”, while no participant indicated “extreme 
stress”. A total of 12 participants provided detailed descriptions 
of experienced specific stress events (e.g. “rapid deterioration of 
physical state of a patient” or “reanimation of a patient”).

Change in HR during sleep and TST during 
internship

Repeated measures of HR during sleep within participants were 
non-independent (ICC(1) = 0.65, F(47,3189) = 126.6, p < 0.0001). 
A random intercept and slope model was employed as this fitted 
our data better than the random intercept model (χ 2diff(1) = 7.62, 

Table 1. Demographic and clinical sample characteristics

Mean(SD)

Age (years) 23.61 (1.27)
Gender (1 = male, 2 = female) 1.72 (0.45)
BMI 21.86 (2.38)
Prior medical experience (1 = no, 2 = yes) 1.64 (0.48)
Smoking (1 = never, 2 = sometimes, 3 = daily) 1.2 (0.40)
Alcohol (1 = never, 2 = sometimes, 3 = weekly, 4 = daily) 2.22 (0.71)
Relationship status (1 = single, 2 = in a relationship) 1.66 (0.48)
Mean HR during sleep (bpm) 60.04 (8.57)
Total sleep time (min) 418.19 (90.51)
Total sleep time (h) 6.97 (1.51)
CTQ (sum) 31.40 (3.83)
PSQI 4.22 (1.71)
BAI t0 4.25 (3.27)
BAI t1 5.99 (6.59)

N = 50, 36♀. BAI = Beck Anxiety Inventory; BMI = Body mass index; bpm = beats 

per minute; CTQ = Childhood Trauma Questionnaire; HR = Heart rate; 

PSQI = Pittsburgh Sleep Quality Index.
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p = 0.02). There was a significant main effect of time, such that 
HR increased significantly from baseline to midterm of the in-
ternship (see Table 2, model 1 and Figure 1, A). Female students 
showed a significant higher HR during sleep compared with 
males. HR was not affected by age (Table 2, model 3).

Repeated measures of TST within persons were also non-
independent (ICC(1) = 0.17, F(47,3443) = 16.36, p < 0.0001). The 
random intercept and slope model fitted our data not signifi-
cantly better than the random intercept model, so we employed 
the more parsimonious model (χ 2diff(1) = 0.08, p = 0.96). There was 
no significant main effect for TST over time (Figure  1, B). TST 
was not affected by age nor gender over time (Table 2, model 4).

Association of childhood trauma exposure with 
stress-related nocturnal HR change and TST

As a next step, we examined the influence of the CTQ score on 
HR and TST in our models. Childhood trauma exposure moder-
ated the effect of increasing HR over time. That is, those with 
higher childhood trauma scores showed a steeper increase of 
HR during sleep over time compared with those with childhood 
trauma exposure, see Table 2, model 2 and Figure 2. This model 

fitted our data better than the model without the CTQ score in-
cluded, Table 2. There was no association of CTQ scores with TST 
over time, Table 2, model 4.

Childhood trauma exposure moderates the 
association between HR increase and anxiety

We tested whether individual slopes of HR increase and child-
hood trauma exposure, as well as their interaction, predicted 
change in anxiety levels. There was no significant main effect of 
individual HR increase over time on anxiety symptom change, 
and there was also no main effect of childhood trauma exposure, 
see Table 3. However, we identified a significant interaction be-
tween childhood trauma exposure and HR increase in predicting 
change in anxiety over the course of the internship (Table  3, 
model 8). As depicted in Figure 3, for those exposed to no or low 
childhood trauma exposure, the simple slope test revealed a sig-
nificant negative association between HR increase and anxiety 
increase (b = −149.13, t(47) = −2.5, p = 0.02), indicating that a rise 
in HR was associated with lower anxiety scores in this group. For 
high CTQ, there was no significant relationship between HR in-
crease and anxiety change (b = 35.6, t(47) = 0.72, p = 0.47).

Table 2. Linear mixed model regressing HR during sleep and TST on time

Model

Heart rate Total sleep time

1  
β (SE)

2  
β (SE)

3  
β (SE)

4  
β (SE)

5  
β (SE)

6  
β (SE)

Intercept 59.21*** (1.06) 59.41*** (1.07) 52.53*** (1.82) 418.55*** (6.20) 419.55*** (6.28) 415.04*** (12.01)
Time (day) 0.03*** (0.01) 0.03*** (0.01) 0.03*** (0.01) −0.08 (0.05) −0.08 (0.05) −0.08 (0.05)
CTQ score  −0.13 (0.30) −0.07 (0.26)  −0.88 (1.74) −1.37 (1.79)
Sex   9.21*** (2.11)   6.04 (13.66)
Age   −0.68 (0.75)   6.02 (4.82)
Time × CTQ score  0.004** (0.001) 0.004** (0.001)  0.004 (0.01) 0.004 (0.01)
Marginal pseudo-Δ R2 0.01 0.01 0.19 <0.01 <0.01 0.01
Conditional pseudo-Δ R2 0.68 0.69 0.69 0.18 0.18 0.19
Akaike Inf. Crit. 20 20 20 41 41 41
Bayesian Inf. Crit. 20 20 20 41 41 41

