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Abstract
Background
Insomnia Disorder (ID) is the second-most prevalent mental disorder and a primary risk factor for
depression. Inconsistent clinical and biomarker findings suggest heterogeneity and unrecognized
subtypes. Previous top-down proposed subtypes had insufficient validity. The present large-scale
study aimed to reveal robust subtypes using data-driven analyses on a high-dimensional set of
biologically based traits.
Methods
Netherlands Sleep Registry participants (N=4,322; 2,224 with probable ID) completed up to 34 trait
questionnaires. ID subtypes were identified using latent class analyses. Validity was evaluated in an
independent sample and by assessing within-subject stability over years. Clinical relevance was
extensively assessed in all subtypes for the development of sleep complaints, comorbidities including
depression and response to benzodiazepines, and in two subtypes for an EEG biomarker and
effectiveness of cognitive behavioral therapy. To facilitate implementation, a concise subtype
questionnaire was constructed and validated in an independent sample.
Outcomes
Five novel ID subtypes were identified: one labelled as highly distressed, two as moderately
distressed with either intact or weak responses to pleasurable emotions, and two as low distressed
with either high or low reactivity to environment and life time events. A participant could be
classified with high probability to only one subtype, and also in an independent replication sample
five subtypes were again optimal (posterior probabilities 0·91-1·00). Participants re-assessed 4·8±1·6
years later (N=215) maintained their subtype with high probability (0·87); indicating high stability.
Clinical relevance showed from subtype differences in developmental etiology, response to treatment,
an EEG biomarker, and up to five-fold differing risk of depression.
Interpretation
High-dimensional data-driven subtyping of people with insomnia solved an unmet need of
heterogeneity reduction. Subtyping facilitates progress in finding mechanisms, developing
personalized treatment, and selecting cases with the highest risk of depression for inclusion in
preventive trials.
Funding
European Research Council (ERC-ADG-2014-671084-INSOMNIA); Netherlands Organization for
Scientific Research (VICI-453-07-001).

2

Introduction
Insomnia is a common health problem; one third of the population report complaints, and about 10%
meet the diagnostic criteria for Insomnia Disorder (ID),1,2 making it the second-most prevalent mental
disorder.3 Despite its high prevalence, considerable heritability4, and recently identified risk genes5,6,
it has been difficult to consistently characterize insomnia with respect to cognition7, mood8, family
history9, history of life events10, personality11, polysomnography12, sleep microstructure13 and brain
imaging14. Such inconsistencies suggest unrecognized subtypes and stall progress in our
understanding of underlying mechanisms to improve interventions. Previous top-down proposed
subtypes of ID that predominantly focused on sleep-related characteristics (e.g., ‘sleep onset
insomnia’) had low reliability15,16 and were discarded from major nosologies.17,18
Clearer subtypes of ID might emerge when sleep characteristics are complemented by a highdimensional set of stable non-sleep characteristics.19 Such a wider perspective on discriminating
characteristics has shown to be valuable in other disorders. For example, subtyping AttentionDeficit/Hyperactivity Disorder (ADHD) according to temperament trait dimensions explained more of
its heterogeneity than common nosologic criteria.20 It is conceivable that ID could similarly represent
a heterogeneous group of cases in whom different underlying mechanisms reflected in biologically
based traits lead to indistinguishable sleep complaints. Finding ID subtypes would then require
inclusion of traits that may only indirectly relate to sleep but can be highly relevant to insomnia, like
hyperarousal, personality and mood traits.5,6,19
We investigated the key research question whether ID comes in different subtypes that are reflected in
their multivariate pattern of stable characteristics like life history, trait affect and personality. The
biological basis (Supplementary Tables S1-3) of traits relevant to insomnia19 make it conceivable that
several specific combinations of traits can be unfavorable to sleep regulation. Our recent GWAS
findings confirm that ID is genetically closer related to attributes in the domain of mood, personality
and well-being than to sleep-related phenotypes.5,6 We therefore assessed sleep complaints and an
unprecedented large number (up to 34) of traits online in N=4,322 volunteers. Using data-driven
techniques and follow-up analyses in derived and independent samples, we discovered previously
unknown clinically relevant subtypes that were clearly discriminated by multivariate trait profiles and
were highly consistent over years. A concise questionnaire to accurately subdivide new cases into the
identified subtypes was developed and validated to facilitate future within-subtype studies necessary
to accelerate insight in mechanisms and develop better, personalized treatments.
Methods
Participants, recruitment and assessment
Participants were volunteers of the Netherlands Sleep Registry (NSR, www.slaapregister.nl), an
online platform and database for extensive surveying of sleep, traits, life events and health history.19
NSR volunteers are recruited through media, advertisements and flyers, distributed at healthcare
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institutions and conventions. Recruitment communications stress the need of volunteers covering the
whole range from good to bad sleepers. This resulted in a uniform insomnia severity distribution
among participants: 38% are without insomnia, 29% may have subthreshold insomnia, and 33% have
clinical insomnia.21 The Medical Ethical Committee approved of implicit informed consent.
Participants completed a variable number of randomly sorted questionnaires at their convenience.
N=4,322 participants completed at least one questionnaire in addition to a demographics
questionnaire and the Insomnia Severity Index (ISI) surveyed between March 2nd 2010 and October
28th 2016. N=2,224 fulfilled the ISI≥10 criterion for probable ID in community samples (Figure 1).21
Validity of the ISI cut-off was confirmed in a subsample of N=244 participants who were diagnosed
face-to-face according to DSM-517: of 195 diagnosed with ID, 185 had an ISI≥10 (sensitivity 94·9%),
and of 49 participants without the diagnosis, 41 had an ISI<10 (specificity 83·7%). In absence of faceto-face diagnosis of the other participants, our use of "ID" for brevity may be read as "probable ID"
determined by severity of insomnia symptoms. ID cases were between 18 and 85 years of age
(mean±SD age 51·1±13·7 years), 1,726 of 2,224 (78%) females. Controls (ISI<10) were 18 to 87
years (mean±SD age 47·2±15·8 years), 1,558 of 2,098 (74%) females. On April 13th 2017 a
newsletter was sent among registered NSR users that opted-in for communications to collect followup data, collected between April 13th and June 21st 2017.
Measures
Characteristics relevant to insomnia were identified by systematic review19 and genetic correlations.5,6
Sufficient data were available for 34 characteristics, each representing a sum score, that covered
various domains including Life history; Fatigue and arousal; Personality; Mood; and Happiness. To
prevent multicollinearity, we selected from highly correlated characteristics only the one with the
lowest median correlation with all other characteristics, preserving 26 characteristics for analyses.
Supplementary Figure S1 shows the preserved characteristics; its legend provides details on
collinearity reduction; Supplementary Table S4 lists the questionnaires and score ranges.
Statistical Analyses
Latent Class Analysis (LCA) and Latent Transition Analysis (LTA) were performed using Latent
GOLD 5.0. Other analyses used R (3.2.4) packages ‘effsize’, ‘leaps’, ‘glmnet’, and ‘stabs’, SPSS
(Version 23.0) and MLwiN 2.02. Supplementary Figure S2 shows the analysis scheme and
corresponding (sub)samples.
Finding subtypes
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Estimation. To identify subtypes among the N=2,224 cases with ID (Figure 1; sample ‘a’ in
Supplementary Figure S2), we chose a model-based unsupervised clustering technique (LCA) because
it can: handle missing data, include variables measured on different scales, and classify new cases. To
determine the most probable number of subtypes, we stepwise increased the number of classes, and
selected the model that minimized the Bayesian Information Criterion (BIC). We evaluated the
quality of the model on N=1,046 that completed at least 10 up to 26 characteristics (any combination;
subsample ‘b’ in Figure S2). Supplementary Methods 1 provides details on model estimation,
evaluation, and assumptions (1.1-3).

4322 Sleep Registry database search for ISI and one
additional questionnaire completed

614 Sleep Registry database search for completed
Insomnia Type Questionnaire and ISI

2098 excluded ISI < 10
control reference values

2224 probable ID;
Latent Class Analysis

363 excluded
were included in original
probable ID sample to
develop model
251 independent non-overlapping probable ID;
Latent Class Analysis

244 received DSM-5 face-to-face
diagnosis to validate ISI cut-off

1178 excluded for interpretation
completed < 10 questionnaires
1046 probable ID;
subtype profiles and interpretation

831 lost to follow-up

215 probable ID;
Latent Transition Analysis

A.

B.

Figure 1: Trial profile of the main cohort (A) and of a non-overlapping cohort used to validated
the subtypes (B).
Visualization and interpretation. For multivariate visualization of subtypes, we standardized each
individual characteristic score to the corresponding distribution of scores in the control group. The
values of positive characteristics (e.g., well-being) were reverse coded and renamed (e.g., lack of
well-being), such that higher values uniformly visualize higher general distress. Supplementary Table
S5 lists untransformed means. To quantify effect sizes of group differences we computed Cohen’s d:
commonly labeled as small (0.2), medium (0.5), and large (0.8).22
Condensation. To facilitate implementation, we used regression with least absolute shrinkage and
selection (lasso) regularization to select a subset of characteristics that still accurately predicted class
membership, resulting in the Insomnia Type Questionnaire (ITQ).
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Validation. An independent, non-overlapping validation sample of N=251 people with probable ID
(ISI≥1021; mean±SD age 54·4±12·7 years, 195 (78%) females; Figure 1b) was recruited through the
NSR to validate robustness of the number of classes by performing LCA and selecting the model that
minimized the BIC; and to verify the use of the ITQ in subdividing new patients into subtypes.
Supplementary Methods 2 provides details on regularization (2.1) and ITQ construction (2.2-2.4).
Trait-like subtype stability across years. To validate trait-like robustness of subtype classification, we
assessed consistency across years using LTA (Supplementary Methods 3) in N=215 of the original
participants (subsample ‘c’; mean±SD age 52·2±12.4 years, 176 (82%) females) that filled out the
ITQ between six months and seven years later (mean±SD 4·8±1·6 years).
Clinical relevance
As will be detailed in the results section, five robust subtypes were found and validated. We next
extensively investigated clinical relevance in all subtypes for the developmental etiology of sleep
complaints, current comorbidities, risk of depression and response to benzodiazepine intake, and in
two subtypes for an EEG biomarker and the effectiveness of cognitive behavioral therapy for
insomnia (CBTI). Supplementary Figure S3 provides a flowchart of the investigations and samples.
First, in NSR participants, we used Chi-square-tests to evaluate subtypes differences in the
developmental etiology of sleep complaints across life (subsample ‘e’ in Figure S3, N=796, mean±SD
age 52·5±12·9 years, 626 (79%) females), and Fisher exact tests for differences in comorbid sleepdisorders, lifetime and current risk of depression, and other comorbidities (subsample ‘f’, N=877,
mean±SD age 52·3±13·1 years, 679 (77%) females).
Second, a subsample of NSR participants with ID (‘g’, N=112, mean±SD age 56·6±11·2 years, 90
(80%) females) used 5-point bipolar Likert-type scales to rate whether difficulty initiating sleep
(DIS), difficulty maintaining sleep (DMS), early morning awakening (EMA) and fatigue were
worsened/improved after incidental benzodiazepine use the preceding night, relative to their usual
severity. Subtypes ratings were compared using F-tests and t-tests.
Third, in an independent sample (‘h’, N=68, mean±SD age 51·6±11·9 years, 62 (91%) females), we
investigated subtype-dependent effects of four weeks of online CBTI on insomnia severity (ISI) in
people diagnosed with ID17,18. ITQ-based subtyping identified sufficient participants of subtype 2
(N=43, 26 treated, 17 waitlist controls) and subtype 4 (N=25, 16 treated, 9 waitlist controls). Mixed
effect models compared treatment effects.
Finally, as a preliminary illustration of the potential of subtyping in finding clinically relevant
biomarkers and clues to differential underlying brain mechanisms, we subtyped volunteers of an
independent study on EEG event-related potentials (ERP; sample ‘i’). Among cases diagnosed with
ID17,18 (N=29, mean±SD 51·0±12·8 years of age) only subtypes 2 (N=16) and 4 (N=13) were
sufficiently represented for reliable ERP averages. They were compared with N=31 controls without
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sleep complaints (mean±SD 49·4±13·5 years of age). In a so-called auditory oddball task, volunteers
listen to repeated standard tones and occasional tones of a deviating pitch. Simultaneously recorded
EEG allows for an evaluation of trait-like brain responses reflecting information processing aspects
like adaptation and attention. Artifact-free ERPs at Pz referenced to averaged mastoids were averaged
over 170 standard tones and 30 deviating tones. Cluster-based random permutation tests evaluated
significance of group differences across the ERP curve, covering early sensory responses, a midlatency indicator of adaptation, attention and salience (P300) and a late indicator of emotional
relevance (Late Positive Potential, LPP).23
Role of the funding source
The funder of the study had no role in study design, data collection, data analysis, or writing of the
report. The corresponding author had full access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results
Five subtypes
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Figure 2: Goodness of fit of the BIC. BIC for 1-10 latent class models in the original sample (A) and
the independent validation sample (B). The BIC indicates the goodness of fit of a model and penalises
model complexity. For models within a given sample, lower BIC values indicate a better fit. In both
samples, the BIC is minimised at five classes. BIC=Bayesian information criterion.
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Estimation. A five-class model was optimal, indicated by a minimal BIC (Figure 2a). Supplementary
Table S6 provides fit statistics for 1–6 latent class models. The vast majority of participants were
uniquely assigned to only one of the five subtypes, as indicated by high posterior probabilities (range:
0·91-0·99) and a low misclassification estimate (13%, details provided in Supplementary Table S7).
Table 1.1 list demographics of the subtypes.
Visualization and interpretation. Figure 3 shows multivariate profiles of group means of
characteristics for each subtype, ranked clockwise according to subtype-explained variance (from
41% down to 15%). Supplementary Figure S4 includes all 26 characteristics. The profiles show a first
'general distress' aspect concerning the overall level of burdensome characteristics, which is high for
one subtype, moderate for two and low for another two. A second aspect discriminates subtypes by
their multivariate fingerprint shape.
Subtype 1 (N=200, 19%; Figure 3a) has high general distress. The three characteristics that deviate
most markedly from controls concern high pre-sleep arousal (Cohen’s d=2·55), negative affect
(d=2·31) and a lack of subjective happiness (d=2·15). Most other characteristics deviate >1 standard
deviation as well, except for a lack of positive rumination (d=0·41) and a lack of experiencing
pleasure (d=0·31), which are within 0·5 standard deviations of what controls report. Subtype 1 can be
termed 'Highly distressed ID'.
Subtype 2 (N=323, 31%) and 3 (N=153, 15%) both show moderate general distress, but can be
distinguished by their profile (Figure 3b). For subtype 2 pre-sleep arousal (d=1·57), insomnia
response to stress (d=1·38) and negative affect (d=1·12) deviate most markedly from controls.
Especially relative to the overall moderate general distress, the high arousal and response to stress of
subtype 2 reminisce of the conventional label of psychophysiological insomnia. Subtype 2 does not
experience a particular lack of positive affect (d=0·06), positive rumination (d=-0·13) or experiencing
pleasure (d=-0·36): are within 0·5 standard deviations of what controls report and even somewhat
more favorable for the latter two characteristics. Subtype 2 can be termed 'Moderately distressed
reward sensitive ID'.
Subtype 3, on the contrary, is primarily characterized by a lack of positivity. Especially a lack of
subjective happiness (d=1·89) but also a lack of positive affect (d=1·34), of positive rumination
(d=1·18), and of experiencing pleasure (d=1·00) all deviate >1 standard deviation from controls.
Moreover, on the latter two characteristics, subtype 3 scores worse than any other subtype. Subtype 3
also differs markedly from controls, but not from subtype 2, concerning pre-sleep arousal (d=1·42).
Subtype 3 can be termed 'Moderately distressed reward insensitive ID'. The characteristics that
discriminate the similarly distressed subtypes 2 and 3 most are lack of positive affect (d=1·55) and
lack of positive rumination (d=1·55).
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Figure 3: Multivariate profile plots. Profile plots showing scaled subtype group means and 95%
confidence interval (z-scores standardized to mean and standard deviation of controls) of
characteristics, with the highest subtype-explained variance (ranked clockwise from 41% down to
15%). Positive characteristics (e.g., well-being) were reverse coded and renamed (e.g., lack of well-
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being) such that higher values uniformly indicate higher general distress for all characteristics
throughout the plot. Panel A. highlights the highly distressed ID subtype 1. Panel B. highlights the
moderately distressed ID subtypes 2 (reward sensitive) and 3 (reward insensitive). Panel C. highlights
the low distressed ID subtypes 4 (reactive) and 5 (unreactive). Boxes with corresponding colors
indicate the three characteristics that differentiate each subtype most from controls.
Subtypes 4 (N=209, 20%) and 5 (N=161, 15%) both show little general distress but can be
distinguished by their profiles (Figure 3c). For subtype 4, a longer duration of insomnia response to
life events (d=0·94), and more childhood trauma (d=0·82) and fatigue (d=0·60) deviate most
markedly (>0·5 standard deviations) from controls. Subtype 4 can be termed ‘Low distressed high
reactive ID’.
Subtype 5, in contrast, scores about half a standard deviation lower than controls on both the duration
(d=-0·64) and severity (d=-0·51) of insomnia response to life events, on childhood trauma (d=-0·41)
and on rumination (d=-0·55). However, relative to the overall low general distress level, subtype 5
scores higher than controls on a lack of behavioral activation (d=0·59), a lack of experiencing
pleasure (d=0·46), and fatigue (d=0·43). Subtype 5 can be termed ‘Low distressed low reactive ID’.
The characteristics that discriminate the similarly distressed subtypes 4 and 5 most are duration
(d=1·68) and severity (d=1·04) of insomnia response to life events, and childhood trauma (d=1·11).
Supplementary Table S8 provides a clinical description of each subtype.
Condensation. Lasso selected 19 most discriminating characteristics for the Insomnia Type
Questionnaire (ITQ; Appendix 1 and 2; Figure S1, third column). The selection correctly classified
904 of 1,046 (86%) of the original participants, with high posterior probabilities (range: 0·90-0·97).
Validation. Using the ITQ to classify new cases resulted in equally high posterior probabilities (0·921·00) and low misclassification (10%). Robustness of a specific five-class solution was also verified
in this independent sample. Again, as compared to LCA models with more or less subtypes, a fiveclass solution was optimal as indicated by the lowest BIC (Figure 2b) and excellent posterior
probabilities (0·99-1·00) and misclassification (4.5%).
Trait-like subtype stability across years. Table 2 shows the probabilities for participants to maintain
their subtype (diagonal) or switch to another subtype (off-diagonal) when assessed again after years.
Highly and moderately distressed subtypes (1, 2 and 3) had a high probability (0·86-0·89) to maintain
their subtype. Consistency was more modest for those first subtyped as 4 or 5, respectively 0·67 and
0·44. However, switching occurred almost exclusively to the other low distressed subtype: the
probability was 0·94 for subtype 4 and 0·81 for subtype 5 to stay in the combined low distressed
classes.
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Clinical relevance
Sleep-related differences between subtypes. Although the current severity of the three key insomnia
complaints DIS, DMS or EMA did not differ between subtypes (Table 1.2), their developmental onset
differed markedly. Most notable, half of the cases with subtypes 1 and 2 experienced DIS already in
their teens, while among subtypes 4 and 5 this proportion was reached only by their forties (Figure 4a,
Supplementary Results 1). Subtypes 1 and 2 thus both represent more cases with ID that might
conventionally be labeled idiopathic insomnia.
The proportion of cases with comorbid sleep disorders (Table 1.3) did not differ across subtypes,
except for ‘recurrent nightmares’ and ‘confusional arousals’, which were both highest in subtype 1
and lowest in subtype 5.
Health-related differences between subtypes. Table 1 gives the proportions of participants within
subtypes reporting diseases in the main ICD-10 categories (1.4), further subdivided in subcategories
for ‘Mental and behavioral disorders’ (1.5). Two main categories were differentially represented:
‘diseases of the nervous system’ were highest in subtype 5 and lowest in 2, and ‘symptoms not
elsewhere classified’ were highest in subtype 1 and lowest in 5. Four ICD-10 ‘Mental and behavioral
disorders’ subcategories (‘mood’, ‘anxiety’, ‘personality’, and ‘childhood-adolescence’) were
differentially represented across subtypes, mostly driven by a high prevalence in subtype 1.
The prevalence of both current and lifetime depression differed markedly across subtypes (both
c2(4)>110, both p<0·0001, Tables 3.5-3.6) and were highest in subtype 1, which also had most
recurrent nightmares, in accordance with previously reported associations of insomnia, nightmares
and depression.24 Noteworthy is that current depression is three times less prevalent in subtype 2 (16
of 267, 6·0%) than in subtype 3 (25 of 134, 18·7%) in spite of their similar level of general distress
(Figure 3b). Subtypes differed up to five-fold in their lifetime risk of depression (Table 1.6).
Treatment response differences between subtypes. Incidental benzodiazepine intake affected DIS,
DMS, EMA and fatigue differentially across the five subtypes (F(16,406)=1·75, p=0·04). The most
notable differences were seen for DMS, which improved best in subtypes 2 and 4 but not in subtype 3.
Supplementary Results 2.1 provides a more elaborate account.
CBTI affected ISI differentially in subtypes 2 and 4. As compared to waitlist control, CBTI
ameliorated DIS significantly more in subtype 2 (-0·8±1·9 mean±SD, p<0·001) than in subtype 4,
where it was ineffective (0·1±1·5 mean±SD, p=0·69). The difference was also reflected in the ISI
total score (-5·5±7·8 mean±SD, p<0·001, versus -3·1±7·3 mean±SD, p=0·003). Study details are
described in Supplementary Results 2.2. Importantly, the underrepresentation of three subtypes
illustrates how commonly differing selection criteria can strongly affect the subtype distribution of the
study. Here, strict criteria on mood symptoms excluded most subtypes 1 and 3, while low prevalence
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and age exclusion criteria excluded most subtypes 5.

