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INTRODUCTION
Though conceptualizations and diagnostic criteria continue 

to evolve, the emerging consensus across all current nosolo-
gies is that insomnia is a disorder characterized by at least one 
nocturnal sleep symptom, as well as one daytime or waking 
symptom that is attributable to poor sleep.1–3 The sleep related 
symptoms of insomnia include sleep onset difficulties, sleep 
maintenance difficulties, or some combination thereof, which 
occur despite adequate opportunity and circumstance for 
sleep. Nonrestorative sleep (NRS) is typically included in this 
symptom complex, though some data suggest epidemiological 
and clinical differences between this symptom and other noc-
turnal symptoms of insomnia.4,5 This inherent heterogeneity 
in the phenomenology of insomnia has prompted the recogni-
tion of potential subtypes or phenotypes, such as sleep onset 
insomnia (SOI) and sleep maintenance insomnia (SMI), in both 
clinical and research settings.6–10 However, there have been few 
attempts to ascertain whether different clinical presentations 
truly represent distinct phenotypes of the disorder, or simply 
the current expression of insomnia disorder. Reliable longitu-
dinal data on the symptom profiles of individuals with an es-
tablished diagnosis of insomnia are needed to shed light on the 
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validity of presumed phenotypes, help determine their within-
person stability, and, potentially, offer insight into the clinical 
utility of such distinctions.

Presently, pharmacological interventions represent the first 
line of treatment for insomnia in medical settings.11 Clinical 
trials for hypnotic drugs routinely select participants based on 
phenotypes such as SOI or SMI. Further, in its labeling of these 
drugs, the US Food and Drug Administration differentially in-
dicates certain drugs for sleep onset difficulties (e.g., zaleplon, 
ramelteon), others for sleep maintenance problems (doxepin, 3 
mg and 6 mg), and some for both (e.g., eszopiclone, zolpidem 
ER).12,13 The American Academy of Sleep Medicine makes sim-
ilar distinctions regarding the use of pharmacological agents 
in its standards of practice parameters in the treatment of in-
somnia.14 With respect to behavioral treatments, certain inter-
ventions such as relaxation training are targeted more toward 
sleep onset difficulties, whereas others including sleep restric-
tion aim to improve both sleep onset and maintenance.15 At-
tempts to distinguish between putative phenotypes are also 
apparent in comorbidity research, with several studies con-
cluding, for instance, that the SOI phenotype is more closely 
related to depression and anxiety than are others.7,9 The impli-
cation here is that the identification of specific insomnia phe-
notypes can guide preventive efforts focused on their unique 
clinical correlates.

All of the aforementioned clinical practices and research 
aims are predicated on the assumption that presenting insomnia 
symptoms at any given time represent stable phenotypes with 
valid boundaries. However, nearly all extant data on insomnia 
phenotypes are cross-sectional, and therefore offer only a state 
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level snapshot of any distinct clinical or demographic charac-
teristics.7,8,10 To the best of our knowledge, only two studies 
have explored the longitudinal trajectories of insomnia phe-
notypes. Hohagen et al.16 divided a sample of more than 300 
patients seeking treatment for sleep disturbance in primary care 
settings across the Mannheim area of Germany into symptom-
based groups (e.g., an SOI group that complained exclusively of 
sleep onset latencies (SOLs) greater than 30 min; an SMI group 
that reported only sleep maintenance difficulties with nocturnal 
awakenings greater than 30 min; as well as combinations of the 
aforementioned groups). Upon reassessment 4 mo later, they 
found that 49% of the SOI group and 83% of the SMI group 
endorsed a different phenotype, thus pointing to limited overall 
temporal stability. Though this study is an important landmark 
in the field, a number of methodological shortcomings limit the 
scope of reported findings. Inclusion in the study was based on 
four questions: “Do you have any sleep problem?”; “How long 
does it take you to fall asleep?”; “Do you wake up at night and 
then have difficulty falling asleep again?”; and “Do you wake 
up considerably earlier than desired?” Thus, there were no data 
on the frequency of sleep complaints (e.g., days/w), or on the 
presence of any resulting daytime impairments or distress. Sim-
ilarly, the chronicity criterion used to validate sleep symptoms 
in this study was only 4 w. Recent longitudinal data17 show that 
the presence of sleep disturbance for 1 mo is not a reliable in-
dicator of insomnia syndrome, as approximately 50% of such 
cases remit the following month; indeed, current diagnostic 
systems stipulate that symptoms last for at least 3 mo to earn 
an insomnia diagnosis.18 The results of this study may therefore 
be more applicable to sleep disturbance than to insomnia per 
se. Finally, though stability varied significantly across pheno-
types, no explanations for this finding could be gleaned because 
there were few additional data regarding the clinical and demo-
graphic characteristics of different phenotypes.

