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Purpose: The individual vulnerability for stress-related sleep difficulties (eg, sleep reactivity) is known as a predisposing factor of 
insomnia in adults, yet relatively little is known about sleep reactivity in adolescence. The study goal is to determine factors related to 
sleep reactivity and to investigate whether sleep reactivity and related factors predict current and new incidents of insomnia in 
adolescents.
Patients and Methods: At baseline, 11-to-17-year-olds (N = 185, Mage = 14.3 years, SD = 1.8, 54% female) answered an age- 
appropriate version of the Ford Insomnia Response to Stress Test, questionnaires about sleep, stress, psychological symptoms, and 
resources, filled out a sleep diary and used actigraphy. Insomnia diagnoses according to ISCD-3 criteria were assessed at baseline, after 
9 months and after one and a half years.
Results: Adolescents with high compared to low sleep reactivity had increased pre-sleep arousal, negative sleep-related cognitions, 
pre-sleep mobile phone use, stress experience, stress vulnerability, internalizing and externalizing symptoms, less social resources, and 
a later midpoint of bedtime. High sleep reactivity increased the likelihood for currently having insomnia, but not for the development 
of insomnia at subsequent assessments.
Conclusion: The findings suggest that high sleep reactivity is related to poor sleep health and mental health but cast doubt on sleep 
reactivity as a pivotal predisposing factor for the development of insomnia in adolescence.
Keywords: sleep vulnerability, sleep disorder, mental health, stress, resources, youth

Introduction
Insufficient sleep including difficulties initiating and maintaining sleep are common in adolescence as this developmental 
period is sensitive for the onset of insomnia.1 Prevalence rates range between 4% and 39%, depending on the diagnostic 
criteria, with strong sex differences emerging after puberty onset.2 According to the diathesis-stress model and 
Spielman’s three-factor (3P) model of insomnia, stressful events are a common precipitating factor triggering insomnia. 
How strongly stress impacts sleep is modulated by predisposing individual factors. One of them is the phenomenon 
known as sleep reactivity, which describes the individual vulnerability to react towards stress with acute sleep difficulties 
and is understood as a trait characteristic with a high situational stability.3 Individuals with high sleep reactivity are more 
vulnerable to having difficulties falling and staying asleep during stress periods, and also after the removal of stress, 
while those with low sleep reactivity experience mild sleep problems and mostly return to normal without persistent 
difficulties.3 Commonly measured by the Ford Insomnia Response to Stress Test (FIRST), previous research in adults has 
shown that sleep reactivity as a predisposing factor predicts not only the likelihood of current insomnia and the incidence 
of insomnia, but also the intensity of insomnia symptoms.4–6 In adult samples, high sleep reactivity was associated with 
negative sleep beliefs, mental health problems (eg, disordered-eating behaviors, social anxiety, and depression), personal 
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characteristics and coping skills (eg, more emotion-oriented coping, rumination and neuroticism), and low resilience.7–11 

Previous studies confirmed the sleep reactivity model for insomnia in adulthood, but little is known about adolescence as 
a challenging and rapidly changing developmental stage where social, personal, and cognitive changes, and a lack of 
adaptive coping and emotion regulation skills endanger positive trajectories.12,13 Exploring youth-specific predisposing 
and precipitating factors, including age, pubertal status, and sex, related to sleep reactivity might help to understand this 
stage’s contribution to the incidence of insomnia.

The degree of stressful experiences, stress vulnerability, internalizing and externalizing symptoms, sleep and bedtime 
behaviors (ie, mobile phone use and midpoint of time in bed), as well as resources were considered in this study with the 
objective to determine in adolescents (1) which of these risk factors are related in adolescents with high sleep reactivity, 
and (2) whether, as we hypothesize, high sleep reactivity and related factors predict the likelihood of current insomnia, 
(3) and the incidence of insomnia 9, respectively, 17 months later.

