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ABSTRACT
Insomnia is a too general term for various subtypes that might have 
different etiologies and therefore require different types of treatment. 
In this explorative study we used cluster analysis to distinguish 
different phenotypes in 218 patients with insomnia, taking into 
account several factors including sleep variables and characteristics 
related to personality and psychiatric comorbidity. Three clusters 
emerged from the analysis. The ‘moderate insomnia with low 
psychopathology’-cluster was characterized by relatively normal 
personality traits, as well as normal levels of anxiety and depressive 
symptoms in the presence of moderate insomnia severity. The ‘severe 
insomnia with moderate psychopathology’-cluster showed relatively 
high scores on the Insomnia Severity Index and scores on the sleep 
log that were indicative for severe insomnia. Anxiety and depressive 
symptoms were slightly above the cut-off and they were characterized 
by below average self-sufficiency and less goal-directed behavior. The 
‘early onset insomnia with high psychopathology’-cluster showed a 
much younger age and earlier insomnia onset than the other two 
groups. Anxiety and depressive symptoms were well above the 
cut-off score and the group consisted of a higher percentage of 
subjects with comorbid psychiatric disorders. This cluster showed a 
‘typical psychiatric’ personality profile. Our findings stress the need 
for psychodiagnostic procedures next to a sleep-related diagnostic 
approach, especially in the younger insomnia patients. Specific 
treatment suggestions are given based on the three phenotypes.

Introduction

Insomnia cannot be regarded as a uniform sleep disorder to be treated with a single inter-
vention (Krystal, 2005). The clinical and scientific community is increasingly adapting the 
idea that insomnia is a too general term for a number of subtypes consisting of different 
sleep complaints and having different causes (Sánchez-Ortuño, Edinger, & Wyatt, 2011). 
As a consequence, the effectiveness of treatment is likely to be dependent on the subtype of 
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insomnia. The presence of psychiatric comorbidity may be a relevant factor in the ‘phenotyp-
ing’ of insomnia. Assessment of psychiatric comorbidity is important because approximately 
half of the patients presenting at a sleep clinic were shown to suffer from comorbid psychi-
atric conditions (Mahendran, Subramaniam, & Chan, 2007). Moreover, insomnia patients 
with psychiatric comorbidity may respond less well to cognitive behavioral treatment for 
insomnia (CBT-I) (van de Laar, Pevernagie, van Mierlo, & Overeem, 2015).

Several researchers have attempted to empirically identify naturally occurring insomniac 
subtypes through cluster analysis (van de Laar, Verbeek, Pevernagie, Aldenkamp, & Overeem, 
2010). While the presence of psychiatric comorbidity is likely to be an important factor, none 
of the cluster analysis studies included actual psychiatric disorders in the assessment of insom-
nia. In this explorative study we examined whether different phenotypes of insomnia can be 
distinguished in a population in which current psychiatric comorbidity was assessed through 
semi-structured interviews. Besides the presence of psychiatric comorbidity, factors related 
to sleep, personality, fatigue and severity of anxiety and depression were taken into account.

Methods

General study design and setting

We performed a cross-sectional study comprising patients referred to a tertiary sleep 
 medicine center. Patients had a complaint of chronic insomnia (>3  months). Criteria 
for insomnia were based on the Diagnostic and Statistical Manual of Mental Disorders 
(DSM)-IV (American Psychological Association, 2000). Patients between 18 and 65 years 
of age were included if they did not work in shifts and did not have a history of develop-
mental disorders or severe psychopathology (e.g. psychotic disorders). They were medi-
cally examined and polysomnography was performed when an organic sleep disorder was  
suspected from the medical interview. Those with a somatic disease or other sleep disorder 
that could explain (part of) the insomnia were excluded, as were patients with alcohol or 
drug  abuse (Figure 1).  All subjects signed an informed consent. The study design was 
approved by the local medical ethical committee.

Psychopathology

All patients were psychologically examined by a clinical psychologist, with the aid of a 
semistructured interview covering the entire range of mental disorders and based on the 
DSM-IV (American Psychological Association, 2000; Hoogduin, 1999). Also, the Hospital 
Anxiety and Depression Score (HADS) was used as an indication of anxiety and depressive 
symptoms (Spinhoven et al., 1997; Zigmond & Snaith, 1983).