A more recent study on the natural course of insomnia symp-
toms in two adult cohorts from Scotland had many of the same 
limitations with regard to diagnostic validity.19 During three of 
the five waves of data collection in this study, sleep disturbance 
was assessed based on two questions: “How often do you have 
trouble getting to sleep?” and “How often are you bothered 
by waking earlier than you would like to, or waking up in the 
middle of the night?” No quantitative criteria were applied to 
any reported sleep disturbances (e.g., SOL or total wake time 
after sleep onset [WASO]), rendering it difficult to compare 
these data with those from other studies. Further, although the 
SOI phenotype was the most stable of all reported phenotypes 
in the study by Hohagen et al., too few participants from the 
Scotland cohort consistently reported the SOI phenotype to 
avail reliable data on its temporal stability. Analyses pointed 
instead to three classes of insomnia symptoms: “episodic main-
tenance,” marked by discrete periods of sleep maintenance dif-
ficulties; a “developing” class of participants who experienced 
both sleep onset and maintenance difficulties as they aged; and 
a “chronic mixed” class who endorsed persistent problems with 
both sleep onset and maintenance.

Another systemic problem with previous findings is the lim-
ited or inconsistent application of empirically based quantita-
tive criteria to define phenotypes. Though not required for a 
formal diagnosis of insomnia, quantitative thresholds for sleep 

symptoms are enumerated in the text of current diagnostic 
manuals.18,20 Based on a review of prior studies, Lichstein 
and colleagues found that a cutoff of 31 min for self-reported 
sleep disturbances such as SOL and WASO achieved the best 
sensitivity and specificity in diagnosing insomnia.21 However, 
with a few exceptions,8,22 most prior studies have not included 
such quantitative cutoffs, relying instead on subjective/quali-
tative complaints (e.g., “Do you have difficulty falling asleep 
at night?”).5,7,9,10 Quantitative criteria are especially vital to re-
search to facilitate data comparison across studies and to enrich 
diagnostic assessment in the absence of a systematic clinical 
interview.

In summary, because of insufficient data, contradictory find-
ings, and a lack of standardization in the assessment of key vari-
ables, it is largely unclear whether specific insomnia symptoms 
represent stable, trait level phenotypes. The current study seeks 
to fill this gap in the literature by analyzing prospective data 
from a large sample of adults with an established diagnosis of 
insomnia from the Evolution of Pathways to Insomnia Cohort.23 
Extensive data on the nature and duration of sleep parameters, 
demographic characteristics, and daytime impairments such 
as sleepiness and depressive symptoms were obtained both at 
baseline as well as at a follow-up assessment 1 y hence. We 
examined whether these factors influenced the stability of base-
line symptoms, and whether stable symptoms thus judged to be 
insomnia phenotypes differed significantly from one another on 
these variables. No a priori hypotheses were proposed given 
the paucity of extant empirical findings.

METHOD

Participants
The current data derive from an ongoing prospective inves-

tigation of a large community-based sample from southeastern 
Michigan; a detailed description of recruitment strategies and 
sample characteristics appears elsewhere.23 Briefly stated, we 
began recruitment by mailing invitation letters to a randomly 
generated list of individuals (n = 36,002) from a major Health 
Maintenance Organization database. A total of 7,608 of these 
individuals (21%) completed a web-delivered survey to assess 
eligibility for the current study (see Figure 1). Approximately 
34% (n = 2,590) of these participants met criteria for current/
lifetime insomnia, and were invited to participate in the study. 
The study invitation appeared on the subsequent webpage of the 
online portal, followed by the baseline questionnaires (Time 1). 
Approximately 46% of eligible survey takers (n = 1,205) de-
clined to participate, while the remainder (n = 1,385) completed 
the Time 1 assessment battery. Finally, 79% of this final sample 
(1,099/1,385) completed a follow-up assessment (Time 2) 1 y 
later.

Procedure and Measures
All study protocols were approved by the Henry Ford Hos-

pital institutional review board. Participants completed the 
Time 1 assessment immediately after taking the diagnostic 
survey. Investigators sent email reminders to all participants ap-
proximately 1 mo prior to the Time 2 assessment. Both assess-
ments took approximately 30 min to complete, and included the 
following measures.
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Insomnia
Insomnia diagnoses based on the 

Diagnostic and Statistical Manual of 
Mental Disorders, Fifth Edition (DSM-
5)18 were established using the following 
questions: “Have you experienced diffi-
culty falling asleep?”; “Have you experi-
enced difficulty staying asleep?”; “Have 
you experienced difficulty with non-
restorative sleep?” To meet diagnostic 
criteria, participants had to report expe-
riencing one or more of these symptoms 
for at least 3 nights a week for a duration 
of 3 mo or longer. Further, they had to 
endorse daytime impairment or distress 
as measured by the following question: 

“To what extent do you consider your 
sleep problems to interfere with your 
daily functioning?” Responses were 
coded on a four-point Likert-type scale 
ranging from 0 (“not at all”) to 4 (“very 
much”), such that participants who re-
ported a score of 2 (somewhat) or higher 
met that particular criterion.

