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Study Objectives: A primary focus of the National Institute of Mental Health’s current strategic plan is “predicting” who is at risk for disease. As such, the 
current investigation examined the utility of premorbid sleep reactivity in identifying a specific and manageable population at elevated risk for future insomnia.
Methods: A community-based sample of adults (n = 2,892; 59.3% female; 47.9 ± 13.3 y old) with no lifetime history of insomnia or depression completed 
web-based surveys across three annual assessments. Participants reported parental history of insomnia, demographic characteristics, sleep reactivity on the 
Ford Insomnia in Response to Stress Test (FIRST), and insomnia symptoms. DSM-IV diagnostic criteria were used to determine insomnia classification.
Results: Baseline FIRST scores were used to predict incident insomnia at 1-y follow-up. Two clinically meaningful FIRST cutoff values were identified: 
FIRST ≥ 16 (sensitivity 77%; specificity 50%; odds ratio [OR] = 2.88, P < 0.001); and FIRST ≥ 18 (sensitivity 62%; specificity 67%; OR = 3.32, P < 0.001). 
Notably, both FIRST cut-points outperformed known maternal (OR = 1.49–1.59, P < 0.01) and paternal history (P = NS) in predicting insomnia onset, even 
after controlling for stress exposure and demographic characteristics. Of the incident cases, insomniacs with highly reactive sleep systems reported longer 
sleep onset latencies (FIRST ≥ 16: 65 min; FIRST ≥ 18: 68 min) than participants with nonreactive insomnia (FIRST < 16: 37 min; FIRST < 18: 44 min); these 
groups did not differ on any other sleep parameters.
Conclusions: The current study established a cost- and time-effective strategy for identifying individuals at elevated risk for insomnia based on trait sleep 
reactivity. The FIRST accurately identifies a focused target population in which the psychobiological processes complicit in insomnia onset and progression 
can be better investigated, thus improving future preventive efforts.
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INTRODUCTION
Insomnia is recognized as the most prevalent sleep disorder, 
afflicting approximately 9% to 20% of the adult population in 
the United States,1,2 with incidence rates estimated between 7% 
and 10%.2–4 Despite these staggering figures, the field has yet 
to develop promising preventive care interventions to curb in-
cidence rates. Indeed, prevention efforts face many challenges, 
most notable of which is difficulty identifying individuals at 
elevated risk for insomnia. Importantly, given the established 
morbidity associated with insomnia—including a wide range 
of serious medical problems,5 depression,6,7 alcohol and sub-
stance use disorders, and suicide8—it is critical to identify at-
risk individuals prior to the first onset of insomnia. Currently, 
there is no widely accepted empirical method for categorizing 
premorbid sleepers as high versus low risk for insomnia. Most 
of the research on insomnia risk factors has emerged from 
cross-sectional studies among already affected individuals,9 
thus rendering it difficult to separate the underlying patho-
physiology of the disorder from its morbidity. Though prospec-
tive investigations have demonstrated both poor physical and 
mental health conditions to increase risk for sleep disturbance 
and insomnia,3,4,10 no empirically validated method currently 
exists to classify sleepers accurately as high versus low risk 
for insomnia, irrespective of such morbidities. Accurately 
classifying high- and low-risk individuals would allow for the 
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Significance
A sleep system that is reactive to stress constitutes a robust vulnerability to incident insomnia. Individuals with such sleep reactivity can be easily 
identified using a brief self-report instrument: the Ford Insomnia Response to Stress Test. As improvements to patient care center on the ability of 
healthcare providers to detect patients at risk for insomnia prior to disease onset, this line of research has significant implications for preventative care. 
Further research on reactive sleepers, as identified by this study, will help discover other premorbid biomarkers of insomnia, offer insight into disease 
progression, and help examine the efficacy of prophylactic insomnia treatments.

identification of premorbid biomarkers and causal pathways to 
incident insomnia among individuals without a lifetime his-
tory of the disorder. Thus, identifying at-risk sleepers carries 
great potential for the study of insomnia etiology and preven-
tion. To address this gap in the literature, we sought to deter-
mine whether premorbid sleep reactivity—i.e., the tendency to 
exhibit sleep disturbance in response to a sleep challenge—
can help identify individuals at risk for insomnia incidence 
and chronicity.

Owing to the robustness of the stress-diathesis model of in-
somnia,11,12 two widely supported risk factors have been dem-
onstrated in the literature. First, family history of insomnia 
has long been viewed as a reliable indicator of risk, with re-
cent findings showing maternal history as the strongest pre-
dictor.13,14 However, a number of methodological limitations 
diminish the clinical and research utility of evaluating risk 
based on this factor. Notably, as most laypeople are not trained 
in distinguishing between acute sleep disturbance and clinical 
insomnia, the validity of these reports—either positive or neg-
ative—cannot be established.14 Quite importantly, this method 
of risk assessment precludes classifying any individual who is 
unaware of his or her biological family’s medical history.

