1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

s NIH Public Access
I‘E@" Author Manuscript

Rrens®

Published in final edited form as:
Sleep Med. 2012 January ; 13(1): 52-57. doi:10.1016/j.5leep.2011.06.010.

HIERARCHY OF INSOMNIA CRITERIA BASED ON DAYTIME
CONSEQUENCES

Maurice M. Ohayon, MD, DSc, PhD1, Dieter Riemann, PhD.2, Charles Morin, PhD.3, and
Charles F. Reynolds IIl, MD*

1Stanford Sleep Epidemiology Research Center, Stanford University School of Medicine,
Stanford, California, USA

2Section for Clinical Psychology & Psychophysiology/ Sleep Medicine, Dept. of Psychiatry &
Psychotherapy, Freiburg University Medical Center, Germany

SLaval University, Quebec, Canada

4Department of Psychiatry, University of Pittsburgh School of Medicine, Pittsburgh, PA, USA

Abstract

Objectives—To explore how insomnia symptoms are hierarchically organized in individuals
reporting daytime consequences of their sleep disturbances.

Methods—This is a cross-sectional study conducted in the general population of the states of
California, New York and Texas. The sample included 8,937 individuals aged 18 years or older
representative of the general population. Telephone interviews on sleep habits and disorders were
managed with the Sleep-EVAL expert system and using DSM-IV and ICSD classifications.
Insomnia symptoms and Global Sleep Dissatisfaction (GSD) had to occur at least three times per
week for at least three months.

Results—A total of 26.2% of the sample had a GSD. Individuals with GSD reported at least one
insomnia symptom in 73.1% of the cases. The presence of GSD in addition to insomnia symptoms
considerably increased the proportion of individuals with daytime consequences related to
insomnia. In the classification trees performed, GSD arrived as the first predictor for daytime
consequences related to insomnia. The second predictor was nonrestorative sleep followed by
difficulty resuming sleep and difficulty initiating sleep.

Conclusions—Classification trees are a useful way to hierarchically organize symptoms and to
help diagnostic classifications. In this study, GSD was found to be the foremost symptom in
identifying individuals with daytime consequences related to insomnia.
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INTRODUCTION

METHODS

Sample

Procedures

For more than thirty years, the assessment of insomnia in epidemiologic studies was limited
to the identification of insomnia symptoms in terms of their prevalence and associations
with mental disorders and medical conditions [1]. The DSM-III-R [2], its successor the
DSM-IV [3], and the second International Classification of Sleep Disorders (ICSD-I1) [4]
have represented important steps in the recognition and placement of each symptom.
Progressively, four main insomnia symptoms were retained: Difficulty Initiating Sleep
(DIS), Difficulty Maintaining Sleep (DMS), Early Morning Awakenings (EMA) and Non-
Restorative Sleep (NRS). The assessment of daytime consequences was also mandatory in
the DSM-111-R and subsequently in the DSM-IV and the ICSD-II.

Meanwhile, several studies have demonstrated that the prevalence of insomnia symptoms
was dependent on their frequency during the week as opposed to the mere presence/absence
of the symptoms [1]. Symptom duration (for example, one month or longer), however, was
seldom investigated, although its importance has been outlined in classifications for nearly
three decades. Current classifications, DSM-1V and ICSD-II, have arbitrarily set one month
as the criterion for defining insomnia disorder. This poses a difficulty, since it is unlikely
that a 1-month symptom duration characterizes a chronic health problem.

Some researchers have argued that the problem of insomnia prevalence, as defined until
now, has resulted from the absence of crucial elements in the insomnia diagnosis. Indeed,
some studies have shown that many individuals had insomnia symptoms without
complaining about their sleep; i.e., when asked about specific insomnia symptoms they
report having them but they remained satisfied with their sleep [5,6]. According to studies, a
complaint of sleep quality or quantity was the foremost condition for an insomnia diagnosis
and was prepotent in determining the hierarchy of insomnia symptoms [5-12]. Furthermore,
some recent studies have demonstrated that insomnia as a pathology exists only when
daytime consequences such as fatigue, excessive sleepiness, irritability, mood swings or
cognitive difficulties are present [5,9,10].

