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Introduction
Although an underlying vulnerability to acute sleep disturbance and the subsequent
development of chronic insomnia has been proposed by several investigators [1–3], relatively
little data regarding specific factors that might predispose individuals to insomnia have been
identified. This, despite the fact that one of the most commonly held models of insomnia
proposes a predisposition (i.e., an individual difference in vulnerability) to insomnia as a central
tenant of the model [4]. The identification of specific characteristics that increase the risk for
insomnia is an important scientific endeavor for a variety of reasons. First, understanding these
characteristics could help identify at-risk individuals early in the evolution of insomnia and
may lead to improvements in treatment and even prevention of disease progression. Second,
identification of at-risk individuals will allow the study of physiological, behavioral, and
cognitive processes involved in the development of insomnia, even prior to its full
development. This would be an important advance as early underlying components of the
disorder could be identified and studied separately from morbidity components. For example,
it would allow for determination of whether hyperarousal contributes to the evolution of
insomnia or is a consequence of insomnia. Finally, the identification of predisposed individuals
would facilitate the investigation of phenotypic traits which may interact with environmental
stress and could be linked to the development of chronic insomnia, and the identification of
such traits could help parse out environmental effects from predisposing factors, which could
facilitate future genetic studies of insomnia and its predisposition in vulnerable individuals.

Several lines of research have begun to study systematic differences in vulnerability to sleep
disturbance using a variety of methods. Recently, Bonnet and Arand [1] showed that
individuals with low sleep efficiency on a first night in the laboratory had consistent sleep
disturbance in response to circadian as well as caffeine challenges. Their data support the notion
of a stable trait characteristic associated with sleep disturbance in response to common sleep
challenges. In a study of norepinephrine knockout mice, disturbed sleep (i.e., increased latency
to sleep) in response to handling stress was entirely dependent upon an intact norepinephrine
system [5–7]. Data from our laboratory provide further evidence for a trait vulnerability to
sleep disturbance. Specifically, subjects’ self-evaluation of sleep-related vulnerability to
common stressors predicts the degree of sleep disturbance (measured polysomnographically)
to both a first-night effect [2] and caffeine administration [3]. At present, the relevance of these
data for the development of chronic insomnia is not known. However, the finding that
norepinephrine knockout mice have normal sleep prior to being exposed to stress, in addition
to the fact that in the data from both Drake and Bonnet there was increased risk of disturbed
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sleep in only a subset of normal sleeping volunteers, supports the possibility of a biological
substrate representing a sleep-response system, which may identify the population at risk for
developing insomnia.

It must be emphasized that at present there is very little data directly linking vulnerability to
acute sleep disturbance to the eventual development of chronic insomnia. Even if there is a
subset of individuals who are particularly sensitive to acute sleep disturbance, this
characteristic may be completely unrelated to chronic insomnia. For instance, the subset of
individuals with transient symptoms may simply reflect those individuals with high exposure
to significant sleep disruptive stressors. Clearly much work remains to be done investigating
the links between transient sleep disturbance and chronic insomnia, but one recent study has
provided some evidence for this relationship [8]. In that study, a previous history of transient
insomnia was an independent and prospective predictor of the development of chronic
insomnia following hospitalization for various disorders. Interestingly, length of hospital stay,
hospital sleep quality, and cardiac surgery were not predictive of post-hospital insomnia,
suggesting that a history of short-term sleep disturbance may be an even more important
variable than more proximal factors.

The data reviewed above suggest that a trait of sleep-related responsivity to stress may exist.
If such a trait does exist, one would hypothesize that this predisposition is genetically
transmitted and thus insomnia would also have a genetic component. Indeed, a recent twin
study has shown that more than 50% of the variance in the risk for insomnia can be attributed
to genetic components [9]. It then follows that if increased sleep responsivity is a significant
risk factor for insomnia, it too should show a significant familial aggregation.

As the study of potential predisposing factors in insomnia has increased in recent years, several
measures have been developed to aid in identifying individuals predisposed to insomnia prior
to the onset of the condition [2,10]. Of these measures, the Ford Insomnia Response to Stress
Test (FIRST) has been validated by a priori identifying individuals at risk for disturbed sleep
using polysomnography in response to a challenge [3]. Furthermore, preliminary data suggests
that this measure has some predictive validity in determining the development of insomnia
over a 13-month follow-up period [11].