Figure 4: Clinical relevance of ID subtypes. Panel A. The effect of incidental benzodiazepine use
(N=112) the preceding night on sleep and daytime fatigue differs across subtypes. Panel B. Percentage
of ID subtypes (N=796) and controls (N=1,024) reporting recall of any difficulties initiating sleep
(left), difficulties maintaining sleep (middle), and early morning awakenings (right) at different age
ranges. Panel C. Auditory event related potentials for standard tones (dashed lines) and deviant tones
(solid lines) recorded during an auditory oddball task for ID subtypes 2 (N=16) and 4 (N=13) and
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controls (N=31). While the ERPs of controls and the moderately distressed reward sensitive subtype 2
are indistinguishable, the low distressed reactive insomnia subtype 4 shows enhanced later processing
as indicated by both the P300 response on standard tones and the Late Positive Potential response on
standard tones, and (nonsignificantly) target tones.
EEG biomarker differences between two subtypes. As compared to controls without sleep
complaints, the ERP to standard tones showed a stronger positive deflection during a wide late period
exclusively in subtype 4, reaching significance between 273-348, 361-493, and 724-1000 msec
(p=0·038, 0·014, and 0·004, respectively). ERPs of subtype 2, in contrast, were indistinguishable
from controls. The findings indicate hyperreactive late processing specifically in subtype 4, who
apparently label even standard tones as more salient (P300) and emotionally relevant (Late Positive
Potential, LPP).23
Discussion
In this study, we identified five Insomnia Disorder (ID) subtypes that were differentiated by
biologically based traits and life history: (1) a highly distressed type characterized by adversity across
all domains; two moderately distressed types, one (2) reward sensitive and the other (3) reward
insensitive; and two low distressed types, one (4) with high reactivity and the other (5) with low
reactivity. Subtyping was stable over time, clinically relevant, biologically meaningful, and feasible
with a concise set of questions, made available including automated scoring
https://tfblanken.shinyapps.io/itqapp/.
The subtypes were not primarily distinguished by major existing clinical demarcations of difficulty
initiating sleep, difficulty maintaining sleep or early morning awakening, nor by comorbid sleep
disorders. Rather, subtypes emerged as specific multivariate profiles of stable non-sleep related
characteristics relevant to insomnia.19 It’s not the high or low scores on single variables that are
unique to insomnia subtypes, but rather the fingerprints of specific combinations of score levels on
these characteristics. Ancillary analyses (Supplementary Results 3) showed that none of the five
subtypes resembled subtypes that can be found with bottom-up subtyping of people without insomnia.
The stability over years can be regarded exceptional and important. A majority (87%) was identically
classified over 4.8±1.6 years, which compares favorably to previous clinical subtyping with limited
reliability15 and instability over even a brief period (33% over 4 months).14 The currently identified ID
subtypes are the first to fulfil the primary requirement of stability that is necessary to find differential
mechanisms, biomarkers, and treatment responses.
Clinically, the identified subtypes provide precision targets to further improve cognitive-emotionalbehavioral interventions. For example, because a meditation intervention lowers pre-sleep arousal,25 it
may be particularly recommended for subtypes 1, 2 and 3 who are characterized by high pre-sleep
arousal. Interventions that improve positive affect and happiness e.g.,26 could be evaluated for types 3
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and 5, who both lack positivity. Finally, treatment of sleep problems related to childhood adversity,
prevalent among cases with subtype 4, may require trauma therapy rather than CBTI only.27
The clinical relevance of subtyping reaches beyond insomnia. Possibly related to a strong genetic
overlap,5 insomnia is a primary risk factor for depression.8 The Global Consortium for Depression
Prevention stated that our best chance to combat the global burden of depression is to identify those
that run the highest risk and to subject them to preventive interventions.28 Supported by the strong
differences in current comorbid and lifetime depression, subtyping enables, for the first time, to
identify ID cases that are most at risk for developing depression, and to prioritize their inclusion in
preventive trials. Subtype 1 scores high on several symptoms of depression and has the highest risk of
lifetime depression. Notably though, near half of them never experienced depression. This is of
considerable clinical interest for at least two reasons. First, subtype 1 may have subclinical depression
and is most suitable to select for intervention programs aiming at prevention. Availability of the ITQ
facilitates such endeavors. Second, there could be some as-yet-unknown factor that makes the
unaffected half resilient to depression in spite of a high risk.
We illustrated in two subtypes how their discrimination may propel the identification of biomarkers
that would otherwise remain hidden by heterogeneity. ERPs deviated in subtype 4, but not in subtype
2. Individual differences in the LPP of the ERP relate to polymorphisms in the b1-receptor gene and
respond to b-blockers, thus providing an example of a drug-targetable biomarker.23 Moreover, the
ERP finding supports consistency of labeling subtype 4 as ‘reactive’ across psychometric traits and
neurophysiology, thus meeting an important goal set by the Research Domain Criteria.29
Finally, we constructed and validated the Insomnia Type Questionnaire (ITQ), including automated
analysis, to facilitate subtyping in future studies on insomnia. This will accelerate insight in
mechanisms and biomarkers of ID and the development of better, more personalized treatments.
Some limitations deserve mention. First, whereas five subtypes were optimal in both the original
sample and the independent validation sample, we cannot exclude the existence of other subtypes, for
example among people that do not volunteer for online assessment, as the NSR did not sample
randomly from the general population. We purposefully did not exclusively sample from sleep clinics
because, unfortunately insomnia often goes unnoticed in general practice.16 While sleep center-based
studies may over-represent complex, more affected cases, the NSR may reach a more diverse
population of ID. A possible disadvantage for case-control comparisons could be that the NSR control
group may be biased to people with a special interest in sleep or helping science. Therefore,
replication in a strict population-based sample will be useful.
Second, we defined probable ID by an ISI cut-off of 10. Even though this cut-off has been validated
multiple times,5,21 and the ISI has been validated for web-based assessment,30 it may be asked whether
the cut-off can indicate insomnia of sufficient severity to warrant independent clinical attention, and
thus a separate DSM-5 diagnosis. A recent RCT in major depressive disorder used the same ISI cut-
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off of 10 to define comorbid insomnia and not only demonstrated that clinical attention to insomnia of
this severity was valuable; it even showed that clinical attention to insomnia outperformed clinical
attention to depression.31 This finding further adds to the clinical validity of the ISI cut-off. The
traditional approach to treat only the other morbidity with the expectation that insomnia will resolve is
not regarded the most appropriate and treating both conditions simultaneously may improve the
outcomes for both.32 Indeed, a meta-analysis including 17 studies that employed the ISI supports the
value of treating insomnia comorbid with psychiatric and medical conditions.33
Third, it may be that traits that we have not assessed could discriminate yet other subtypes. Whereas
we cannot exclude this possibility, it should be noted that we included an unprecedented large number
of stable characteristics. Moreover, subtypes were defined by multiple characteristics, suggesting at
least some robustness for unobserved characteristics. Within these limitations, the identification of
subtypes opens up important possibilities for pursuing subtype-specific risks, biomarkers or treatment
responses.
In summary, we revealed that ID represents robust subtypes that can be discriminated by multivariate
profiles of traits and life history. Subtyping was highly consistent over several years, performed
equally well in an independent sample, and could reliably be assessed with the ITQ. Insomnia
subtyping paves the road for studies that aim to prevent depression, resolve inconsistencies, reduce
heterogeneity, reveal differential mechanisms or develop better tailored personalized treatment for ID.
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Research in context
Systematic Review
Clinical and biomarker findings on Insomnia Disorder (ID) show inconsistencies across cases and
studies, suggesting heterogeneity caused by unrecognized subtypes. Subtypes of ID have previously
been proposed top-down, presuming they would differ with respect to stable sleep-related
characteristics. Unfortunately, such subtypes had insufficient reliability and validity, so heterogeneity
still prevails.
No prior study investigated whether subtypes can be revealed using a high-dimensional data-driven
approach including biologically based traits that could more indirectly be related to insomnia. A
PubMed search for “Insomnia AND data-driven AND subtype” on February 19, 2018 revealed only
two papers. One of the papers included insomnia as a dimension to subtype N=203 cases with major
depressive disorder. The other paper was our theoretical systematic review on variables of relevance
in a high-dimensional data-driven approach to find subtypes of insomnia.
Interpretation
We are the first to identify five novel and robust subtypes of ID and to demonstrate their usefulness to
reduce clinical and biomarker heterogeneity. We accomplished this through a high-dimensional datadriven analysis on 34 biologically based traits assessed by questionnaires in a large sample (N=4,322)
among which N=2,224 had probable ID. A more concise Insomnia Type Questionnaire (ITQ) with the
most discriminating characteristics was developed and validated to reliably assess subtypes also in an
independent sample. The probability of participants to maintain their subtype at follow up 4.8±1.6
years later was 0·87, in sharp contrast to the low stability of previous top-down suggested subtypes
(e.g., 0·33 over 4 months). Both in derived and independent samples, clinical relevance was
extensively demonstrated by subtype differences on developmental etiology, health risks, response to
pharmacological and nonpharmacological treatments, and a neurophysiological biomarker. Marked
subtype differences in the risk of depression opens up the possibility to select high-risk individuals for
preventive interventions using the ITQ, which we made available including automated scoring. By
reducing previously unrecognized heterogeneity, subtyping will facilitate finding biomarkers,
elucidating mechanisms and developing personalized treatment of Insomnia Disorder. Subtyping is
reliable and can be accomplished through the internet in large populations.
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Table 1. Demographics, insomnia characteristics, and sample prevalence estimates of current sleep
disorders, main ICD-10 disorder categories, the ICD-10 mental disorder subcategories, as well as
lifetime depression, for controls and each of the ID subtypes.

