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Introduction: Vulnerability to stress-related sleep disturbances 
and maladaptive sleep beliefs has been proposed to be 
predisposing factors for insomnia. Yet previous studies 
addressing these factors have been cross-sectional in nature 
and could not be used to infer the time sequences of the 
association. The current study used a six-year follow-up to 
examine the predisposing roles of these two factors and their 
interactions with major life stressors in the development of 
insomnia.
Methods: One hundred seventeen college students recruited 
for a survey in 2006 participated in this follow-up survey in 2012. 
In 2006, they completed a packet of questionnaires including the 
Dysfunctional Beliefs and Attitudes about Sleep Questionnaire, 
10-item version (DBAS-10), the Ford Insomnia Response to 
Stress Test (FIRST), and the Pittsburgh Sleep Quality Index 
(PSQI); in 2012 they completed the Insomnia Severity Index 
(ISI) and the modifi ed Life Experiences Survey (LES).
Results: Fourteen of the participants were found to suffer 
from insomnia as measured by the ISI. Logistic regression 

showed that scores on both DBAS-10 and FIRST could predict 
insomnia at follow-up. When the interaction of DBAS-10 and 
LES and that of FIRST and LES were added, both DBAS-10 
and FIRST remained signifi cant predictors, while the 
interaction of FIRST and LES showed a near-signifi cant trend 
in predicting insomnia.
Conclusions: The results showed that both vulnerability 
to stress-related sleep disturbances and maladaptive 
sleep beliefs are predisposing factors for insomnia. The 
hypothesized interaction effect between sleep vulnerability 
and major life stressors was found to be marginal. The 
maladaptive sleep beliefs, on the other hand, showed a 
predisposing effect independent from the infl uences of 
negative life events.
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Insomnia is among the most common health complaints. It is 
estimated that about one-third of the adult population exhib-

its insomnia symptoms; 9% to 15% report sleep diffi culties and 
daytime consequences; and about 6% show symptoms of diag-
nosable insomnia.1 It can signifi cantly impact not only night-
time sleep but also daytime functioning.2-5

In spite of the prevalence and signifi cant impacts of insom-
nia, the understanding of its etiology is still limited. Spiel-
man in 1986 proposed a 3-P model that conceptualized the 
contributing factors of chronic insomnia into three categories: 
predisposing factors that set the stage for the development of 
insomnia, precipitating factors that trigger the onset of insom-
nia, and perpetuating factors that maintain long-term sleep 
diffi culties.6 Several etiological models have been proposed 
to illustrate the interaction between psychological/behavioral 
factors and neurophysiological mechanisms for sleep/wake 
regulation that may initiate and maintain insomnia.7-11 In these 
models, psychological and behavioral factors, such as dysfunc-
tional beliefs about sleep, maladaptive sleep-related behaviors, 
and conditioned hyperarousal were identifi ed as playing a ma-
jor role in the perpetuation of insomnia. Stress, on the other 
hand, is the most common precipitating factor. These mod-
els are based primarily on the accumulated body of literature 
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Vulnerability to stress-related 
sleep disturbances and maladaptive sleep beliefs has been proposed 
to predispose the development of insomnia. The current study aims 
to confi rm the predisposing roles of these factors with a longitudinal 
survey study. 
Study Impact: The fi ndings that both vulnerability to stress-related sleep 
disturbances and maladaptive sleep beliefs are predisposing factors for 
insomnia provide a direction to identify individuals with higher risk for 
insomnia. Preventive strategies can then be applied to reduce their risk 
of developing chronic insomnia. 