Using a hierarchical classification method, we proposed, in this study, to explore how
insomnia symptoms are organized within individuals reporting daytime consequences
related to sleep disturbances. Which symptoms were prepotent in determining a clinical
picture and in driving help seeking behaviour?

The study was performed between 2003 and 2005 [13,14]. The target population was adults
(18 years and older) living in the states of California, New York and Texas (USA). A total
of 8,937 individuals aged 18 years or older, representative of the general population of these
three states (3,243 subjects in California, 3,445 subjects in New York and 2,249 subjects in
Texas), were interviewed by telephone. They represented a total of 62.8 million inhabitants.
Rates of participation were 85.6% in California, 81.3% in New York and 83.2% in Texas.

In the first stage, telephone numbers were randomly selected proportional to the population
size of each county in California, New York and Texas. The selection was done within each
state using a computerized residential phone book. In the second stage, during the telephone
contact, the Kish method [15] was used to select one respondent per household. This method
allowed for the selection of a respondent based on age and gender to maintain a sample
representative of these two parameters. If the household member chosen declined to
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participate, the household was dropped and replaced with another number from the same
area, and the process was repeated.

Interviewers explained the goals of the study to potential participants. They requested verbal
consent before conducting the interview. The participants had the option of calling the
principal investigator if they wanted further information. The study was approved by the
Stanford University Institutional Review Board (IRB).

Subjects who declined to participate or who gave up before completing half the interview
were classified as refusals. Excluded from the study were subjects who were not fluent in
English (or Spanish), who suffered from a hearing or speech impairment, or who had an
illness that precluded being interviewed. Phone numbers were dropped and replaced only
after a minimum of 10 unsuccessful dial attempts were made at different times and on
different days, including weekends. An added-digit technique, that is, increasing the last
digit of a number by one, was employed to control for unlisted telephone numbers. The final
sample included 21.4% unlisted telephone numbers.

The interviews lasted on average 74.5 (£37.8) minutes. An interview could be completed
with more than one telephone call if longer than 60 minutes or at the request of the
participant. Participants answered an average of 308 questions. The shortest interviews
encompassed 110 questions and the longest 630 questions. The project manager or the team
leaders also called nearly all the participants who completed the interview. During this 6-8
minute call, they asked a series of random questions related to the interview and also asked
the participants how satisfied they were with the interviewer.

It was required that all the interviewers had no specific background in medicine and related
sciences or in psychology. The interviewers were college students or had some college
education. The training consisted of five 3-hour sessions that covered the study objectives,
ethics in research, use of the Sleep-EVAL software and role-playing for interview situations.
Interviewers were supervised by two or three team leaders with a ratio of one team leader
for six interviewers.

Interviewers used the Sleep-EVVAL knowledge-based expert system [16,17] to conduct the
interviews. This computer software is specially designed to administer questionnaires and
conduct epidemiological studies in the general population.

The system is composed of a non-monotonic, level-2 inference engine, two neural networks,
a mathematical processor, a knowledge base and a base of facts. Simply put, the interview
begins with a series of questions asked of all the participants. It includes, in order of
appearance: sociodemographic information, sleep/wake schedule, sleeping habits, sleep
disturbance symptoms, medical and paramedical consultations and hospitalizations in the
last 12-month period, physical diseases, use of prescribed and non-prescribed drugs, a health
quality assessment scale, alimentation, fatigue scale, pain questionnaire, height and weight
and, for women, questions on menopause. Questions were read out by the interviewer as
they appeared on the screen. These questions were either close-ended (e.g., yes/no, 5-point
scale, multiple choice) or open-ended (e.g., duration of symptom, description of illness).

Once this information was collected, the system began the diagnostic exploration of mental
disorders. On the basis of responses provided by a subject to this questionnaire, the system
formulated an initial diagnostic hypothesis that it attempted to confirm or reject by asking

supplemental questions or by deductions. Concurrent diagnoses are allowed in accordance
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with the DSM-1V [3] and the International Classification of Sleep Disorders or ICSD [4].
The system terminated the interview once all diagnostic possibilities were exhausted.