A second risk factor in the literature to receive much atten-
tion is sleep reactivity.15–19 Sleep reactivity is a heritable15,20 trait 
predisposition to insomnia that manifests as a sleep system that 
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is sensitive or “reactive” to stress.17 Prior investigations have 
shown that individuals with high sleep reactivity but no current/
prior insomnia report greater disruption in sleep in response 
to caffeine intake,18,19 circadian misalignment,19,21 and interper-
sonal stressors22 than do non-reactive sleepers. The Ford In-
somnia Response to Stress Test (FIRST)18 is a psychometrically 
validated nine-item self-report instrument commonly used to 
measure sleep reactivity. As a self-report measure, it is not con-
strained by many of the limitations of patient-reported biolog-
ical family history of sleep disorders. Furthermore, it presents 
a viable risk evaluation that is expeditious and cost effective, 
minimizing burden in both research and clinical settings.

The goal of the current investigation was to identify indi-
viduals at elevated risk for the development of insomnia using 
the FIRST, and to identify clinically relevant cut-points for the 
measure in predicting initial onset of insomnia. We sought to 
evaluate the predictive qualities of the FIRST in comparison 
to participant-reported parental history of insomnia while con-
trolling for stress exposure (i.e., number of major life events). 
To accomplish these goals, we analyzed data from a large 
community-based adult sample recruited in the Evolutions of 
Pathways to Insomnia Cohort (EPIC)22 study. Using a prospec-
tive design, we collected three waves of annual data from an 
adult sample with no current or lifetime history of insomnia or 
depression. We hypothesized that the risk for insomnia as indi-
cated by high sleep reactivity would accurately distinguish be-
tween acute insomniacs, chronic insomniacs, and individuals 
without the disorder.

METHODS

Participants
Data were collected from a large community sample in south-
eastern Michigan as part of a 3-y National Institute of Mental 

Health-funded investigation. Detailed recruitment, eligibility, 
and demographic information has been reported elsewhere.11 
For initial assessment (Year 0), study invitations were mailed 
to a randomly generated list of individuals (n = 36,002) from 
a major Health Maintenance Organization database. Of these 
individuals, 7,608 completed an online eligibility survey, 
which screened for current/lifetime history of insomnia and 
depression based on Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition23 (DSM-IV) criteria, and 
inconsistent or indiscriminate responding. A total of 2,590 
individuals screened positive for current/lifetime insomnia 
and/or depression, whereas 149 individuals were identified 
as inconsistent or indiscriminate responders, resulting in the 
exclusion of 2,739 respondents. In addition, 1,339 individuals 
declined to participate in the study. A total of 3,530 indi-
viduals participated in the Year 0 assessment. One year later, 
2,892 completed Year 1 follow-up (attrition rate = 18.1%). Fi-
nally, 2,016 participants completed the third and final wave 
of data collection at Year 2 (attrition rate = 30.3% from 
Year 1). Baseline demographic characteristics revealed the 
sample to be largely middle-aged, female, and white, though 
some ethnic diversity was observed (see Table 1 for sample 
characteristics).

Procedure
All study protocols were approved by the Henry Ford Hospital 
institutional review board. Individuals were required to pro-
vide informed consent prior to participating. The setting of this 
study was a web-based epidemiological survey. Data were col-
lected in three annual waves. Year 0 data were collected after 
participants met eligibility requirements using web-delivered 
questionnaires. One month prior to each annual follow-up (at 
Years 1 and 2), participants received Email reminders. Each 
assessment took approximately 30 min to complete.

Table 1—Sample descriptive characteristics at baseline (n = 2,016 with full data).

No Insomnia (n = 1,733) Acute Insomnia (n = 219) Chronic Insomnia (n = 64)
Age, mean ± SD, range 47.14 ± 13.17, 18–66 45.51 ± 13.32, 18–66 42.72 ± 12.82, 18–64
Female, n; % 1,012 female; 58.4% 154 female; 70.3% 44 female; 68.8%
Ethnicity,a n; %

White
Black
Asian or Pacific Islander
Hispanic or Latino
Middle Eastern or Indian
Other

1,165; 67.2%
386; 22.3%

88; 5.1%
5.1; 1.8%
45; 2.6%
17; 1.0%

140; 63.9%
60; 27.4%

6; 2.8%
2; 0.9%
7; 3.2%
4; 1.9%

37; 57.8%
23; 35.9%

1; 1.6%
1; 1.6%
1; 1.6%
1; 1.6%

Stress exposure between Years 0 and 1, mean ± SD 1.61 ± 1.67 2.30 ± 1.98 2.83 ± 2.29
FIRST scores at Year 0, mean ± SD 15.8 ± 4.0 18.6 ± 4.1 20.2 ± 4.4
Sleep onset latency at Year 0, mean ± SD 23.42 ± 17.37 31.30 ± 19.75 30.13 ± 18.12
Wake after sleep onset at Year 0 14.34 ± 14.49 20.49 ± 17.74 21.92 ± 17.00
Maternal history of insomnia, n (%) 385/1,075 (35.8%); 658 missing 72/141 (51.1%); 78 missing 23/44 (52.3%); 20 missing
Paternal history of insomnia, n (%) 199/1,001 (19.9%); 732 missing 29/125 (23.2%); 94 missing 12/35 (34.2%); 29 missing

