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Abstract
Introduction : Despite the high prevalence of insomnia, there is little information about
its incidence and risk factors. This study estimated the incidence of insomnia and
examined potential risk factors in a cohort of good sleepers followed over a one-year
period.
Methods: Participants were 464 good sleepers who completed 3 postal evaluations
over a one-year period (i.e., baseline, 6 months, and 12 months). Questionnaires
assessed sleep, psychological and personality variables, stressful life events and coping
skills, and health-related quality of life. Participants were categorized into 3 subgroups:
(a) good sleepers (i.e., participants who remained good sleepers at the 3
assessments), (b) insomnia symptoms incident cases (i.e., developed insomnia
symptoms either at 6- or 12-month follow-up), and (c) insomnia syndrome incident
cases (i.e., developed an insomnia syndrome either at 6- or 12- month follow-up).
Results: One-year incidence rates were 30.7% for insomnia symptoms and 7.4% for
insomnia syndrome. These rates decreased to 28.8% and 3.9% for those without prior
lifetime episode of insomnia. Compared to good sleepers and insomnia symptoms
incident cases, insomnia syndrome incident cases presented a premorbid psychological
vulnerability to insomnia, characterized by higher depressive and anxiety symptoms,
lower extraversion, higher arousability, and poorer self-rated mental health at baseline.
They also presented a higher level of bodily pain and a poorer general health. Five
variables were associated with a new onset of an insomnia syndrome: previous episode
of insomnia, positive family history of insomnia, higher arousability predisposition,
poorer self-rated general health, and higher bodily pain.
Conclusion: The one-year insomnia incidence rate was very high and several
psychological and health factors were associated with new onset insomnia. Improved

knowledge about the nature of these predisposing factors would be helpful to guide the



development of effective public health prevention and intervention programs to promote
better sleep quality.
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Introduction
Insomnia is among the most prevalent health complaints. Approximately 9% of the

general population regularly suffer from insomnia, and about 30% do so occasionally.l'3
Incidence rates reported in longitudinal studies vary extensively (from 3% to 20%),
depending on the population studied, the time interval (e.g., 1 year versus 10 years), and
the definition of insomnia used (i.e., insomnia syndrome versus symptoms). For

instance, it is estimated that over a period of one year, approximately 6% of the general
population develop an insomnia syndrome,4 and approximately 20% develop insomnia
symptoms, with the latter figures being based on samples of older adults” and

individuals with chronic health problems.6 Furthermore, new onset of insomnia is

generally more frequent among women and individuals with medical conditions,
psychiatric disorders, and a perceived stressful life.""
Based on a tripartite conceptual framework widely used to explain the

development of insomnia,m12 3 types of factors are involved at different times during
the course of insomnia. First, everyone is, to some degree, predisposed to develop
insomnia. Second, a precipitating event is usually associated with the onset of
insomnia. Third, insomnia is perpetuated over time by psychological and behavioral
factors, even after precipitating factors have been controlled or eliminated. The most

commonly hypothesized predisposing factors include demographic factors (e.g., aging,
female gender, living alone),l’3'13 familial/hereditary conditions (a personal or family
. . . 14-16 . . . .
history of insomnia), psychological factors (e.g., anxiety, depression, personality
. 4,17-19 . . . e . 20,21
traits), and physiological and lifestyle factors (e.g., arousability and smoking).
Precipitating factors include stressful life events (e.g., divorce),g’22 as well as

psychological and health-related factors (e.g., pain, mental health problems).lo’23



Finally, maintaining factors include maladaptive sleep habits (e.g., excessive

amounts of time spent in bed, napping, chronic medication use) and dysfunctional
- . . . 10
cognitions about sleep loss and its impact on life (e.g., worry over sleep loss).

Most studies investigating insomnia risk factors have been either retrospective
or cross-sectional, precluding unequivocal inference about the relationship between
these factors and the development of insomnia. The extent to which depression and
anxiety trigger insomnia or represent consequences of insomnia remains ambiguous.
The few longitudinal studies of insomnia have provided informative data about

incidence and risk factors, although most of those studies have focused predominantly
7,28 8,24,25 . .
on selected samples such as young adults, ~  elderly adults, or patient attending

medical practices.G'ZG'27 Only one longitudinal study evaluating the relation between

sleep problem symptoms (i.e., insomnia and hypersomnia) and psychiatric disorders

. 4
sampled the population at large.

Few studies have used standard diagnostic criteria to define insomnia.
Moreover, previous studies have used various time frames and most have not
adequately operationalized their measure of incidence. For instance, most studies
have not differentiated between incident cases of first episode of insomnia (no prior
history of insomnia) and cases of recurrence (with past history of insomnia).

Furthermore, the majority of studies included only individuals experiencing insomnia at
. . - . . 5,6,8,29
the time of the second assessment in their incidence estimates rather than all

. . . . 7
cases emerging during the interval between baseline and follow-up assessment.

Since insomnia may prove transient or episodic, incidence rates may have been

underestimated in previous studies. The National Institutes of Health™ called for

additional longitudinal studies using well-operationalized and stringent diagnostic



criteria to estimate insomnia incidence and identify risk factors within the general
population.

The objectives of this study were to estimate the incidence of insomnia
symptoms and syndrome and to identify associated risk factors in a cohort of good
sleepers sampled from the general population and followed over a one-year period.