Standard errors (SE) are in parentheses. CTQ = Childhood trauma questionnaire; mc = mean centered; CTQ and age are grand-mean centered. Phi ranged between 

0.005 and 0.19.

**p < 0.01.

***p < 0.001.

Figure 1. Mean HR at night (A) and TST (B) over 90 days of medical internship (N = 48).
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Discussion
Stress exposure may affect sleep health and adversely impact 
stress reactivity and emotion regulation. In line with previous 
studies documenting immense stress and mental and physical 
health compromises in this population [26, 38, 39], we found 
that individual nocturnal HR slopes increased over time of con-
tinuous stress exposure during internship. TST, however, re-
mained constant. Moreover, nocturnal mean HR increases over 
time were particularly pronounced in those with increased 
childhood trauma exposure rates. Childhood trauma exposure 
also significantly moderated the relation between individual HR 
increases and anxiety: While anxiety over time of the internship 
decreased markedly and despite nocturnal HR increase in those 
without childhood trauma exposure, our results showed a more 
positive association between HR increase and anxiety increase 
in those with childhood trauma exposure.

Mean nocturnal HR increased over time in the overall sample 
and this finding was paralleled by increased anxiety over the 
course of the internship, which is in line with reported stress 
and increases in depression, anxiety, and suicidality in medical 

interns [22, 38]. The increase in nocturnal HR might thus indi-
cate less deep and successively less restful sleep over the first 
3 months. Nocturnal HR dynamics may indeed characterize in-
ternal structures of sleep [40]. During slow wave sleep (SWS), 
when activity of the hypothalamic–pituitary–adrenal axis and 
cortisol secretion is inhibited [41], HR is typically lowest. SWS 
has been linked to processing of personally relevant memories, 
including emotional experiences thought to be selectively re-
activated and reorganized during sleep [42, 43]. We obtained 
mean HR scores over an entire night over the 90  days of in-
ternship, rather than during specific sleep stages within these 
nights. Based on these data, we can thus not directly link HR 
increases to lower SWS or other sleep stages or sleep architec-
ture characteristics. We can only speculate, however, that the 
increase in mean nocturnal HR may indicate less time spent in 
those stages where HR is typically lower, such as SWS, and that 
there was decreased recovery during sleep.

Our sample slept an average of nearly 7 h per night, a value 
that is broadly in accord with previous findings based on sub-
jective reports of interns in the same working environment [7]. 
Overall, TST remained constant across the 90 days and this was 
in contrast to our hypothesis. We propose at least two interpret-
ations of this finding: First, timing of sleep episodes may have 
varied across shifts and this was not assessed in detail, even 
though we measured fluctuations of TST within individuals. We 
obtained information on shift work indicating that most of the 
participants had to work in shifts, but we did not track specific 
shift hours over 90 days and our data on shift work is thus not 
detailed enough to be matched on a daily basis with sleep data. 
Based on previous reports, sleep durations may thus have been 
irregular due to shift work, at least in a significant subgroup of 
participants, and cardiovascular and metabolic consequences 
of such circadian misaligned sleep patterns have indeed been 
reported earlier [44]. Second, even though TST did not change 
overall, acute stress episodes might have been linked to devi-
ations in sleep durations within participants [45] which were 
not assessed by our methods.
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Figure 2. Association between childhood trauma load and increase in HR at 

night over time (N = 48).

Table 3. Linear model regressing BAI change on HR slope and CTQ score

Model

Dependent variable: change 
of anxiety

7  
β (SE)

8  
β (SE)

Intercept 1.70 (0.88) 0.93 (0.88)
HR slope −24.15 (40.64) −54.15 (42.31)
CTQ sum mc  0.07 (0.25)
HR slope × CTQ sum mc  25.10* (9.37)
Observations 47 47
R2 0.01 0.16
Adjusted R2 −0.01 0.10
Residual std. error 5.97 (df = 45) 5.62 (df = 43)
F Statistic 0.35 (df = 1; 45) 2.67 (df = 3; 43)

Standard errors (SE) are in parentheses. Change of anxiety (t1–t0); 

CTQ = Childhood trauma questionnaire; mc = mean centered. CTQ and age are 

grand-mean centered.