“No insomnia,” never met criteria for insomnia; “acute insomnia,” met criteria for insomnia at Year 1 or 2; “chronic insomnia,” met criteria for insomnia at 
Years 1 and 2. aDue to rounding, percentages do not equal 100.0% for the “acute insomnia” or “chronic insomnia” groups. Stress exposure measured using 
a count of the number of events endorsed on the Social Readjustment Rating Scale-Revised between Years 0 and 1. FIRST, Ford Insomnia Response to 
Stress Test.
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Measures

Insomnia
Individuals were classified with insomnia at Years 0, 1, and 2. 
At Year 0, those who met criteria for insomnia were excluded 
from the study, whereas insomnia status was the target outcome 
at Years 1 and 2. DSM-IV based insomnia classifications were 
established using the following questions: “In the past year, have 
you experienced difficulty falling asleep for at least 1 mo?” “In 
the past year, have you experienced difficulty staying asleep for 
at least 1 mo?” and “In the past year, have you experienced dif-
ficulty with nonrefreshing sleep for at least 1 mo?” Responses 
ranged from 0 (“not at all”) to 4 (“very much”), and participants 
who reported a score of 2 (“somewhat”) or higher met that noc-
turnal symptom criterion. In addition, participants were asked to 
estimate the number of days per week these nocturnal insomnia 
symptoms occurred. Further, participants had to endorse day-
time impairment secondary to sleep difficulties in response to 
the following question: “To what extent do you consider your 
sleep problems to interfere with your daily functioning?” Re-
sponses again ranged from 0 to 4, and participants who reported 
a score of 2 (“somewhat”) or higher met the daytime impairment 
criterion. To meet criteria, participants had to report experi-
encing one or more of these nocturnal insomnia symptoms three 
or more nights per week for at least a 1-mo period, and meet the 
daytime impairment criterion for a duration of 1 mo or longer.

Insomnia Symptom Presentation
Participants were asked to respond to the following items to offer 
a more detailed depiction of baseline sleep and insomnia com-
plaints at Years 1 and 2. Sleep onset latency (SOL): “On average 
(including weekdays and weekends), how long does it take you 
to fall asleep (in the past month)?” with responses in minutes. 
Wake after sleep onset (WASO): “On average, how long does 
it take you to fall back asleep after waking up (during the past 
month)?” with responses in minutes. Subjective insomnia se-
verity: “How severe were your sleep problems?” with responses 
ranging from 0 “low” to 10 “high.” Daytime impairment: “To 
what extent do you consider your sleep problem to interfere with 
your daily functioning (e.g. daytime fatigue, ability to function 
at work/daily chores, concentration, memory, mood, etc.)?” with 
response options ranging from 0 “not at all” to 4 “very much.” 
Frequency of nighttime symptoms: “During your insomnia, on 
average, how many days per week did you experience the sleep 
problem?” with responses in number of days.

Parental History of Insomnia
To assess parental history of insomnia, participants were asked 
to respond “yes” or “no” to the two following questions: “Has 
your biological mother had difficulty falling asleep, staying 
asleep, or nonrefreshing sleep three or more times per week for 
at least 1 mo?” and “Has your biological father had difficulty 
falling asleep, staying asleep, or nonrefreshing sleep three or 
more times per week for at least 1 mo?”

Sleep Reactivity
The current study examined trait sleep reactivity at Year 0, 
prior to any lifetime history of insomnia among our eligible 

participants. The FIRST18 is a self-report measure of trait sleep 
reactivity. Items on the FIRST ask respondents to rate the like-
lihood (not, somewhat, moderately, and very likely) that they 
would experience sleep difficulties in reaction to nine hypo-
thetical stressful situations (e.g., “after a stressful experience 
during the day,” “before an important meeting the next day”). 
Higher scores on the FIRST indicate a more highly reactive 
sleep system.

Stress Exposure: Number of Events
Stress exposure was based on the Social Readjustment Rating 
Scale (SRRS-R),24,25 an inventory of 52 stressful life events 
commonly reported by US adults (e.g., divorce, change in resi-
dence, loss of employment). In the current study, we examined 
the total number of endorsed events for each participant re-
ported at Year 1.

Analysis Plan
Logistic regression with maximum likelihood estimation was 
used to evaluate risk for insomnia incidence and chronicity as 
predicted by sleep reactivity and stress exposure, controlling 
for demographic characteristics. To determine FIRST cut-
points, a receiver operating characteristic (ROC) curve was 
employed, and evaluation of Youden J index associated with 
potential cut-point values informed balance of sensitivity and 
specificity in the selection of optimal clinical cutoffs. Next, the 
positive and negative predictive values of these cutoffs were 
examined and compared to the sample base rate. We then com-
pared low-risk versus at-risk individuals for their risk for in-
somnia onset and chronicity. Finally, we compared insomnia 
symptom presentation between insomniacs with and without 
highly reactive sleep systems.