Materials and Methods
Sample and Procedure
The sample included 185 adolescents between 11 and 17 years of age (Mage = 14.3 years, SD = 1.8, 54% female) at 
baseline (T1). At the time of inclusion, the participants attended school in grades 5 to 12 (2% 5th grade, 12% 6th grade, 
10% 7th grade, 16% 8th grade, 17% 9th grade, 25% 10th grade, 9% 11th grade, 9% 12th grade) and most often 
a grammar school (Gymnasium; 45%). They were mostly of German origin (92%) and lived in the district of North 
Rhine-Westphalia, Germany. All participants and their caregivers provided informed consent to participate in the study, 
after being recruited via social media, newspapers, flyers, or direct contact at school. Participation was not recommended 
in cases of (diagnosed) mental health disorder or heart disease and was monetarily incentivized by vouchers worth 140€ 
(for participation at all assessment waves). The study was funded by the German Research Foundation (DFG) and 
approved by the local ethics committee of the university.

Adolescent’s self-reports on sleep reactivity, stress, sleep, and sleep-related behaviors were filled out online at home, 
while more sensitive questionnaires about mental health symptoms were completed at a personal university appointment 
along with a sleep interview (see Supporting Information for detailed information). After 8.9 ± 1.5 (T2) and 17.1 ± 2.0 
(T3) months participants were invited again for a sleep interview.

Measurements
Sleep Reactivity
The German children and adolescent version of the Ford Insomnia Response to Stress Test (FIRST) assesses sleep 
reactivity, eg, the vulnerability for stress-related sleep disturbances.14 Nine items measure the probability of having 
difficulties to sleep due to specific and common stressful events or periods of stress occurring during this day or the 
next day (eg, after a bad school day, before an oral presentation in class) from (1) never to (4) always. Previous studies 
have demonstrated good psychometric properties in adults.14,15 For our adolescent sample, we found a good internal 
consistency (α = 0.84) and good fit for a one-factor solution (see Supporting Information). The resulting total score 
ranges from 9 to 36, with higher values showing greater vulnerability to stress-related insomnia. In this study, we applied 
the clinical cut-off of FIRST ≥ 18 proposed by Kalmbach et al,6 which reflects a high vulnerability for future insomnia.

Insomnia
In accordance with the International Classification of Sleep Disorders (3rd ed.; ICSD-3), insomnia was diagnosed if an 
adolescent reported difficulties falling asleep or staying asleep (despite having an adequate opportunity to sleep), 
resulting in significant distress and daytime consequences (eg, sleepiness, difficulties with concentration and memory, 
mood lability, social or school difficulties).16 Insomnia was diagnosed if the criteria were fulfilled for at least one month, 
indicating at least an acute insomnia of relative endurance.
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Sleep
Continuous sleep was assessed by two-week of sleep diary and one-week of actigraphy (MotionWatch 8, CamTech, 
United Kingdom). At least four nights of measurements had to be available for the average total sleep time (TST) and 
sleep onset latency (SOL) to be extracted from actigraphy.

Moreover, the average perceived sleep quality was extracted from sleep diary evaluated from (1) very good to (6) 
very bad. (Pre-) sleep behavior was assessed by midpoint of time in bed (TIB), indicating the average bedtime schedule, 
and pre-sleep mobile phone use. The average midpoint of TIB was extracted from actigraphy calculated as the midpoint 
between bedtimes in the evening and rising times in the morning (time going to bed +(TIB/2)). The average duration of 
pre-sleep mobile phone use was captured via the sleep diary by the following item “Did you use your smartphone in bed 
at night? If yes, how long? (In minutes)”. The Pre-Sleep Arousal Scale (α = 0.87) is a 15-item measure assessing somatic 
and cognitive pre-sleep arousal on a response scale ranging from (1) not at all to (5) extremely (α = 0.89).17 The subscale 
negative sleep-related cognitions of the questionnaire on sleep-related cognitions measures catastrophizing thinking, 
sleep drug use, and sleep anxiety by 18 items answered on a scale ranging from (1) nearly never to (4) nearly always (α = 
0.91).18

Stress
The intensity of stress experiences regarding potentially daily stressful experiences or situations was captured by the 
Adolescent Stress Questionnaire-S (ASQ-S) on nine domains.19 Twenty-seven items are rated on a response scale from 
(1) not stressful at all/did not occur to (5) very stressful (α = 0.92). The subscale stress vulnerability of the Stress and 
Coping Questionnaire for Children and Adolescents (SSKJ 3-8-R) measured the extent of stress vulnerability in everyday 
life situations of adolescents.20 Anticipated stress towards seven situations was evaluated on a response scale ranging 
from (1) no stress at all to (4) very much stress. A higher total sum score indicates higher vulnerability to potential 
stressors (α = 0.75).