The differential process is based on a series of key rules allowing or prohibiting the co-
occurrence of two diagnoses. The questionnaire of the expert system is designed such that
the decision about the presence of a symptom is based upon the interviewee’s responses
rather than on the interviewer’s judgment. This approach has proved to yield better
agreement between lay interviewers and psychiatrists on the diagnosis of minor psychiatric
disorders [18]. The system has been tested in various contexts, in clinical psychiatry and
sleep disorders clinics [19]. In psychiatry, kappas have ranged from .44 (schizophrenia
disorders) to .78 (major depressive disorder). Agreement for insomnia diagnoses was
obtained in 96.9% of cases (kappa 0.78)20.

Insomnia symptoms

Insomnia symptoms were defined as follows:

1. Global Sleep Dissatisfaction (GSD): Dissatisfaction with the sleep quality or
quantity.

2. Difficulty Initiating Sleep (DIS): Difficulty falling asleep once in bed with the
intention of sleeping.

3. Difficulty Maintaining Sleep (DMS):
a. Frequent nocturnal awakenings in the same night (at least 3)
OR
b. Difficulty resuming sleep after an awakening (DRS).

4. Early Morning Awakenings (EMA): Premature awakening with an inability to
resume sleep.

5. Non-Restorative Sleep (NRS): Feeling that the sleep is not refreshing even if the
sleep duration is normal.

Severity and duration of each symptom were set at three nights or more per week and with a
minimal duration of three months. We chose three months as the threshold criterion, rather
than one month, in order to capture chronicity.

Daytime repercussions

Analyses

Repercussions were assessed through 15 questions answered on a 5-point scale ranging from
no impact to severe impact. These items covered cognitive functioning (memory,
concentration, efficacy); affective tone (irritability, anxiety, depression); sensory irritability;
fatigue; and excessive sleepiness.

A classification tree was constructed based on the Exhaustive CHAID method (Chi-squared
Automatic Interaction Detector), which is used to study the relationships between a
dependent measure (in this study: daytime consequences) and a large series of possible
predictor variables that themselves may interact (insomnia symptoms and GSD). Predictor
variables are chosen using the Pearson’s chi-square test. The splitting point of the predictor
variables is defined using a quadratic discriminant analysis. Subsequently, the data are split
into two subsets based on the split point. This procedure is repeated for each of the two new
subsets. The procedure stops when no significant predictor can be found. The significance
level was p<0.05.
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The participants in the sample were aged between 18 and 97 years; 54.1% of them were
women. About half of the sample (51.4%) was married or living with a domestic partner and
30.4% of the participants were single. Retired individuals represented 17.1% of the sample,
students 6.8%, daytime workers 39.6% and shift-workers 24.3%. Most of the participants
were Whites (71.2%), 10.2% were Hispanics, 8% were Blacks, 3.5% were Asians and 6.4%
were of mixed races. Interviews were conducted in Spanish for about 1% of the sample.

between GSD, insomnia symptoms and daytime consequences

A total of 26.2% of the sample was dissatisfied with either sleep quality or with sleep
quantity (or both) (GSD). More specifically, 17.1% were dissatisfied with the quality of
their sleep and 23.4% with the quantity of their sleep. As many as 73.1% of individuals with
GSD reported at least one insomnia symptom. GSD without insomnia symptom was
observed in 7.1% of the sample.

When at least two insomnia symptoms were present, more than 75% of the individuals also
reported GSD (see Table 1). Proportion of individuals with GSD was significantly higher
between individuals with only one insomnia symptom compared to those with two or more
insomnia symptoms. Individuals with only nocturnal awakenings were less likely to report
GSD. As shown in Table 2, the presence of GSD considerably increased the proportion of
subjects with daytime consequences related to insomnia. In most cases, the association of
one or several insomnia symptoms with GSD increased the proportion of individuals with
daytime consequences to more than 80%.

Predictors of daytime consequences

An exhaustive CHAID tree method was used to examine the relational hierarchy between
GSD and insomnia symptoms in predicting daytime consequences associated with insomnia.
The predictor variables entered in the tree modeling were: DIS, DMS (NA and DRS), EMA,
NRS, GSD, difficulty getting started in the morning, sleep duration and sleep latency
duration. The final result is presented in figure 1. The diagram represents a tree with
progressive splits into smaller branches. The first split in the tree represents the most
significant predictor. Each branch is further split until no significant difference is observed
in the new split.