Participants also self-reported the 
extent of sleep disturbance during the 
previous month: SOL, i.e., “On average 
(including weekends and weekdays), 
how long did it take you to fall asleep”; 
and WASO, i.e., “On average (including 
weekdays and weekends), how long are 
you awake during the night.” Total sleep 
time (TST) was assessed over an average 
weekday (“Thinking about your average weekday, how long did 
you actually sleep each night”), given the tendency of individ-
uals with insomnia to engage in compensatory sleep (“sleeping 
in”) on the weekends.24 The chronicity of sleep problems was 
assessed via the following question: “how long have you had 
your sleep problem?” Any prescription/over-the-counter (OTC) 
medication use was assessed using the following questions: “In 
the past month, have you taken any prescription medications to 
help you sleep”; “In the past month, have you taken any OTC 
medications to help you sleep.” For each endorsed item, par-
ticipants also reported the frequency of use: “On average, how 
many times per month do you take this medication.” Finally, 
participants self-reported which of the endorsed sleep symp-
toms they found “most bothersome.”

Insomnia Phenotypes
Insomnia cases were categorized as a particular phenotype if: 

(1) DSM-5 based diagnostic criteria were met at both baseline 
and follow-up assessments; (2) the same symptom or symptom 
complex was endorsed at both baseline and follow-up assess-
ments; and (3) endorsed symptoms met previously validated 
quantitative criteria.8,21 Four phenotypes were defined: (1) SOI: 
SOL ≥ 31 min and WASO < 31 min; (2) SMI: SOL < 31 min 
and WASO ≥ 31 min; combined insomnia (CI): SOL ≥ 31 min 
and WASO ≥ 31 min; and neither criterion (NC): SOL < 31 
min and WASO < 31 min. Thus, the SOI and SMI phenotypes 

only met quantitative criteria for SOL and WASO, respectively, 
the CI phenotype met quantitative criteria for both, and the NC 
phenotype met neither criterion. Note that the aforementioned 
phenotypes are distinguished in the remainder of this report 
from cross-sectional symptom-based groups: sleep onset symp-
toms (SOS); sleep maintenance symptoms (SMS); combined 
symptoms (CS); and neither symptom (NS).

Daytime Impairment
Participants completed the 16-item version of the Quick 

Inventory of Depressive Symptomatology (QIDS). The QIDS 
assesses the presence and persistence of depressive symptom-
atology on a four-point (0 to 3) Likert-type scale. In a recent 
validation study, the QIDS exhibited excellent psychometric 
properties and concurrent validity.25 To minimize collinearity 
with insomnia, the sleep disturbance items from the QIDS were 
excluded from the scale. Participants self-reported anxiety 
levels using the Beck Anxiety Inventory (BAI),26 a 21-item 
questionnaire that assesses the severity of common anxiety 
symptoms on a four-point Likert-type scale. The Epworth 
Sleepiness Scale (ESS)27 was used to assess levels of daytime 
sleepiness, with overall scores of 10 or greater indicating exces-
sive or clinically significant sleepiness. Finally, daytime impair-
ments per Research Diagnostic Criteria (RDC)1 for insomnia 
were also assessed. Examples of RDC daytime impairment 
items are: “attention, concentration, or memory impairment”; 

Figure 1—Flow of participants through the study.

Enrollment

Follow-Up

Did not meet criteria for current/lifetime 
insomnia (n = 5,018; 66%)

Declined to participate in the study
(n = 1,205; 46%)

• Dropped out/incomplete data (n = 286)
• Retention rate: 79.4%

Completed Time 2 Survey (n = 1,099)
Had Insomnia at Time 1 (n = 736)

Had Insomnia at Time 1 & Time 2 (n = 416)
Incident Insomnia Cases (n = 108)

Completed Diagnostic Survey (n = 7,608)

Qualified to Participate (n = 2,590)

Completed Time 1 Survey (n = 1,385)
Met Current Insomnia Diagnosis (n = 954)
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“mood disturbance/irritability”; “daytime fatigue.” All such 
items were scored on a four-point Likert-type scale from 0 
(none) to 3 (severe), and were summed to produce an overall 
daytime impairment score.