Mental Health
Indicators of mental health were assessed by the internalizing and externalizing symptom scales of the Youth Self Report 
(YSR 11–18R; αinternalizing = 0.89; αexternalizing = 0.87).21

Resources
The Questionnaire on Resources in Childhood and Adolescence (FRKJ 8–16) provides an assessment of personal 
resources (eg, optimism, self-esteem) and social resources (eg, parental social and emotional support, peer group 
integration) with higher sum scores indicating more perceived social/personal resources (αsocial = 0.91, αpersonal = 0.87).22

Other Variables
At baseline, we obtained demographics including age and sex. The Puberty Development Scale (PDS) evaluated puberty 
status in five stages from (1) prepubertal to (5) postpubertal.23 The COVID-19-related overall burden was rated by the 
participants and will be considered as a covariate, as the SARs-CoV-2 pandemic began during the baseline data 
collection. The item “The current corona situation can trigger uncertainty or fear in people. How strongly do you feel 
burdened by the current situation?” was answered on a scale ranging from (0) not at all to (5) very much.

Statistical Analysis
At baseline, participants of whom an insomnia diagnosis was missing (n = 15), from whom more than 70% of items were 
missing (n = 1), and with an age older than 17 (n = 5) were excluded, leaving N = 185 adolescents. Missing values (3%) 
were replaced with multiple imputation (m = 10) using Multivariate Imputation by Chained Equations (MICE; in 
R v4.2.1) as a function of scale level (ie, logistic regression for nominal-scaled and predictive mean matching for 
interval-scaled variables). Only variables that correlated with at least 0.10 were utilized for an imputation. All variables 
were included in the multiple imputation, including the outcome variables insomnia T1, insomnia T2, and insomnia T3 
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following recommendations by von Hippel.24 The outcome variables were, however, not imputed themselves. The 10 
data sets resulting from the imputation were aggregated and subsequently the total sum and mean scores were calculated 
for all participants.

Firstly, to address the question of whether and how adolescents with a high sleep reactivity (SR) differed from 
adolescents with low SR on demographic, sleep, stress, health, and resource parameters, a profile analysis by group 
(using profileR) tested differences in the profiles of the two groups (high/low SR using the clinical cut-off score of the 
FIRST) at baseline.25 The profile analysis was calculated based on difference values of the normalized dependent 
variables. In case of significant profile deviations, these were subsequently investigated using a one-factor multivariate 
analysis of covariance (MANCOVA) and subsequent post-hoc ANCOVAs based on the raw values (the dichotomous 
variable sex was examined using Chi-squared tests). COVID-19-related burden was included as covariate. To address the 
variance heterogeneity, Pillai trace is reported.26

Secondly, to clarify whether SR (low/high) and the related risk factors predict the likelihood of having a current 
insomnia diagnosis hierarchical logistic binomial regressions were calculated. Therefore, insomnia diagnose (no/yes) at 
baseline was used as outcome variable. In step 1, sleep reactivity (low/high) was entered. In step 2, all significant 
variables of the profile analysis were added stepwise to extract the most important predictors.

Thirdly, regarding the longitudinal prediction of new occurrences of insomnia, the second logistic hierarchical 
regression analysis included the insomnia diagnoses at T2/T3 to test whether sleep reactivity (low/high) and the 
significant profile variables predict the likelihood of suffering from an insomnia 9/17 months later, when insomnia 
was not experienced at baseline. For this reason, only adolescents without initial insomnia diagnosis at baseline and 
completed sleep interviews at T2/T3 were included, resulting in a sample size of N = 93. The outcome variable insomnia 
T2/T3 was coded as follows: 0 indicated that the participant had no insomnia at T2 nor at T3 (ie, adolescents who did not 
developed insomnia), 1 indicated an insomnia diagnosis either at T2, at T3 or at both assessments (ie, adolescents who 
did develop insomnia). The same model steps as outlined for the cross-sectional analysis were performed.