Methods
Study context
Data from this study were derived from a larger epidemiological study conducted in the

province of Quebec, Canada. The study began with a telephone survey to document the

prevalence of insomnia and determinants of health-seeking behaviors.” The sample was
composed of French-speaking residents of the province of Quebec, aged 18 years and

over. Sample selection involved 2 procedures: (1) random digit dialing method, which

generates geographically stratify phone numbers; and (2) the Kish method,31 to identify
the individual to be interviewed within each household. At the conclusion of the telephone
interview, participants were asked if they wanted to take part in the longitudinal phase of
the study, which involved completion of 7 postal evaluations over a 5-year period. The
first postal evaluation was conducted one month after the telephone interview. The
remaining evaluations were scheduled respectively 6, 12, 24, 36, 48, and 60 months after
the fi postal evaluation. Data from the fi 3 postal evaluations (1-year period) were used in
the present study.

Measures

Several measures were included in the questionnaires sent to the participants. These
included French-Canadian versions of validated self-report measures, as well as
guestions developed specifically for this study, covering 4 general domains: sleep;

mood and personality; coping and life events; and lifestyle and health-related quality of



life. Participants received the same measures at each evaluation with the exception of

the personality inventory and the coping inventory for stressful situations, which were
completed only at the first evaluation. Two sleep/ insomnia measures (ISIlO and

PSQI35) were used to classify participants in the 3 sleep status groups and to describe
the sample. All other measures were used to derive dependent variables.

Sleep measures

The Insomnia Severity Index (ISI)10 is a 7-item questionnaire assessing the nature,
severity, and impact of sleep difficulties over the last month. Dimensions assessed are:
severity of sleep-onset, sleep-maintenance, and early morning awakening problems;
sleep satisfaction; interference of sleep difficulties with daytime functioning;
noticeability of sleep problems by others; and distress caused by the sleep
difficulties. A 5-point Likert scale (0 = not at all, 4 = extremely) is used to rate each
items, yielding a total score ranging from 0 to 28. Scores can be classified into 4 severity
categories: absence of insomnia (0—7); subthreshold insomnia (8—14); moderate

insomnia (15—-21); and severe insomnia (22-28). The ISI has adequate psychometric

. . - 37 .
properties and is sensitive to measure treatment outcome.  The French version of the

guestionnaire has good internal consistency, test-retest reliability, and convergent
validity (r = 0.65 compared with sleep diary).38

The Pittsburgh Sleep Quality Index (PSQI)35 iIs a 19-item questionnaire
evaluating sleep quality and disturbances over a one-month time interval. The first 4
items are open questions, whereas items 5 to 19 are rated on a 4-point Likert scale.
Seven component scores are obtained (e.g., subjective sleep quality; sleep latency;
sleep duration) and the total score, ranging from 0 to 21, is derived by adding the 7
component scores. A score > 5 suggests poor sleep quality. Psychometric properties

of the original PSQI are adequate, as are those of the French version. 353



Sleep-promoting products (i.e., prescribed and over-the-counter) utilization was
assessed with the following questions: “During the past month, how many nights per
week have you taken prescribed medication to help you sleep?” and “During the past
month, how many nights per week have you taken over-the-counter medication (e.g.,
Nytol, Sominex) to help you sleep?” There was one question about use of alcohol as a
sleep aid: “During the last month, how many nights per week have you used alcohol to
help you sleep?”

Personal and family histories of insomnia were assessed with the following
guestions: “In the past, have you ever experienced insomnia a few days per week for
more than one month? (yes/ no),” “Is a member of your immediate family (parents,
children, brothers, sisters) currently experiencing sleep difficulties? (yes/ no),” and “Has
a member of your immediate family (parents, children, brothers, sisters) ever
experienced sleep difficulties? (yes/no).” For those answering in the affirmative,
follow-up questions were asked to identify the family member and the type of sleep
problem (i.e., insomnia, excessive daytime sleepiness, sleep apnea, restless legs or
periodic limb movements, others). A family history of insomnia was defined as a report
of at least one parent or sibling with past or current insomnia.

Psychological measures

The Beck Depression Inventory Il (BDI-II)39 contains 21 items rating depressive
symptoms experienced during the past 2 weeks on a 4-point Likert scale. A total score,
ranging from 0 to 63, is derived with a higher score suggesting a higher depressive

symptomatology. The psychometric properties of the French version are well
documented and equivalent to those of the original version.”

The Trait part of the State-Trait Anxiety Inventory (STAI-Trait)40 was used to

assess anxiety as a personality trait. The STAI-Trait is composed of 20 items rated



on a 4-point Likert scale (1 = not at all, 4 = a lot). Participants are asked to score how
they relate to the statements in general. Total score ranges from 20 to 80.

Psychometric properties of the STAI and the validated French-Canadian adaptation

. 40,41
used in the present study are excellent.

Stress and coping skills measures

The Life Experience Survey (LES)42 is a 57-item (47 for general population and 10 for
students) self-report measure asking respondents to indicate life events they
experienced during the past year. Individuals are also asked to rate, on a 7-point scale
(-3 = extremely negative, +3 = extremely positive), the perceived impact of the
particular event on their life at the time of occurrence. Several scores can be derived
from this scale: frequency of events in the past year (i.e., number of positive,
negative, and neutral events and total number of events), intensity of positive events,

intensity of negative events, and total score intensity. The LES has adequate

. . . . . . . e, 42
psychometric properties, including internal consistency and test-retest reliability.  For
the purpose of the present study, only the 47 items formulated for the general
population were retained. Moreover, participants were asked to report events they have

experienced for the last 6 months rather than for the past year.