*p < 0.05.

Figure 3. Childhood trauma moderates the association between HR increase 

over time and anxiety (N = 47).
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In line with our hypothesis, nocturnal HR increase over the 
3  months was most pronounced in participants who reported 
more trauma exposure during childhood, including emotional 
abuse, such as feeling hated by one’s family, and neglect, such 
as not feeling important or loved, and not feeling close to one’s 
family. This finding corroborates recent evidence of a greater de-
cline in sleep quality during stressful life episodes in adults ex-
posed to emotional neglect during childhood [6]. Early trauma is 
associated with alterations in threat processing and may consti-
tute underpinning mechanisms accounting for the association. 
Elevated amygdala responses to negative emotional cues have 
been observed in children and in adults exposed to childhood 
trauma [46]. Resulting biases in information processing may en-
able rapid threat classification and maintain heightened emo-
tional responses to threats and heightened arousal [47]. Elevated 
nocturnal HR could reflect such heightened arousal in childhood 
trauma survivors. Previous investigations of such effects have 
rarely been expanded to effects of childhood trauma on adult 
sleep and indexed physiological data [48], our findings thus pro-
vide additional confirmation to strengthen this suggested link [6].

Childhood trauma exposure also moderated the relationship 
between individual nocturnal HR increase over time and anxiety. 
In those interns reporting no or lower levels of childhood trauma 
exposure, there was a significant negative relationship between 
HR increase and anxiety, indicating better adaptation to the 
continuous stressor compared with those who reported higher 
childhood trauma exposure. This effect was small in size, hence 
indicating that additional factors may play a role. Heightened 
emotional and cognitive arousal is prevalent in individuals with 
anxiety and could result in increased HR and blood pressure 
during sleep and thus disturb sleep [49]. Disturbed sleep, on the 
other hand, may contribute to symptoms of anxiety [50]. The rela-
tionship is complex, however, and a number of additional factors 
play a role, such as responsible genetic vulnerabilities governing 
regulation of arousal and sleep-initiating brain activity [51].

Our study is not without limitations. Physiological sleep 
stage scoring and detailed sleep indices of interest, such as rapid 
eye movement sleep, sleep spindle density, cannot be inferred 
from our data collected via the FitbitChargeHR device. The use of 
this device provided a non-invasive opportunity to monitor par-
ticipants’ continuous sleep to examine the course of changes in 
sleep (HR during sleep and TST) longitudinally over an extensive 
period of time [31, 32] in interns’ natural environment, including 
their work environment. Our data nevertheless warrant careful 
interpretation, as it is merely an approximation of sleep com-
pared with the gold standard of sleep measurement, the sleep 
PSG. We also did not obtain HRV changes within a given night. 
Future studies should thus aim to obtain more specific assess-
ments, including repeated EEG- and HRV-measurements over 
times of stress. Another limitation of the current study is the 
lack of detailed information and time-points regarding stressful 
situations experienced by the interns and potential coping strat-
egies that might have been employed. Future studies should as-
sess these information in greater detail, for example, by using 
ecological momentary assessment. This information could fur-
ther clarify within- and between person dynamics of and es-
timate its effect on nocturnal HR. Regarding the evaluation of 
childhood trauma, our data did not include age of traumatiza-
tion, which would add relevant information in terms of sensitive 
periods of exposure and their later effects [52]. Future studies 
should therefore investigate the impact of experiences made in 
specifically sensitive age groups on stress reactivity.

Taken together, we parsed sleep, HR, and symptoms of anx-
iety over an extended period in medical interns, a population 
afflicted with continued stress exposure and increased risk of 
psychopathology [22–25]. We identified childhood trauma ex-
posure as contributing factor to nocturnal HR increases in 
stress-exposed populations and potential facilitator of mental 
health problems, such as anxiety [53, 54]. Together with data 
suggesting that up to 20% of adolescents report exposure to 
childhood trauma, such as emotional or physical neglect or vio-
lence [55], this calls for promotion of preventive and supportive 
prevention measures at early stages. The study also highlights a 
potential need in young medics, such as medical interns studied 
here, with stress-related sleep disturbances that may impact on 
their own well-being as well as affect patient safety [26, 39]. Our 
research underlines the importance of sleep as protective factor 
to increase stress resilience [26]. Sleep can be modified using 
evidence-based and accessible behavioral interventions such as 
cognitive–behavioral therapy for insomnia, hypnosis, mindful-
ness, and other behavioral techniques [56]. Other protective fac-
tors, such as social support and emotion regulation strategies 
should be identified and exploited to advance the impact of pre-
vention and intervention science in these and other vulnerable 
populations.
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