In all analyses, p-values < 0.05 indicate significant results. In analyses of variance, partial η2 indicates a small effect 
at >0.01, a medium effect at >0.06, and a large effect at >0.14. Regarding the logistic regression models, the odds ratio 
(OR) coefficient is reported. Nagelkerke’s R² indicates small effect at <0.1, modest effect at 0.1 to 0.3, a moderate effect 
at 0.3 to 0.5, and a strong improvement at >0.5.27

Results
Inspection of Sleep Reactivity
In the total sample, the average SR was 19.14 (SD = 5.31). The discrimination by the cut-off of 18 resulted in significant 
higher mean SR in those over the cut-off (high SR, n = 111, M = 22.61, SD = 3.60) than those under the cut-off (low SR, 
n = 74, M = 13.83, SD = 2.33), t (183) = 18.51, p < 0.001, d = 3.16. Sleep reactivity was not associated with COVID-19 
related burden, but particularly with pre-sleep arousal, negative sleep-related cognitions, and stress vulnerability (all r > 
0.39, p < 0.05).

Which Factors are Concurrent with High Sleep Reactivity?
Profile analysis with group (low/high SR) as the between-subjects factor and possible risk factors (ie, sleep, stress, 
psychological health, resources, age, pubertal status, and sex) as dependent variables showed that profiles differed 
significantly between SR groups: There were significant group differences, F (1, 183) = 88.82, p < 0.001, as well as 
differences between the risk factors, F (15, 169) = 326.70, p < 0.001. A significant interaction of group × risk factors, 
F (15, 169) =7.31, p < 0.001, Pillai trace = 0.39, indicates that the profiles are not parallel, ie, the groups vary in their 
profiles. These findings were examined in more detail using post-hoc MANCOVA as well as ANCOVAs controlling for 
COVID-19-related burden. MANCOVA confirmed the main group effect for sleep reactivity on the set of dependent 
variables, F (15, 168) = 8.77, p < 0.001, Pillai trace = 0.44, partial η2 = 0.44, 95% CI[0.30, 0.51], but not for COVID-19- 
related burden as covariate, F (15, 168) = 0.73, p = 0.75, Pillai trace = 0.06, partial η2 = 0.06, 95% CI[0.00, 0.06]. 
Significant differences (see Table 1) found by sequential ANCOVAs indicated more sleep disturbances, pre-sleep arousal, 
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negative sleep-related cognitions, pre-sleep mobile phone use, stress experience, stress vulnerability, internalizing and 
externalizing symptoms, as well as less social resources in adolescents with high compared to low sleep reactivity (all p < 
0.05). Participants with high SR were more likely to be female, were older, and had higher pubertal status (all p < 0.05).

Does High Sleep Reactivity Increase the Likelihood of Having a Current Insomnia?
A hierarchical logistic regression analysis was conducted to determine the likelihood of current insomnia for sleep 
reactivity (high/low) and potential risk factors (ie, age, pubertal status, gender, pre-sleep arousal, negative sleep-related 
cognitions, pre-sleep mobile phone use, midpoint of TIB, stress experiences, stress vulnerability, internalizing symptoms, 
externalizing symptoms, and social resources). The results of step 2 showed a significant model (χ²(4) = 42.60, p < 0.001, 
Nagelkerke’s R² = 0.29; see Table 2). Goodness-of-fit was assessed using the Hosmer-Lemeshow-Test, which indicated 
a good model fit, χ²(8) = 13.21, p = 0.11. The likelihood of current insomnia increased with high compared to low SR 
(OR = 2.95; 95% CI[1.19, 7.28], p <. 05), and more negative sleep-related cognitions (OR = 1.05; 95% CI[1.00, 1.09], 
p < 0.05). In this sample, 12% of adolescents with low SR and 48% of adolescents with high SR had a current insomnia.

Does High Sleep Reactivity Increase the Likelihood for a Future Incident of Insomnia?
An additional hierarchical logistic regression analysis was conducted to determine the predictive effect of sleep reactivity 
(low/high) and related risk factors (see above) on the likelihood of developing insomnia 9 or 17 months later.