comparing various psychological and associated physiologi-
cal measures in insomnia patients and good sleepers. For ex-
ample, several studies have demonstrated that poor sleepers 
and patients with insomnia have more dysfunctional beliefs 
about sleep,12-14 a greater prevalence of intrusive thoughts, 
worry and rumination prior to sleep,15-17 poorer sleep hygiene 
practices,18-20 and less perceived control over stress and more 
emotional coping styles.22 Although these studies have pro-
vided support for the association between these psychological 
and behavioral factors and chronic insomnia, the contributions 
of these factors at different points along the developmental 
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course of chronic insomnia remain to be examined. Also, rela-
tively few studies have addressed the predisposing factors of 
insomnia. A recent review has proposed that genetic predispo-
sitions (e.g., 5HTTLPR serotonin transporter polymorphism) 
associated with personality traits of propensity to negative 
affect (e.g., neuroticism) might lead to disrupted sleep via 
increasing stress-reactivity and learned negative associations, 
which further increase the likelihood of sleep disruption and 
the development of chronic insomnia. While the predisposing 
factors per se may be difficult or impossible to alter, these fac-
tors alone may not lead to chronic sleep disturbances.21 If the 
predisposing factors can be identified, preventive measures 
may be taken to prevent the development of chronic insomnia 
in high-risk individuals.

One measure, the Ford Insomnia Response to Stress Test 
(FIRST), has recently been developed to identify such individ-
uals at high risk for insomnia by assessing their vulnerability 
to stress-related sleep disturbance.23 High FIRST scores were 
shown to be associated with elevated sleep disturbance in re-
sponse to stress due to spending one’s first night sleeping in a 
laboratory as well as a caffeine challenge. Recent sibling and 
twin studies have also demonstrated that moderate variation in 
FIRST scores can be attributed to genetic factors.24,25 These re-
sults suggest that FIRST scores may reflect the individual trait 
of sleep reactivity to stress. This trait is therefore proposed to 
be a predisposing factor for long-term insomnia.

Furthermore, higher sleep vulnerability was found to be as-
sociated with arousal- and emotion-related measures.26,27 These 
studies suggested that cognitive-emotional hyperarousal might 
modulate an individual’s vulnerability to stress-related insom-
nia. Due to the cross-sectional nature of these studies, however, 
they do not provide direct evidence that sleep vulnerability is 
a predisposing factor for longer-term insomnia. A longitudinal 
study is required to confirm this supposition. As far as we know, 
only one longitudinal study, published in abstract form, has re-
ported that non-insomnia individuals who scored higher on the 
FIRST have a greater risk for the subsequent development of 
insomnia over the course of about 13 months.28 More evidence 
is needed to confirm this finding.

The present study aims to examine whether sleep reactivity 
to stress is a predisposing trait for insomnia via a long-term 
follow-up. Additionally, we selected another variable, dysfunc-
tional sleep belief, as another possible predisposing factor, since 
it has been found to be higher among insomnia patients. Belief 
is usually considered to be a relatively stable concept; thus any 
dysfunctional sleep belief can be presumed to exist early in the 
course of insomnia. A previous study has also shown an asso-
ciation between sleep vulnerability and dysfunctional sleep be-
lief in young good sleepers.29 In the present study, following up 
with study subjects six years later, we first examined whether 
stress-related sleep vulnerability and dysfunctional sleep belief 
assessed six years previously can predict current insomnia, then 
examined the role of life stressors in the interaction of these 
two factors. We hypothesized that: (a) both dysfunctional sleep 
beliefs and sleep vulnerability to stress can predict insomnia six 
years later; (b) the predictability with which sleep vulnerability 
to stress is associated with insomnia is moderated by stress; (c) 
the predictability of dysfunctional sleep beliefs is not moder-
ated by stress.

METHODS

Subjects
Subjects were recruited from 528 undergraduate university 

students who participated in a survey study about their sleep in 
2006. Among them, 330 agreed to be contacted for follow-up 
evaluations and signed the consent forms. In 2012, after all par-
ticipants had graduated from college, 192 were reached by emails 
and/or phone calls, and 117 (M to F = 51:66; mean age = 25.6 
years old) agreed to participate in the follow-up survey.