Twin studies of insomnia suggest the possibility that other related constructs such as
vulnerability to acute/transient sleep disturbance in response to stress may also have a familial
component. Thus, if the FIRST is a reliable and valid measure of the vulnerability to acute
sleep disturbance, there may be a relationship between siblings in FIRST scores reflecting the
familial aggregation of this construct. The present study tested this hypothesis using the FIRST
as a measure of individual vulnerability to stress-related sleep disturbance in non-insomniac
siblings. Data on stress-related sleep disturbance were also collected for individuals who met
criteria for insomnia in order to further characterize the discriminative validity of the FIRST
in the sleep problem population.

Methods
Participants

Individuals ages 18 to 70 years were recruited from a sample of individuals who had previously
(1–3 years prior) participated in an epidemiological random-digit-dial phone survey in
conjunction with the Henry Ford Hospital Sleep Center. Details regarding the survey
methodology for that study have been reported elsewhere [12]. For the present study,
individuals were randomly selected, contact was made by phone and informed consent was
obtained verbally for participation. Following consent, individuals were administered a brief
interview by phone. Individuals who accepted participation were asked to provide contact
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information on a non-twin full biological sibling. If there was more than one sibling, the sibling
closest in age to the initial participant was contacted to reduce potential age-related differences
in sleep. Sibling pair interviews were conducted an average of 17 days apart. The participants
were instructed to refrain from discussing study-specific information with their siblings. Four
siblings refused participation and 15 siblings could not be contacted. Thus, data for a total of
62 individuals (31 sibling pairs) was collected. A total of 6 brother-brother pairs, 15 sister-
sister pairs, and 10 brother-sister pairs were completed. All subjects were paid for participation.

The questionnaire consisted of a series of questions regarding demographic, health, and sleep-
related information. The average duration of the interview was 15–20 minutes. Specific
demographic information included age, gender, height, and weight. Health information
included current medical conditions, any history of depression, anxiety or other psychiatric
disorder, and average daily alcohol intake. Sleep-related information included the following:
current shift work (evening, night, rotating shift), weekday/weekend bed time, wake time, and
total sleep time.

The FIRST questionnaire was administered as a measure of stress-related vulnerability to sleep
disturbance. The FIRST is a standardized questionnaire with high test-retest reliability (0.92)
and has been validated as a sensitive measure of vulnerability to sleep disturbance in normal
non-insomniac individuals using polysomnographic assessment [2]. The measure includes nine
items and requires the individual to rate the likelihood of having sleep disruption in association
with specific and common stressful events and more broadly described periods of stress
occurring during the day or evening. The actual FIRST questionnaire has been published
previously along with its psychometric validation [2]. High scores on the FIRST are indicative
of greater vulnerability to sleep disruption. Additional studies have demonstrated that this
measure is able to predict individual responses to pharmacological sleep-disruptive challenges
and that FIRST scores are significantly higher in individuals with insomnia in comparison to
controls [13]. While previous measures of vulnerability to sleep disturbance have been
developed [10], the accuracy of these measures in predicting polysomnographically measured
sleep disturbance remains unclear.

Assessment to rule out insomnia was determined with the following questions and criteria
based on those of the Diagnostic and Statistical Manual of Mental Disorders, Fourth edition
(DSM-IV) for insomnia, using a modified version of the Global Sleep Assessment
Questionnaire items for insomnia [14]. Specifically, individuals were asked: “In the past 4
weeks, how often…1) Have you had difficulty falling asleep?”; 2) “Had difficulty staying
asleep?”; 3) Had a problem feeling poorly rested despite an adequate amount of sleep?”
Individuals were also asked: 4) “Did sleep difficulties or daytime sleepiness interfere with your
daily activities?” Response choices for each question were “never,” “sometimes,” “usually,”
or “always.” Individuals were identified as insomniacs and excluded from the present study if
they endorsed “usually” or “always” in response to any of the first three questions as well as
responding “usually” or “always” to question 4 regarding daytime interference. For the entire
sample of 62 individuals (22 males; 31 pairs), 8 met criteria for insomnia (8/62; 12.9%). After
exclusion of insomniacs and their respective siblings (n=16) the total non-insomniac sample
included 46 individuals (23 sibling pairs).