Comorbid Sleep Disorders
The Berlin Apnea Questionnaire (BAQ) was used to assess 

risk for obstructive sleep apnea (OSA).28 The BAQ identifies 
respondents at risk for OSA based on three categories of symp-
toms: snoring; daytime sleepiness and fatigue; obesity and 
hypertension. In a validation study, the BAQ achieved high 
sensitivity (86%) in identifying patients with OSA with a poly-
somnography-based apnea-hypopnea index greater than 5.29 
Restless legs syndrome (RLS) was assessed using an empiri-
cally validated question set developed by the International RLS 
Study Group.30 Specifically, participants were identified to be 
at risk for RLS if they met the following diagnostic criteria: (1) 
urge to move the legs/uncomfortable or unpleasant feelings in 
the legs; (2) these symptoms occur during periods of rest/inac-
tivity, such as while sitting or lying down; (3) these symptoms 
improve with walking; (4) these symptoms only occur during 
the evening/night.

Data Analysis
All statistical analyses were conducted using IBM SPSS Sta-

tistics for Windows – Version 19 (Armonk, NY).31 Univariate 
between-group comparisons for continuous measures were ac-
complished via independent samples t-tests, and by chi-square 
tests of independence for all categorical outcomes. Analysis of 
covariance (ANCOVA; continuous outcome) and logistic re-
gression (dichotomous outcome) analyses were used as appro-
priate for estimating more complex models involving multiple 
factors or covariates. Given the extensive array of variables, 
covariates were selected for inclusion in omnibus models per 
recommendations outlined by Mickey and Greenland.32 Spe-
cifically, only those variables that were related to the depen-
dent variable in univariate analyses at a significance level of 
P < 0.20 were retained in the final model.

RESULTS
A total of 431 participants from the initial sample did not meet 

criteria for a current insomnia diagnosis, and were hence ex-
cluded from all analyses (these participants endorsed a lifetime 
history of insomnia, but no longer met criteria). Baseline charac-
teristics for the remaining sample of current patients with current 
insomnia (n = 954) appear in Table 1. The median duration of 
sleep problems in this group was 36 mo (mean = 72.8 ± 91.9 mo), 
suggesting that participants generally experienced chronic sleep 
symptoms. Consistent with the sex disparity in the prevalence of 
insomnia in the general population,33 female participants (~69%) 
were over-represented in this sample. As for other demographic 
variables, the proportion of African Americans in the current 
sample (~29%) was high with respect to representative census 
data for the United States (13%) but comparable to that for south-
eastern Michigan (25%).34 With regard to comorbid sleep dis-
turbance, the proportion of participants at risk for OSA (~31%) 
was comparable to the estimated prevalence of OSA (29–67%) 
in patients with insomnia in the general population.35 Similarly, 
the prevalence of RLS (~7%) in the current sample was similar 

to population-based estimates (7–10%).36 A total of 320 partici-
pants from the initial sample of individuals with insomnia no 
longer met diagnostic criteria at follow-up, resulting in a remis-
sion rate of approximately 44% (320/736), which is consistent 
with existing data on the natural course of insomnia.37

Stability of Insomnia Symptom Profiles
The baseline distribution of insomnia symptoms per quanti-

tative criteria was as follows: 143 participants (15%) met SOS 
criteria; 194 (~20%) met SMS criteria; 464 (~49%) met CS cri-
teria; and 153 (16%) met NS criteria. Baseline demographic and 
clinical characteristics for these groups appear in Table 1. Ap-
proximately 60% (n = 250) of participants whose insomnia per-
sisted through Time 2 reported the same symptom profile as they 
did at Time 1; in other words, 60% of persistent insomnia cases 
exhibited a particular phenotype (see Figure 2). Stability varied 
as a function of baseline symptoms such that the baseline SOS 
group was the least likely (~42%) to endorse the same symptoms 
at follow-up, whereas the CS group was the most likely (~69%). 
Chi-square analyses testing the independence between symptom 
profile and stability were statistically significant (χ2 = 17.49, 
P < 0.01). Examination of the individual cells suggested that this 
effect was driven primarily by the SOS and CS groups; there 
were significantly more unstable cases of the SOS group (z = 2.3, 
P < 0.05) and significantly fewer unstable cases of the CS group 
(z = -2.0, P < 0.05) than expected per the null hypothesis. Thus, 
participants in the SOS group were significantly more likely to 
switch to a different symptom profile at Time 2 than to endorse 
the same one, whereas the opposite was true for the CS group.

Predictors of Symptom-Profile Stability
Between-group comparisons between the stable and unstable 

symptom profiles (collapsed across the four symptom profiles) 
revealed statistically significant differences in BAI scores and 
chronicity of sleep problems. Participants with a stable pheno-
type (BAI: mean = 12.7 ± 10.5) reported significantly higher 
BAI scores (t = 2.18, P < 0.05) than those without one (BAI: 
mean = 10.6 ± 8.7). Chronicity of sleep problems was also sig-
nificantly higher (t = 2.33, P < 0.05) among the stable pheno-
types (mean = 81.5 mo ± 101.6) than the nonstable phenotypes 
(mean = 60.3 mo ± 72.2). There were no other group differ-
ences (see Table 2).