Procedures
In the 2006 survey, participants completed a packet of ques-

tionnaires including the Dysfunctional Beliefs and Attitudes 
about Sleep Questionnaire, 10-item version (DBAS-10), the 
FIRST, and the Pittsburgh Sleep Quality Index (PSQI). The sur-
vey questionnaires were administered during class in several 
courses by a research assistant who was not associated with the 
instructors of the courses. In 2012, participants were contacted 
individually by phone or email, then completed a packet of 
online questionnaires. The survey questionnaires included the 
Insomnia Severity Index (ISI) and a modified Life Experiences 
Survey (LES) for negative life events in the past 3 years in ad-
dition to the baseline questionnaires. The participants received 
a gift coupon of 150NTD to compensate for their participation. 
The study was approved by the Research Ethics Committee and 
consent forms were obtained from all participants before their 
participation.

Measurement

Ford Insomnia Response to Stress Test (FIRST)
The FIRST is a 9-item questionnaire that was designed to 

quantify the degree of vulnerability to stress-related sleep dis-
turbance as an individual trait. For each item, subjects were 
asked to rate the likelihood of experiencing sleep disturbance 
in response to a common stressful situation in daily life on a 
4-point Likert scale. The test-retest reliability coefficient was 
0.92 with a 2-week interval between test administrations.23 The 
scale also has good internal consistency as indicated by high 
Cronbach α coefficients of 0.83 in the original study23 and 0.85 
in the present study.

Insomnia Severity Index (ISI)
The ISI is a 7-item Likert-type self-rating scale designed to 

assess the subjective perception of the severity of insomnia.9,30 
The scale contains items that measure the symptoms, associated 
features, and impact of insomnia, including difficulty falling 
asleep, difficulty maintaining sleep, early morning awaken-
ing, satisfaction with sleep, concerns about insomnia, and 
functional impact of insomnia. The scale was shown to have 
small to moderate correlations with polysomnographic indices 
of sleep quality (r = 0.32–0.55). It was also found to have ad-
equate internal consistency in both the original study (Cron-
bach α = 0.74)30 and the current study (Cronbach α = 0.86). In 
order to approach the DSM-IV diagnostic criteria for primary 
insomnia,31 we have modified the scale, increasing the duration 
of insomnia symptoms to one month.
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Dysfunctional Beliefs and Attitudes about Sleep Scale, 10-item 
version (DBAS-10)

The original DBAS consists of 30 items concerning be-
liefs, attitudes, expectations, and attributions about sleep 
and insomnia.14 Subjects rate their level of agreement on a 
10-point scale for each item. Espie and colleagues analyzed 
data on the DBAS and identified the items that showed sig-
nificant changes in response to cognitive behavioral therapy 
for insomnia and developed a 10-item version of the DBAS.32 
These items comprise 3 factors: (a) immediate negative con-
sequences of insomnia, (b) long-term negative consequences 
of insomnia, and (c) control over sleep. The scale was shown 
to have good internal consistency in both the original study 
(Cronbach α = 0.69)32 and the current study (Cronbach 
α = 0.78).

Pittsburgh Sleep Quality Inventory (PSQI)
The PSQI contains 19 items that were designed to measure 

different aspects of sleep quality and sleep disturbances dur-
ing a one-month period.33 A global sleep quality score, rang-
ing from 0 to 21, can be derived, with higher scores indicating 
poorer sleep quality. The PSQI has good internal consistency 
(Cronbach α = 0.83) and test-retest reliability (r = 0.85). A cut-
off score of 6 was found to have good sensitivity (89.6%) and 
fair specificity (86.5%) in identifying poor sleepers.

Modified Life Experiences Survey (LES)
The LES is a self-rating scale developed to assess the ma-

jor life events that have occurred in the past year and their 
impacts.34 Subjects are asked to recall the occurrence of dif-
ferent types of life events and to rate their impact on a 7-point 
Likert scale from Extremely Negative (-3) to Extremely Posi-
tive (+3). The original scale contains 57 items. It has been 
shown to have acceptable test-retest reliability (r’s = 0.63 
and 0.64 for 2 different tests). For the current study the LES 
was further modified to assess the major life events in the 
past 3 years.