Statistical Analyses
The values and interpretation of sibling correlations can be affected by several conditions.
Importantly, the relationship to be measured should be linear. Although the degree to which
this assumption is met is difficult to determine for the construct measured here, we believe this
is a reasonable assumption as the construct of individual vulnerability to sleep disturbance is
likely to be on a continuum from relatively low to very high vulnerability [15]. This seems to
hold true using the FIRST as a measure of this construct, as previous studies have shown a
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normal distribution across a population-based sample [2]. The second assumption is that there
should be no outliers in the sample. Data for the current study meet this assumption according
to the following criteria. FIRST scores were converted to z-scores and outliers were considered
to be present if a score deviated by ±2. As documented in previous sibling studies [16], the
most appropriate method for assessing the relationship between sibling pairs on a given variable
when there is no reason for assigning one member of a pair to a particular group (X’s) and the
second to another (Y’s) is the intraclass correlation coefficient (ICC). Thus, the ICC was
utilized in the present study to determine the correlation between sibling pairs on the FIRST
scale. Partial correlations were also computed using covariates of age, gender, shift work (night
or rotating), history of depression/anxiety, and alcohol use.

Results
Demographic data for all participants following exclusion of individuals meeting criteria for
insomnia are shown in Table 1. Only one score deviated by two or more standard deviations
(z = 2.3) from the mean. In order to examine the effect of this outlier, data were analyzed with
and without this individual and their sibling. Finally, restriction of range can lead to
underestimations of true correlation values. However, data from the present sample were
widely distributed across the entire range of possible scores (9–36) reducing the likelihood of
underestimation in the present study.

The mean score on the nine-item FIRST questionnaire for the combined sample (n = 62) was
19.48 ± 7.25. The mean FIRST score for the eight individuals who were excluded due to
insomnia was 25.89 ± 5.87. After exclusion of these individuals (and their respective siblings)
the mean FIRST score for the non-insomniac sample was 18.30 ± 7.01 with a range from 9 to
36. This is consistent with population-based studies using this measure where a mean of 19.9
± 5.7 was obtained [2]. As can be seen from Table 1, individuals in the final sample had an
average reported total sleep time, time in bed, and sleep efficiency consistent with normal sleep
values of a non-insomniac sample.

Using the ICC, the value of the correlation for the FIRST between sibling pairs was r = 0.61,
df = 23, p = 0.001. This indicated that 37.2% of the variance in FIRST scores can be accounted
for by familial aggregation. A scatterplot showing this relationship is presented in Figure 1.
When the single potential outlier and their sibling were removed from the data, the results were
essentially unchanged (ICC-r = 0.64, df = 22, p < 0.001). The relationship between FIRST
scores in the insomniacs and their non-insomniac siblings was r = 0.45, p = 0.12, but this did
not reach statistical significance due to the small sample size (8 pairs). When data from all
participants were included, the overall ICC for the entire sample (insomniacs and non-
insomniacs) was r = 0.58, p < 0.001. As a number of important demographic and health-related
variables could potentially affect the vulnerability to sleep disturbance relationship between
siblings, an additional analysis was performed to determine the strength of the sibling
relationship for FIRST scores while controlling for age, gender, shift work (night or rotating),
history of depression/anxiety, and alcohol use. Despite the high number of covariates included
in this analysis relative to the number of participants, a strong sibling correlation remained
rp = 0.716, df = 13, p < 0.01. Thus, the present results appear to be stable and provide evidence
for a moderate to high familial aggregation for FIRST scores.

DISCUSSION
The aim of the present study was to determine the degree of familial aggregation of
vulnerability to stress-related sleep disturbance in the absence of insomnia. The results showed
a moderate to high degree of association between sibling pairs on a valid measure of
vulnerability to sleep disturbance. To our knowledge, this is the first study to have assessed a
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familial relationship in the degree to which individuals are vulnerable to stress-related sleep
disturbance. The robust positive correlation found for vulnerability between siblings in the
present study is consistent with previous studies that have found a high genetic component to
insomnia [9,17]. Taken together these results provide support for the idea that a trait
vulnerability to stress-induced sleep disturbance exists and that it has a familial component.
Future studies using samples of monozygotic and dizygotic twins will be needed to confirm
the present findings and put the results in the context of a potential genetic predisposition.