RESULTS

Preliminary Analyses
We observed 262 new cases of insomnia at 1-y follow-up (of 
n = 2,892 at Year 1), representing an incidence rate of 9.1%., 
which is consistent with other population-based incidence es-
timates2,3 (see Table 1 for sample descriptive characteristics). 
Regarding parental history of insomnia, more than one-third 
of the sample reported that they “did not know” their sleep-
related parental history. Of those who were cognizant of their 
parental history, 37.9% of participants indicated maternal his-
tory of insomnia, as compared to 20.9% who indicated a pa-
ternal history. Additionally, the average number of major life 
stressors leading up to Year 1 was 1.7 ± 1.7. Next, using one-
way analysis of variance, we compared FIRST scores among 
never-insomniacs, acute insomniacs (met criteria at Year 1 or 
2), and chronic insomniacs (met criteria at Years 1 and 2). Anal-
yses revealed that the groups significantly differed in baseline 
FIRST scores (F(2,2013) = 78.42, P < 0.001), corresponding to 
a medium-large effect (η2 = 0.07). Post hoc Bonferroni tests 
showed that never-insomniacs rated lower sleep reactivity as 
compared to both acute (MΔ = 2.8, P < 0.001) and chronic 
(MΔ = 4.4, P < 0.001) insomniacs. Moreover, individuals with 
chronic insomnia indicated greater sleep reactivity than those 
with acute insomnia (MΔ = 1.6, P = 0.02).



SLEEP, Vol. 39, No. 2, 2016 452 Sleep Reactivity and Risk for Insomnia—Kalmbach et al.

To determine relevant covariates for testing our substantive 
hypotheses, we fit a logistic regression model estimating risk 
for insomnia as predicted by sex, age, stress exposure between 
baseline and 1-y follow-up, and known parental history of 
insomnia. The overall model reliably distinguished between 
insomniacs and those in whom the disorder did not develop 
(χ2

(5) = 50.62, P < 0.001), and the Hosmer-Lemeshow test re-
vealed that the model fit the data well (χ2

(8) = 6.17, P = 0.63). 
Evaluation of the individual predictors revealed that maternal 
history of sleep disturbance (b = 0.60, odds ratio [OR] = 1.82, 
95% confidence interval [CI] = 1.22–2.71, P < 0.01) and stress 
exposure (b = 0.27, OR = 1.32, 95% CI = 1.21–1.43, P < 0.001) 
increased likelihood for the development of insomnia. Specifi-
cally, the odds of the development of insomnia among indi-
viduals with a maternal history of insomnia were nearly twice 
than for those without, and each major life stressor increased 
odds for insomnia by 32%. Age (P = 0.97), sex (P = 0.24), and 
paternal history of insomnia (P = 0.78) were not significantly 
related to insomnia incidence in the overall model. Conse-
quently, maternal history and stress exposure were used as co-
variates in models predicting insomnia onset.

Determining FIRST Cut-points
Prior to determining FIRST cut-points, we began by exam-
ining its predictive qualities for insomnia incidence, indepen-
dent of maternal history and stress exposure. We fit a logistic 
regression model estimating likelihood of insomnia incidence 
as predicted by total FIRST scores and controlling for maternal 
history and stress exposure. The model reliably distinguished 
between individuals with insomnia and individuals without 
the disorder (χ2

(3) = 108.773, P < 0.001), and fit the data well 
(χ2

(8) = 3.79, P = 0.88). As predicted, baseline FIRST scores 
predicted insomnia onset at 1-y follow-up (b = 0.13, OR = 1.14, 
95% CI = 1.10–1.18, P < 0.01) such that each one-point increase 
on the FIRST was associated with a 14% increase in the odds 
for the development of insomnia while controlling for maternal 

history (OR = 1.53, P = 0.01) and stress 
exposure (OR = 1.28, P < 0.001).

Next, we constructed a ROC curve: 
sleep reactivity predicting incident in-
somnia. Based on Youden J index, a 
cutoff of 18 was identified as providing 
optimal balance of sensitivity and speci-
ficity (Youden J index: 0.62 (sensitivity) 
+ 0.67 (specificity) – 1 = 0.29). That is, of 
the 262 individuals in whom insomnia 
developed at 1-y follow-up, 163 scored 
18 or above on the FIRST at baseline, 
whereas 67% of individuals without in-
somnia scored below threshold at base-
line. As such, individuals who scored 18 
or higher on the FIRST were considered 
at elevated risk for insomnia. However, 
because preventive efforts may benefit 
from a more sensitive test, we exam-
ined additional potential cut-points in-
dicating risk for insomnia with greater 
sensitivity. Specifically, we examined 

potential cut-points of 16 (the sample median) and 17. The 
Youden J for a cutoff of 16 (sensitivity 0.77 and specificity 
0.50; Youden J = 0.27) outperformed that of a 17-point cutoff 
(Youden J = 0.26). Of the 262 Year 1 individuals with insomnia, 
202 scored ≥ 16 on the FIRST at baseline, whereas 1,301 of the 
2,630 individuals in whom the disorder did not develop scored 
below 16. Next, we further explored the predictive values and 
risk associated with the 16- and 18-point FIRST cutoffs.