To examine the independent effects of these variables (BAI 
scores, chronicity, symptom profile) on phenotype stability, we 
ran a logistic regression model with stability as the dependent 
variable, baseline symptom profile as the independent variable, 
and the following covariates: adjusted QIDS scores (P < 0.20 in 
univariate analysis), daytime impairment (P < 0.20 in univariate 
analysis), BAI scores, and chronicity of sleep problems. A test 
of the overall model with all predictors against a constant-only 
model was statistically significant (χ2 = 19.54, P < 0.01), indicating 
that this model reliably distinguished between stable and unstable 
cases. Similarly, the Hosmer-Lemeshow test revealed that this 
model fit the data well (χ2 = 9.61, P = 0.29). Baseline symptom 
profile was a significant predictor (P < 0.01). None of the other 
variables were significantly predictive of stability. Thus, type of 
symptom profile at baseline (i.e., SOS/SMS/CS/NRS) remained 
a significant predictor of symptom stability, even after controlling 
for anxiety symptoms and chronicity of sleep problems.
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Insomnia Persistence at Follow-up as a Function of Baseline 
Symptom Profiles

Next, we examined whether specific baseline insomnia 
symptom profiles were differentially predictive of overall in-
somnia persistence (i.e., having insomnia at both baseline and 
follow-up). The prevalence of follow-up insomnia (i.e., per-
sistent insomnia) was highest for the CS group (62.6%) and 
lowest for the NS group (42.4%), with the SMS (54.8%) and 
SOS (54.5%) groups falling in the middle. To examine whether 
this effect was driven by any underlying covariates, we ran a 
logistic regression model with follow-up insomnia as the de-
pendent variable, and these covariates: age, sex, daytime im-
pairment, and frequency of symptoms. A test of the overall 
model with all predictors against a constant-only model was 
statistically significant (χ2 = 100.25; P < 0.01), indicating that 
this model reliably distinguished between insomnia persistence 
and remission. Similarly, the Hosmer-Lemeshow test revealed 
that our model fit the data well (χ2 = 8.52, P = 0.39). Age 

(odds ratio [OR] = 1.03; 95% confidence interval: 1.02–1.04; 
P < 0.01), frequency of symptoms (OR = 1.24; 95% confidence 
interval: 1.10–1.39; P < 0.01), and degree of daytime impair-
ment (OR = 1.08; 95% confidence interval: 1.06–1.11; P < 0.01) 
were significantly and positively associated with insomnia per-
sistence. Sex was also a significant predictor (OR = 1.43; 95% 
confidence interval: 1.01–2.01; P < 0.01), such that women had 
significantly higher odds for insomnia persistence.

With respect to symptom profile, the SOS and CS groups 
were significantly associated with insomnia persistence, such 
that the odds of persistence for insomnia cases with these phe-
notypes were almost twice that for other cases (SOS: OR = 1.79; 
95% confidence interval: 1.02–3.13; P < 0.05; CS: OR = 1.93; 
95% confidence interval: 1.22–3.05; P < 0.01).

Insomnia Phenotype
The primary endpoint of the current study was to examine 

the stability of baseline symptom profiles as outlined previously. 

Table 1—Sample characteristics stratified by baseline insomnia symptom profile.

Overall Sample
(n = 954)

Insomnia Symptom Profile

χ2
SOS

(n = 143)
SMS

(n = 194)
CS

(n = 464) 
NS

(n = 153)
% % % % %

Gender (Women) 69.4 72.0 70.1 72.2 57.5 12.39; P < 0.01
Race

White 64.6 68.5 72.0 56.9 76.0 33.07; P < 0.01
African American 28.7 23.3 22.5 36.7 b 16.2 a

Asian 1.4 2.1 2.0 0.8 1.9
Other 5.3 6.1 3.5 5.6 5.9

Marital Status (Married) 57.0 45.5 a 72.2 b 52.6 68.0 46.77; P < 0.01
Medication Use (Yes/No)

Prescription Medication 20.8 20.3 13.9 a 24.8 17.6 11.01; P < 0.05
OTC Medication 19.1 15.4 21.1 21.1 13.7 5.88; P = 0.12

Comorbid Sleep Disorders
Risk for OSA 30.7 20.3 a 37.1 28.7 37.3 15.08; P < 0.01
Risk for RLS 6.5 5.6 7.1 6.0 7.2 0.96; P = 0.81