The present results are suggestive of a potential genetic component to a predisposition towards
insomnia. One prospective study has shown that a history of transient sleep disturbance predicts
the future development of chronic insomnia [8]. Thus, a direct link between trait vulnerability
to transient sleep disturbance and insomnia remains tenuous, and definitive conclusions will
require large scale long-term prospective studies examining predictors of the incidence of
insomnia. Nonetheless, previous studies provide evidence for the existence of a stable trait that
predisposes individuals to acute sleep disturbance [1–3]. There is also preliminary evidence
that at least one component of the predisposition to insomnia may include a pre-morbid
vulnerability to stress-related sleep disruption [11,15]. The data presented here suggest that
this latter individual characteristic has a familial component. This finding is consistent with
twin studies in insomnia [9,17,18] and further suggests that individual vulnerability to sleep
disturbance may be easily measured both in individuals with and without current insomnia.

The present results extend previous twin studies of insomnia and sleep disturbance and also
provide further validation of the FIRST scale as a measure of vulnerability to stress-related
sleep disturbance. The demonstration of a familial component to this vulnerability suggests
that a subset of individuals may have an inherent sensitivity to stressful challenges of the sleep
system. The fact that a number of individuals had FIRST scores above the mean of the insomnia
group (13/54 > 25; 24.1%), but did not have insomnia, suggests that stress-related vulnerability
to sleep disturbance is not an uncommon trait in the population. This raises the question of
why such vulnerable individuals have not developed insomnia. One possibility is that stress-
related vulnerability to sleep disturbance is completely independent of the disorder of insomnia,
but the high FIRST scores of the insomnia patients in the present study and that of a previous
sample argue against this possibility [13]. Previous studies have provided evidence for stressful
events as triggers for insomnia [19–21]. It may be that these individuals have not been exposed
to sufficient amounts of stress to produce insomnia. However, this presumes an interaction
between an environmental trigger (e.g., a major psychosocial stressor) and a predisposition to
chronic insomnia. While the notion of an interaction between these components may appear
self-evident, it is an important question for which there is a paucity of data available.

It is important to highlight the significance of the current findings for future studies aimed at
determining the underlying biological components of vulnerability to sleep disturbance and its
potential association with chronic insomnia. Although there have been some discrepant results
[22], numerous studies in insomnia have demonstrated elevated arousal measures in patients
compared with controls using sympathetic nervous system activity [23], metabolic rate [24],
brain metabolism [25], brain electrical activity [26], cognitive activity [27], and elevations in
cortisol [28]. What is important but unknown at present is whether basal elevations (or other
abnormalities) in these broad arousal systems are present prior to the development of insomnia
or conversely are a consequence of the condition itself. The ability to identify individuals who
are vulnerable to insomnia prior to developing the disorder is an important and necessary step
in answering this question. The present study suggests the presence of a familial component
in the predisposition to vulnerability to acute stress-related sleep disturbance and provides some
initial evidence that individuals with the phenotypic trait can be identified a priori. It should
be emphasized that, while the present data support a familial aggregation for the trait
vulnerability to insomnia, this familial contribution could be genetic or environmental. Future
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long-term prospective studies will be needed to determine the potential interaction of the
diathesis towards sleep disturbance with the appearance of environmental triggers thought to
be common precipitants of chronic insomnia.
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Figure 1.
Scatterplot of the correlation (r = .61) between siblings on the Ford Insomnia Response to
Stress Test (FIRST).
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Table 1
Mean and standard deviations of demographic variables for the study sample (n=46)

Demographic Variables
Age (years) 51.04 ± 12.22
Gender %F 60.9
Body Mass Index 27.51 ± 5.28
TST weekday (hrs) 6.77 ± 1.52
TST weekend (hrs) 7.26 ± 1.67
Overall TST (hrs) 6.91± 1.42
TIB weekday (hrs) 7.52 ± 1.02
TIB weekend (hrs) 8.20 ± 1.22
SE weekday % 90.03 ± 15.51
SE weekend % 88.53 ± 15.98
ESS 6.15 ± 3.63
FIRST 18.30 ± 7.01
TST= total sleep time; TIB= time in bed; SE= Sleep Efficiency; ESS= Epworth Sleepiness Scale; FIRST= Ford Insomnia Response to Stress Test.
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