Comparing Sleep Reactive and Nonreactive Individuals

FIRST ≥ 16
When using FIRST ≥ 16 as the cut-point, 1,531 of the 2,892 
were identified as having risk for insomnia (Table 2). Of these 
1,531 individuals, clinical insomnia developed in 202 at 1-y 
follow-up, resulting in a positive predictive value (PPV) of 
13.2%. Notably, PPV varies as a function of base rate, and the 
observed 13.2% PPV associated with a cut-point of 16 is 45% 
higher than our samples’ 9.1% 1-y insomnia incidence rate. The 
negative predictive value (NPV) was 95.6%. In other words, of 
the 1,361 people who scored below 16 at baseline, insomnia 
developed in only 60 of those individuals.

We then tested the risk for insomnia among individuals 
identified as having low versus elevated sleep reactivity based 
on the FIRST cutoff of 16 (Table 2). First, we fit a logistic re-
gression predicting 1-y insomnia incidence and found that the 
risk of clinical insomnia developing in individuals who scored 
16 or higher was nearly 300% higher than low-risk individ-
uals (b = 1.06, OR = 2.88, 95% CI = 1.96–4.22, P < 0.001), 
while controlling for the effects of maternal insomnia history 
(OR = 1.59, P < 0.01) and stress exposure (OR = 1.29, P < 0.001). 
Because 37.9% of the sample’s data were missing from the lo-
gistic regression model based on nonresponse rate regarding 
maternal history, we re-ran the model without this covariate 
to test whether the findings would replicate in the full sample. 
Analyses again revealed that reactive individuals were three 

Table 2—Ford Insomnia Response to Stress Test ≥ 16 characteristics.

Insomnia incidence rate 262/2,892, 9.1%
Sensitivity

Insomniacs correctly identified 202/262 new cases, 77.1%
Specificity

Good sleepers correctly identified 1,301/2,630, 49.5%
Positive predictive value

At-risk individuals in whom insomnia developed 202/1,531, 13.2%
Negative predictive value

Low-risk individuals who remained good sleepers 1,301/1,361, 95.6%
Predicting incident insomnia at Year 1

FIRST ≥ 16
Maternal insomnia history
Stress exposure

OR = 2.88, P < 0.001
OR = 1.59, P < 0.01
OR = 1.29, P < 0.001

Reactive vs. nonreactive insomniacs
SOL at Year 1
SOL at Year 2 among chronic insomniacs
WASO at Year 1

mean = 65 min vs. mean = 37 min, P < 0.01
mean = 70 min vs. mean = 64 min, nonsig
mean = 44 min vs. mean = 46 min, nonsig

FIRST, Ford Insomnia Response to Stress Test; nonsig, nonsignificant; OR, odds ratio; SOL, sleep 
onset latency; WASO, wake time after sleep onset.
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times as likely to report insomnia at 1-y 
follow-up (OR = 3.00, P < 0.001). Next, 
as poor sleepers are at elevated risk for 
future insomnia,10 we evaluated whether 
the FIRST ≥ 16 cut-point predicted fu-
ture insomnia in participants without 
insomnia at baseline who endorsed 
sleep disturbance, but did not meet in-
somnia criteria due to not endorsing 
the symptom frequency or daytime im-
pairment criteria. In this subsample of 
disturbed baseline sleepers, analyses 
revealed that insomnia was twice as 
likely to develop in poor sleepers who 
scored 16 or higher on the FIRST than 
in nonreactive poor sleepers (OR = 2.09, 
P < 0.01) while controlling for maternal 
history (P = 0.40) and stress exposure 
(P < 0.001).

We then tested whether the 16 cut-
point differentiated between individ-
uals with chronic insomnia (defined as 
having insomnia at Years 1 and 2) versus individuals who were 
never classified as having insomnia. Analyses revealed that 
insomnia was six times as likely to develop in reactive indi-
viduals (b = 1.80, OR = 6.06, 95% CI = 2.52–14.57, P < 0.001). 
Of note, though stress exposure predicted chronic insomnia 
(OR = 1.28, P < 0.001), maternal history did not differentiate 
between chronic insomniacs and never-insomniacs (OR = 1.53, 
P = 0.18).

Last, we sought to compare sleep reactive versus nonreac-
tive insomniacs to investigate whether these groups differed in 
symptom presentation and disease course. Analyses revealed 
that sleep reactive insomniacs were more than twice as likely 
to endorse difficulty initiating sleep (b = 0.99, OR = 2.70, 95% 
CI = 1.49–4.90, P < 0.01) such that sleep reactive insomniacs 
reported nearly double the SOL as nonreactive insomniacs, 
t(260) = 2.88, P < 0.01, Cohen d = 0.49 corresponding to a 
medium effect (Table 2). However, this SOL-related differ-
ence between sleep reactive and nonreactive insomniacs be-
came nonsignificant when insomnia became chronic at Year 2 
(OR = 1.68, P = 0.50). As expected, sleep reactive and nonre-
active insomniacs were above quantitative threshold in regard 
to WASO,26 though no significant difference was observed 
between sleep reactive insomniacs (44 min) and nonreactive 
insomniacs (46 min), t(270) = 0.41, P = 0.80. No group differ-
ences were found in frequency of nighttime symptoms, non-
refreshing sleep, daytime impairment, or subjective severity 
of insomnia. Finally, sleep reactive and nonreactive insom-
niacs did not differ in disease course from Year 1 to Year 2 
(OR = 1.98, P = 0.09).