The Perceived Stress Scale (PSS)43 is a 14-item self-report scale measuring
the degree to which situations in one’s life are appraised as stressful. Items represent
feelings and thoughts that have occurred in the past month in relation to stressful
situations or events. Individuals rate the frequency of each item on a 5-point Likert
scale (0 = never, 4 = very often). The higher the total score, the more the person
appraises life as unpredictable and uncontrollable. The PSS has adequate test-

retest reliability (0.85) and internal consistency (0.80) and is correlated with a range

of self-report and behavioral criteria.”” A French-Canadian version of the



guestionnaire was used in the present study.

The Coping Inventory for Stressful Situations (CISS)44 IS a 48-item self-report
measure of coping. It is divided into 3 subscales, each containing 16 items: task-
oriented coping; emotion-oriented coping; and avoidance-oriented coping. CISS items
exemplify different ways of coping, and respondents are asked to rate on a 5-point
scale (1 = not at all, 5 = very much) how each item is representative of their own
ways of coping with stress. The higher the score for a scale, the more likely the
respondent is to rely on the type of coping strategies measured by the scale. The CISS

has adequate properties with internal a reliabilities ranging from 0.76 (men on the

emotion subscale) to 0.91 (women on the task subscale).‘m'45

Arousal predisposition

The Arousal Predisposition Scale (APS)20 is a 12-item inventory that has been designed
to measure arousability. Respondents are asked to report the frequency to which they
experience the proposed emotion or behavior on a 5-point Likert scale (1 = never, 5
= always). A higher score reflects greater predisposition to arousal. The APS is a

useful measure of individual differences in predisposition towards arousability and

presents an adequate internal consistency (0.84).46

Personality

The NEO Five-Factor Inventory (NEO-FFI)47 IS a 60-item questionnaire measuring 5
personality domains: neuroticism (N), extraversion (E), openness (O), agreeableness
(A), and conscientiousness (C). Each factor is evaluated by 12 items rated on a 5-

point Likert scale (strongly disagree to strongly agree). This 5-factor model is

considered an excellent representation of key personality traits.” The psychometric

properties of the NEO-FFI in a Canadian context have been considered adequate,

with internal consistency coefficients of at least 0.70 for each of the 5 subscales.” A



French-Canadian version was used in the present study.50

Health-related Quality of Life

The SF-12 Health Survey version 2°" is a short form of the SF-36, the most widely
used health survey. The 12 items are rated on a 5-point Likert scale, and 8 subscale
scores can be derived from the answers (physical functioning, role physical, bodily
pain, general health, vitality, social functioning, role emotional, and mental health).
Three subscales were used in the present study: bodily pain, general health, and
mental health (as the others were more likely to be associated with the consequences
rather than the risk factors of insomnia). A higher score on those subscales is associated
with a better quality of life. The psychometric properties of the SF-12v2 are adequate,

with reliability coefficients for the 8 subscales ranging from 0.73 to 0.87 in general

population.52 A French-Canadian version was used.

Lifestyle factors

Weekly alcohol consumption was measured with one specific item: “On the average,
how many alcoholic beverages do you drink per week?” Frequency of cigarette smoking
was also assessed with one question: “Do you smoke cigarette? (yes, daily; yes,
occasionally; and no, never).” Lastly, frequency of physical activity practice as
measured with the following item: “How many times per week do you spend more than
20 minutes exercising in your free time?” Body mass index (BMI) was calculated from
participants’ self-reported height and weight.

Participants and Procedure

Of the 5991 persons solicited, a total of 2001 (33.4%) completed the telephone
interview, and 1467 (73.3%) ofthem (57.5% women) agreed to take part in the
longitudinal study (Figure 1). Of these, 105 (7.1%) were excluded because they

reported the presence of a sleep disorder other than insomnia, the only exclusion



criterion of the study. An apnea diagnosis was reported by 28 individuals (1.9%), 4
reported hypersomnia (0.3%), and 73 persons (5.0%) reported periodic limb
movements or restless legs. For each postal evaluation, participants were asked to
return the completed questionnaire within a 2-week period, and they were paid $25 for
completing it. Reminder calls were made to maximize response rate. The first postal
evaluation (baseline) was mailed to 1362 participants; 997 of them (73.2%) returned
the completed questionnaire within a one-month period. Of those, 141 were excluded
because they reported the presence of another sleep disorder, not reported at the

telephone interview (n = 44) or received a self-help behavioral intervention for

insomnia in the context of another study (n = 97).32 The remaining 852 participants
were classified into one of 3 groups: 464 (54.5%) good sleepers, 269 (31.6%) with
insomnia symptoms, and 119 (13.9%) with an insomnia syndrome (4 subjects could not
be classified due to missing data).

As the main topic of the present paper is about insomnia incidence, data are
based only on individuals classified as good sleepers at baseline (n = 464). Of those,
414 completed the 6-month follow-up assessment, 404 completed the 12-month
follow-up assessment, and 381 (82.1%) completed both follow- up assessments (Figure
1). Of the 437 (94.2%) participants who completed at least one of the follow-up
assessments, 49 completed only the 6-month and 34 only the 12-month follow-up.
Sleep status groups and insomnia incidence
Following each evaluation participants were classified in one of 3 groups according to
their sleep patterns at that particular evaluation (baseline, 6 months, and 12 months).

The classification used an algorithm based on a combination of insomnia diagnostic
criteria from DSM-IV-TR> and the International Classification of Diseases, 10"

Edition (ICD-10)34; and on the utilization of sleep-promoting products (prescribed and



over- the-counter). For each assessment, responses from the ISI,lO the PSQI,35 and

from questions on sleep-promoting medication utilization were used to determine the

presence or absence of each criterion.” The 3 groups were defined as follows.