Data Analysis
The participants with insomnia at follow-up were initially 

identified with a cutoff score of 10 on the ISI.30 Logistic regres-
sion was then conducted to examine whether the DBAS-10 and 
the FIRST are predictors for insomnia with baseline PSQI score 
as the control variable. The interaction of LES with the DBAS-
10 and its interaction with the FIRST were then added, accord-
ing to the method suggested by Baron and Kenny.35

RESULTS

The demographic data on the subjects and means and SDs 
of the rating scale scores are presented in Table 1. Fourteen 
participants were found to suffer from insomnia, defined as an 
ISI > 10 on the follow-up survey. Logistic regression showed 
that scores on both the FIRST (B = 0.189, p = 0.017) and the 
DBAS-10 (B = 0.086, p = 0.006) could significantly predict 
insomnia at follow-up with baseline PSQI as the control (see 
Table 2). When the interactions of FIRST with LES and that of 
DBAS-10 with LES were introduced, both FIRST (B = 0.197, 
p = 0.028) and DBAS-10 (B = 0.094, p = 0.003) remained sig-
nificant predictors. In terms of the interactions, that of FIRST 
with LES showed a near-significant trend in predicting insom-
nia (B = -0.018, p = 0.099) but that of DBAS with LES did not 
predict insomnia at follow-up (B = -0.001, n.s.; see Table 2). In 
terms of the odds ratio, a one-point increase on the FIRST was 
associated with a 21.7% increase in the odds of insomnia (Exp 

Table 2—Results of the logistic regression regarding insomnia prediction at 6-year follow-up.
Est B SE Exp (B) 95% CI p

Level 1 PSQI 0.088 0.119 1.092 0.866-1.378 0.457

Level 2 PSQI -0.092 0.147 0.912 0.684-1.217 0.534
FIRST 0.189 0.079 1.208 1.034-1.411 0.017
DBAS 0.086 0.031 1.089 1.025-1.157 0.006
LES -0.090 0.037 0.914 0.849-0.983 0.016

Level 3 PSQI -0.120 0.159 0.887 0.649-1.212 0.451
FIRST 0.197 0.089 1.217 1.022-1.450 0.028
DBAS 0.094 0.032 1.099 1.032-1.170 0.003
LES -0.034 0.070 0.967 0.844-1.108 0.629
FIRST × LES -0.018 0.011 0.982 0.961-1.003 0.099
DBAS × LES -0.001 0.003 0.999 0.993-1.006 0.859

Est B, estimated B coefficient; SE, standard error; Exp (B), exponentiation of the B coefficient; 95% CI, 95% confidence interval of Exp (B); PSQI, Pittsburgh 
Sleep Quality Index; FIRST, Ford Insomnia Response to Stress Test; DBAS, Dysfunctional Beliefs and Attitudes about Sleep Questionnaire; LES, Life 
Experiences Survey.

Table 1—Mean (SD) of the participants’ ages and scores on 
the rating scales.

Mean SD Min Max
Age (years) 25.61 1.46 23.0 31.0
PSQI (2006) 6.71 2.33 2.0 13.0
FIRST (2006) 21.74 5.00 9.0 35.0
DBAS-10 (2006) 54.47 13.90 25.0 96.0
ISI (2012) 4.15 4.07 0 18
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(B) = 1.217), while a one-point increase on the DBAS was as-
sociated with a 9.9% increase (Exp (B) = 1.099).

DISCUSSION

This study aims to explore the contributing roles of vulner-
ability to stress-related transient sleep disturbance and dysfunc-
tional sleep beliefs as predisposing factors for insomnia, as well 
as their interaction with major life stressors. The results showed 
that both factors could predict the occurrence of insomnia six 
years later, a finding which supports the notion that they are 
both predisposing factors for insomnia. Although previous 
studies have shown an association of stress-related sleep vul-
nerability and maladaptive sleep beliefs with insomnia, most of 
these studies were conducted with a cross-sectional design and 
thus their results cannot be used to infer the time sequences of 
the association. Using a longitudinal design, the current study 
confirmed the roles of vulnerability to stress-related transient 
sleep disturbance and dysfunctional sleep beliefs as predispos-
ing factors.