FIRST ≥ 18
When using FIRST ≥ 18 as the cut-point, 1,035 of 2,892 base-
line individuals (35.8%) were identified as being at risk for in-
somnia (Table 3). Of those 1,035 individuals, 163 met criteria 
for clinical insomnia at 1-y follow-up. The observed 15.7% 
PPV was 73% higher than the samples’ 9.1% incidence rate. In 

comparison, insomnia developed in only 5.3% (i.e., 99/1,857) 
of the individuals identified as low risk (NPV: 94.7%).

We then tested the risk of insomnia incidence for individ-
uals identified as having low versus high sleep reactivity using 
the 18-point cutoff (Table 3). Logistic regression revealed that 
that the odds of insomnia onset were more than 300% greater 
among at-risk individuals (b = 1.20, OR = 3.32, 95% CI = 2.35–
4.68, P < 0.001) while controlling for the effects of maternal 
history (OR = 1.49, P = 0.02) and stress exposure (OR = 1.29, 
P < 0.001). To demonstrate this finding once again in the full 
sample, we re-ran the model excluding the maternal history co-
variate, which replicated the effect size: OR = 3.03, P < 0.001. 
Next, we evaluated the utility of the FIRST ≥ 18 cutoff among 
poor sleepers to rule out reactivity-based insomnia risk as an 
artifact of baseline sleep disturbance. Analyses revealed that 
insomnia was almost three times more likely to develop in 
poor sleepers with elevated sleep reactivity than in nonreac-
tive poor sleepers (OR = 2.73, P < 0.001) while controlling for 
maternal history (P = 0.58) and stress exposure (P < 0.001).

We then tested whether the 18-point cutoff differentiated be-
tween chronic insomniacs versus never-insomniacs. Analyses 
revealed that chronic insomnia was five times as likely to de-
velop in individuals who scored at or above the FIRST 18 cut-
point at baseline (b = 1.68, OR = 5.39, 95% CI = 2.70–10.72, 
P < 0.001) while controlling for stress exposure (OR = 1.29, 
P < 0.001). Once again, however, maternal history of insomnia 
did not differentiate between chronic insomniacs and never-
insomniacs (OR = 1.44, P = 0.26). Analyses revealed that sleep 
reactive insomniacs were twice as likely to complain of dif-
ficulty initiating sleep (b = 70.99, OR = 2.02, 95% CI = 1.18–
3.45, P < 0.01), which corresponded to a 24-min longer SOL 
for sleep reactive insomniacs compared to nonreactive insom-
niacs, t(260) = 2.75, P < 0.01, Cohen d = 0.36 corresponding to 
a small to medium effect. Once again, this SOL-related differ-
ence between sleep reactive and nonreactive insomniacs be-
came nonsignificant when insomnia became chronic (b = 0.36, 

Table 3—Ford Insomnia Response to Stress Test ≥ 18 characteristics.

Insomnia incidence rate 262/2,892, 9.1%
Sensitivity

Insomniacs correctly identified 163/262 new cases, 62.2%
Specificity

Good sleepers correctly identified 1,758/2,630, 66.8%
Positive predictive value

At-risk individuals in whom insomnia developed 163/1,035, 15.7%
Negative predictive value

Low-risk individuals who remained good sleepers 1,758/1,857, 94.7%
Predicting incident insomnia at Year 1

FIRST ≥ 18
Maternal insomnia history
Stress exposure

OR = 3.32, P < 0.001
OR = 1.49, P = 0.02
OR = 1.29, P < 0.001

Reactive vs. nonreactive insomniacs
SOL at Year 1
SOL at Year 2 among chronic insomniacs
WASO at Year 1

mean = 68 min vs. mean = 44 min, P < 0.01
mean = 74 min vs. mean = 59 min, nonsig.
mean = 47 min vs. mean = 39 min, nonsig.

FIRST, Ford Insomnia Response to Stress Test;  nonsig, nonsignificant; OR, odds ratio; SOL, sleep 
onset latency.
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OR = 1.43, 95% CI = 0.41–5.01, P = 0.58). Both sleep reactive 
and nonreactive insomniacs reported sleep maintenance diffi-
culties and were above threshold in regard to WASO,26 with no 
group difference observed between sleep reactive insomniacs 
(47 min) and nonreactive insomniacs (39 min), t(270) = 1.08, 
P = 0.28. No other group differences in symptom presentation 
were found between sleep reactive and nonreactive insom-
niacs. Finally, sleep reactive and nonreactive insomniacs did 
not differ in disease course from Year 1 to Year 2 (OR = 1.51, 
P = 0.22).