Insomnia syndrome
Participants in this group met all the diagnostic criteria for insomnia. They were
dissatisfied with their sleep (dissatisfied [3] or very dissatisfied [4] on a 0—4 scale;
item 2 of the ISI) and presented symptoms of initial, maintenance, or late insomnia = 3
nights per week (assessed by the items 5a and b of the PSQI) for a minimum duration
of one month. Psychological distress or daytime impairment related to sleep difficulties
was also reported by those individuals (much [3] or very much [4] on 0-4 scales; items
3 and 5 of the ISI. Finally, if prescribed medication was used as sleep-promoting agent
= 3 nights per week, participants were automatically classified in the insomnia
syndrome group, whether or not they presented symptoms of initial, maintenance, or
late insomnia.

Insomnia symptoms
Participants classified in this group presented symptoms of initial, maintenance, or late
insomnia = 3 nights per week, with- out fulfilling all the diagnostic criteria of an insomnia
syndrome (i.e., they could be satisfied with their sleep, not report distress or daytime
consequences, or their sleep difficulties could last for less than one month). Also
included in this group were individuals dissatisfied with their sleep quality, but without
symptoms of initial, maintenance, or late insomnia. Last, participants using prescribed
medication to promote sleep < 3 nights per week, or over-the-counter medication = 1
night per week were automatically classified in this group.

Good sleepers

These participants were satisfied with their sleep (very satisfied [0], satisfied [1], or



neutral [2] on a 0—4 scale; item 2 of the ISI); did not report symptoms of initial,
maintenance, or late insomnia; and did not use prescribed or over-the-counter
medication as a sleep-promoting agent over the last month.
Definition of incident cases
An insomnia symptom incident case was defined as a participant classified as a good
sleeper at baseline (with or with- out a previous episode of insomnia), who was
classified in the insomnia symptoms group at either 6- or 12-month follow-up and who
was never classified in the insomnia syndrome group. An insomnia syndrome incident
case was defined as a participant classified as a good sleeper at baseline, who was
classified in the insomnia syndrome group either at 6- or 12-month follow up. As the
time frame used to evaluate the presence of insomnia symptoms or syndrome at each
assessment included only the preceding one month (rather than covering the entire
previous 6 or 12 months), incidence rates did not include cases that could have
occurred and remitted in the intervening period.
Data analysis

Incidence rate estimation
One year insomnia incidence rates were estimated from the total sample of good
sleepers at baseline (n = 464). Separates estimates were computed for the subgroup
of individuals with no prior lifetime history of insomnia at baseline (n = 381). Incidence

rates were obtained using the actuarial method produced by the SAS LIFETEST

procedure.53 For those who did not complete the 6-month but completed the 12-month
follow-up, a good sleeper status was imputed in place of the missing value. Otherwise,
no data were imputed to participants who did not complete follow-up.

Analyses of risk factors

To identify potential risk factors for insomnia, groups were compared on baseline



demographics, sleep, psychological, and health measures. Between group

comparisons were performed using )(2 for categorical variables and analyses of
variance (ANOVASs) and analyses of covariance (ANCOVAS) for continuous measures.
ANCOVAs were conducted on psychological and health variables to control for
significant group differences on baseline insomnia symptoms severity, as assessed
by the ISI and the PSQI. The ANCOVA approach was justify to control for the fact that
individuals with subthreshold insomnia symptomatology at baseline (i.e., not meeting

criteria for symptoms or syndrome categories) might be at greater risk to develop
these conditions during follow-up. Signify )(2 analyses were followed by 3 post hoc,
pairwise comparisons, in 2 x 2 contingency tables.”* If the post hoc )(2 was higher

than the Bonferroni critical value, )(2(1, l-alc)= )(2(1, 1-.05/3) = 5.73,54 this
comparison was considered significant. For significant ANCOVAs, 3 a priori contrast
tests (paired comparisons) were performed comparing each group to the others. To

explore the strength of the relation between demographic, sleep, psychological,

health variables, and the sleep status, we performed )(2 tests for linear trend”
(categorical variables), Spearman correlation (education), Pearson correlation (age),
and partial correlations (psychological and health variables adjusted for baseline ISI
and PSQI total scores). A backward stepwise regression was also conducted to
identify the most signify risk factors in predicting insomnia syndrome incidence at
follow-up. This analysis was conducted with the group of good sleepers (n = 275)
and the group of insomnia syndrome incident cases (n = 32) and included variables
that exhibited signify groups’ differences at baseline and ISI and PSQI total scores to
control for baseline disparities on severity of insomnia symptoms. From the fi model,
we investigated a few interactive terms in order to verify whether the effect of a factor

could depend on the level of another one.



Analyses of precipitating factors
ANOVAs were performed to compare groups (incident cases versus good sleepers)
on life events (number of positive and negative events, total number of events, and
intensity of events) experienced within the 6 months preceding the development of
insomnia symptoms or syndrome, compared to the same period for good sleepers.
Last, between-group comparisons were performed to explore if changes in sleep
guality (steady good sleepers versus insomnia symptoms or syndrome incident
cases) were associated with concomitant changes in psychological and health
variables. For significant ANOVAs, multiple comparisons were conducted using Ryan-

Einot-Gabriel-Welch multiple F tests (REGWF) to ensure statistically powerful

comparisons while controlling a error inflation’’ Pearson correlations were then
calculated to verify the strength of the relation between life events and insomnia
severity. For each psychological and health-related variable, a change score (delta)
was calculated. For the insomnia symptoms and syndrome incident cases, change
scores were defined by the subtraction of the baseline score from the score obtained
at the 6- or 12-month follow-up evaluation when the participant presented insomnia
symptoms or syndrome. For steady good sleepers, change scores were computed
between baseline and 12-month follow-up. Change scores were compared between
groups using ANOVAs.