Sleep variables

Patients filled out a sleep log during one week. They graphically defined bedtime and time of 
getting up out of bed. Furthermore they filled in the time spent in bed, awake and sleeping. 
The following estimated variables were extracted: total sleep time (TST), sleep efficiency 
(SE) and sleep onset latency (SOL). They also filled in the Insomnia severity index, which 
is a 7-item questionnaire assessing the nature, severity and impact of insomnia (Morin, 
1993; Morin, Belleville, Bélanger, & Ivers, 2011).
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Personality

The NEO FFI measures personality domains known as the ‘Big Five’: neuroticism, extra-
version, openness, agreeableness and conscientiousness. The Dutch version of the NEO FFI 
has good psychometric properties (Hoekstra, Ormel, & De Fruyt, 2003).

The TCI Short Form is a Dutch short version of the Temperament and Character 
Inventory. It measures novelty seeking, harm avoidance, reward dependence, persis-
tence, self-directedness, cooperativeness and self-transcendence, with good psychometric 
 properties (Duijsens & Spinhoven, 2006).

Fatigue

Checklist individual strength fatigue severity subscale
The Checklist individual strength (CIS) is a 20-item questionnaire and measures the 
 following aspects of fatigue during the previous two weeks: fatigue severity, concentration 
problems, reduced motivation and reduced activity. The psychometric properties of the CIS 
have proven to be good (Vercoulen et al., 1994) (Figure 1).

Data analysis

We performed a cluster analysis on all data types that were either numerical (e.g. age, TST) 
or binary (e.g. gender). The selected data sources were: presence of psychiatric comorbidity, 
age, gender, age of onset, Insomnia Severity Index, TST, sleep efficiency, SOL, neuroticism, 
extraversion, openness, agreeableness, conscientiousness, harm avoidance, self-direct-
edness, HADS and CIS. All data were normalized to have zero mean and unit standard 
deviation over the complete pool of 218 subjects. Missing data were replaced by the pool 
average (or zero, after normalization). Clustering was performed through the k-medoids 
method (http://nl.mathworks.com/matlabcentral/fileexchange/7486-clustering-toolbox). 
The final choice of the number of clusters (3) was made based on visual inspection and 
confirmed by the Dunn Index, which reached a maximum at 3 clusters. Personality scores 
on the NEO FFI and TCI Short Form and CIS- fatigue scores in the three clusters were 
compared to the norm scores of the general Dutch population (Duijsens, Spinhoven, 
Goekoop, Spermon, & Eurelings-Bontekoe, 2000; Hoekstra et al., 2003; Vercoulen, Alberts, 
& Bleijenberg, 1999).

Results

General characteristics of the total sample, sleep variables and other variables of interest are 
presented in Table 1. Specific subtypes of the comorbid psychiatric disorders are described 
in Table 2. Three groups were identified through partitional cluster analyses (Figure 2). Age, 
age of onset, TST, sleep efficiency and harm avoidance were clear distinguishing character-
istics between the three clusters. In Figure 3 these variables are depicted in a star diagram. 
The ‘moderate insomnia with low psychopathology’-cluster was characterized by low harm 
avoidance scores when compared to the other two clusters. The ‘severe insomnia with mod-
erate psychopathology’-cluster mainly showed low scores on TST and sleep efficiency, while 
the ‘early onset insomnia with high psychopathology’-cluster was characterized by lower 

http://nl.mathworks.com/matlabcentral/fileexchange/7486-clustering-toolbox
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age and lower age of onset. In Table 3, the mean scores and standard deviations of different 
variables are shown as well as general characteristics of the groups identified through clus-
ter analysis. Table 4 shows the mean scores of the personality variables and corresponding 
norm scores for the general Dutch population.

Figure 1.  Flowchart of patients initially referred for diagnosis of insomnia complaint.
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Table 1. Baseline demographic characteristics and insomnia characteristics.

Note: Data are mean ± SD (range) or frequency (percentage).

Variables Total study sample (N = 218)
Age (years) 44.0 ± 11.2 (18–65)
Gender (male/female) 75/143 (34%/66%)
Sleep variables
Insomnia severity index 20.4 ± 4 (10–28)
Insomnia duration (years) 11.2 ± 11.8 (.3–64)
Total sleep time (hours) 5.0 ± 1.5 (0–8.4)
Sleep efficiency (%) 58.3 ± 16.8 (0–93.5)
Sleep onset latency (hours) 1.3 ± 1.0 (0–6.1)
Sleep medication use (y/n) 129/89 (59%/41%)

Table 2. Specific psychiatric diagnoses in research population (N = 111).