Control

1
highly
distressed ID

2
moderately
distressed
reward
sensitive
ID

ID Subtype
3
moderately
distressed
reward
insensitive
ID

1.1 Demographics
N (% of ID
2098
200 (19%)
323 (31%)
153 (15%)
sample)
N (%) of females
1558
164 (20%)
271 (33%)
100 (12%)
with subtype
N (%) of male
540
36 (16%)
52 (23%)
53 (23%)
with subtype
3,4,5
4,5
3,4,5
Age (M±SD)
47·2 ±16
49·5 ±12
48·9 ±14
53·92±13
1.2 Insomnia characteristics
ISI (M±SD)
4·0±2·91,2,3,4,5
17·82,3,4,5±4·9 15·81±4·1
16·51,5±4·6
total score
DIS
0·5±0·61,2,3,4,5
2·0±1·4
1·8±1·3
1·9±1·4
DMS
0·6±0·81,2,3,4,5
2·8±1·3
2·6±1·2
2·8±1·3
EMA
0·5±0·71,2,3,4,5
2·3±1·4
2·1±1·3
2·1±1·4
1,2,3,4,5
Dissat
1·0±0·8
3·1±0·8
3·0±0·8
3·0±0·7
IDF
0·6±0·71,2,3,4,5
2·92,3,4,5±0·9
2·41,5±0·9
2·61,4,5±1·0
NIQoL
0·5±0·71,2,3,4,5
2·12,3,4,5±1·0
1·71±0·9
1·81,5±1·1
1,2,3,4,5
2,4,5
1,4,5
Worry
0·3±0·6
2·5 ±1·0
2·2 ±0·9
2·34,5±1·0
1,2,3,4,5
Sleep duration
7:24±0:59
6:08±1:57
6:07±1:19
5:58±1:34
1.3 Co-occurring sleep disorders: proportion with suspected sleep disorder (current)
N completers
1333
162
267
134
Restless Leg
94 (7·1%)1,2,3,4
32 (19·8%)
51 (19·1%) 22 (16·4%)
Syndrome*
Periodic Leg
13 (1·0%)1,2,4
15 (9·3%)
11 (4·1%)
4 (3·0%)
Movement
Disorder†
Obstructive Sleep
128 (9·6%)1,2,3,4
39 (24·1%)
54 (20·2%) 32 (23·9%)
Apnea
Syndrome†#
Narcolepsy†
1 (0·1%)
2 (1·2%)
0 (0·0%)
0 (0·0%)
Parasomnia
Recurrent
67 (5·0%)1,2,3,4
42
43
17 (12·7%)1
nightmares
(25·9%)2,3,4,5 (16·1%)1,4,5
Night terror
7 (0·5%)
3 (1·9%)
2 (0·7%)
3 (2·2%)
Sleepwalking
2 (0·2%)
1 (0·6%)
0 (0·0%)
1 (0·7%)
Sleep related
25 (1·9%)1
16 (9·9%)
10 (3·7%)
3 (2·2%)
hallucinations
Sleep related
1 (0·1%)
2 (1·2%)
1 (0·4%)
0 (0·0%)
dissociative
episodes
Eating/drinking
0 (0·0%)1
3 (1·9%)
1 (0·4%)
2 (1·5%)
during sleep
Confusional
16 (1·2%)1,2,4 30 (18·5%)2,3,4,5 13 (4·9%)1,5
2 (1·5%)1
arousals
Sleep related leg
96 (7·2%)1
25 (15·4%)
26 (9·7%)
17 (12·7%)
cramps
Sleep paralysis
18 (1·4%)
7 (4·3%)
8 (3·0%)
5 (3·7%)
REM sleep
7 (0·5%)
6 (3·7%)
3 (1·1%)
3 (2·2%)
behavior

4
low
distressed
high
reactive ID

5
low
distressed
low
reactive ID

209 (20%)

161 (15%)

176 (22%)

106 (13%)

33 (14%)

55 (24%)

1,2

54·0 ±12

56·61,2±12

15.01±3·9

14·81,3±3·7

1·6±1·4
2·8±1·3
2·1±1·3
2·9±0·8
2·21,3±1·1
1·61±1·0
1·81,2,3±1·0
5:47±1:23

1·7±1·3
2·7±1·2
2·1±1·3
2·9±0·7
2·01,2,3±1·0
1·51,3±0·9
1·81,2,3±0·9
5:51±1:16

184
32 (17·4%)

130
14 (10·8%)

10 (5·4%)

3 (2·3%)

33 (17·9%)

19 (14·6%)

2 (1·1%)

0 (0·0%)

12
(6·5%)1,2
1 (0·5%)
1 (0·5%)
5 (2·7%)

8 (6·2%)1,2

1 (0·5%)

0 (0·0%)

2 (1·1%)

0 (0·0%)

7 (3·8%)1

0 (0·0%)1,2

23 (12·5%)

13 (10·0%)

5 (2·7%)
0 (0·0%)

2 (1·5%)
1 (0·8%)

0 (0·0%)
0 (0·0%)
3 (2·3%)

19

Sleep related
68 (5·1%)
12 (7·4%)
24 (9·0%)
6 (4·5%)
8 (4·3%)
8 (6·2%)
bruxism
Sleep related
158 (11·9%)1,2
43 (26·5%)
53 (19·9%) 24 (17·9%) 28 (15·2%) 11 (8·5%)
groaning/
catathrenia
Exploding head
35 (2·6%)1,2,4
17 (10·5%)
16 (6·0%)
6 (4·5%)
13 (7·1%)
8 (6·2%)
syndrome
Sleep related
1 (0·1%)
0 (0·0%)
0 (0·0%)
0 (0·0%)
0 (0·0%)
0 (0·0%)
enuresis
1.4 Comorbidities across subtypes: proportion with suspected disorder in main ICD-10 disease categories
N completers
1333
162
267
134
184
130
Infectious
11 (0·8%)
5 (3·1%)
2 (0·7%)
0 (0·0%)
7 (3·8%)
1 (0·8%)
Neoplasms
13 (1·0%)2
3 (1·9%)
14 (5·2%)
3 (2·2%)
2 (1·1%)
3 (2·3%)
Blood-related
11 (0·8%)
4 (2·5%)
3 (1·1%)
5 (3·7%)
6 (3·3%)
1 (0·8%)
Endocrine
71 (5·3%)1,2,3,4
30 (18·5%)
36 (13·5%) 18 (13·4%) 26 (14·1%) 10 (7·7%)
Nervous system
14 (1·1%)4,5
4 (2·5%)
0
4 (3·0%)2
8 (4·3%)2
6 (4·6%)2
3,4,5
(0·0%)
Eye
172 (12·9%)
25 (15·4%)
46 (17·2%) 25 (18·7%) 24 (13·0%) 17 (13·1%)
Ear
85 (6·4%)
18 (11·1%)
25 (9·4%)
11 (8·2%)
19 (10·3%) 11 (8·5%)
Circulatory
64 (4·8%)1,2
20 (12·3%)
26 (9·7%)
11 (8·2%)
13 (7·1%)
11 (8·5%)
system
Respiratory
81 (6·1%)
8 (4·9%)
22 (8·2%)
16 (11·9%) 20 (10·9%) 17 (13·1%)
system
Digestive system
29 (2·2%)1,2
14 (8·6%)
17 (6·4%)
8 (6·0%)
5 (2·7%)
3 (2·3%)
Skin
114 (8·6%)
25 (15·4%)
36 (13·5%) 21 (15·7%) 23 (12·5%) 13 (10·0%)
Musculoskeletal
177
47 (29·0%)
67 (25·1%) 30 (22·4%) 41 (22·3%) 26 (20·0%)
system
(13·3%)1,2,3,4
Genitourinary
71 (5·3%)1,2,3,4
20 (12·3%)
32 (12·0%) 19 (14·2%) 22 (12·0%) 11 (8·5%)
system
Pregnancy
5 (0·4%)
1 (0·6%)
1 (0·4%)
1 (0·7%)
0 (0·0%)
0 (0·0%)
Perinatal
2 (0·2%)
1 (0·6%)
1 (0·4%)
1 (0·7%)
0 (0·5%)
0 (0·0%)
originating
conditions
Congenital
6 (0·5%)
2 (1·2%)
5 (1·9%)
0 (0·0%)
1 (0·5%)
0 (0·0%)
malformations
Symptoms not
83 (6·2%)1,2,3,4 49 (30·2%)2,5
51
33 (24·6%)5
38
12
1,5
elsewhere
(19·1%)
(20·7%)5
(9·2%)1,2,3,4
classified
Consequences of 123 (9·2%)1,2,3,4
36 (22·2%)
46 (17·2%) 32 (23·9%) 34 (18·5%) 17 (13·1%)
external causes
1.5 Co-occurring ICD-10 subcategories of mental and behavioral disorders: proportion with suspected disorder
in categories F00-F99 (except F70-F79)
N completers
1333
162
267
134
184
130
Organic
5 (0·4%)
3 (1·9%)
3 (1·1%)
1 (0·7%)
0 (0·0%)
0 (0·0%)
Substance1 (0·1%)1,3
3 (1·9%)
3 (1·1%)
4 (3·0%)
0 (0·0%)
0 (0·0%)
related
Schizophrenia
3 (0·2%)
3 (1·9%)
0 (0·0%)
0 (0·0%)
1 (0·5%)
0 (0·0%)
Mood
38 (2·9%)1,2,3
59
16
25
1
3 (2·3%)1,3
(36·4%)2,3,4,5
(6·0%)1,3,4 (18·7%)1,2,4,5 (0·5%)1,2,3
1,2,3
Anxiety
39 (2·9%)
59
33
14
6
1
(36·4%)2,3,4,5 (12·4%)1,4,5 (10·4%)1,4,5
(3·3%)1,2,3
(0·8%)1,2,3
Physiological0 (0·0%)1,2,3,4
10 (6·2%)
7 (2·6%)
4 (3·0%)
3 (1·6%)
0 (0·0%)
physical
Personality
7 (0·5%)1,2,3
26
6 (2·2%)1
6 (4·5%)1
1 (0·5%)1
0 (0·0%)1
2,3,4,5
(16·0%)
Developmental
2 (0·2%)
1 (0·6%)
3 (1·1%)
1 (0·7%)
0 (0·0%)
0 (0·0%)
Childhood6 (0·5%)1,2
17
11
3 (2·2%)1
2 (1·1%)1
0 (0·0%)1,2
adolescence
(10·5%)2,3,4,5
(4·1%)1,5
1.6 Lifetime depression, anxiety and bipolar disorder proportions across subtypes
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N completed
online structured
interview modules
Lifetime
depression
Lifetime anxiety

1333

162

267

134

184

130

155
(11·6%)1,2,3
69 (5·2%)1,2,3,5

88
72
46
15
17
(54·3%)2,3,4,5 (26·9%)1,4,5 (34·3%)1,4,5
(8·2%)1,2,3 (13·1%)1,2,3
60
47
20
12
1
(37·0%)2,3,4,5 (17·6%)1,4,5 (14·9%)1,4,5
(6·5%)1,2,3
(0·8%)1,2,3
Lifetime bipolar
10 (0·8%)1
8 (4·9%)2,3,5
2 (0·7%)1
0 (0·0%)1
2 (1·1%)
0 (0·0%)1
Note. Numbers indicate N(%) or mean±SD. Superscript numbers indicate the ID subtype groups that differ
significantly from this ID subtype group (p<0·05 after Bonferroni correction). Significant differences between
controls and ID subtypes are indicated with superscript numbers at controls only. Abbreviations of Insomnia
Severity Index (ISI) items: DIS = Difficulty Initiating Sleep, DMS = Difficulty Maintaining Sleep, EMA =
Early Morning Awakenings, Dissat = Dissatisfaction with sleep, IDF = Interference with Daily Functioning,
NIQoL = Noticeability of Impaired Quality of Life, Worry = Worry about sleep. Sleep duration was obtained
from the Pittsburgh Quality of Sleep Index. ICD-10 disease categories description (for details see
http://www.who.int/classifications/icd/icdonlineversions/en/): Infectious (A00-B99): Certain infectious and
parasitic diseases (e.g., tuberculosis); Neoplasms (C00-D49); Blood-related (D50-D89): Diseases of the blood,
blood-forming organisms, immune mechanism (e.g., anaemias); Endocrine (E00-E89): Endocrine, nutritional,
and metabolic diseases (e.g., diabetes mellitus); Nervous system (G00-G99; e.g., inflammatory diseases of the
nervous system); Eye (H00-H59): Diseases of the eye and adnexa; Ear (H60-H95): Diseases of the ear and
mastoid process; Circulatory system (I00-I99; e.g., hypertensive diseases); Respiratory system (J00-J99);
Digestive system (K00-K95); Skin (L00-L99): Diseases of the skin and subcutaneous tissue; Musculoskeletal
(M00-M99): Diseases of the musculoskeletal system and connective tissue; Genitourinary system (N00-N99);
Pregnancy (O00-O9A): Pregnancy, childbirth, and the puerperium; Perinatal originating conditions (P00-P96):
Certain conditions originating in the perinatal period; Congenital malformations (Q00-Q99): Congenital
malformations, chromosomal abnormalities; Symptoms not elsewhere classified (R00-R99): Symptoms, sings,
abnormal findings not elsewhere classified; Consequences of external causes (S00-T88): Injury, poisoning,
certain other consequences of external causes. Organic (F00-F09): Organic, including symptomatic, mental
disorders (e.g., Alzheimer disease); Substance-related (F10-F19): Mental and behavioral disorders due to
psychoactive substance use (e.g., alcohol, opioids); Schizophrenia (F20-F29): Schizophrenia, schizotypal and
delusional disorders; Mood (F30-F39): Mood [affective] disorders (e.g., depressive episode); Anxiety (F40F48): Neurotic, stress-related and somatoform disorders (e.g., phobic anxiety disorders); Physiological-physical
(F50-F59): Behavioral and syndromes associated with physiological disturbances and physical factors (e.g.,
eating disorders); Personality (F60-F69): Disorders of adult personality and behavior (e.g., specific personality
disorders); Developmental (F80-F89): Disorders of psychological development (e.g., specific developmental
disorders of speech and language); Childhood-adolescence (F90-F98): Behavioral and emotional disorders with
onset usually occurring in childhood and adolescence (e.g., hyperkinetic disorders); Given the recruitment and
assessment methods applied, the NSR does not assess categories F70-F79: Mental retardation.
* Using the four diagnostic criteria for RLS defined by the International RLS Study Group (IRLSSG)
† Estimate without the polysomnographic assessment required for diagnosis.
# Using the Berlin Questionnaire
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Table 2. Probabilities to maintain (diagonal) or change (off-diagonal) subtype across initial ITQ-based
assignment (rows) to ITQ-based assignment years later (columns).
Subtype

1 at
2 at
3 at
4 at
5 at
follow-up
follow-up
follow-up
follow-up
follow-up
1 initially
0·87
0·12
0·00
0·00
0·00
2 initially
0·00
0·86
0·00
0·14
0·00
3 initially
0·00
0·01
0·89
0·10
0·00
4 initially
0·00
0·01
0·05
0·67
0·27
5 initially
0·00
0·09
0·09
0·37
0·44
Note. Probabilities may not sum to 1 because of rounding. Noteworthy is that there are no switches from the
moderately and low distressed subtypes 4 and 5 to the severely distressed subtype 1. There are some switches
however from the low distressed subtypes 4 and 5 to the more distressed subtypes 2 and 3.
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Supplementary Methods

1. Latent Class Analysis
1.1 Model Estimation. To identify subtypes of ID, a model-based clustering technique was
chosen as it can (i) handle missing data; (ii) include variables that are measured on different
scales; and (iii) classify new cases.1 All participants who completed at least one of the
questionnaires (N=2,224) were included in the latent class model estimates. Irrespective of
missing data, the Latent GOLD software package can optimally use all available information
to estimate the model1. The characteristics were entered as continuous variables, except for
Insomnia in family, which was binary (0: ‘no family member suffers from insomnia’, 1: ‘at
least one family member suffers from insomnia’). Models were estimated starting with an
Expectation-Maximization algorithm and switching to Newton-Raphson when close to the
final solution2. All Default settings of Latent GOLD were used except for an increase in the
number of random initial parameter sets from 16 to 100, in order to better avoid local
minima. A model with 5 latent classes had the lowest Bayesian Information Criterion (BIC)
score, computed according to the formulas below. To evaluate whether findings depended
on scale type specification, we ran ancillary models that specified the scaling of variables as
ordinal rather than continuous. The results did not differ substantially, which supports the
robustness of the main results. For clarity of presentation, in the main text we only report the
models with continuous variables. Results for the ordinal scale type specification can be
provided upon request.
.∗
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,
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23456 = !" − log(9) ;<
Where, = ∗ indicates the unique patterns in the dataset, with observed frequency count &' ∗ ;
,
- ' ∗ denotes the estimated cell count for data pattern = ∗ ; and 9 is the total sample size. For a
complete explanation on how to compute the BIC statistic, we refer to the technical guide of
LatentGOLD (p. 67-69)1.