Results
The sample included 464 adults (60.3% women). Their mean age was 44.6 years (SD
= 13.8; range 18-83). Most participants had completed at least a high school degree
(94%), were married or living with a partner (58.3%), and were working or studying
(72%). The 27 participants who failed to complete at least one follow-up assessment

after baseline were younger (mean age of 37.3; SD = 13.8) than those who



completed at least one follow-up; F14s57 = 4.16, P < 0.05. There was no difference
between these subgroups on gender, marital status, occupation, education, and ISl and
PSQI scores.
Insomniaincidence
Of the 464 good sleepers at baseline, 61.8% remained good sleepers over the one-
year period; 30.7% (n = 67 at 6 months and n = 63 at 12 months) developed insomnia
symptoms; and 7.3% (n = 11 at 6 months and n = 21 at 12 months) developed an
insomnia syndrome. For good sleepers with no prior lifetime episode of insomnia (n =
381), incidence rates for insomnia symptoms and syndrome were 28.8% (n = 22 at 6
months and n = 26 at 12 months) and 3.9% (nh = 6 at 6 months and n = 8 at 12
months), respectively.
Insomnia risk factors

Risk factors
Table 1 presents demographic characteristics of good sleepers and insomnia symptoms
and syndrome incident cases. Groups were not significantly different on any of these
variables. Baseline sleep, psychological and health variables are presented in Table 2.
Groups were significantly different on ISI and PSQI total scores, with non-incident
cases exhibiting significantly lower scores for both ISl and PSQI, compared to incident
cases of insomnia symptoms and syndrome. Insomnia symptoms and syndrome
incident cases also significantly differed on baseline ISI scores but not on PSQI
scores. Incident syndrome cases also presented higher rates of previous episode of
insomnia and family history of insomnia than incident symptoms cases and good
sleepers. Groups were significantly different on measures of depression (BDI-Il), the
trait-anxiety (STAI), and arousability (APS). Based on Cohen'’s criteria (1988), the
magnitude of partial correlations between psychological variables and insomnia severity

were labeled as “small,” ranging from 0.05 (NEO-FFI conscientiousness subscale) to



0.15 (BDI-Il). Regarding health variables, insomnia syndrome incident cases
presented significantly lower scores, suggesting a poorer functioning than insomnia
symptoms incident cases and good sleepers on the SF-12v2 general health, bodily
pain, and mental health subscales. There was also a significant between-group
difference on cigarette smoking, with incident syndrome cases smoking less
frequently than incident symptoms cases. The magnitude of partial correlation between
health variables and insomnia severity were also found to be small, ranging from 0.07
(BMI) to 0.16 (bodily pain).

A backward stepwise regression was conducted to identify the most significant
risk factors in predicting new insomnia syndrome cases, taking into account the
presence of other factors. This analysis included variables for which significant group
differences were obtained at baseline (i.e., previous episode and family history of
insomnia, BDI-Il, STAI-trait, APS, the NEO-FFI extraversion subscale, the SF-12v2
general health, bodily pain, and mental health subscales, and cigarette smoking); ISl
and PSQI total scores were also included to control for baseline differences on
severity of insomnia symptoms. A total of 301 observations (missing n listwise = 6
cases or 2.0%) were submitted to the analysis (270 good sleepers and 31 insomnia
syndrome incident cases; the insomnia symptoms incidence group were excluded
from this analysis). Results indicated that 5 variables remained significantly associated
with the incidence of new cases of an insomnia syndrome: previous episode of
insomnia (odds ratio [OR] = 5.42), family history of insomnia (OR = 2.96), arousal
predisposition (OR = 1.12), and the SF-12v2 general health (OR = 0.97) and bodily pain
subscales (OR =0.98) (Table 3). Thus, individuals who previously experienced insomnia
were 5.42 times more likely to develop insomnia than those who had no prior history of
insomnia. Individuals with a family history of insomnia were 2.96 times more likely to

develop insomnia than those without a family history of insomnia. Each increase of one



point on the arousal predisposition scale increases 1.12 times the risk of being an
incident cases. On the other hand, each increase (i.e., improvement) of one point on
the score obtained to the SF-12v2 general health and bodily pain subscales was
associated with, respectively, a 3% and 2% decrease in the risk of being an incident
case.

From the final model, we investigated 6 potential interaction terms: (a) previous
episode of insomnia x activation predisposition, (b) previous episode of insomnia x
general health, (c) previous episode of insomnia x bodily pain, (d) family history of
insomnia x activation predisposition, (e) family history of insomnia x bodily pain, and
(f) family history of insomnia x general health. Two of them were significant when
added to the final model: previous episode of insomnia x activation predisposition (P <
0.01) and family history of insomnia x bodily pain (P < 0.05). Thus, for participants who
presented lower scores on the arousal predisposition scale (i.e., scores < 29, which
was the median), the contribution of a previous episode of insomnia was less important
(OR = 1.07) than for those who presented higher scores (> 29) (OR = 13.25). For
individuals with higher bodily pain (i.e., SF-12v2 bodily pain scores < 100, which is the
median), the contribution of a family history of insomnia was less important (OR =
2.00) than for those with less bodily pain (i.e., SF-12v2 bodily pain scores = 100) (OR =
9.17).