Predicting insomnia at T2/T3, the results of step 2 showed a significant model (χ²(4) =25.45, p < 0.001, Nagelkerke’s 
R² = 0.36; see Table 3) with a good model fit (χ²(8) = 4.54, p = 0.81). The likelihood of the development of a new 
insomnia at T2/T3 increases with female sex (OR = 4.06; 95% CI[1.13, 14.62], p = 0.03) and the level of internalizing 
symptoms (OR = 1.18; 95% CI[1.07, 1.30], p < 0.001). SR failed to reach significance in predicting the development of 
insomnia (OR = 0.26; 95% CI[0.06, 1.06], p = 0.06) as in this sample 23% of adolescents with low SR and 26% of 

Table 1 Means and Standard Deviations for Adolescents with High and Low Sleep Reactivity and Results of the 
Post-Hoc ANCOVAs for Sleep Reactivity

High SRa Low SRb ANCOVA Partial η2

M (SD) M (SD) F p

Age 14.71 (1.89) 13.60 (1.50) 18.42 <0.001 0.09
Sexc 34 male, 77 female 51 male, 23 female 24.69 <0.001 0.38

Pubertal status 3.70 (1.05) 2.99 (1.03) 21.17 <0.001 0.10

Sleep-related variables
Sleep quality 3.59 (7.08) 2.92 (2.58) 0.60 0.44 0.00

Sleep onset latency 25.38 (17.69) 22.29 (14.45) 1.46 0.23 0.00

Sleep duration, mean 495.71 (61.71) 500.49 (59.75) 0.27 0.60 0.00
Midpoint of TIB 4.14 (1.29) 3.79 (1.07) 3.91 <0.05 0.02

Mobile phone use before sleep 33.86 (36.60) 22.99 (27.50) 4.80 0.03 0.03

Negative sleep-related cognitions 37.66 (9.72) 25.80 (6.60) 83.95 <0.001 0.32
Pre-sleep arousal 31.39 (10.18) 21.36 (6.58) 55.84 <0.001 0.23

Stress-related variables

Stress experience 60.78 (17.69) 46.84 (15.74) 29.92 <0.001 0.14
Stress vulnerability 19.83 (3.22) 15.98 (4.07) 51.00 <0.001 0.22

Mental Health

Internalizing symptoms 15.06 (8.22) 7.94 (6.08) 40.45 <0.001 0.18
Externalizing symptoms 10.31 (7.15) 7.12 (5.31) 10.83 <0.01 0.06

Resources

Social resources 73.985 (12.21) 77.24 (10.21) 3.89 <0.05 0.02
Personal resources 102.39 (12.64) 105.31 (13.60) 2.22 0.14 0.01

Note: an = 111; bn = 74; cChi²-Test and Cramer´s V. 
Abbreviations: SR, Sleep reactivity; M, Mean; SD, Standard Deviations.
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adolescents with high SR developed insomnia. In other words, only 52% of participants who developed insomnia had 
high SR.

Discussion
The goals of the present study were to investigate 1) related risk factors for high sleep reactivity, 2) whether high sleep 
reactivity predicts the likelihood of having current insomnia, and 3) an incident of insomnia 9 or 17 months later in 
adolescents. Adolescents with high and low SR were found to differ in terms of their age, pre-sleep mobile phone use, 
midpoint of TIB, negative sleep-related cognitions, pre-sleep arousal, stress experience, stress vulnerability, internalizing 
and externalizing symptoms, and social resources, with increased difficulties and lower social resources at high sleep 
reactivity. As expected, the odds for an adolescent with high SR to have a current insomnia were 2.95 times higher than 
the odds for an adolescent with low SR. Surprisingly, the risk for an insomnia incident 9 or 17 months later did not 
increase with higher SR levels.