As it can be seen, the first split is with GSD. It is therefore the most important predictor for
daytime consequences. As many as 72.7% of individuals who were rather dissatisfied (node
3) and 85.2% of those very dissatisfied (node 2) reported daytime consequences.

The second split is on NRS. Among individuals who were rather dissatisfied with their
sleep, the addition of NRS increased the proportion of individuals with daytime
consequences to 84.4% (node 9); being rather dissatisfied without NRS decreased the
proportion to 66.2% (node 8); In very dissatisfied individuals, the second split was also on
NRS: very dissatisfied individuals who also had NRS reported daytime consequences in
91.1% of cases (node 7), while in those very dissatisfied but without NRS daytime
consequences were reported in 73% of cases (node 6). Among individuals without GSD
(satisfied), the proportion with daytime consequences associated with insomnia was 30.2%
(node 2). The second split was again with NRS. No GSD but with NRS increased the
proportion of individuals with daytime consequences to 63.7% (node 5).

The third split on the tree branch involving individuals without GSD was with Difficulty
Resuming Sleep (DRS), which was the strongest predictor of daytime repercussions in
individuals satisfied with their sleep (nodes 11 and 13).
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For individuals very dissatisfied with their sleep, the third split involved DIS and DRS. As it
can be seen, in the absence of NRS, the presence of DIS increased the proportion of
individuals with daytime consequences to 87.9% (node 15). When NRS was present, the
addition of DRS slightly increased the proportion of individuals with daytime consequences
(node 17).

For individuals rather dissatisfied with their sleep, the third split occurs with DRS. As it can
be seen, the presence of DRS considerably increased the number of subjects with daytime
consequences among those without NRS (node 19).

The same tree method was done again, this time using GSD with quantity and GSD with
quality as two separated variables. As seen in Fig. 2, the results are not very different than
the first tree. The first split is with GSD with quantity and the second split is on GSD with
quality.

DISCUSSION

The main aim of this study was to explore how insomnia symptoms were organized within a
general population sample and to determine the hierarchical importance of these symptoms
to predict daytime consequences of sleep disturbances. The results clearly show that Global
Sleep Dissatisfaction (GSD) with sleep quantity or sleep quality was the foremost symptom
in identifying individuals with daytime consequences.

Are these findings surprising? At first glance, the answer is yes. However, many years
before the appearance of the sleep disorders chapter in the DSM-111-R and the development
of the International Classification of Sleep Disorders, the American Institute of Medicine, in
1979, had defined insomnia as being an unsatisfactory sleep [21]. Although the premises
were good, such a definition was impractical and too vague; it is difficult to measure
changes in symptoms when none are defined.

How the use of a general population sample enhances the design of a classification

Clinical samples are excellent to measure the efficacy of a treatment. However, as it comes
to define symptoms of a disorder such as insomnia, the problem is that their patients already
share one important characteristic: they are dissatisfied with their sleep. Therefore, actual
definitions of classic insomnia symptoms are based on the implicit assumption that people
reporting an insomnia symptom are dissatisfied with their sleep. It might be true in a clinical
population, but in a general population sample it cannot be assumed: one of the
consequences of such an assumption in the general population is that a large proportion of
individuals with insomnia symptoms has no associated daytime consequences. This is
clearly shown in our results (table 2): in the absence of GSD, less than half of individuals
who reported insomnia symptom(s) had associated daytime consequences. This leads us to
the question, “what are the differences between complaint, symptom, syndrome and disorder
in sleep disorders?” A complaint refers to a patient reporting a problem bothering him or
producing a handicap. A symptom is a clinical fact recognized by the clinician based on
answers to a questionnaire or an examination.

A syndrome is a regrouping of symptoms and/or complaints in terms of criteria that can
have an intensity, a duration, a frequency, an evolution and a specificity linked with age,
gender or other categories.

One can already see a fundamental difference between epidemiological and clinical studies:
epidemiological studies first look for symptoms identified a posteriori based on the answers
to a questionnaire. In clinical studies, a participant is primarily selected based on a
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complaint and only after that will symptoms be explored. It is why it is so important to
define our field very carefully using both general population and clinical samples. Our
insomnia model could help the field in defining more specific diagnostic algorithms through
the entire field of sleep.