Precipitating factors
Table 4 presents data on life events experienced within the 6months preceding the onset
of new insomnia symptoms or syndrome. Results showed significant group differences
regarding the total number of events (Fz428 = 3.67, P < 0.05), the number of negative
events (F2428 = 6.34, P < 0.05), and the event intensity (F2.42s = 4.20, P < 0.05) during
the 6 months preceding new onset of insomnia symptoms and syndrome. Insomnia

syndrome incident cases experienced significantly more events, more negative events,



and higher intensity of events than good sleepers. Insomnia symptoms incident cases
did not significantly differ from syndrome regarding those 3 variables, but differed
from good sleepers regarding the number of negative events experienced.

Between-group comparisons were performed to explore if changes in sleep
guality (good sleepers versus insomnia symptoms and syndrome incident cases) were
associated with concomitant changes on psychological and health variables (Table 5).
Regarding psychological variables, change scores were significantly different between
groups for the BDI-Il (F2,406 = 5.02, P < 0.01), the STAI-trait (F2,404 = 10.57, P < 0.01),
and PSS scores (F2407 = 3.01, P = 0.05). For those 3 measures, incident syndrome
cases presented a larger increase (worsening) of their scores, compared to incident
symptoms cases and good sleepers. Regarding health-related variables, groups were
significantly different on the SF-12v2 mental-health subscale only (F2411 = 5.46, P <
0.01), with incident syndrome cases presenting a greater worsening of their mental
health functioning, compared to incident symptoms cases and good sleepers. Pearson
correlations between psychological and health-related variables and insomnia severity
were small, ranging from 0.01 (physical activity practice) to 0.22 (STAIl-trait).

Discussion

This study revealed high incidence rates for both insomnia symptoms and syndrome,
rates that remained elevated even after controlling for prior history of insomnia. The
most important risk factors associated with new onset insomnia syndrome included
both psychological (i.e., higher arousal predisposition and anxiety and depressive
symptoms) and health-related variables. Negative life events and higher intensity of
events were also temporally associated with new onset insomnia syndrome.

This is the first study documenting the incidence of insomnia symptoms in a

general population; the rate observed was higher than those reported in previous



studies of elderly adults (20%)5 and individuals with chronic health problems (21%).6

The incidence rate of insomnia syndrome was similar to those obtained in previous
studies with comparable sample and similar criteria (6.2%)4 or more liberal ones
(9.1%).”

Incidence rates of insomnia symptoms (28.8%) and syndrome (3.9%) were

very high even among individuals with no prior history of insomnia. Only one study has

differentiated incidence rates for the overall sample (13%) and for individuals with no
prior history of insomnia (8.7%), based on a sample of young adults.” Unlike most

studies”***° Breslau and colleagues included in their incidence estimates all
individuals who had developed insomnia during the 3.5 year follow-up interval, not only
those meeting insomnia criteria at the time of the follow-up. Since the present study
evaluated participants’ sleep patterns twice within a year and added the incident cases

over the two periods, we expected our rates to be higher than those based on a point

estimate, and comparable to those reported by Breslau et al.” Despite this similarity
with the latter study, the lower incidence rates in the present study may be
explained by the use of a shorter follow-up interval and the use of a more stringent
defi of insomnia. Moreover, because the time frame used in the present study
included only the previous one month period, rather than the entire 6-and 12-month
intervals, this procedure may have produced lower incidence rates as it did not
include participants that may have developed insomnia and subsequently remitted
within the follow-up intervals.

Aninteresting result was the premorbid psychological vulnerability observed
among incident cases of insomnia syndrome, revealing higher depressive and anxiety
symptomatology, arousability, and a lower mental health functioning compared to good

sleepers and incident cases of insomnia symptoms. These preexisting characteristics



also worsened prior to or concomitant with the development of sleep difficulties. Such
changes over time would suggest that such psychological variables can play both a
predisposing as well as a precipitating role in the development of insomnia.

The present study provides new evidence supporting the longstanding

hypothesis that increased arousal is a predisposing factor to insomnia.””*’ Insomnia
syndrome incident cases obtained higher scores on the arousal predisposition
measure relative to good sleepers, and this characteristic did not change with the onset
of insomnia, confirming its predisposing character. These results expand on previous

cross-sectional studies reporting higher levels of psychological and physiological arousal

L .o . . . 23,61-64
in individuals with insomnia compared to good sleepers.

Regarding life events, stress, and coping skills, insomnia syndrome incident
cases experienced more life events and more negative events than good sleepers prior
to the onset of insomnia. There was no group difference regarding coping skills and
stress perception at baseline, but, compared to the two other groups, the insomnia
syndrome incident cases presented a larger increment of their stress perception
concomitant with development of sleep difficulties. This change in stress perception
could reflect either a response to the experience of stressful life events or a response
to the onset of sleep difficulties. Even if we did not observe between-group difference

on coping skills, these findings corroborate the model suggesting that stress

perception, activation, and insomnia are strongly related.”

None of the psychological and health related factors targeted in this study differed
between good sleepers and insomnia symptoms incident cases. This finding surprising
and suggests that these targeted variables may be important risk factors for severe and
chronic insomnia but not for milder and more transient sleep difficulties. Alternatively, it

might also suggest that insomnia symptoms do not necessarily lead to an insomnia



disorder.”
While insomnia can be a diagnostic entity unto itself, it can also be symptomatic

of another disorder. Given that comorbid insomnia represent the largest single group of

insomnia diagnoses seen in epidemiological studies,66 it is probable that several
individuals in the incident group developed insomnia in association with another
physical or mental health problem. The findings that general health and pain were
associated with new onset of insomnia would support this hypothesis. However, the
guestions asked and the method used to assess participants’ physical and mental
health precluded reliable differentiation between primary insomnia and insomnia
comorbid to mental or medical disorder. Given the frequent occurrence of comorbid
insomnia and major depression, a more thorough evaluation would be critical in future
studies to optimize the interpretation and integration of the results.