DSM-IV cluster Specific type of DSM-IV diagnosis Frequency
Mood disorders (N = 34) Depressive disorder 27 

Dysthymic disorder 4 
Bipolar disorder 3 

Anxiety disorders (N = 29) Generalized anxiety disorder 13
Panic disorder 8
Posttraumatic stress disorder 3
Social phobia 3
Obsessive compulsive disorder 1 
Anxiety disorder not otherwise specified 1

Somatoform disorders (N = 28) Undifferentiated somatoform disorder 28
Adjustment disorders (N = 13) Adjustment disorder 13
Attention-deficit and disruptive behaviour disorders (N = 7) ADHD 7

Figure 2. Heat diagram after partitional cluster analysis.
Notes: Each column (numbered on the horizontal axis) represents one patient, whereas each row (named on the vertical axis) 
represents a patient characteristic. Colors indicate the (normalized) numerical values of the characteristics, red indicating an 
above average value, blue a below average value. Note that Gender and Psychiatric Disorder have binary values, where high 
(1) represents male gender or the presence of a psychiatric disorder. Patients are grouped together according to the result 
of the cluster analysis, where the black vertical lines indicate the boundaries between the three clusters. Note that although 
Psychiatric Disorder is shown along with the other characteristics, it has not been used in the formation of the clusters.



6   M. VAN DE LAAR ET AL.

Discussion

In this cohort study, three phenotypic clusters of insomnia were found. The three clusters 
were mainly defined by the age of onset of insomnia, severity of anxiety and depressive 
symptoms, and subjective sleep variables. The ‘moderate insomnia with low psychopatholo-
gy’-cluster was characterized by normal scores on personality inventories, as well as normal 
levels of anxiety and depressive symptoms in the presence of moderate insomnia severity. 
The ‘severe insomnia with moderate psychopathology’-cluster showed relatively high scores 
on the Insomnia Severity Index. Subjective sleep efficiency was around 20% lower than in the 
other two groups. The subjective TST was 12 to 14 h less per week and subjective SOL was 
generally two times higher than in the other groups. The elevated score on harm avoidance 
and below average score on self-directedness can be interpreted as lower self-sufficiency and 
less goal-directed behavior. Anxiety and depressive symptoms were slightly above the cut-off.

Although we did not measure objective sleep parameters for verification of TST, the ‘severe 
insomnia with moderate psychopathology’-cluster could represent a distinct entity within 
the primary insomnia group, referred to as paradoxical insomnia (American Academy of 
Sleep Medicine, 2005). The extremely low subjective sleep time in combination with the 
specific pattern of psychometric variables supports this hypothesis and is in line with earlier 
research by Fernandez-Mendoza et al. (2011).

In the ‘early onset insomnia with high psychopathology’-cluster patients were generally 
a striking 16 to 17 years younger when their insomnia complaints started, their current 
age was 10 to 12 years younger than the other two groups while reporting 15 to almost 2 

Figure 3. Star diagram of the most distinguishing characteristics of the three clusters.
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times longer insomnia duration. Furthermore this group showed high levels of anxiety and 
depressive symptoms and showed a higher percentage of subjects with comorbid psychi-
atric disorders. Scores on personality inventories showed a ‘typical psychiatric’ personality 
profile of high neuroticism, low extraversion, low conscientiousness, high harm avoidance 
and low self-directedness (Bienvenu, Hettema, Neale, Prescott, & Kendler, 2007; Cloninger, 

Table 3. Characteristics of the three clusters.

Note: Data are mean ± SD (range) or frequency (percentage).

Variables 

Moderate insomnia with 
low psychopathology 

(N = 97)

Severe insomnia with 
moderate psychopathol-

ogy (N = 59)

Early onset insomnia 
with high psychopathol-

ogy (N = 62)
Age (years) 46.1 ± 10.3 (23–65) 48.2 ± 9.9 (24–64) 36.6 ± 10.2 (18–64)
Gender (male/female) 33/64 (34%/66%) 19/40 (32%/68%) 23/39 (37%/63%)
Sleep variables
Insomnia severity index 19.2 ± 3.8 (11–28) 22.7 ± 3.4 (10–28) 20.2 ± 3.7 (13–28)
Insomnia duration (years) 8.6 ± 8.5 (.3–40) 10.5 ± 12.4 (.3–64) 15.8 ± 14.1 (.3–52)
Age of onset (years) 37.4 ± 11.0 (6.0–60.0) 37.7 ± 13.2 (0–61.0) 20.9 ± 12.2 (0–47.7)
Total sleep time (hours) 5.3 ± 1.3 (2.1–8.1) 3.6 ± 1.3 (0–6.8) 5.7 ± 1.0 (2.1–8,4)
Sleep efficiency (%) 63.4 ± 13.5 (29.7–88.0) 41.5 ± 14.7 (0–66.4) 65.8 ± 11.9 (27.4–93.5)
Sleep onset latency (hours) 1.0 ± .7 (0–2.8) 2.3 ± 1.3 (.5–6.1) 1.2 ± .7 (0–2.9)
Sleep medication use (y/n) 54/43 37/22 38/24
Personality