1.2 Model Evaluation. We classified participants using the five-class model and evaluated
the misclassification error by the median posterior class-membership probabilities and the
classification error. The median posterior class-membership probabilities indicate the
certainty with which participants are assigned to a specific class. More specifically, each
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participant has a posterior probability to belong to each of the classes, which together sum
to one. Participants are then assigned to the class for which this posterior probability is
highest, and the median posterior probabilities among all participants assigned to a certain
class can be computed. The classification error is an estimation of the proportion of
participants that are misclassified across all classes.
The certainty with which a participant is assigned to a specific class logically depends on
the number of available scores. Therefore, we evaluated these measures first across all
participants, and subsequently for subsamples with more stringent inclusion criteria, by
stepwise increasing the required minimum number of completed variables for a participant to
be included. Including all participants, the estimated classification error was 28% and the
median posterior classification probabilities varied between 0·64 and 0·86. Requiring a
minimum of 10 available characteristics resulted in a dataset of N = 1,046 in whom
classification error was acceptable (13%) and posterior classification probabilities were high
across all five classes (range: 0·91-0·99).

1.3 Assumptions. The local-independence assumption of a latent class model states that
the scores on each pair of characteristics are unrelated (i.e., statistically independent) within
a class. To evaluate this assumption, the residual relation among scores of two
characteristics within a class is estimated. When the residual relation between two
characteristics (called the bivariate residual [BVR]) is substantially larger than 1, this
indicates model misfit3. Latent class models allow one to address violations of the local
independence assumption by including additional ‘direct effect’ parameters that captures the
remaining association between characteristics. The gain in model fit relative to the cost of
estimating extra parameters can be evaluated by, e.g., the BIC.
We stepwise added a parameter for each next largest bivariate residual until the BIC was
minimised. The BIC minimum was found after adding only one parameter to account for the
bivariate residual between duration and severity of insomnia response to life events (BVR =
16.7). This resulted in a somewhat better model, as indicated by a lower BIC of 134858·6 as
compared to 134908·9. Adding more parameters would again increase the BIC. Because the
interpretation of the subtypes did not change substantially by inclusion of a single parameter,
we describe the simpler model without the added parameter for reasons of clarity.
The latent class model moreover assumes that the data are missing at random (MAR).
This means that that probability for a score to be missing can be related to the observed
data, but not to the missing data itself. For example, to meet the MAR assumption, the
propensity of a missing value on, e.g., the perfectionism scale must be unrelated to
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someone’s perfectionism score. Since the missing values are unobserved, this assumption
cannot be validated in practice. However, the Sleep Registry implements data-assessment
in a way that maximizes the chance that data are missing at random, by e.g., listing the
questionnaires in a random order that differs for each participant and each occasion.

2. Developing the Insomnia Type Questionnaire (ITQ)
There were two main criteria when developing the Insomnia Type Questionnaire (ITQ). First,
the ITQ has to be available for independent use and therefore must include the Insomnia
Severity Index to identify probable ID cases. Second, the ITQ must, as much as possible,
restrict the number of items and eliminate items that users consider difficult to answer.
These steps will encourage widespread implementation. We therefore first select the most
discriminating characteristics (described in Supplementary Methods section 2.1), and
subsequently tuned the ITQ by replacing or excluding some of the items (described in
Supplementary Methods 2.2).

2.1. Selection of most discriminating characteristics. To select the most discriminating
characteristics we used the estimated posterior class-membership probabilities of the
N=1,046 participants with ID and ≥ 10 completed characteristics as outcome in a
generalized linear model. As predictors, we included the available observed scores on the
26 characteristics. Crucially, we used L1 (lasso) regularization to select a minimal subset of
characteristics that can still adequately predict the posterior class-membership probabilities.
The lasso shrinks regression coefficients and puts others to be exactly zero, whereby it
selects a subset of predictors. Notably, in selecting the optimal subset of predictors, lasso
regularization will select just one of highly correlated predictors.
In addition, to control for false discoveries we used stability selection4. Stability selection
applies the feature selection algorithm, in our case a generalized linear model using lasso
regularization, to subsets of the data with different subsets of features. The results are
aggregated over subsets and indicate how often a feature was selected, while controlling the
per-family wise error rate. Two out of three parameters have to be specified: the maximum
per-family wise error rate PFERmax, the threshold for selection probability pthr, and the
number of selected variables per subset q. We specified the PFERmax and the pthr
parameters following the guidelines proposed by Hofner et al. 5. Given that we do not want
to miss any characteristic that might be important to differentiate among classes, we
selected a PFERmax of 1·3 and pthr of 0·75.
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Whereas missing data are not a problem in estimating latent class models, missing data
cannot be handled by the generalized linear model used to select the optimal subset of
discriminating characteristics. Missing values were therefore imputed. Participants were
selected to have completed at least 10 characteristics. The median was 19 out of 26
completed characteristics (73%). In total 6873 out of 26150 entries (26%) had to be imputed.
To minimize the effect of a single specific imputation method on selected characteristics we
used different methods: multiple imputation (m = 5), imputing data from the overall observed
distribution, and from the class-specific distribution. We selected the characteristics that
were selected in at least one of the models.
Depending on imputation method, between 13 and 17 characteristics were selected.
Together, 19 characteristics were selected at least once: insomnia age of onset, lack of
action control (Action Control Scale), lack of agreeableness, lack of extraversion,
neuroticism (subscales of Mini-IPIP), lack of behavioural activation (subscale of the
Behavioural Inhibition / Activation Scale), fatigue (Fatigue Severity Scale), insomnia
response to stress (Ford Insomnia Response to Stress Test), severity of insomnia response
to life events and duration of insomnia response to life events (Life Experiences Survey),
negative affect and positive affect (Positive and Negative Affect Schedule), perfectionism
(Perfectionism Inventory), lack of positive rumination and dampening of positive moods
(Response to Positive Affect), pre-sleep arousal (Pre-Sleep Arousal Scale), rumination
(Reflection Rumination Scale), lack of subjective happiness (Subjective Happiness Scale),
lack of experiencing pleasure (Temporal Experience of Pleasure Scale). These 19
characteristics formed the basis for the Insomnia Type Questionnaire (ITQ).

2.2. Reducing the number of questions. Including all characteristics that were selected at
least once (listed above) to form the ITQ, supplemented with the Insomnia Severity Index
(ISI), would result in 323 questions. The large number of items would require much time to
complete the ITQ. Therefore, we investigated ways to reduce the number of questions of the
longest selected questionnaires: Life Experiences Survey (LES; 120 items) and the
Perfectionism Inventory (PI; 60 items).
We tried to develop a shortened version of the LES, by selecting 16 life events that,
based on all completed records in the Sleep Registry (N = 3,935), most individuals
experienced and indicated to have affected their sleep. We combined these 16 events into
five questions covering different domains: relationships, health, housing, job, and financial
status. Test-retest correlations however showed that this reduction was unsuccessful. We
choose to replace the adjusted LES for the Childhood Trauma Questionnaire (CTQ), as the
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CTQ differed strongly between subtypes (subtypes explained 26% of the CTQ variance),
and differentiated particularly well the same subtypes that the LES differentiated. Moreover,
the CTQ has good test-retest reliability6,7.
To minimize the number of questions for the PI, we predicted the PI total score by its
subscale scores for all completed records in the Sleep Registry (N=2,500). Using best
subset selection (implemented in the R-package ‘leaps’8), we evaluated the proportion of
explained variance in PI total score using different subsets of subscales. Three subscales
(organization, parental pressure, and rumination) explained 90% of the variance, and adding
a fourth (concern over mistakes) resulted in only a minimal increase in the proportion of
explained variance increased to 93%. We therefore used three subscales to estimate a
linear model to predict perfectionism total score. Test-retest correlations of r=0·77 showed
that this subset of questions was a good approximation of PI total score.
Finally, one characteristic (insomnia age of onset) was reported to be difficult to estimate
by many participants. Therefore, we excluded these questions from the final ITQ.
The resulting ITQ contained 197 questions.

2.3 Descriptive information of sample recruited for follow-up. Of the N=1,046
participants who were originally classified, we contacted a random subsample N=450
participants to fill out the Insomnia Type Questionnaire (ITQ). Between April 13th and May
1st 2017 N=215 participants completed the ITQ (response rate 0·51%). The subsample was
representative of the N=1,046 in terms of subtype distribution, age, and sex.
At follow-up, the mean Insomnia Severity Index (ISI) score (mean±SD 13·6±4·6) was
lower than at the first assessment (mean±SD 15·9±5·5; t(214)=6·54, p<0·001). On average,
the ISI score decreased by 2·3 points (SD 5·2, range: -21 to +10) between measurements.
Nevertheless, only N=43 (20%) participants had an ISI score below the original selection
criterion of 10, supporting the chronic nature of Insomnia Disorder. Inspecting the individual
insomnia complaints revealed that the severity of all complaints decreased from the first
assessment to follow-up (all t(214)>2·72, all p<0·007): DIS (mean±SD -0·30±1·28), DMS
(mean±SD -0·45±1·37), EMA (mean±SD 0·25±1·33). The change in DIS and DMS severity
over time did not differ across subtypes (F(1,211)<2·42, p>0·12). The change in EMA
differed across subtypes (F(1,211)=4·46, p=0·04), with the largest decrease for subtype 1
(mean±SD -0·60±1·63) and a marginal increase for subtype 5 (mean±SD 0·09±0·84), but
post-hoc pairwise comparisons did not reach significance after Bonferroni correction (all
p>0·28).
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3. Latent Transition Analysis
Latent Transition Analysis (LTA; also called a latent Markov model) is a longitudinal
extension of latent class analysis to model the latent class-membership over time. In this
model, the subtype of a participant can change over time. The model estimates a transition
probability to switch from one subtype to another over time. All characteristics were entered
as continuous and the LTA model was estimated using Latent GOLD, starting with an
Expectation-Maximization algorithm and switching to Newton-Raphson when close to the
final solution. All he Default settings of Latent GOLD were used except for an increase in the
number of random initial parameter sets from 16 to 100, in order to better avoid local
minima.

4. Online implementation of the Duke Structured Interview for Sleep Disorders
We used an online implementation of the Duke Structured Interview for Sleep Disorders
(DSISD)9 to assess current comorbid (i) sleep disorders according to the ICSD-310, (ii)
diagnoses according to the main disease categories of the 10th revision of the International
Statistical Classification of Diseases and Related Health Problems (ICD-10)11, and (iii)
mental and behavioral disorders according to the ICD-10 'Mental and behavioral disorders'subcategories where insomnia is most common12.13 For each ICD-10 main category and the
subdivided mental health categories, the DSISD shows participants the category name with
some examples and asks whether a physician or specialist diagnosed a health problem of
that category either currently (the past month) or in the past. If so, participants are asked to
write down which ones. This text was mined for the mood disorder category to discriminate
MDD from bipolar disorder. The DSISD was complemented by the four diagnostic criteria for
RLS as defined by the International RLS Study Group (IRLSSG)14 and with the Berlin
Questionnaire15 to estimate possible Obstructive Sleep Apnea.
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Supplementary Results

1. Subtype differences in development etiology of dominant sleep complaints
Methods. Of the 2,098 controls and 1,046 probable ID cases, 1,820 filled out the sleep
history questionnaire (1,024 controls and 796 probable ID cases). The ID cases (mean±SD
age 52·5±12·9 years, 79% female) belonged to subtypes 1-5 respectively: 19%, 30%, 16%,
21%, 14%. We investigated whether subtypes differed with respect to lifetime developmental
course of first experiencing each of the three major sleep complaints of insomnia: difficulties
initiating sleep (DIS), difficulties maintaining sleep (DMS), and early morning awakening
(EMA). As part of a dedicated NSR sleep history questionnaire16, participants were asked
retrospectively if they had any recall of experiencing these three symptoms across each of
the age ranges: 0-5, 6-12, 13-20, 21-30 , 31-40, 41-50, 51-60, 60+ years, up to their current
age category. The retrospective methodology has been used successfully in studies on
depression and sleep.17,18
Results. The age category 13-20 years includes responses of all 1,820 participants. For
later age categories, responses were only included if people were halfway the age category.
(e.g., ≥25.5 for 21-30 years), resulting in the following number of available responses: 1,727
(21-30 years), 1,543 (31-40 years), 1,284 (41-50 years), 841 (51-60 years) and 297 (60+
years). Figure 4b (main text) shows, for controls and each of the five subtypes, the
percentage of participants recalling any DIS, DMS and EMA in each age category. With few
exceptions, recall of experiencing the symptoms increases with age category.
For the DIS trajectories, there is resemblance between type 1 and 2, who are most likely
to experience difficulties initiating sleep already early in life. The groups of subtypes 4 and 5
are three times as old before they reach a similar prevalence. Subtype 3 is in between. DIS
recall trajectories diverge most at 31-40 years. As compared to DIS, participants tend to
recall slightly less DMS at earlier ages, but more at later ages. For the DMS trajectories,
there is again resemblance between type 1 and 2, but now type 4 recall develops about the
same as type 3 recall, and develops slower in type 5. DMS recall trajectories diverge most at
31-40 years. For the EMA trajectories, type 1, 2 and 4 develop highly similar, recall develops
slowest in type 5, and type 3 is in between. EMA recall trajectories diverge most at 41-50
years. Because the between-subtype resemblance of trajectories group differently for the
three complaints, a generalized recall bias is unlikely.
Conclusion. In summary, the findings indicate that in spite of similarity of current sleep
complaints (main text, Table 1), subtypes differ strongly with respect to the developmental
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course of experiencing each of the three major sleep complaints of insomnia. Complaint
prevalence can be highly similar at some ages yet highly divergent at other ages.

2. Treatment response differences between subtypes
2.1. Subtypes differ in their response to incidental benzodiazepine intake
Methods. Participants (N=112, mean±SD age 56·6±11·2 years, 76% female) fulfilled the
ISI≥10 criterion for probable ID in community samples (ISI mean±SD 16·7±4·3). They were
subtyped using the ITQ (percentage of subtypes 1-5 respectively: 33%, 37%, 17%, 12%,
13%) and asked to rate online how the incidental use of any benzodiazepine during the
preceding night affected difficulties initiating sleep, difficulties maintaining sleep, early
morning awakening and current fatigue relative to their usual complaints. Individuals differed
with respect to the specific benzodiazepine prescribed by their general practitioner. Each of
the four questions was answered on a Likert-type 5-point bipolar scale with zero indicating
complaints as usual. Subtype differences in the effects experienced were evaluated with a
multivariate general linear model including age as covariate.
Results. The overall multivariate test F(16,406) = 1·751, p=0·036) indicated that subtypes
provided a significantly different profile of ratings, shown in Figure 4a (main text). In general,
subtype 3 showed only marginal responses. Posthoc tests and pairwise comparisons found
a lack of improvement in wake after sleep onset in subtype 3, which reached significance in
comparison to the favorable effects experienced by subtype 4 (p=0·007) and subtype 2
(p=0·042). The favorable effects experienced by subtype 4 on wake after sleep onset and
sleep onset latency (left panel, nonsignificant) were counterbalanced by no effect on final
wake time and the strongest adverse effect on next day's fatigue, which reached significance
in comparison to subtype 1 (p=0·002) and subtype 3 (p=0·015).
Conclusion. The findings support the clinical relevance of subtypes by showing differential
subjectively experienced effects of benzodiazepines on major insomnia complaints.