Comparing Cutoff Values for Relative Risk
Last, we evaluated relative risk associated with the FIRST cut-
points among reactive sleepers by comparing insomnia rates 
at Year 1 between two groups: (1) moderately reactive sleepers 
as indicated by scoring 16 or 17 on the FIRST (i.e., above 
threshold, but below the 18-point value), and (2) highly reac-
tive sleepers as indicated by scoring 18 or above on the FIRST. 
A significant 2 × 2 chi-square analysis showed that 7.7% of 
moderately reactive sleepers (n = 39/505), developed insomnia 
at Year 1, whereas insomnia developed in 16.1% of highly reac-
tive sleepers (n = 170/1,055) (OR = 2.30, χ2

(1) = 20.73, P < 0.001). 
Notably, this finding was replicated using logistic regression 
and controlling for maternal history and stress exposure, and 
the odds of the development of insomnia were greater for highly 
reactive sleepers (OR = 2.61, P < 0.001). Moreover, relative 
risk estimates were then calculated among nonreactive (FIRST 
scores ≤ 15), moderately reactive, and highly reactive sleepers. 
Insomnia developed in 4.4% of nonreactive sleepers (60/1,361). 
Therefore, the risk for insomnia was 1.8 (0.077/0.044) times 
higher for moderately reactive sleepers compared to nonreac-
tive sleepers. Further, the risk for insomnia was 3.7 (16.1/4.4) 
and 2.1 (16.1/7.7) times higher for highly reactive sleepers as 
compared to nonreactive and moderately reactive sleepers, 
respectively.

DISCUSSION
This investigation sought to use a trait measure of sleep re-
activity to identify individuals at elevated risk for insomnia 
using web-based epidemiological survey data from a large 
community-based sample with no lifetime history of the dis-
order. Results identified two cut-points for the FIRST indi-
cating elevated risk for initial onset of insomnia. Importantly, 
the FIRST cutoffs outperformed participant-reported parental 
history of insomnia. Not only did the FIRST cutoff values cor-
respond to insomnia incidence, they differentiated between 
chronic insomniacs and never-insomniacs, which known pa-
rental history failed to do. Notably, symptom presentation dif-
fered between sleep reactive and nonreactive insomniacs at the 
time of insomnia incidence (1-y post initial assessment) such 
that individuals with sensitive sleep systems were more likely 
to complain of prolonged sleep onset latency. Together, these 
findings offer strong empirical support for the utility of the 
FIRST for identifying individuals at risk for developing acute 
and chronic insomnia.

We identified two clinically relevant cut-points for the 
FIRST: ≥ 16 and ≥ 18. The 16-point cutoff value was the more 
sensitive of the two identified cut-points, and insomnia was 

almost three times more likely to develop in individuals who 
scored ≥ 16 over the follow-up period than individuals who 
scored below threshold (Table 2). Moreover, chronic insom-
niacs were six times more likely to score above the 16-point 
cutoff compared to never-insomniacs. Seventy-seven percent 
of insomniacs at 1-y follow-up were identified as at-risk for 
insomnia (sensitivity) prior to onset. However, only half of 
sleepers in whom insomnia did not develop at 1-y follow-up 
were correctly identified at baseline (specificity). In this con-
text, we believe it is important to note that sensitivity and 
specificity values are traditionally presented to characterize a 
test’s ability to detect current disease status. This investigation 
differs in that these values represent predictive qualities 1 y 
prior to disease detection. Finally, some evidence was found 
to suggest that individuals with moderate levels of sleep re-
activity (operationalized as reporting FIRST scores of 16 and 
17, i.e., above threshold, but below the 18-point cutoff) were 
at twice the risk for insomnia than nonreactive sleepers (i.e., 
FIRST ≤ 15), but just half of the risk of highly reactive sleepers 
(i.e., FIRST ≥ 18). Thus, individuals who score in this range 
may be interpreted as having moderate risk for insomnia.

The value of FIRST ≥ 18 resulted in a more conservative 
test (Table 3). In these individuals, insomnia was 300% as 
likely to develop at 1-y follow-up, and they were more than five 
times more likely to be chronic insomniacs than never-insom-
niacs. Moreover, the insomnia risk for these highly reactive 
individuals was approximately two to four times as high when 
compared to moderately reactive and nonreactive sleepers, re-
spectively. As such, individuals who score 18 or higher on the 
FIRST may be described as being at high risk for insomnia. Of 
note, 62.2% of insomniacs at Year 1 were identified as at high 
risk for insomnia at baseline, whereas 66.8% of noninsom-
niacs were correctly identified as having low risk using this 
cut-point. In comparison to the 16-point cutoff, these values 
reflect a less sensitive test, but also a markedly lower false pos-
itive rate and higher PPV. Overall, we contend that neither cut-
point is universally preferable over the other. Rather, we urge 
clinicians and researchers to use either cutoff based on their 
needs and preferences regarding sensitivity and specificity. Fu-
ture research may investigate the benefits associated with each 
cutoff in predicting future sleep pathology.