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) F-test
Age 46.6 (12.6) 42.7 (13.6) d,e,f 50.4 (10.3) c,e 45.8 (12.9) c,d 47.9 (12.4) c 12.04; P < 0.01
BMI (kg/m2) 29.8 (7.6) 28.9 (7.7) 30.1 (7.9) 30.0 (7.5) 29.4 (7.3) 0.87; P = 0.46
Adjusted QIDS Score 6 (4) 5.7 (3.6) e 5.3 (3.6) e 6.7 (4.3) c,d,f 5.2 (3.6) e 2.67; P < 0.05
BAI Scores 11.0 (9.0) 9.7 (7.8) e 9.1 (7.0) e 12.8 (10.6) c,d,f 8.7 (7.0) e 4.36; P < 0.01
Daytime Impairment 31.0 (7.0) 30.2 (6.5) e 30.1 (7.3) e 32.1 (7.6) c,d,f 28.8 (7.0) e 5.17; P < 0.01
Sleep Disturbance

ESS 8.5 (4.5) 8.0 (3.9) f 8.9 (4.6) e 8.2 (4.6) d,f 9.6 (4.4) c,e 6.31; P < 0.01
Frequency (days/week) 4.8 (1.4) 4.4 (1.4) 5.0 (1.5) 4.8 (1.4) 4.6 (1.4) 1.82; P = 0.14

Medication Use (days/month)
Prescription Medication 15.0 (11.5) 12.7 (9.0) 11.7 (11.3) 16.0 (12.0) 17.0 (10.9) 2.08; P = 0.10
OTC Medication 10.7 (10.2) 11.4 (9.3) 9.3 (9.9) 12.1 (10.8) 6.9 (8.2) 1.81; P = 0.15

a The observed count in this cell was significantly lower than expected per the null hypothesis. b The observed count in this cell was significantly higher than 
expected per the null hypothesis. c Significantly different from the SOS group. d Significantly different from the SMS group. e Significantly different from the 
CS group. f Significantly different from the NS group. SOS, sleep onset symptoms; SMS, sleep maintence symptoms; CS, combined symptoms; NS, neither 
symptom; OTC, over-the-counter; OSA, obstructive sleep apnea; RLS, restless legs syndrome; BMI, body mass index; QIDS, Quick Inventory of Depressive 
Symptomatology; BAI, Beck Anxiety Inventory; ESS, Epworth Sleepiness Scale; SD, standard deviation.
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To further enrich these fi ndings, however, we subsequently 
compared stable phenotypes (i.e., insomnia cases with the same 
symptom profi le at baseline and follow-up) on various demo-
graphic and clinical measures.

Demographics
Characteristics of persistent insomnia cases stratifi ed by 

phenotype appear in Table 3. An analysis of variance model 
with age as the outcome and phenotype as the independent 
variable revealed a statistically signifi cant main-effect for age 
(F = 5.31; P < 0.01; partial η2 = 0.06). Post hoc analyses indi-
cated that the SOI phenotype was signifi cantly younger than 
the SMI (P < 0.05) and CI phenotypes (P < 0.05). Further, the 
SMI group was signifi cantly older than the CI group (P < 0.01). 
The conditional distribution of race across phenotype revealed 
too few cases for “Asian” and “Other” in a number of cells for 
reliable chi-square analyses. The following analyses therefore 
assessed the independence between phenotype and race for 
the two most prevalent categories of the race variable: “Cau-
casian” and “African American (AA).” Analyses (χ2 = 17.83, 
P < 0.01) revealed a signifi cantly higher proportion of AA in 
the CI phenotype group (z-residual = 2.0; P < 0.05), given the 
distribution of race in the overall sample; the same group had a 

signifi cantly lower prevalence of the NC 
phenotype (z-residual = -2.4; P < 0.05). 
There was also signifi cant sex disparity 
across phenotypes (χ2 = 16.55, P < 0.01), 
such that there were signifi cantly more 
men in the NC group (z-residual = 2.6; 
P < 0.05) than expected given the sex 
composition of the overall sample. Mar-
ital status was unrelated to phenotype.

Daytime Sleepiness
Preliminary analyses identifi ed a sig-

nifi cant association between ESS scores 
and race; a signifi cant relationship did 
not emerge between ESS scores and 
any of the other variables. Hence, we 
ran an ANCOVA model with race as a 
covariate and phenotype as the inde-
pendent variable. The overall model 
was statistically signifi cant (Omnibus 
F = 5.55; P < 0.01; Adj. R2 = 0.07). 
Both race (F = 11.64; P < 0.01; partial 
η2 = 0.05) and phenotype (F = 4.89; 
P < 0.01; partial η2 = 0.06) were sig-
nifi cantly related to daytime sleepiness. 
Post hoc tests revealed a signifi cant dif-
ference between AAs (9.8 ± 5.1) and 
Caucasian Americans (8.1 ± 4.3) on the 
ESS. With respect to phenotype (see 
Table 3), post hoc analyses suggested 
that the NC phenotype had signifi cantly 
higher ESS scores than both the SOI 
(P < 0.01) and CI phenotypes (P < 0.01). 
Further, the SMI phenotype reported 
signifi cantly higher ESS scores than the 
SOI phenotype (P < 0.05). The SMI and 

NC phenotypes did not differ signifi cantly. There was not a 
signifi cant interaction between race and phenotype.