NEO FFI
Neuroticism 30.6 ± 6.3 (16–44) 36.1 ± 7.5 (22–49) 42.0 ± 6.0 (29–57)
Extraversion 40.2 ± 5.4 (28–52) 36.3 ± 6.8 (21–55) 35.6 ± 7.3 (21–52)
Openness 36.9 ± 5.7 (24–55) 38.6 ± 7.4 (23–57) 35.6 ± 7.0 (21–56)
Agreeableness 45.5 ± 4.7 (29–57) 45.5 ± 5.4 (31–56) 43.0 ± 4.9 (31–54)
Conscientiousness 47.1 ± 4.8 (37–58) 42.1 ± 5.6 (28–56) 41.2 ± 5.2 (26–54)
TCI (Short-form)
Harm avoidance 6.8 ± 3.5 (0–14) 10.2 ± 3.2 (3–15) 11.0 ± 3.7 (4–15)
Self-directedness 13.4 ± 2.0 (3–15) 10.6 ± 3.4 (3–15) 8.1 ± 3.6 (1–13)
Anxiety and depressive symptoms
Psychiatric disorder (y/n) 34/63 (35%/65%) 34/25 (58%/42%) 43/19 (69%/31%)
HADS 10.5 ± 4.9 (1–22) 14.8 ± 6.9 (3–34) 18.6 ± 6.6 (6–37)
Fatigue
CIS-8 41.1 ± 10.0 (14–56) 47.7 ± 8.2 (22–56) 45.3 ± 8.0 (25–56)

Table 4. Norm scores of the personality variables in the three clusters.

Notes: Data are mean scores (stanines based on general population norm scores/score in comparance with general popula-
tion norm scores (Hoekstra et al., 2003; Duijsens et al, 2000), NEO FFI: norm score 1 is very low, norm score 2 and 3 are low, 
norm scores 4, 5 and 6 are average, norm scores 7 and 8 are high, norm score 9 is very high.

*Score outside the normal range.

Variables 

Moderate insomnia with 
low psychopathology 

(N = 97)

Severe insomnia with 
moderate psychopathology 

(N =  59)

Early onset insomnia with 
high psychopathology 

(N = 62)

NEO FFI
Neuroticism 30.6 (5) 36.1 (6) 42.0 (8) *
Extraversion 40.2 (5) 36.3 (4) 35.6 (3) *
Openness 36.9 (6) 38.6 (6) 35.6 (5)
Agreeableness 45.5 (6) 45.5 (6) 43.0 (5)
Conscientiousness 47.1 (6) 42.1 (4) 41.2 (3) *
TCI (Short-form)
Harm avoidance 6.8 (Average) 10.2 (Above average)* 11.0 (High)*
Self-directedness 13.4 (Average) 10.6 (Below average)* 8.1 (Low)*



8   M. VAN DE LAAR ET AL.

Zohar, Hirschmann, & Dahan, 2012; Harkness, Bagby, Joffe, & Levitt, 2002; Weinstock 
& Whisman, 2006). The finding that lower age and a lower age of onset of insomnia was 
accompanied with higher psychiatric comorbidity is in line with the results from a study 
by Roehrs, Lineback, Zorick, and Roth (1982).

Our findings may have important clinical implications. Although in recent diagnostic 
handbooks, no distinction was made between different types of insomnia, our results sug-
gest that there are differences in sleep variables, personality, age and age of onset between 
patients with and without psychiatric comorbidity. Whether or not these are distinct disease 
entities or parts of a spectrum, the findings stress the need for psychodiagnostic procedures 
next to a sleep-related diagnostic approach, especially in the younger insomnia patients. 
In addition, we suggest a distinction between primary and comorbid insomnia as this may 
be helpful in clinical practice.

Disclosure statement
No potential conflict of interest was reported by the authors.
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