Not only did the FIRST reliably identify at-risk individuals, 
it was a stronger predictor than known biological parental his-
tory of insomnia. Specifically, prior research has identified ma-
ternal history of insomnia to accurately predict elevated risk 
for this disorder13,14; a finding that was replicated in our study. 
However, the effect size of participant-reported maternal his-
tory substantially smaller than the effect sizes associated with 
the FIRST cutoff values. Unexpectedly, maternal history did 
not differentiate between chronic insomniacs and never-insom-
niacs, whereas both FIRST cut-points distinguished between 
the two groups. It is important to note that more than one-third 
of our sample indicated not knowing whether or not their bio-
logical mother or father had a history of insomnia. This is a 
serious limitation that critically restricts the utility of solely re-
lying on patient- or participant-reported biological family his-
tory as an indicator of future insomnia risk. Significant method 
error is likely involved when individuals are asked to report on 
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familial history of clinical sleep disorders, as most individuals 
are not trained to identify these disorders nor may be privy to 
family members’ health history. Given the heritability of sleep 
reactivity,15,20 it is likely that parental history may have served 
as a proxy for sleep reactivity in prior studies. Indeed, recent 
research by Fernandez-Mendoza and colleagues20 has shown 
that FIRST scores aggregate within nuclear families with heri-
tability estimated at 29%.

Importantly, the FIRST demonstrated good clinical utility 
in a subsample of poor baseline sleepers. Within these indi-
viduals—those who endorsed nocturnal symptoms but did not 
meet insomnia criteria due to not endorsing frequency or day-
time impairment criteria—sleep reactivity played an impor-
tant role in the risk for insomnia. Though reactive sleepers may 
be more innately predisposed to experience sleeping problems, 
finding that insomnia was two to three times more likely to 
develop in reactive poor sleepers than in nonreactive poor 
sleepers suggests that the effect of sleep reactivity on insomnia 
risk is independent of premorbid sleep disturbance.

Sleep Reactivity and Future Insomnia Research
The current study found that SOL was nearly twice as long 
in duration at disease onset among reactive insomniacs (see 
Tables 2 and 3), a finding that is highly consistent with prior 
research on acute sleep onset insomnia as a gateway to chronic 
insomnia.27,28 Germane to this presleep wakefulness, prior re-
search has demonstrated that heightened cognitive arousal is as-
sociated with trait sleep reactivity,12 and that cognitive arousal 
even moderates the relationship between sleep reactivity and 
incident insomnia22 such that sleep reactive individuals are es-
pecially sensitive to cognitive intrusions (e.g., worry, rumina-
tion). Thus, a mechanism by which sleep reactivity initiates 
and perpetuates insomnia disorder may center on the cogni-
tive processes during the presleep period. In a recent review, 
Riemann and colleagues29 demonstrated that cognitive arousal 
is not only a common complaint among insomniacs, but also 
that presleep cognitive content often reappears in dreams. The 
authors presented these findings in the context of highlighting 
rapid eye movement (REM) instability (i.e., frequent micro-
arousals and macroarousals during REM sleep) as a possible 
pathway to and biomarker of insomnia. Thus, future studies 
can determine whether REM instability presages insomnia by 
examining whether such premorbid polysomnogram abnor-
malities are evident in sleep reactive individuals. Additionally, 
risk for incident insomnia may be greatly minimized should 
cognitive arousal be identified among premorbid samples with 
high sleep reactivity. For instance, both behavioral interven-
tions to override nocturnal wakefulness (e.g., restricting time 
in bed30) coupled with techniques to defuse cognitive arousal 
(e.g., mindfulness meditation31), may preempt the evolution of 
transient sleep disturbance into clinical insomnia.

Though most insomniacs reported high baseline sleep reac-
tivity and initially presented with pronounced sleep latency, a 
subgroup of insomniacs was described as having low sleep re-
activity prior to the development of the disorder, among whom 
no clear insomnia phenotype was observed. Despite difficul-
ties falling and staying asleep among nonreactive insomniacs 
exceeding quantitative criteria only modestly to moderately,26 

symptom presentation, other than the aforementioned differ-
ences in sleep latency, was highly similar and disease course 
did not differ between reactive and nonreactive insomnia sub-
groups. Even so, the onset of insomnia in low-reactivity indi-
viduals highlights the multifactorial and complex etiology of 
sleep pathology, and consequent limitations in the ability of 
the FIRST to detect disease risk in this smaller, less premor-
bidly reactive subpopulation of future insomniacs.

Study Limitations
We believe the current study adds to the literature on the devel-
opment of insomnia, but must be interpreted in the context of 
some methodological limitations. First, we must acknowledge 
the potential threats to validity due to the use of self-report in-
struments. Second, participants were not screened for comorbid 
psychopathology (other than depression). However, comorbid 
insomnia is the norm in the general population, thus adding to 
the generalizability of results. Finally, older adults were under-
represented in the current study, and our sample consisted of no 
participants older than 67 y. As such, it is unclear whether these 
findings generalize to older adults. Despite these limitations, 
we demonstrated the FIRST’s capability of predicting initial 
onset insomnia in individuals without history of insomnia or 
depression, thus affording opportunity to preempt the disease 
process, and allowing for more personalized treatment.
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