Regarding the related risk factors, as SR is discussed as a sleep-specific facet of stress reactivity, it is not surprising 
and in line with previous studies in adults that adolescent’s SR is accompanied by more stress vulnerability, by increased 
stress experiences, and by more internalizing and externalizing symptoms.3,9 Regarding age and gender differences, we 
found the prevalence of high SR to be more pronounced in older adolescents with a higher pubertal status, and in girls. It 
may be assumed that older adolescents are more perceptive and aware of the impact of stressful events on their sleep, as 

Table 2 Results of Hierarchical Binomial Logistic Regression Analyses Predicting Current Insomnia at T1

Nagelkerke R² B SE Wald p Odds Ratio 95% CI for Odds Ratio

Lower Bound Upper Bound

Step 1 0.20

Sleep reactivity 1.87 0.40 21.44 <0.001 6.49 2.94 14.23
COVID-19-related burden T1 0.13 0.14 0.89 0.35 1.14 0.87 1.50

Step 2 0.29
Sleep reactivity 1.08 0.46 5.50 0.02 2.95 1.19 7.28

COVID-19-related burden T1 0.12 0.15 0.65 0.42 1.13 0.85 1.50

Negative sleep-related cognitions 0.05 0.02 5.06 0.02 1.05 1.00 1.09
Internalizing symptoms 0.04 0.03 3.13 0.08 1.05 1.00 1.10

Notes: N = 185 (123 without, 62 with insomnia). Reference category sleep reactivity = low sleep reactivity, ie sum scores < 18 (n = 74). Model comparison Step 1 vs Step 2: 
χ²(1) = 14.18, p < 0.001; Overall percentage of accuracy in classification for model step 2 was 73.0%, with a sensitivity of 46.8% and a specificity of 86.2%. 
Abbreviations: T1, time point 1; CI, Confidence Intervals.

Table 3 Results of Hierarchical Binomial Logistic Regression Analyses Predicting the Development of Insomnia T2/T3

Nagelkerke R² B SE Wald p Odds Ratio 95% CI for Odds Ratio

Lower Bound Upper Bound

Step 1 0.00
Sleep reactivity 0.16 0.49 0.11 0.74 1.18 0.46 3.04

COVID-19-related burden T2 −0.09 0.27 0.11 0.74 0.92 0.54 1.55

Step 2 0.36

Sleep reactivity −1.36 0.72 3.56 0.06 0.26 0.06 1.06

COVID-19-related burden T2 −0.20 0.34 0.35 0.55 0.82 0.42 1.58
Sex 1.40 0.65 4.60 0.03 4.06 1.13 14.62

Internalizing symptoms 0.17 0.05 11.25 <0.001 1.18 1.07 1.30

Notes: N = 93 (70 without, 23 with insomnia). Only participants without insomnia at measurement point 1 are included. Reference category sleep reactivity = low sleep 
reactivity, ie, sum scores < 18 (n = 47); reference category for sex = male (n = 46). Model comparison Step 1 vs Step 2: χ²(2) = 25.25, p < 0.001; Overall percentage of 
accuracy in classification for model step 2 was 81.7%, with a sensitivity of 39.1% and a specificity of 95.7%. 
Abbreviations: T2, time point 2; CI, Confidence Intervals.
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older adolescents are more able to consider problems from multiple angles.28 Especially from puberty onwards, gender 
differences occur, with a pronounced development of rumination and depression (starting age 12 resp. 13) and a greater 
assignment of importance to stressful situations in girls, which could contribute to high SR particularly in female 
adolescents.29,30 Although the relationship between SR and sex hormones has so far not been directly investigated, 
insomnia symptoms, sleep changes, and depressive symptoms are known to be linked to abnormal (high and low) levels 
and changes in estrogen and progesterone. As progesterone and estrogen are regulators of cortisol secretion,31 and 
heightened and blunted cortisol levels are related with high SR and insomnia,32,33 sex and stress hormones might interact 
in their neurobiological contribution to higher SR in females particularly in later pubertal stages. Yet, future research is 
needed to explore this assumption.

Regarding pre-sleep behaviors, high SR was accompanied by later midpoint of TIB, and more pre-sleep mobile phone 
use. One might expect the later midpoint of TIB in adolescents with high SR could be driven by a later chronotype 
conveyed by the higher average age in this group.34 It might also be possible that individuals with higher SR 
procrastinate more before bedtime, in the assumption that they will then be able to sleep better after a longer time to 
relax from the day and after having some “me time” before sleep.35 As bedtime procrastination is also associated with 
evening media consumption, this assumption also fits with our findings that adolescents with high SR use their mobile 
phones longer before bedtime.36 Other studies suggest pre-sleep mobile phone usage as a technique for stress reduction 
and avoidance of brooding that seems to be used primarily by adolescents with high SR.37 Furthermore, more social 
resources, such as peer group integration and parental support were reported in the group of adolescents with low SR 
compared to adolescents with high SR. Thus, it might be assumed that the adolescents with high SR may less rely on 
their social network to overcame stressful situations. The adolescents with low SR, on the other hand, were apparently 
capable of utilizing the protective effect, which social resources can have on stress and sleep.38–40