The present study examined only a limited number of potential risk factors for
insomnia. It is likely that other candidates (e.g., genetic factors) represent equally
important risk factor and should be investigated in future studies. Moreover, some of
the factors analyzed are prone to a recall bias (life events, family history and past
episode of insomnia). The use of prospective measures in future studies would help to
minimize the recall bias.

Despite some limitations, the present study is innovative on a number of
levels. It is the first longitudinal study to have followed a cohort of adult good sleepers
drawn from the population at large. Furthermore, our study employed standard
diagnostic criteria of insomnia, and well-defined, operationalized incidence measures.
Improved knowledge of the incidence and risk factors of insomnia could guide the
development of effective public health prevention and intervention programs to promote

better sleep quality.
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Figure 1—Participant Flow in the Study

Table 1 —Demographic Characteristics of Good Sleepers and Insomnia Symptoms and Syndrome Incident Cases

Incident Cases

Good Insomnia Insomnia
Sleepers Symptoms Syndrome
(n=275) (n=130) (n=32)
Demographics % (n) % (n) % (n) ¥ P Pas r
Gender (women) 55.11 (151) 60.46 (78) 75.00 (24) 5.06 008 003
Marital Status
Single/divorced/widowed 35.66 (97) 42.64 (55) 40.63 (13) 1.90 0.39 0.24
Married /common-law relationship 64.34 (15) 57.36 (74) 59.38 (19)
Family Income
$60,000 and less 69.11 (179) 68.59 (83) 64.52 (20) 0.27 0.87 0.67
$60,001 and over 30.88 (80) 31.40 (38) 35.48 (11)
Occupation
Working/student 79.93 (215) 79.84 (99) 74.19 (23) 0.57 075 059
Non working/retired 20.07 (47) 20.16 (25) 25.80 (8)
Work Schedule
Daytime 87.03 (161) 83.91 (73) 81.82 (8) 2.46 0.87
Evening/Night/Rotating 12.97 (24) 16.09 (14) 18.18 (4)
Education
Primary or less 3.33(9) 5.47(7) 10.00 (3) 12.80 0.05 0.06
High school 49.63 (134) 39.06 (50) 50.00 (15)
Junior college 23.06 (62) 18.75 (24) 10.00 (3)
University 24.07 (65) 36.72 (47) 30.00 (9)
M (SD) M (SD) M (SD) F P R
Age 42.36 (13.76) 43.91 (14.3) 44.52 (12.4) 0.76 0.47 0.06

°P values for chi-squares for trend. "Given that work schedule included more than 2 categories, * for trend was not computed. » = Spearman
correlation. R = Pearson correlation




Table 2—Baseline Evaluation of Sleep, Psychological and Health Variables for Good Sleepers and Insomnia Symptoms and Syndrome In-
cident Cases
Incident Cases

Good Insomnia Insomnia
Sleepers Symptoms Syndrome
(n=275) (n=130) (n=32)
Baseline Evaluation
Sleep Variables % (m) Yo (m) Yo () Ve P P'
Previous episode of insomnia (yes) 12.36 (34) 20.77 (27) 53.13 (17) 33.56 0.00 0.00
Familial history of insomnia (yes) 27.64 (76) 3385 (44) 59.38 (19) 1367 000 000
M (SE) M (SE) M (SE) F P
Insomnia Severity Index 3.04 (2.67) 4.37 (3.26) 572 (4.31) 17.14 000
Pittsburgh Sleep Quality Index 3.20 (1.77) 392 (1.75) 4.50 (1.97) 1257 0.00
Psychological Variables* M (SE) M (SE) M (SE) F P r,
Beck Depression Inventory 11 5.31 (0.32) 5.73 (0.46) 8.45 (0.94) 497 001 0.15
State-Trait-Anxiety Inventory —Trait 36.60 (0.46) 37.25 (0.67) 4040 (1.36) 348 003 013
Arousal Predisposition Scale 29.23 (0.38) 30.13 (0.55) 32.88 (1.12) 491 0.1 0.15
Perceived Stress Scale 21.13 (0.37) 21.62 (0.54) 2339 (1.09) 192 015 0.10
Coping Inventory for Stressful Situations
Task-Oriented Coping 55.46 (0.59) 56.10 (0.85) 56.51(1.73) 029 075 0.03
Emotion-Oriented Coping 36.96 (0.61) 37.97 (0.89) 40.43 (1.80) 178 017 0.09
Avoidance-Oriented Coping 45.23 (0.68) 44.20 (0.98) 44.16 (1.99) 042 066 —0.05
NEO Five-Factor Inventory
Neuroticism 15.05 (0.44) 15.71 (0.63) 17.77 (1.28) 207 013 0.10
Extraversion 29.91 (0.38) 28.70(0.55) 2741 (L11) 36 04 012
Openness 25.96 (0.36) 27.11 (0.52) 27.29 (1.05) 198 0.14 0.10
Agreeableness 34.90 (0.31) 34.22 (0.44) 33.70 (0.90) 127 028 008
Conscientiousness 37.10 (0.35) 36.70 (0.50) 36.37(1.02) 036 070 005
Health Variables®
SF-12v2 Health Survey
General Health 76.11 (1.00) 76.15 (1.45) 66.87 (3.01) 440 001  -0.14
Bodily Pain 89.14 (1.13) 88.36 (1.64) 76.98 (3.30) 594 000  —0.16
Mental Health 74.19 (0.78) 73.30 (1.13) 66.61 (2.30) 478 001  -0.15
Body Mass Index 2509 (0.31) 25.85 (0.44) 25.39 (0.90) 099 037 0.07
Aleohol Consumption (glasses/week) 3.34(0.29) 3.24 (0.41) 1.0 (0.84) 149 023 —0.08
Cigarette Smoking’ 246 (0.05) 2.56 (0.75) 2.15 (0.15) 307 005 012
Physical Activity Practice’ 3.75(0.12) 338 (0.18) 4.11 (0.36) 236 010 0.1