To further explore this fi nding, we assessed bivariate cor-
relations between ESS scores and TST in each of the four 
phenotypes and in the overall sample. ESS scores were sig-
nifi cantly correlated with TST in the NC group (Pearson 
r = -0.63; P < 0.01). Importantly, a signifi cant association 
between TST and ESS scores did not emerge in the overall 
sample or in any of the other phenotypes (Overall sample: 
r = -0.03, P = 0.62; SOI: r = -0.26, P = 0.21; SMI: r = 0.03, 
P = 0.83; CI: r = 0.06, P = 0.42). To examine the clinical sig-
nifi cance of these effects, we also examined the proportion of 
individuals who endorsed pathological levels of sleepiness 
per phenotype. Percentage of individuals who reported clini-
cally signifi cant or excessive daytime sleepiness (ESS > 10)38

was highest in the NC group (~56%); see Table 4. Chi-square 
analyses (χ2 = 11.89, P < 0.01) testing the independence be-
tween phenotype and excessive sleepiness were statistically 
signifi cant. Examination of standardized residuals within in-
dividual cells indicated that this effect was driven entirely 
by the NC phenotype; participants in this phenotype were 
signifi cantly more likely to report excessive daytime sleepi-
ness (z-residual = 2.0; P < 0.05).

Figure 2—Distribution of symptoms among persistent insomnia cases at Time 2 by Time 1 symptom 
profi le (n = 416). SOS, sleep onset symptoms; SMS, sleep maintence symptoms; CS, combined 
symptoms; NS, neither symptom.
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Sleep Disturbance
Frequency of sleep disturbance 

(operationalized as the response to 
the question, “How many days per 
week did you experience sleep prob-
lems?”) also varied as a function of 
phenotype. Accordingly, we ran an 
ANCOVA model with frequency as 
the dependent variable, phenotype 
as the independent variable, and age 
and adjusted QIDS scores as covari-
ates. The overall model was statisti-
cally significant (Omnibus F = 4.95; 
P < 0.01; partial η2 = 0.09; Adj. 
R2 = 0.07). Adjusted QIDS scores and 
age were unrelated to frequency in the 
overall model. Importantly, there was 
a significant main effect of phenotype 
(F = 5.48; P < 0.05; partial η2 = 0.06). 
Post hoc analyses suggested the SMI 
phenotype (Table 3) reported signifi-
cantly greater frequency than each of 
the other groups (P < 0.01).

Finally, with regard to the 
most bothersome sleep complaint 
(χ2 = 39.65, P < 0.01), analyses re-
vealed as expected that the SOI and 
SMI phenotypes were significantly 
more likely to endorse sleep onset 
difficulties (48.0%; z-residual = 2.6; 
P < 0.05) and sleep maintenance dif-
ficulties (67.4%; z-residual = 2.3; 
P < 0.05) respectively. No particular 
symptom was significantly more 
likely to be endorsed than others in 
the CI phenotype. Critically, however, 
the NC phenotype was significantly 
more likely to endorse “NRS” as the most bothersome com-
plaint (55.6%; z-residual = 2.1; P < 0.05).

Medication Use
There were no significant group differences in frequency of 

medication use (days/month). Similarly, prevalence (yes/no) 
of medication use did not vary significantly between groups, 
although an examination of cell counts suggested insufficient 
power to detect statistical significance.

Comorbid Sleep Disorders
The conditional distribution of OSA cases per phenotype 

revealed that the SOI phenotype had the lowest prevalence of 
probable OSA (16%). Prevalence rates in the SMI (39.1%) 
and NC (40.7%) groups were comparable, with lower rates in 
the CI group (30.9%). Chi-square analyses testing the inde-
pendence of phenotype and OSA prevalence did not achieve 
statistical significance (χ2 = 6.00, P = 0.11). Because this null 
effect may be related to the low cell count for positive cases 
of OSA in the SOI phenotype, analyses were repeated with 
just the SMI, CI, and NC groups; no significant group differ-
ences emerged.

Given the low overall prevalence of RLS in the current 
sample, especially in the NC phenotype, valid chi-square anal-
yses could not be conducted on all four phenotypes. As such, 
we only compared the SOI, SMI, and CI groups. Analyses did 
not reveal any significant group differences in the prevalence of 
RLS across the three aforementioned phenotypes.