As previously reported for adults, our findings showed an increased risk for a current insomnia in adolescents with 
high SR.3 However, contrary to the 3P model of insomnia and findings in adults, high SR did not increase the risk for an 
insomnia incident 9 or 17 months later in this sample.3,41 As mentioned, only 52% of participants, who developed 
insomnia had high SR, while 48% belonged to the group with low SR. It is possible that during the developmental phase 
of almost 2 years, sleep reactivity is a less stable (trait) disposition than anticipated and/or less influential on insomnia 
symptoms compared to other risk factors (in line with various studies our results highlight also the increased risk by 
female gender and internalizing symptoms for the incidence of insomnia symptoms).42 Moreover, within the diathesis- 
stress model, sleep reactivity is often understood as a moderator between (early) life stress and insomnia, increasing the 
likelihood of developing insomnia when stress has been experienced.³ Because this study did not consider previous 
stressful life events, we cannot exclude the possibility that an absence of these events reduces the effects of sleep 
reactivity. Yet another possible explanation could be that study participation had an enhanced motivational effect to 
reflect on and change one`s own unhealthy sleep behavior and thus reduce the risk of future insomnia. Perhaps such 
beneficial changes are more likely in adolescents with high SR, as reflection allows them to consciously attribute their 
sleep problems to acute stress rather than to other long-term internal causes, thus providing a subjective explanatory 
model for their poor sleep. In this regard, Jamieson et al43 showed that changing one’s mindset about stress can have an 
impact on stress-related health outcomes. Further research is needed to clarify this assumption.

Strengths and Limitations
The strengths of this study include: (1) a nearly balanced gender ratio, (2) the inclusion of acute insomnia depicting the 
early developmental phase of insomnia, (3) the coverage of a period of almost two years for a possible insomnia incident.

The current study also has limitations with implications for future research. Based on the relative sample size (n = 93) 
for predicting insomnia incidents, this study could only consider a limited number of predisposing and precipitating 
factors. In addition, our logistic regression models included all profile risk factors, but to reduce the number of 
independent predictors due the small sample size, we used the stepwise approach to only incorporate the most important 
factors. To expand knowledge about predisposing and precipitating factors, future research should examine additional 
physiological factors (eg, diet and obesity), parental factors (eg, SES), and personal characteristics (ie, perfectionism, 
chronotype), which are considered to influence mental health including sleep, in a bigger sample.44–48
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Most of the data was collected during the COVID-19 pandemic. Although the perceived COVID-19 related burden 
was included as covariate and did not show significance, differential impacts on insomnia symptoms during different 
phases of the pandemic cannot be completely ruled out. For example, online learning at home was found to increase sleep 
duration and to provide more sufficient sleep opportunity.49

Even though this study investigated SR profiles and their association with insomnia in a prospective approach, it 
would be informative to examine potential bi-directional associations in studies with multiple time points to gain insight 
into whether sleep reactivity changes as a function of insomnia symptom intensity. Hence, future studies should consider 
state and trait proportions of sleep reactivity and related temporal and additive effects of environmental factors. In this 
vein, a distinction between acute and chronic insomnia would shed light on how sleep reactivity affects the early 
developmental phase and the chronification process of insomnia.

Conclusion
Our findings suggest that in adolescence high sleep reactivity is accompanied by various predisposing and precipitating 
factors, with girls and older adolescents at later pubertal stages being particularly affected by high SR. Although a current 
insomnia is 2.95 times more likely in adolescents with high sleep reactivity, surprisingly our results did not reveal sleep 
reactivity as a predisposing determinant of future insomnia in adolescence. More research is needed to determine the 
causal role of sleep reactivity for the emergence of insomnia in this age group. Further longitudinal studies should 
therefore compare the role of sleep reactivity on the development of insomnia throughout different age groups under 
consideration of the interindividual variability.
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