'Pvalue for ¥ for trend. “Psychological and health variables were adjusted for baseline 1S and PSQI total scores (ANCOVAs). “Those ordinal

variables are treated as continuous variables ranging from 1 (never) to 3 (every day) for cigarette smoking and from 1 (never) to 7 (every day)
for physical activity practice. r = Partial correlation. Note: Means with different subscripts () are significantly different.
P Lbe

Table 3—Backward Stepwise Regression Results for the Incidence of Insomnia Syndrome versus Steady Good Sleepers (N = 301)

Predictor Odds Ratio Point Estimate 95% Confidence Limits Wald P
Previous episode of insomnia 5.41 2.15 13.61 12.90 0.00
Family history of insomnia 2.96 1.20 7.30 5.57 0.02
Arousal Predisposition Scale (APS) 112 1.47 1.21 10.42 0.00
SF-12v2 Health Survey
General Health 0.97 0.95 0.99 5.09 0.02
Bodily Pain 0.98 0.96 0.99 4.67 0.03

Table 4—Life Events Experienced Within the Six Months Preceding the Onset of Insomnia Symptoms and Syndrome

Incident Cases
Good Insomnia Insomnia
Sleepers' Symptoms Syndrome
Life Experience Survey (LES) (n=275) (n=130) (n=132) F P r
Number of events 2.00 (2.33) 246 (2.74) 316 (3.14) 3.67 0.03 0.13
Number of negative events 0.99 (1.53) 1-45“ (2.02) 2.03 (2.56) 6.34 0.00 0.17
Number of positive events 0.81(1.29) 0.83 (1.36) 0.94 (1.39) 0.13 0.88 0.02
Event intensity (positive + negative) 336 (4.30) 432 (547) 5.66 (5.56)  4.20 0.02 0.14

For good sleepers, life events experienced within the 6 months preceding T3 are presented. r = Pearson correlations. Note: Means with dif-
ferent subscripts ( h} are significantly different.




Table 5—Change Scores (A) Obtained for Psychological and Health Variables for Good Sleepers and Insomnia Symptoms and Syndrome
Incident Cases

Incident Cases
Good Imsommia  Insomnia
Sleepers' Symptoms’ Syndrome'
(n=275) (n=130) (n=32)
M (SE) M (SE) M (SE) F P r
Changes in Psychological Variables
A Beck Depression Inventory 11
(BDI-11) 0.5 (4.28) .02 (5.05) 244 (8.49) 5.02 0.01 0.13
A State-Trait-Anxiety Inventory !
—Trait (STAIY —3.4-(}l (5.83) —1.82 (6.73) l.SBb(8.53] 10.57 0.00 0.22
A Arousal Predisposition '
Scale (APS) —0.70 (4.17) —0.59 (4.63) 0.41 (4.09) 0.94 0.39 0.06
A Perceived Stress Scale (PSS) —0.98 (5.70) —0.60 (5.88) L75 (1.37) 3.01 0.05 0.10
Changes in Health Variables
SF-12v2 Health Survey*
A General Health —0.88 (15.80) —0.66 (15.55) —6.55 (20.64) 1.83 0.16 —0.06
A Bodily Pain 1.91 (20.18) 1.15 (22.84) —3.13(25.20) 0.78 0.46 —0.05
AMental Health 045 (1462) 413 (1438) 820 (1813) 545 0.01 ~0.16
A Body Mass Index* —0.01 (2.38) 0.19 (2.55) 1.20 (2.80) 2.98 0.05 0.11
A Aleohol Consumption
(number of glasses/week)* —0.21 (2.96) 0.41 (3.14) 0.36 (1.27) 2.02 0.13 0.09
A Cigarette Smoking’ 0.00 (0.33) 0.05 (0.35) 0.44 (0.08) 0.88 0.42 0.08
A Physical Activity Practice® —0.13 (1.64) —0.09 (1.44) —0.28 (1.85) 0.19 0.82 —0.01

'For good sleepers, change scores were computed between T1 and T3. For insomnia symptoms and syndrome incident cases, change scores
were computed between baseline and T2 for those who developed difficulties at 6-month follow-up and between baseline and 12-month
follow-up for those who developed difficulties at 12-month follow-up. *For those variables, an increment (positive delta) indicates a poorer
functioning and a decrement (negative delta) indicates a better functioning. “For the SF-12 subscales, an increment (positive delta) indicates
a better functioning and a decrement (negative delta) indicates a poorer functioning. *for those variables, a negative delta indicates a decre-
ment of the event frequency and a positive delta indicates an increment of the event frequency. Note: Means with different subscripts are
significantly different on the contrast test.
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