2.2. Subtypes differ in their response to cognitive behavioral therapy for insomnia
disorder
Methods. Subtypes may also differ with respect to effectiveness of cognitive-behavioral
therapy for insomnia (CBTI). To investigate this possibility, we used the ITQ to subtype
people that filled out the Insomnia Severity Index (ISI) before and after online CBTI or a
waitlist condition. Insufficient data were available for subtypes 1, 3 and 5. Reasonable group
sizes were available for subtype 2 (N=43, mean±SD age 50·8±12·9 years, 88% females, 26
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treated, 17 waitlist controls) and subtype 4 (N=25, mean±SD age 53·2±9·8 years, 96%
females, 16 treated, 9 waitlist controls).
Results. As compared to waitlist control, CBTI induced a strong decrease in insomnia
severity (ISI) in subtype 2 (-5·5±7·8 mean±SD, p<0·001, relative to a 29-point range) and a
reasonable decrease in insomnia severity in subtype 4 (-3·1±7·3 mean±SD, p=0·003). We
subsequently evaluated whether specific insomnia severity symptoms were involved in the
marginally significant treatment response difference between subtypes (p=0·08). In subtype
2, as compared to waitlist control, CBTI induced a significant decrease in difficulties initiating
sleep (-0·8±1·9 mean±SD, p<0·001, relative to a range of 5 points). This improvement
differed significantly (p=0·03) from the effect of CBTI in subtype 4 where it induced a
nonsignificant worsening of difficulties initiating sleep (0·1±1·5 mean±SD, p=0·69).
Conclusion. The findings support the clinical relevance of subtyping in understanding
individual differences in treatment response.

3. Conducting LCA in controls
3.1. Subtyping in controls. A fundamental question is whether a similar classification could
be made in the control group. To address this question, we have performed an LCA for
bottom-up subtyping with the 19 ITQ characteristics assessed in the large sample of controls
we had access to (N=2,098). Heterogeneity among controls was best captured in six
subtypes, rather than the five we consistently found in ID. To investigate whether some of
these identified subtypes for controls would overlap with the subtypes we found among ID,
we calculated control subtype means for all characteristics. If a control subtype would match
an ID subtype, its profile of group means should consistently (for 95% of the group means)
fall within the 95% confidence interval of the corresponding group means of that ID subtype.
Table 3.1 below shows that this is not at all the case. For all ‘control subtype’ to ‘insomnia
subtype’ comparisons, control subtype group means typically fall within a median of 2
insomnia subtype group means, and at most in 4, out of the 19 characteristics. The findings
clearly indicate that classification of controls is fundamentally different from classification of
ID.
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Table 3.1: Counts of the number of times that control subtype group means fall within the
95% confidence of the insomnia subtype group means on the 19 ITQ characteristics. If a
control subtype would be similar to an insomnia subtype, close to 19 of the control subtype
group means would be expected to fall within the 95% confidence interval of the
corresponding insomnia subtype group means.
Insomnia subtype:
1
2
3
4
5
Control subtype:
1
3
3
3
2
2
2
0
0
1
4
2
3
2
2
3
0
2
4
0
2
0
1
1
5
2
1
0
3
4
6
0
2
0
2
4

3.2. Clinical differences between subtypes of controls. Although these findings indicate
insomnia-specific subtyping, we also evaluated whether the associations of subtypes with
depression and ERPs are specific to insomnia subtypes. For depression, we evaluated
which of the six control subtypes had the highest lifetime and current risk of depression,
shown in Table 3.2 below. This was control subtype 5, with a current risk of 11·4% and a
lifetime risk of 30·9%.
Table 3.2: Prevalence of lifetime depression and current mood disorder (F30-F39 ICD-10
category) in different control subtypes.
Control
Control
Control
Control
Control
Control
subtype subtype subtype subtype subtype subtype
1
2
3
4
5
6
N controls that
completed online
structured interview
214
195
171
159
123
85
modules and were
subtyped
Mood (F30-F39)
122,3,4,5,6
01,3,5
31,2,4,5,6
11,3,5
141,2,3,4,6
01,3,5
(5·6%)
(0·0%)
(1·8%)
(0·6%)
(11·4%)
(0·0%)
2,4,5,6
1,3,5
2,4,5,6
1,3,5
1,2,3,4,6
Lifetime depression
29
11
32
8
38
21,3,5
(13·6%)
(5·6%)
(18·7%)
(5·0%)
(30·9%)
(2·4%)

As can be retrieved from the Table 3.2, only 2 group means out of the 19 ITQ characteristics
of control subtype 5 fell within the 95% group mean confidence intervals of the insomnia
subtype (1) with the highest lifetime and current risk of depression. The characteristic group
means of the high-risk control subtype 5 overlapped more, but still marginal, with those of ID
subtypes 4 and 5 (3 and 4 times, respectively), which had in fact the lowest risks of current
(0·5% and 2·3%) and lifetime (8·2% and 13.1%) depression. The findings indicate that the
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control subtype with the highest current and lifetime risk of depression does not at all
resemble the ID subtype with the highest current and lifetime risk of depression.

Finally, with respect to ERPs, sufficient controls were available in our ERP study to generate
group mean curves for control subtypes 1, 2 and 6. In contrast to the specific and significant
difference we found for insomnia subtype 4, the cluster-based random permutation tests did
not find any significant control subtype difference anywhere along their ERP-curves.
Although we cannot exclude the possibility that other control subtypes, not sufficiently
represented in our sample, could still show the deviating profile we have discovered in
insomnia subtype 4, the finding at least indicates that it is not trivial to find subtype
differences in ERPs and suggests insomnia-specific relevance of the deviating curves we
found in insomnia subtype 4. The ERPs of controls are shown in the Figure below.
Figure: Auditory event related potentials for standard tones (dashed lines) and deviant tones
(solid lines) recorded during an oddball task do not differ between three control subtypes.
None of the subtypes shows the profile of enhanced P300 and systematic Late Positive
Potential responses on standard tones that characterized insomnia subtype 4. Shaded areas
indicate standard error.
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Figure S1. Overview of questionnaires, characteristics, and items
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Figure S1. Overview of questionnaires, characteristics, and items. Chart showing the
different characteristics, corresponding questionnaire (abbreviation), and number of items in
each part of the analyses. For the analyses, we computed the total score for each
characteristic, by summing all its items. We first considered 34 characteristics for the
analyses (first column). Second, to prevent multicollinearity problems, we stepwise selected
from highly correlated characteristics (r³0·70 first, steps of -0·05) only the one with the
lowest median correlation with all other characteristics. We stopped when the strongest
correlation (r=0·53) was between two characteristics reflecting different domains (pre-sleep
arousal and negative affect), preserving 26 characteristics for subsequent analyses (second
column). Third, in order to create a concise questionnaire, the Insomnia Type Questionnaire,
we used regression with lasso regularization to select the most discriminating
characteristics, resulting in a selection of 19 characteristics (third column). Finally, to reduce
the number of selected item and ascertain high test-retest reliability, we replaced the LES for
the CTQ, limited the number of questions for the PI, and omitted the insomnia age of onset,
as many participants reported this to be difficult to estimate (details in Supplementary
Methods 2.2), resulting in 17 characteristics (fourth column).
Abbreviations: MCTQ = Munich Chronotype Questionnaire; CTQ = Childhood Trauma
Questionnaire; LES = Life Experiences Survey; APS = Arousal Predisposition Scale; FSS =
Fatigue Severity Scale; FIRST = Ford Insomnia Response to Stress Test; ETSRS =
Experienced Temperature Sensitivity and Regulation Survey; HAS = Hyper Arousal Scale;
PSAS = Pre-Sleep Arousal Scale; ESS = Epworth Sleepiness Scale; ACS = Action Control
Scale; BISBAS = Behavioral Inhibition/Activation Scale; APS = Almost Perfect Scale; HSP =
Highly Sensitive Person test; MIPIP = Mini-IPIP; PI = Perfectionism Inventory; SCS = SelfConsciousness Scale; GRS = Global Rumination Scale; RPA = Response to Positive Affect;
RRS = Ruminative Response Scale; PSWQ = Penn State Worry Questionnaire; SHS =
Subjective Happiness Scale; TEPS = Temporal Experience of Pleasure Scale.
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Figure S2. Analysis scheme to develop and validate subtype model

Figure S2: Analysis scheme to identify and validate subtypes. The scheme shows the
goals, (sub)samples, analyses, and outputs of all steps involved in finding subtypes. Derived
samples represent the people that still participated in the NSR and responded to emailed
newsletters with invitations for further participation. No inclusion- or exclusion criteria other
than initial selection for the ID or control group were applied. The subsample (b) that
completed at least 10 characteristics and was selected for interpretation, did not differ from
the complete sample (a) that was used to estimate the subtype model on any of the
characteristics (t-tests, all p>0·09). The different samples did not differ in age (all p>0·44) or
sex (all c2(1)<1·15, all p>0·28).
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Figure S3. Analysis scheme to assess clinical relevance of the subtypes

Figure S3: Analysis scheme of investigations of clinical relevance of subtyping.
The scheme shows the goals, (sub)samples, analyses steps, and outputs of each of the
assessments of clinical relevance of subtyping. Subsamples (i.e. derived from the larger
sample) are indicated by an arrow and grey (instead of black) outlined boxes. For samples
b-g no inclusion- or exclusion criteria were applied other than initial selection for the ID or
control group. The derived samples e-g represent the people that still participated in the
NSR and responded to emailed newsletters with invitations for further participation.
Independent sample h included participants with an age between 18 and 70 years and a
diagnosis of ID according to ICSD3 and DSM-5 assessed in a face-to-face interview.
Exclusion criteria were a comorbid psychiatric or neurological condition, shift-work and daily
use of sleep medication. Independent sample i included participants with an age between 18
and 70 years and a diagnosis of ID according to ICSD3 and DSM-5, and age- and sexmatched controls without sleep difficulties, both assessed in a face-to-face interview.
Exclusion criteria were diagnosed sleep apnea, restless legs syndrome, or other somatic,
neurological or psychiatric conditions; use of sleep medication within the last 2 months; and
shifted or irregular sleep-wake rhythms assessed using one week of actigraphy. Most of the
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ID (sub)samples did not differ in age (all p>0·31) or sex (all p>0·67) from the overall sample,
except for sample g, which was, on average somewhat older (56·6±11·2) than the overall
sample (51·1±13·7 years; t(142·5)=2·3, p=0·02), and sample h, which consisted of more
women (91%) than the total sample (78% female; c2(1)=5·8, p=0·02).
a The online structured interviews assessed sleep disorders according to the ICSD3, disease
diagnoses according to the main disease categories of the 10th revision of the International
Statistical Classification of Diseases and Related Health Problems (ICD-10)1,2, and more in
detail the mental and behavioral disorders according to the ICD-10 'Mental and behavioral
disorders'. More information on the online structured interviews is given in the
Supplementary Methods 4.
1.

2.

Edinger J, Kirby A, Lineberger M, Loiselle M, Wohlgemuth W, Means M. The Duke Structured
Interview Schedule for DSM-IV-TR and International Classification of Sleep Disorders, Second
Edition (ICSD-2) Sleep Disorder Diagnoses. Durham, NC: Duke University Medical Center; 2004.
World Health Organization. International Statistical Classification of Diseases and Related Health
Problems. 10th Revision.: World Health Organization; 2004.
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Figure S4. Complete multivariate profile plot

Figure S4: Complete multivariate profile plot. Profile plot showing scaled subtype group
means (z-scores standardized to mean and standard deviation of controls) on the 26
characteristics. Characteristics are ordered clockwise according to the proportion of variance
accounted for by the five subtypes. Positive characteristics (e.g. well-being) were reverse
coded and renamed (e.g., lack of well-being) such that higher values indicate higher general
distress for all characteristics.

19

Table S1. Examples of heritability of considered characteristics
Characteristic
Sleep
Chronotype
Insomnia age of onset
Insomnia diagnosis
Insomnia in family
Life history
Childhood trauma
Severity and duration of
insomnia response to life
events
Fatigue and arousal
Fatigue (tiredness)
Heat/activity-induced
fatigue
Hyperarousal
Insomnia response to
stress
Sleepiness

Personality
Action control
Behavioral activation
Agreeableness
Conscientiousness
Extraversion
Neuroticism
Openness
Perfectionism
Mood
Dampening of positive
moods
Negative affect
Positive affect
Rumination
Brooding

h2

0·38-0·48
NA
0·22-0·59
NA

Reference

(Von Schantz et al., 2015)
(Lind et al., 2015)

NA
NA

0·06-0·50

NA
0·24-0·43

(Deary et al., 2017)

0·29-0·38

(Drake et al., 2011)* (Fernandez‐Mendoza et
al., 2014)*
(Carmelli et al., 2001)* (Watson et al., 2006)
(Gottlieb et al., 2007)* (Lessov-Schlaggar et
al., 2008)*

0·52
0·28-0·35
0·35
0·31
0·36
0·37
0·41
0·23-0·42

(Gustavson et al., 2014)*
(Takahashi et al., 2010)
(meta-analysis: Vukasović et al., 2015)
(meta-analysis: Vukasović et al., 2015)
(meta-analysis: Vukasović et al., 2015)
(meta-analysis: Vukasović et al., 2015)
(meta-analysis: Vukasović et al., 2015)
(Wade et al., 2007, Iranzo-Tatay et al., 2015)

NA
0·47-0·53
0·59
0·37-0·41
0·21

(Mikolajewski et al., 2013)* (Zheng et al.,
2016)*
(Boardman et al., 2008)
(Johnson et al., 2014)*
(Moore et al., 2013)*

Happiness
Positive rumination
NA
Subjective happiness /
0·36-0·64 (Gigantesco et al., 2011) (Gatt et al., 2014)
Psychological well-being
(Bartels, 2015)† (Nes et al., 2015)†
Experiencing pleasure
NA
Note. Information in this table provides examples and may not include all literature available on the
characteristics. NA indicates non-available estimates.
h2 represents the heritability estimate.
* Using the same questionnaire as included in the current study.
† Meta-analysis included studies that used the same questionnaire.
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Table S2. Examples of gene variants associated with considered characteristics
Characteristic

SNP/region

Chr

Sleep
Chronotype
Insomnia age of onset
Insomnia diagnosis

Insomnia in family
Life history
Childhood trauma

Severity and duration
of insomnia response
to life events

NA

rs1360780
(4 SNPs)
rs7305115
rs6311
rs6295

6
6
12
13
5
17
NA

FKBP5
FKBP5
TPH2
HTR2A
HTR1A
SLC6A4
NA

(Klengel et al., 2013)*
(Watkins et al., 2016)
(Pearson et al., 2014)*

MAOA-uVNTR
IL-6
TNFα, IL1b, IL4,
IL6, HLS, IFN-γ, 5HT & NR3C1
DRD2, PRRC2C,
C3orf84, ANO10 &
ASXL3
NA

(Choi-Kwon et al., 2017)*
(Miaskowski et al., 2010)
(Wang et al., 2017)c

ADCYAP1R1

(Ressler et al., 2011, Jovanovic
et al., 2012)
(Watkins et al., 2016)
(Walsh et al., 2014, Sayin et al.,
2010)
(Hohoff et al., 2010)

NA

NA

Reward
Responsiveness
Agreeableness

NA
17

X
7

NA

rs2267735
(4 SNPs)

Personality
Action control
Behavioral activation

(Kalmbach et al., 2017)