Since stress-related sleep vulnerability as measured by the 
FIRST reflects sleep reactivity when encountering daily life 
stressors, it was expected that this trait of vulnerability is as-
sociated with the development of insomnia through an interac-
tion with major life stressors. This assumption, however, is not 
fully supported by our results. The interaction of FIRST score 
and measures of major life events over the past three years only 
showed a near-significant trend toward predicting insomnia at 
follow-up (p = 0.099). Therefore, if there is an interaction ef-
fect, its influence is minimal. Although this result is not con-
sistent with our prediction, the observation that the FIRST has 
a higher direct effect is also of importance. It is possible that 
individuals with strong trait vulnerability can develop insomnia 
under only minimal stress. In addition, as illustrated in the 3-P 
model, while the stressor may serve as a precipitating factor 
that triggers the onset of insomnia, other factors are required 
to maintain it or cause it to become chronic. Sleep disturbance 
may continue even after the precipitating stressful events are 
dissipated or resolved. Another possible reason why the stress-
ors did not show an interaction effect with the individual trait 
of sleep vulnerability is that the LES does not identify all of the 
stressors that may be associated with insomnia. In addition to 
major life stressors such as those that the LES measures, daily 
hassles can also be triggers of insomnia in highly vulnerable 
individuals. Previous studies have shown that daily hassles 
might play an equally, if not more, important role compared to 
major life stressors for the development of psychophysiological 
symptoms.36-39 This possibility needs to be confirmed in future 
studies. Maladaptive sleep beliefs, on the other hand, showed 
a predisposing effect to insomnia that is independent from the 
influence of negative life events. This result was expected, as 
the beliefs are more strongly associated with sleep per se than 
are daily life events.

In sum, the present study confirms that dysfunctional sleep 
beliefs and stress-related sleep vulnerability are predisposing 
factors toward insomnia in a six-year follow-up assessment. 
Major life stressors, on the other hand, were not found to be a 
major moderator of the association between these factors and 
insomnia. These findings have important clinical implications 

and can advance our understanding of the development of in-
somnia. First, individuals who are vulnerable to stress-related 
sleep disturbance can be identified by means of a self-rating 
scale. Stress management aimed at reducing pre-sleep arousal 
can then be used to prevent stress-related transient sleep distur-
bance from becoming a longer-term problem. Second, dysfunc-
tional sleep beliefs can also be assessed to identify individuals 
with higher risk for insomnia. Psychological education provid-
ing correct knowledge and more adaptive attitudes about sleep 
can then be offered to reduce their risk of developing chronic 
insomnia.

In light of the significance and clinical implications of these 
results, some limitations should be kept in mind when interpret-
ing them. First, the response rates were low (35.5% among the 
subjects who agreed to be contacted in 2006; 60.9% among the 
subjects who were successfully contacted in 2012), leading to 
a small sample size (N = 117) at the six-year follow-up. In ad-
dition, only 14 of the final participants had insomnia. Therefore, 
the results should be interpreted with caution. Second, the sub-
jects were originally recruited from a university campus; they 
represent a young and well-educated population. There may be 
a limit to how applicable the findings are to other populations. 
Third, the diagnosis of insomnia was based on the ISI score. 
Although we have modified the duration over which symptoms 
are assessed in this test in order to collect data that can be used 
with the diagnostic criteria of DSM-IV, the modified test still 
might not be consistent with the clinical diagnosis of insom-
nia. In addition, no objective measurement of sleep was applied. 
The possibility of comorbid sleep disorders cannot be ruled out. 
Fourth, as mentioned above, stressors were measured with re-
gard to reported major life events. Future studies should con-
sider daily hassles as well to further clarify the role of stress and 
its interactions with potential predisposing factors of insomnia. 
Last, although this study involved a long-term follow-up, the 
participants are still relatively young in comparison to the in-
somnia patients seen in clinical settings. The relative impor-
tance of various factors could be different for insomnia patients 
in different age groups. We are planning to continue following 
this group of participants to further our understanding of the 
development of insomnia.
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