The statistical method we have used may surprise many. The decision tree technique we
used was developed in 1980 with the primary purpose to help classifications in the field of
medical and psychiatric research [22]. The main problem is that it requires a large number of
subjects because it can have multiple splits and the number of subjects can quickly become
too small for reliable analysis. However, when the prerequisites are respected, the method is
very valuable. It offers a useful way of summarizing data and shows the major natural
divisions of the participants.

It should be kept in mind, however, that our results are based on subjective reports.
Therefore, symptoms are described in the manner that the participants experienced them and
may not correspond exactly to polysomnographic measures. Since ours is an
epidemiological study, we did not conduct laboratory testing with respondents to confirm
symptoms and diagnoses. In some cases, such as for disorders like Obstructive Sleep Apnea
Syndrome, polysomnographic recording (PSG) is needed to confirm the diagnosis. It has
been documented that individuals with insomnia tend to misjudge their sleep compared with
PSG data [23,24].

To summarize, this study is the first one to underline and to document the strength and
impact of GSD in the diagnosis making process of insomnia. GSD overrides all the other
symptoms of insomnia: difficulty initiating sleep, nocturnal awakenings, early morning
awakenings and nonrestorative sleep. In the classification tree, GSD emerges as the first
symptom leading to the diagnosis of insomnia; associations with the other insomnia
symptoms still remain, but they appear only on second or third levels in the classification
tree.

We have studied how different parameters were playing in the identification of different
categories of insomnia in the general population. We have shown that using a more
hierarchical procedure inside of the diagnosis of insomnia is a way to not only identify
people with insomnia more clearly but also to identify the ones who need to be treated with
a greater chance of compliance.

Scientifically, this approach is easily reproducible and could lead to insomnia studies with
greater comparability between themselves and to fewer variations in the definitions of
patient groups.

The benefits in the appreciation of new medications could be decisive in terms of efficacy
but also in terms of follow-up and evaluation of unexpected adverse events. In terms of
educational purposes, the interest of a classification corresponding to the reality of the
medical community’s work is a major advantage toward encouraging general practitioners to
become more interested in recognizing and treating the sleep pathology of their patients.
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Figure 1.

Hierarchical tree for insomnia complaints and symptoms: Justification for Global Sleep
Dissatisfaction with sleep quantity or quality (grouped into a single variable)

DIS: Difficulty initiating sleep; DRS: Difficulty resuming sleep; EMA: Early morning
awakenings; NRS: nonrestorative sleep; GSD: Global sleep dissatisfaction

Sleep Med. Author manuscript; available in PMC 2013 January 1.

Page 9



1duosnuey Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Ohayon et al.

Page 10

Figure 2.

Hierarchical tree for insomnia complaints and symptoms: Justification for Global Sleep
Dissatisfaction with sleep quantity or quality (treated as two separated variables)
Legend: DIS: Difficulty initiating sleep; DRS: Difficulty resuming sleep; EMA: Early
morning awakenings; NRS: nonrestorative sleep; GSD: Global sleep dissatisfaction
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Prevalence of insomnia complaints and symptoms within the population endorsing daytime consequences of

sleep disturbances.

Frequency (%) within % with
individuals with daytime  GSD
consequences of sleep
disturbances
GSD only 10.1
DIS only 35 55.8
DMS only
NA 2.9 284
DRS 6.6 416
EMA only 21 343
NRS only 9.2 67.0
DIS+DMS 32 755
DIS+EMA 03 90.9f
DIS+NRS 35 87.61
DMS+EMA 24 60.5
DMS+NRS 5.0 77.21
EMA+NRS 13 68.3
DIS+DMS+EMA 3.0 87.0f
DIS+DMS+NRS 37 9417
DIS+EMA+NRS 11 g7.1%
DMS+EMA+NRS 38 844t
DIS+DMS+EMA+NRS 47 96.0f

DIS: Difficulty initiating sleep; DRS: Difficulty resuming sleep; EMA: Early morning awakenings; NA: Nocturnal awakenings without difficulty
resuming sleep) NRS: nonrestorative sleep; GSD: Global sleep dissatisfaction

Tp<.01 with single symptom (DIS, DMS, EMA, NRS)

ﬂp<.01 with single symptom (DIS, DMS, EMA)
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