NA

NA

rs4719714

Insomnia response to
stress
Sleepiness

Reference

PER2, RGS16,
FBXL13, AK5
NA
SLC6A4
MEIS1, MED27,
HHEX, RHCG,
IPO7, TSNARE1,
MEIS1, CYCL1,
TGFBI, WDR27,
TMEM132E
NA

Fatigue and arousal
Fatigue

Heat/activity-induced
fatigue
Hyperarousal

Gene

NA

6
17

FKBP5
SLC6A4

22
NA

ADORA2A
NA

rs1823068

5

NA
rs7305115
rs6311
rs6295

NA
12
13
5

rs806366

PDE4D

6

NA
TPH2
HTR2A
HTR1A
DRD2 x COMT
interaction
OPRM1

6

CNR1

(Deuschle et al., 2010)
(Hammerschlag et al., 2017)

(Lane et al., 2017)

(Walsh et al., 2014)*

(Deary et al., 2017)

(Gottlieb et al., 2007)*

(Pearson et al., 2014)*

(Reuter et al., 2005)
(Johnson et al., 2016)*
(Juhasz et al., 2009)†

22

Conscientiousness
Extraversion

rs2576037

(de Moor et al., 2012)†
(van den Berg et al., 2016)†
(Lo et al., 2017)†

6
5

KATNAL2 (intron)
LOC101928162
GBE1 (intergenic)
MTMR9 (intron)
PCDH15
(intergenic)
WSCD2 (intron)
599, max gene-set
neurogenesis
XKR6 (intergenic)
L3MBTL2 (exon) /
CHADL (intron)
CNR1
RASA1 (intergenic)

11
12
11
3
11
11
12

KCNJ1
TPH2
DRD2
DRD3
DRD4
IGF2
AVPR1a

(Janssens et al., 2012)†
(Di Nocera et al., 2014)

NA

NA

NA

rs16969968

15

CHRNA5/A3/B4

(Chen et al., 2015)*

Positive affect

rs588765
rs322931

1

LINC01221:miR181a/b

(Wingo et al., 2017)*

Rumination

rs7550394
rs6265

11

BDNF

22

BDNF
COMT

(Hilt et al., 2007) (Stone et al.,
2013)*
(Beevers et al., 2009)*
(Pap et al., 2012)*

rs57590327
rs2164273
rs6481128

Neuroticism

rs1426371
136 loci

18
2
3
8
10
12

8
22

Openness

Perfectionism

Mood
Dampening of positive
moods
Negative affect

rs806366
rs1477268 and
rs2032794
rs677035
rs4570625
Taq1A
rs6280

rs740603
rs464316

(Nagel et al., 2017)†
(Lo et al., 2017)†

(Juhasz et al., 2009)†
(de Moor et al., 2012)†

(Bachner‐Melman et al., 2007)

Happiness
Positive rumination
Subjective happiness

NA
NA
NA
rs3756290
5
RAPGEF6
(Okbay et al., 2016)
rs2075677
20
CSE1L
rs4958581
5
NMUR2
Experiencing pleasure NA
NA
NA
Note. Information in this table provides examples and may not include all literature available on the
characteristics. NA indicates non-available data.
Abbreviations: SNP = single-nucleotide polymorphism; Chr = cell cycle genes homology region.
* Using the same questionnaire as included in the current study.
† Using questionnaire based on the Five Factor Model of Personality, similar to the Mini-IPIP that was
used in the current study.
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Table S3. Examples of brain structural correlates of considered characteristics
Characteristic
Sleep
Chronotype

Insomnia age of onset
Insomnia diagnosis

Brain region

Metric

Direction

Reference

Precuneus,
posterior parietal
cortex

GMD

(Takeuchi et al., 2015)

Bilateral
orbitofrontal cortex

GMD

Negative
association
with
morningness
Positive
association
with
morningness

NA
Several cortical
areas, but variable

(reviewed in: van Someren et
al., 2013)

Insomnia in family
Life history
Childhood trauma

Sensitivity to negative
life events
Severity and duration
of insomnia response
to life events
Fatigue and arousal
Fatigue

Heat/activity-induced
fatigue
Hyperarousal
Insomnia response to
stress
Sleepiness

Personality
Action control
Behavioral activation

Right hippocampus,
Right dorsolateral
prefrontal cortex
Ventrolateral
prefrontal cortex
(VLPFC)
NA

GMV

Negative
association

(Paquola et al., 2016)†

GMV

Positive
association

(Qiao et al., 2013)

Thalamus,
Pallidum,
Superior cerebellar
peduncle
NA

GMV

Negative
association

(MS patients: Bernitsas et al.,
2017)*

GMV

Negative
association

(Shi et al., 2017)*

GMV

Positive
association
(females),
negative
association
(males)
Thinner
cortex
Smaller area
Thicker
cortex,
smaller area
and folding
Negative
association

(Li et al., 2014)*

NA
NA
Bilateral OFC

NA
Ventromedial
prefrontal cortex
(vmPFC),
Inferior parietal
lobule (IPL)

Agreeableness

Prefrontal cortex

SBM

Conscientiousness

Fusiform gyrus
Prefrontal regions

SBM
SBM

Bilateral amygdala,
Bilateral

GMV

Extraversion

(Riccelli et al., 2017)
(Riccelli et al., 2017)
(Riccelli et al., 2017)

(Lu et al., 2014)
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parahippocampal
gyrus,
Right middle
temporal gyrus,
Left superior frontal
gyrus
Precuneus

Neuroticism

Superior temporal
cortex
Right cerebellum

SBM
SBM
GMV

Left superior frontal
gyrus
Prefrontal-temporal
regions

GMV

Openness

Prefrontal-parietal

SBM

Perfectionism

Anterior Cingulate
Cortex

GMV

Mood
Dampening of positive
moods
Negative affect

Positive affect

Rumination

Happiness
Life satisfaction

Positive rumination
Subjective happiness

Experiencing pleasure

SBM

Thicker
cortex
Smaller area

(Riccelli et al., 2017)

Positive
association
Negative
association
Thicker
cortex,
smaller area
and folding
Thinner
cortex,
greater area
and folding
Positive
association

(Lu et al., 2014)

(Riccelli et al., 2017)

(Lu et al., 2014)
(Riccelli et al., 2017)

(Riccelli et al., 2017)

(Wu et al., 2017)

NA
Left amygdala

GMV

Negative
association

(Dennison et al., 2015)*

Right caudate

GMV

(Dennison et al., 2015)*

Hippocampus

GMV

Dorsolateral
prefrontal cortex
(DLPFC),
Parahippocampal
gyrus (PHG)

GMV

Volume
reduction
over time
was
predicted by
positive
affect
Positive
association
Positive
association

Parahippocampal
gyrus (PHG)
Left precuneus,
Left ventromedial
prefrontal cortex
NA
Rostral anterior
cingulate cortex
(rACC)
Right precuneus

GMV

Positive
association
Negative
association

(Kong et al., 2014)

GMD

Positive
association

(Matsunaga et al., 2016)*

GMV

Positive
association

(Sato et al., 2015)*

GMV

(Dennison et al., 2015)*
(Wang et al., 2015)a

NA
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Note. Information in this table provides examples and may not include all literature available on the
characteristics. NA indicates non-available data.
Abbreviations: GMV = gray matter volume; GMD = gray matter density; SBM = surface-based
morphometry indices (i.e., cortical thickness, surface area, cortical folding, or any combination); MS =
Multiple Sclerosis patients.
* Using the same questionnaire as included in the current study.
a Used the Chinese Short Ruminative Responses Scale (SRRS), which is based on the Ruminative
Responses Scale (used in the current study).
† Meta-analysis included studies that used the same questionnaire.
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Table S4. Questionnaires considered for analyses
Questionnaire

Sleep
Munich Chronotype
Questionnaire1†
Insomnia age of onset†

Insomnia in family†

Description

Items
[range]

Measures temporal organization.

7 [1 – 7]

Age participant indicated to first suffer from insomnia (DSM-V
criteria: sleep problems for at least three nights a week for at
least three months).
Question whether family members suffer from insomnia.

Life history
Childhood Trauma
Questionnaire2†
LONGSCAN adaptation of Life
Experiences Survey3
Severity of insomnia response
to life events†
Duration of insomnia
response to life events†
Fatigue and arousal
Arousal Predisposition Scale4
Fatigue Severity Scale5†
Ford Insomnia Response to
Stress Test6†
Heat/activity-induced fatigue7†
Hyper Arousal Scale8
Pre-Sleep Arousal Scale9†
Epworth Sleepiness Scale10†
Personality
Action Control Scale11†
Behavioral Inhibition/ Activation
Scale12
Behavioral inhibition scale
Behavioral activation scale†
Almost Perfect Scale13
Discrepancy
Highly Sensitive Person test14
Mini-IPIP15
Agreeableness†
Conscientiousness†
Extraversion†
Neuroticism†

Measures five forms of childhood adversity: physical,
emotional and sexual abuse; and physical and emotional
neglect.

25 [1 – 5]

Proportion of experienced life events that made someone
sleep worse or much worse (worst 2 of 7-point Likert-type
scale).
Proportion of experienced life events that affected someone’s
sleep for at least one month (longest 5 of 9-point Likert-type
scale).

0–1

Measures arousability as a predispostion or a trait.
Measures disabling fatigue.
Measures the stress-related vulnerability for sleep disturbance
in response to commonly experienced stressful situations.
Measures the effect of a warm environment or physical
exertion on fatigue.
Measures hyperarousal behavioral traits.
Measures the somatic and cognitive manifestations of arousal
when falling asleep.
Measures daytime sleepiness.

12 [1 – 5]
9 [1 – 4]
9 [1 – 4]

Measures an individual’s response tendency: i.e., the extent
to which an individual is decisive and takes control over their
behavior.
Measures the motivational system.

24 [0 – 1]

Measures threat sensitivity.
Measures reward sensitivity.

7 [1 – 4]
13 [1 – 4]

Measures the negative aspect of perfectionism.
Measures sensory-processing sensitivity.
Measures the Big-Five personality factors.
Big-Five personality factor related to sensitivity, compassion
and understanding.
Big-Five personality factor related to being organized and
proactive.
Big-Five personality factor related to being talkative, outgoing
and communicative.
Big-Five personality factor related to worrying.

12 [1 – 5]
27 [0 – 7]

0–1

8
26 [0 – 3]
8 [1 – 5]
8 [0 – 4]

4 [1 – 5]
4 [1 – 5]
4 [1 – 5]
4 [1 – 5]
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Openness†
Perfectionism Inventory16†
Self Consciousness Scale17

Mood
Global Rumination Scale18
Responses to Positive Affect19
Dampening of positive
moods†
Positive rumination†
Ruminative Response Scale20†
Penn State Worry
Questionnaire21
Positive and Negative Affect
Scale22
Positive affect†
Negative affect†

Big-Five personality factor related to being imaginative,
creative and adaptive.
Measures different aspects of perfectionism.
Measures private and public self-consciousness and social
anxiety.

4 [1 – 5]

Measures general rumination.

10 [1 – 7]

Measures the tendency to decrease/ eliminate the positive
mood.
Measures the tendency to maintain/ enhance positive moods.
Measures brooding (“moody pondering”) and reflection
(“purposeful turning inwards”).
Measures general worry and rumination.

8 [1 – 4]

60 [1 – 5]
23 [0 – 4]

9 [1 – 4]
10 [1 – 4]
16 [1 – 5]

Measures affect.
Measures the tendency of experiencing positive affect.
Measures the tendency of experiencing negative affect.

10 [1 – 5]
10 [1 – 5]

Happiness
Measures global subjective happiness.
4 [1 – 7]
Subjective Happiness Scale23†
Temporal Experience of
Measures anticipatory (“wanting”) and consummatory (“liking”) 18 [1 – 6]
pleasure.
Pleasure Scale24†
†The 26 characteristics that were included in the Latent Class Analysis to estimate the subtype model.
Note. Included information is based on the original versions of the questionnaires, see references.
More detailed information on the implementation in the Sleep Registry can be found in the
Supplementary material of 25. The questionnaires considered for the analyses comprised 34 sumscores and 513 items. Of these, we included 26 characteristics for the actual Latent Class Analysis,
which together comprised 380 items.
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Table S5. Mean scores on the 26 characteristics for controls, all participants with
insomnia, and each of the five insomnia subtypes
Characteristic

Sleep
Chronotype
Insomnia age of
onset†
Insomnia in family
Life history
Childhood trauma†
Severity of
insomnia response
to life events†
Duration of
insomnia response
to life events†
Fatigue and arousal
Fatigue†
Heat/activityinduced fatigue
Insomnia response
to stress†
Pre-sleep arousal†
Sleepiness
Personality
Action control†
Agreeableness†
Behavioral
activation†
Conscientiousness
Extraversion†
Neuroticism†
Openness
Perfectionism†
Mood
Dampening of
positive moods†
Negative affect†
Positive affect†
Rumination†

Controls

Insomnia

(N=2,098)

(N=2,224)

Effect
(Cohen’s
d)

Subtype
1

Subtype
2

Subtype
3

Subtype
4

Subtype
5

(N=200)

(N=323)

(N=153)

(N=209)

(N=161)

03:58
-

03:52
38·3

-0·08
-

03:44
34·7

03:43
31·4

04:10
41·6

03:35
41·1

03:56
45·3

31%

39%

-

46%

37%

33%

41%

40%

37·8
0·18

43·3
0·29

0·41*
0·53*

57·7
0·46

40·7
0·32

41.6
0·24

48·2
0·24

33·0
0·10

0·26

0·42

0·54*

0·55

0·42

0·46

0·53

0·09

29·7
0·13

41·5
0·38

1·02*
0·34*

49·7
0·65

40·0
0·35

42·9
0·44

36·4
0·25

34·4
0·15

17·5

22·4

0·81*

27·3

25·1

20·6

18·2

17·8

27·0
7·3

38·7
7·5

1·14*
0·06

50·2
7·6

40·9
7·1

39·3
7·1

30·4
7·7

29·3
6·1

15·3
16·6
34·2

12·5
17·2
34·0

-0·56*
0·20*
-0·03

7·9
16·9
34·3

12·1
18·2
36·0

10·8
15·0
30·2

16·2
17·7
34·1

15·9
17·1
31·0

14·8
12·7
9·7
15·1
226·4

14·4
12·3
12·5
14·6
250·7

-0·11
-0·11
0·74*
-0·16
0·48*

13·1
10·8
16·2
14·5
298·3

14·2
12·8
13·3
15·2
262·8

13·7
9·9
12·8
13·7
249·5

15·2
14·3
9·6
15·5
213·7

15·7
12·4
9·8
13·9
212·6

10·5

12·3

0·56*

15·4

12·6

12·6

10·0

10·1

14·5
32·8
17·6

18·9
29·5
20·8

0·70*
-0·47*
0·57*

27·6
24·8
27·6

20·1
32·4
21·8

18·7
23·8
19·8

12·7
32·7
17·0

13·5
31·6
14·9

16·7

23·1

20·8

13·8

22·8

20·9

66·9

77·6

72·2

Happiness
Positive
22·4
21·2
-0·23*
20·3
23·0
rumination†
Subjective
22·5
18·1
-0·84*
12·6
19·2
†
happiness
Experiencing
76·3
74·8
-0·16*
73·4
79·6
pleasure†
* Significant at a-level of .05, Bonferroni corrected for multiple testing.
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Characteristics selected by lasso regularization and/or for which ≥15% of variance in the
characteristics was explained.
†
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Table S6. Goodness of fit-statistics 1-6 latent class models.
1 class
model
138212.3

2 class
model
135494.6

3 class
model
135069.9

BIC
Number of
51
103
155
Parameters
Classification
0
0.13
0.21
error
Entropy R2
1.00
0.61
0.57
R2
1.00
0.65
0.57
Cluster sizes
1
1
0.51
0.38
2
0.49
0.33
3
0.29
4
5
6
Note. N = 2,224. BIC = Bayesian Information Criterion.

4 class
model
134954.5

5 class
model
134908.9

6 class
model
134959.2

207

259

311

0.25

0.28

0.31

0.57
0.54

0.56
0.53

0.56
0.50

0.36
0.26
0.21
0.17
-

0.31
0.20
0.19
0.15
0.15
-

0.27
0.26
0.17
0.11
0.10
0.09
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Table S7. Classification statistics of 5-class model
1.1 Five-class model classification statistics
N
Class. Errora
1,046
0·13

R2 b
0·76

Entropy R2 b
0·79

1.2 Class sizes and posterior probability distribution in each class
Class
1
2
3
4
5
N (%)
200 (19%)
323 (31%)
153 (15%)
209 (20%)
161 (15%)
Posterior
0·99
0·93
0·91
0·96
0·95
probabilityc
(0·88-1·00)
(0·77-0·99)
(0·72-0·99)
(0·77-1·00)
(0·76-0·99)
a Classification error is the estimated proportion of misclassified cases.
b Standard and entropy R2 indicate how well class-membership can be predicted based on the
observed characteristics.
c Median (IQR) posterior probabilities of participants assigned to each class.
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Table S8. Typification of ID subtypes
Insomnia
Subtype
1: highly
distressed

Demographics
(average age,
% female-male)
50 years old;
20% of
females; 16%
of males.

Description
Highly distressed across many characteristics, in
particular negative moods, like distressed and afraid.
Less happy than peers and never as happy as they
might be. Experiences a lot arousal when trying to
fall asleep.
Difficulty sleeping in response to (or anticipation of)
stressful events and heightened arousal when trying
to fall asleep. This difficulty sleeping is not related to
the experience of positivity: feels generally happy.
Moderately distressed, especially a pronounced lack
of positivity: not very happy in general; little
experiences of positive moods, including excitement;
and little positive rumination.
Distress levels similar to controls, except for life
history: more childhood trauma and a larger effect of
life events on sleep than controls.

Sleep complaints (DIS, DMS, EMA)
and sleep duration

Sleep-related daytime
dysfunction and
worrying.
Sleep problems
interfere much with
daily life and cause
much worry.

Mild difficulty initiating sleep, very
severe difficulty maintaining sleep and
very severe early morning
awakenings. Average sleep duration is
6:08 hours.
2: moderately
49 years old;
Mild difficulty initiating sleep, very
Sleep problems
distressed
33% of
severe difficulty maintaining sleep and interfere somewhat
reward sensitive females; 23%
moderate early morning awakenings.
with daily life and
of males.
Average sleep duration is 6:07 hours.
cause some worry.
3: moderately
54 years old;
Mild difficulty initiating sleep, very
Sleep problems
distressed
12% of
severe difficulty maintaining sleep and interfere much with
reward
females; 23%
mild early morning awakenings.
daily life and cause
insensitive
of males.
Average sleep duration is 5:58 hours.
some worry.
4: slightly
54 years old;
Mild difficulty initiating sleep, very
Sleep problems
distressed high
22% of
severe difficulty maintaining sleep and interfere somewhat
reactive
females; 14%
moderate early morning awakenings.
with daily life and
of males.
Average sleep duration is 5:47 hours.
cause some worry.
5: slightly
57 years old;
Experiences largely match those of controls.
Mild difficulty initiating sleep, very
Sleep problems
distressed low
13% of
Exceptions are a relative lack of happiness and
severe difficulty maintaining sleep and interfere somewhat
reactive
females; 24%
pleasure. Ruminates very little on both positive
moderate early morning awakenings.
with daily life and
of males.
emotions and on distress.
Average sleep duration is 5:51 hours.
cause some worry.
Note. Sleep complaint qualifications show the modal response for each class: none – mild – moderate – severe – very severe; not at all – a little – somewhat –
much – very much (Insomnia Severity Index questions 1, 3, 5). For assessment of the described characteristics see Benjamins, Migliorati (2017).
DMS = difficulty maintaining sleep; EMA = early morning awakenings; DIS = difficulty initiating sleep.
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Note for use: If interested in application of the Insomnia Type Questionnaire, please contact us at
t.blanken@nin.knaw.nl or e.van.someren@nin.knaw.nl. We are working on a short form and on an
internet-based assessment that might be used. An automated scoring script for the Insomnia Type
Questionnaire can be found online: https://tfblanken.shinyapps.io/itqapp/.

Insomnia Type Questionnaire
Instructions for participants:
This questionnaire concerns behavior and feelings that were shown to be important in sleep
problems.
The questionnaire contains a number of short questionnaires on different aspects of personality,
sensitivities, behavior, mood, and sleep.
All questions are multiple-choice. The alternatives differ depending on the questionnaire. Please read
the instructions carefully and select the alternative that best reflects how you feel or see yourself most
of the time. If you find this difficult, please choose the alternative that comes to mind first.
A
The next questions concern different aspects of your personality. Please select the alternative that best describes how
you feel or see yourself most of the time.
1

When I have lost something valuable and can’t find it anywhere:
I have a hard time concentrating on anything else.
I don’t dwell on it.

2

When I know I must finish something soon:
I have to push myself to get started.
I find it easy to get it done and over with.

3

When I’ve worked for weeks on one project and then everything goes completely wrong:
It takes me a long time to get over it.
It bothers me for a while, but then I don’t think about it anymore.

4

When I don’t have anything in particular to do and I am getting bored:
I have trouble getting up enough energy to do anything at all.
I quickly find something to do.

5

When I’m in a competition and lose every time:
I can soon put losing out of my mind.
The thought that I lost keeps running through my mind.

6

When I’m getting ready to tackle a difficult problem:
It feels like I am facing a big mountain that I don’t think I can climb.
I look for a way that the problem can be approached in a suitable manner.
If I had just bought a new piece of equipment (for example, a laptop) and it accidentally fell on the floor and was
damaged beyond repair:
I would get over it quickly.
It would take me a while to get over it.

7

8

When I have to solve a difficult problem:
I usually get on it right away.

Other things go through my mind before I can get down to working on the problem.
9

When I have to talk to someone about something important and, repeatedly, can’t find her/him at home:
I can’t stop thinking about it, even while I’m doing something else.
I easily forget about it until I can see the person again.

10 When I have to make up my mind about what I am going to do when I get some unexpected free time:

It takes me a while to decide what I should do.
I can usually decide on something to do without having to think it over very much.
11 When I’ve bought a lot of stuff at a store and realize when I get home that I paid too much – but I can’t get my money
back:
I can’t concentrate on anything else.
I easily forget about it.
12 When I have work to do at home:

It is often hard for me to get started.
I usually get started right away.
13 When I am told that my work has been completely unsatisfactory:

I don’t let it bother me for too long.
I feel paralyzed.
14 When I have a lot of important things to do:

I often don’t know where to begin.
I find it easy to make a plan and stick with it.
15 When I’m stuck in traffic and miss an important appointment:

At first, it’s difficult for me to start doing anything else at all.
I quickly forget about it and focus on something else.
16 When there are two things that I really want to do, but I can’t do both of them:

I quickly begin one thing and forget about the other.
It’s not easy for me to put the thing that I couldn’t do out of my mind.
17 When something is very important to me, but I can’t seem to get it right:

I gradually lose heart.
I just forget about it and go do something else.
18 When I have to carry out an important but unpleasant task:

I do it and get it over with.
It can take a while before I can bring myself to do it.
19 When something really gets me down:

I have trouble doing anything at all.
I find it easy to distract myself by doing other things.
20 When I am facing a big project that has to be done:

I often spend too long thinking about where I should begin.
I don’t have any problems getting started.
21 When several things go wrong on the same day:

I don’t know how to deal with it.
I just keep on going as though nothing had happened.
22 When I have a boring assignment:

I usually don’t have any problem getting through it.
I sometimes just can’t get moving on to it.
23 When I have to put all my effort into doing a really good job on something and the whole thing doesn’t work out:

I don’t have too much difficulty starting something else.

I have trouble doing anything else at all.
24 When I have an obligation to do something that is boring and uninteresting:

I do it and get it over with.
It usually takes a while before I get around to doing it.

B
The next questions concern different aspects of your personality. Please select the alternative that best describes how
you feel or see yourself most of the time.
very
true for me

I go out of my way to get things I want.
When I’m doing well at something I love to keep at it.
I’m always willing to try something new if I think it will be fun.
When I get something I want, I feel excited and energized.
When I want something I usually go all-out to get it.
I will often do things for no other reason than that they might be fun.
If I see a chance to get something I want I move on it right away.
When I see an opportunity for something I like I get excited right away.
I often act on the spur of the moment.
When good things happen to me, it affects me strongly.
I crave excitement and new sensations.
When I go after something I use a “no holds barred” approach.
It would excite me to win a contest.

somewhat
true for me

somewhat
false for me

very
false for me

C
The next questions concern happiness and satisfaction. Please select the alternative that best describes how you feel or
see yourself most of the time.
1

2

3

4

5

6

7

In general, I consider myself:

Compared to most of my peers, I consider
myself:
Some people are generally very happy.
They enjoy life regardless of what is going
on, getting the most out of everything. To
what extent does this characterization
describe you?
Some people are generally not very happy.
Although they are not depressed, they never
seem as happy as they might be. To what
extent does this characterization describe
you?

not a very
happy person

a very happy
person

less happy

more happy

not at all

a great deal

not at all

a great deal

D
The next questions concern happiness and satisfaction. Please select the alternative that best describes how often you
think or do each of the following statements when you are feeling happy, excited, or enthused.
almost
never

Notice how you feel full of energy.
Savor this moment.
Think “I am getting everything done”.
Think about how you feel up to doing everything.
Think “I am living up to my potential”.
Think “This is too good to be true”.
Think about how happy you feel.
Think about how strong you feel.
Think about things that could go wrong.
Remind yourself these feelings won’t last.
Think “People will think I’m bragging”.
Think about how hard it is to concentrate.
Think “I am achieving everything”.
Think “I don’t deserve this”.
Think “My streak of luck is going to end soon”.
Think about how proud you are of yourself.
Think about things that have not gone well for you.

sometimes

often

almost
always

E
The next questions concern how you feel or see yourself when you feel sad, blue, or depressed. Please select the
alternative that best describes how often you think or do each of the following statements when you feel sad, blue, or
depressed.
almost
never

Analyze recent events to try to understand why you are depressed.
Think “Why do I always react this way?”.
Go away by yourself and think about why you feel this way.
Write down what you are thinking and analyze it.
Think about a recent situation, wishing it had gone better.
Think “Why do I have problems other people don’t have”.
Think “Why can’t I handle things better?”.
Analyze your personality to try to understand why you are depressed.
Go someplace alone to think about your feelings.
Think “What am I doing to deserve this?”

sometimes

often

almost
always

F
The next questions concern your behavior. Please select the alternative that best describes yourself as you generally are
now, not as you wish to be in the future. Describe yourself as honestly as you see yourself, in relation to other people you
know of the same sex as you are, and roughly your same age.
I…
Am the life of the party.
Sympathize with others’ feelings.
Have frequent mood swings.
Don’t talk a lot.
Am not interested in other people’s problems.
Am relaxed most of the time.
Talk to a lot of different people at parties.
Feel others’ emotions.
Get upset easily.
Keep in the background.
Am not really interested in others.
Seldom feel blue.

neither
very
moderately
moderately
accurate nor
accurate
inaccurate inaccurate inaccurate

very
accurate

G
The next questions concern different feelings and emotions. Please select the alternative that best describes to what
extent you generally feel this way, that is, how you feel on average.
very
slightly or not at all

Interested
Distressed
Excited
Upset
Strong
Guilty
Scared
Hostile
Enthusiastic
Proud
Irritable
Alert
Ashamed
Inspired
Nervous
Determined
Attentive
Jittery
Active
Afraid

a little

moderately

quite a bit

extremely

H
The next questions concern your experiences. Please read each statement carefully. Select the alternative that best
describes how true that statement is for you in general.
1
very false
for me

When I hear about a new movie starring my favorite actor, I can’t wait to
see it.
I enjoy taking a deep breath of fresh air when I walk outside.
The smell of freshly cut grass is enjoyable to me.
I look forward to a lot of things in my life.
I love it when people play with my hair.
Looking forward to a pleasurable experience is in itself pleasurable.
A hot cup of coffee or tea on a cold morning is very satisfying to me.
When I think of something tasty, like chocolate chip cookie, I have to have
one.
I appreciate the beauty of fresh snowfall.
I get so excited the night before a major holiday I can hardly sleep.
When I’m on my way to an amusement park, I can hardly wait to ride the
roller coasters.
I really enjoy the feeling of a good yawn.
I don’t look forward to things like eating out at restaurants.
I love the sound of rain on the windows when I’m lying in my warm bed.
When I think about eating my favorite food, I can almost taste how good it
is.
When ordering something off the menu, I imagine how good it will taste.
The sound of cracking wood in the fireplace is very relaxing.
When something exciting is coming up in my life, I really look forward to it.

2

3

4

5

6
very true
for me

I
The next questions concern traits and characteristics. Please select the alternative that best indicates how much you
generally agree with each statement.
strongly
disagree

I am well-organized.
I’ve always felt pressure from my parent(s) to be the best.
If I do something less than perfectly, I have a hard time getting over it.
I think things should be put away in their place.
My parent(s) hold me to high standards.
I spend a lot of time worrying about things I’ve done, or things I need
to do.
I would characterize myself as an orderly person.
My parent(s) are difficult to please.
If I make a mistake, my whole day is ruined.
I like to always be organized and disciplined.
My parent(s) have high expectations for achievement.
If I say or do something dumb I tend to think about it for the rest of the
day.
I clean my home often.
Growing up, I felt a lot of pressure to do everything right.
When I make an error, I generally can’t stop thinking about it.
I make sure to put things away as soon as I’m done using them.
My parent(s) put a lot of pressure on me to succeed.
I often obsess over some of the things I have done.
My closet is neat and organized.
I always felt that my parent(s) wanted me to be perfect.
After I turn a project in, I can’t stop thinking of how it could have been
better.
My workspace is generally organized.
My parent(s) have expected nothing but my best.

disagree
somewhat

neither
agree nor
disagree

agree
somewhat

strongly
agree

J
The next questions concern how stress can influence your sleep. When you experience the following situations, how likely
is it for you to have difficulty sleeping? Please select an alternative even if you have not experienced these situations
recently.
not
likely

Before an important meeting the next day.
After a stressful experience during the day.
After a stressful experience in the evening.
After getting bad news during the day.
After watching a frightening movie or TV show.
After having a bad day at work.
After an argument.
Before having to speak in public.
Before going on vacation the next day.

somewhat
likely

moderately
likely

very
likely

K
The next questions concern your experiences as you attempt to fall asleep in your own bedroom. Please select the
alternative that best describes how intensely you generally feel each of the symptoms as you attempt to fall asleep in your
own bedroom.
not at all

Heart racing, pounding or beating irregularly.
A jittery, nervous feeling in your body.
Shortness of breath or labored breathing.
A tight, tense feeling in your muscles.
Cold feeling in your hands, feet or your body in general.
Have stomach upset (knot or nervous feeling in stomach, heartburn,
nausea, gas, etc.).
Perspiration in palms of your hands or other parts of your body.
Dry feeling in mouth or throat.
Worry about falling asleep.
Review or ponder events of the day.
Depressing or anxious thoughts.
Worry about problems other than sleep.
Being mentally alert, active.
Can’t shut off your thoughts.
Thoughts keep running through your head.
Being distracted by sounds, noise in the environment (e.g., ticking of
clock, house noises, traffic).

slightly

moderately

a lot

extremely

L
The next questions concern fatigue. Please select the alternative that best reflects your level of agreement with each of
the statements.
1
strongly
disagree

My motivation is lower when I am fatigued.
Exercise brings on my fatigued.
I am easily fatigued.
Fatigue interferes with my physical functioning.
Fatigue causes frequent problems for me.
My fatigue prevents sustained physical functioning.
Fatigue interferes with carrying out certain duties and
responsibilities.
Fatigue is among my three most disabling symptoms.
Fatigue interferes with my work, family or social life.

2

3

4

5

6

7
strongly
agree

M
The next questions concern your sleep over the last two weeks.
Please rate the current (i.e., last 2 weeks) severity of your insomnia problem(s).
none

mild

moderate

severe

very

Difficulty falling asleep:
Difficulty staying asleep:
Problem waking up too early:

How satisfied/dissatisfied are you with your current sleep pattern?
very
dissatisfied

very satisfied

To what extent do you consider your sleep problem to interfere with your daily functioning (e.g., daytime fatigue, ability to
function at work/daily chores, concentration, memory, mood, etc.).
not at all
interfering

a little

somewhat

much

very much
interfering

How noticeable to others do you think your sleeping problem is in terms of impairing the quality of your life?
not at all
noticeable

barely

somewhat

much

very much
noticeable

a little

somewhat

much

very much

How worried/distressed are you about your current sleep problem?
not at all

N
The next questions concern your childhood. Please respond to the following questions using the scale below.
When I grew up…
I didn’t have enough to eat.
I knew that there was someone to take care of me and protect me.
People in my family called me things like “stupid”, “lazy” or “ugly”.
My parents were too drunk or high to take care of the family.
There was someone in my family who helped me feel that I was
important or special.
Wore dirty clothes.
I felt loved.
I thought that my parents wished I had never born.
I got hit so hard by someone in my family that I had to see a doctor or
go to the hospital.
People in my family hit me so hard that it left me with bruises or
marks.
I was punished with a belt, a board, a cord, or some other hard object.
People in my family looked out for each other.
People in my family said hurtful or insulting things to me.
I believe that I was physically abused.
I got hit or beaten so badly that it was noticed by someone like a
teacher, neighbor, or doctor.
I felt that someone in my family hated me.
People in my family felt close to each other.
Someone tried to touch me in a sexual way, or tried to make me touch
them.
Someone threatened to hurt me or tell lies about me unless I did
something sexual with them.
Someone tried to make me do sexual things or watch sexual things.
Someone molested me.
I believe that I was emotionally abused.
There was someone to take me to the doctor if I needed it.
I believe that I was sexually abused.
My family was a source of strength and support.

never
true

rarely
true

sometimes
true

often
true

very often
true

Insomnia Type Questionnaire
Scoring Form
After computing the sum scores according to the scoring rules below, subtypes can be computed
using the ITQ application: https://tfblanken.shinyapps.io/itqapp/
A

Action control scale

Action control: sum all action-oriented answers: 1B, 2B, 3B, 4B, 5A, 6B, 7A, 8A, 9B, 10B, 11B, 12B, 13A, 14B, 15B,
16A, 17B, 18A, 19B, 20B, 21B, 22A, 23A, 24A, indicated below. Range: 0-24.
1

When I have lost something valuable and can’t find it anywhere:
I have a hard time concentrating on anything else.
I don’t dwell on it.

2

When I know I must finish something soon:
I have to push myself to get started.
I find it easy to get it done and over with.

3

When I’ve worked for weeks on one project and then everything goes completely wrong:
It takes me a long time to get over it.
It bothers me for a while, but then I don’t think about it anymore.

4

When I don’t have anything in particular to do and I am getting bored:
I have trouble getting up enough energy to do anything at all.
I quickly find something to do.

5

When I’m in a competition and lose every time:
I can soon put losing out of my mind.
The thought that I lost keeps running through my mind.

6

When I’m getting ready to tackle a difficult problem:
It feels like I am facing a big mountain that I don’t think I can climb.
I look for a way that the problem can be approached in a suitable manner.
If I had just bought a new piece of equipment (for example, a laptop) and it accidentally fell on the floor and was
damaged beyond repair:
I would get over it quickly.
It would take me a while to get over it.

7

8

When I have to solve a difficult problem:
I usually get on it right away.
Other things go through my mind before I can get down to working on the problem.

9

When I have to talk to someone about something important and, repeatedly, can’t find her/him at home:
I can’t stop thinking about it, even while I’m doing something else.
I easily forget about it until I can see the person again.

10 When I have to make up my mind about what I am going to do when I get some unexpected free time:

It takes me a while to decide what I should do.
I can usually decide on something to do without having to think it over very much.
11 When I’ve bought a lot of stuff at a store and realize when I get home that I paid too much – but I can’t get my money
back:
I can’t concentrate on anything else.
I easily forget about it.
12 When I have work to do at home:

It is often hard for me to get started.

I usually get started right away.
13 When I am told that my work has been completely unsatisfactory:

I don’t let it bother me for too long.
I feel paralyzed.
14 When I have a lot of important things to do:

I often don’t know where to begin.
I find it easy to make a plan and stick with it.
15 When I’m stuck in traffic and miss an important appointment:

At first, it’s difficult for me to start doing anything else at all.
I quickly forget about it and focus on something else.
16 When there are two things that I really want to do, but I can’t do both of them:

I quickly begin one thing and forget about the other.
It’s not easy for me to put the thing that I couldn’t do out of my mind.
17 When something is very important to me, but I can’t seem to get it right:

I gradually lose heart.
I just forget about it and go do something else.
18 When I have to carry out an important but unpleasant task:

I do it and get it over with.
It can take a while before I can bring myself to do it.
19 When something really gets me down:

I have trouble doing anything at all.
I find it easy to distract myself by doing other things.
20 When I am facing a big project that has to be done:

I often spend too long thinking about where I should begin.
I don’t have any problems getting started.
21 When several things go wrong on the same day:

I don’t know how to deal with it.
I just keep on going as though nothing had happened.
22 When I have a boring assignment:

I usually don’t have any problem getting through it.
I sometimes just can’t get moving on to it.
23 When I have to put all my effort into doing a really good job on something and the whole thing doesn’t work out:

I don’t have too much difficulty starting something else.
I have trouble doing anything else at all.
24 When I have an obligation to do something that is boring and uninteresting:

I do it and get it over with.
It usually takes a while before I get around to doing it.

B

Behavioral activation subscale

Behavioral activation: sum all items. Range: 13-52.
I go out of my way to get things I want.
When I’m doing well at something I love to keep at it.
I’m always willing to try something new if I think it will be fun.
When I get something I want, I feel excited and energized.
When I want something I usually go all-out to get it.

4

3

2

1

4

3

2

1

4

3

2

1

4

3

2

1

4

3

2

1

I will often do things for no other reason than that they might be fun.
If I see a chance to get something I want I move on it right away.
When I see an opportunity for something I like I get excited right away.
I often act on the spur of the moment.
When good things happen to me, it affects me strongly.
I crave excitement and new sensations.
When I go after something I use a “no holds barred” approach.
It would excite me to win a contest.

C

4

3

2

1

4

3

2

1

4

3

2

1

4

3

2

1

4

3

2

1

4

3

2

1

4

3

2

1

4

3

2

1

Subjective happiness scale

Subjective happiness: sum all items. Range: 4-28.
* indicates reverse coded items.
In general, I consider myself:
Compared to most of my peers, I consider myself:
Some people are generally very happy. They enjoy life regardless of what is going on,
getting the most out of everything. To what extent does this characterization describe you?
Some people are generally not very happy. Although they are not depressed, they never
seem as happy as they might be. To what extent does this characterization describe you?*

D

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

7

6

5

4

3

2

1

Response to positive affect scale

Positive rumination: sum all positive rumination items (PR). Range: 9-36.
Dampening of positive moods: sum all dampening items (D). Range: 8-32.
Notice how you feel full of energy. (PR)
Savor this moment. (PR)
Think “I am getting everything done”. (PR)
Think about how you feel up to doing everything. (PR)
Think “I am living up to my potential”. (PR)
Think “This is too good to be true”. (D)
Think about how happy you feel. (PR)
Think about how strong you feel. (PR)
Think about things that could go wrong. (D)
Remind yourself these feelings won’t last. (D)
Think “People will think I’m bragging”. (D)
Think about how hard it is to concentrate. (D)
Think “I am achieving everything”. (PR)
Think “I don’t deserve this”. (D)
Think “My streak of luck is going to end soon”. (D)
Think about how proud you are of yourself. (PR)
Think about things that have not gone well for you. (D)

E

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

Ruminative Response scale

Rumination: sum all items. Range: 10-40.
Analyze recent events to try to understand why you are depressed.
Think “Why do I always react this way?”.
Go away by yourself and think about why you feel this way.
Write down what you are thinking and analyze it.

Think about a recent situation, wishing it had gone better.
Think “Why do I have problems other people don’t have”.
Think “Why can’t I handle things better?”.
Analyze your personality to try to understand why you are depressed.
Go someplace alone to think about your feelings.
Think “What am I doing to deserve this?”.
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1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3
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Mini-IPIP

Extraversion: sum (E) items. Range: 4-20.
Agreeableness: sum all (A) items. Range: 4-20.
Neuroticism: sum all (N) items. Range: 4-20.
* indicates reverse coded items.
Am the life of the party. (E)
Sympathize with others’ feelings. (A)
Have frequent mood swings. (N)
Don’t talk a lot. (E)*
Am not interested in other people’s problems. (A)*
Am relaxed most of the time. (N)*
Talk to a lot of different people at parties. (E)
Feel others’ emotions. (A)
Get upset easily. (N)
Keep in the background. (E)*
Am not really interested in others. (A)*
Seldom feel blue. (N)*

G

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

5

4

3

2

1

5

4

3

2

1

5

4

3

2
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Positive and negative affect scale

Positive affect: sum all (P) items. Range: 10-40.
Negative affect: sum all (N) items. Range: 10-40.
Interested (P)
Distressed (N)
Excited (P)
Upset (N)
Strong (P)
Guilty (N)
Scared (N)
Hostile (N)
Enthusiastic (P)
Proud (P)
Irritable (N)
Alert (P)
Ashamed (N)
Inspired (P)
Nervous (N)
Determined (P)
Attentive (P)
Jittery (N)

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Active (P)
Afraid (N)

H

1

2

3

4

5

1

2

3

4

5

Temporal experience of pleasure scale

Experience of pleasure: sum all items. Range: 18-108.
* indicates reverse coded items.
When I hear about a new movie starring my favorite actor, I can’t wait to
see it.
I enjoy taking a deep breath of fresh air when I walk outside.
The smell of freshly cut grass is enjoyable to me.
I look forward to a lot of things in my life.
I love it when people play with my hair.
Looking forward to a pleasurable experience is in itself pleasurable.
A hot cup of coffee or tea on a cold morning is very satisfying to me.
When I think of something tasty, like chocolate chip cookie, I have to have
one.
I appreciate the beauty of fresh snowfall.
I get so excited the night before a major holiday I can hardly sleep.
When I’m on my way to an amusement park, I can hardly wait to ride the
roller coasters.
I really enjoy the feeling of a good yawn.
I don’t look forward to things like eating out at restaurants.*
I love the sound of rain on the windows when I’m lying in my warm bed.
When I think about eating my favorite food, I can almost taste how good it
is.
When ordering something off the menu, I imagine how good it will taste.
The sound of cracking wood in the fireplace is very relaxing.
When something exciting is coming up in my life, I really look forward to it.

I
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Perfectionism Inventory

Organization: sum all (O) items. Range: 8-40.
Perceived parental pressure: sum all (PP) items. Range: 8-40.
Rumination: sum all (R) items. Range: 7-35.
I am well-organized. (O)
I’ve always felt pressure from my parent(s) to be the best. (PP)
If I do something less than perfectly, I have a hard time getting over it. (R)
I think things should be put away in their place. (O)
My parent(s) hold me to high standards. (PP)
I spend a lot of time worrying about things I’ve done, or things I need to do. (R)
I would characterize myself as an orderly person. (O)
My parent(s) are difficult to please. (PP)
If I make a mistake, my whole day is ruined. (R)
I like to always be organized and disciplined. (O)
My parent(s) have high expectations for achievement. (PP)
If I say or do something dumb I tend to think about it for the rest of the day. (R)
I clean my home often. (O)
Growing up, I felt a lot of pressure to do everything right. (PP)
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When I make an error, I generally can’t stop thinking about it. (R)
I make sure to put things away as soon as I’m done using them. (O)
My parent(s) put a lot of pressure on me to succeed. (PP)
I often obsess over some of the things I have done. (R)
My closet is neat and organized. (O)
I always felt that my parent(s) wanted me to be perfect. (PP)
After I turn a project in, I can’t stop thinking of how it could have been better. (R)
My workspace is generally organized. (O)
My parent(s) have expected nothing but my best. (PP)
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Ford insomnia to stress test

Insomnia response to stress: sum all items. Range: 9-36.
Before an important meeting the next day.
After a stressful experience during the day.
After a stressful experience in the evening.
After getting bad news during the day.
After watching a frightening movie or TV show.
After having a bad day at work.
After an argument.
Before having to speak in public.
Before going on vacation the next day.
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Pre-sleep arousal scale

Pre-sleep arousal: sum all items. Range: 16-80.
Heart racing, pounding or beating irregularly.
A jittery, nervous feeling in your body.
Shortness of breath or labored breathing.
A tight, tense feeling in your muscles.
Cold feeling in your hands, feet or your body in general.
Have stomach upset (knot or nervous feeling in stomach, heartburn, nausea, gas, etc.).
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Perspiration in palms of your hands or other parts of your body.
Dry feeling in mouth or throat.
Worry about falling asleep.
Review or ponder events of the day.
Depressing or anxious thoughts.
Worry about problems other than sleep.
Being mentally alert, active.
Can’t shut off your thoughts.
Thoughts keep running through your head.
Being distracted by sounds, noise in the environment (e.g., ticking of clock, house noises, traffic).
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Fatigue severity scale

Fatigue: sum all items. Range: 9-62.
My motivation is lower when I am fatigued.
Exercise brings on my fatigued.
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I am easily fatigued.
Fatigue interferes with my physical functioning.
Fatigue causes frequent problems for me.
My fatigue prevents sustained physical functioning.
Fatigue interferes with carrying out certain duties and responsibilities.
Fatigue is among my three most disabling symptoms.
Fatigue interferes with my work, family or social life.
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Insomnia severity index

Insomnia severity: sum all items. Range: 0-28.
Difficulty falling asleep:
Difficulty staying asleep:
Problem waking up too early:

0
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How satisfied/dissatisfied are you with your current sleep pattern?
0

To what extent do you consider your sleep problem to interfere with your daily functioning (e.g., daytime fatigue, ability to
function at work/daily chores, concentration, memory, mood, etc.).
0

1

2

3

4

How noticeable to others do you think your sleeping problem is in terms of impairing the quality of your life?
0

1
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How worried/distressed are you about your current sleep problem?
0

N

Childhood trauma questionnaire

Childhood trauma: sum all items except 10, 16, and 22. Range: 25-125.
* indicates reverse coded items.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

I didn’t have enough to eat.
I knew that there was someone to take care of me and protect me.*
People in my family called me things like “stupid”, “lazy” or “ugly”.
My parents were too drunk or high to take care of the family.
There was someone in my family who helped me feel that I was important or special.*
Wore dirty clothes.
I felt loved.*
I thought that my parents wished I had never born.
I got hit so hard by someone in my family that I had to see a doctor or go to the hospital.
People in my family hit me so hard that it left me with bruises or marks.
I was punished with a belt, a board, a cord, or some other hard object.
People in my family looked out for each other.*
People in my family said hurtful or insulting things to me.
I believe that I was physically abused.
I got hit or beaten so badly that it was noticed by someone like a teacher, neighbor, or doctor.
I felt that someone in my family hated me.
People in my family felt close to each other.*
Someone tried to touch me in a sexual way, or tried to make me touch them.
Someone threatened to hurt me or tell lies about me unless I did something sexual with them.
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20
21
22
23
24
25

Someone tried to make me do sexual things or watch sexual things.
Someone molested me.
I believe that I was emotionally abused.
There was someone to take me to the doctor if I needed it.
I believe that I was sexually abused.
My family was a source of strength and support.*
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