Functional Impairment
ANCOVA models were used to compare the four phenotypes 

on various RDC-based indices of daytime impairment. No signifi-
cant group differences emerged between phenotypes on any of the 
tested domains of daytime impairment. Similarly, adjusted QIDS 
scores and BAI scores did not differ significantly between groups.

Sensitivity Analyses
As noted, of the 954 insomnia cases at Time 1, 416 persisted 

at Time 2. However, an examination of the overall sample 
(n = 1,099) at Time 2 revealed 108 incident cases, resulting in 
a total of 524 insomnia cases (see Figure 1). The distribution 
of symptoms in this group was nearly identical to that for Time 
1 individuals with insomnia: 14.8% reported SOS; 23.7% re-
ported SMS; 46.0% reported CS; and 15.5% reported NS.

Table 2—The stability of insomnia symptom profiles among persistent insomnia cases (n = 416).

Unstable (n = 166) Stable (n = 250)
% % χ2

Gender (Women) 73.5 73.6 0.01; P = 0.98
Race

White 68.1 63.2 3.29; P = 0.77
African American 25.3 30.0
Asian 0.6 0.4
Other 6.0 6.4

Marital Status (Married) 58.4 60.8 1.28; P = 0.87
Medication Use (Yes)

Prescription Medication 16.9 22.4 1.89; P = 0.21
OTC Medication 19.3 24.4 1.51; P = 0.23

Comorbid Sleep Disorders
OSA 34.9 32.0 0.39; P = 0.53
RLS 6.6 7.6 0.14; P = 0.71

Mean (SD) Mean (SD) t
Age 48.0 (10.9) 48.9 (11.8) 0.76; P = 0.45
BMI (kg/m2) 30.1 (6.8) 30.0 (6.6) -0.08; P = 0.94
Depression (Adjusted QIDS scores) 6.1 (3.8) 6.8 (4.3) 1.67; P = 0.10
Anxiety (BAI scores) 10.6 (8.7) 12.7 (10.5) 2.18; P = 0.03
Sleep Disturbance

Daytime Sleepiness (ESS) 8.8 (4.7) 8.7 (4.9) -0.30; P = 0.78
Frequency (days/week) 4.9 (1.4) 5.1 (1.4) 1.26; P = 0.21

Daytime Impairment 31.5 (6.9) 32.9 (7.7) 1.87; P = 0.06
Chronicity of Sleep Problems 60.3 (72.2) 81.5 (101.63) 2.33; P = 0.02
Medication Use (days/month)

Prescription Medication 16.5 (13.7) 13.7 (11.2) -1.09; P = 0.28
OTC Medication 9.0 (9.8) 11.9 (10.5) 1.30; P = 0.20

BMI, body mass index; QIDS, Quick Inventory of Depressive Symptomatology; BAI, Beck Anxiety Inventory; 
ESS, Epworth Sleepiness Scale; OTC, over-the-counter; OSA, obstructive sleep apnea; RLS, restless 
legs syndrome; SD, standard deviation.
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Finally, to assess the utility of phenotypes defined qualita-
tively, the baseline sample was also stratified based purely on 
qualitative, subjective complaints (i.e., “yes/no” responses to 
sleep symptom questions). This strategy proved highly non-
specific, because most participants endorsed experiencing all 

insomnia symptoms: difficulty falling asleep: 80.2%; difficulty 
staying asleep: 90.7%; NRS: 95.0%.

Cross-sectional Analyses of Baseline Insomnia Symptom 
Profiles

To contrast insomnia phenotypes from baseline insomnia 
symptoms, we repeated the aforementioned between-group 
phenotype analyses for baseline symptom profiles. To conserve 
space, only the statistically significant findings are reported 
here; full analyses with details regarding covariates and model 
fit are described in the supplemental material and are also sum-
marized in Table 1.

Demographics
There were significantly more men (z-residual = 2.7; P < 0.05) 

in the NS group than expected per the sex distribution in the 
overall sample (χ2 = 12.39, P < 0.01). Further, AA were sig-
nificantly less likely to fall in the NS group (z-residual = -2.8; 
P < 0.05), and significantly more likely to fall in the CS group 
(z-residual = 3.3; P < 0.05) than expected per the null hypoth-
esis (χ2 = 33.07, P < 0.01). Marital status also varied across 

Table 3—Persistent insomnia cases stratified by phenotype (n = 250).

SOI (n = 25) SMI (n = 46) CI (n = 152) NC (n = 27)
χ2% % % %

Gender (Women) 88.0 63.0 78.9 48.1 16.55; P < 0.01
Race

Caucasian 64.0 78.3 55.3 81.5 17.83; P < 0.01
African American 20.0 19.6 39.5 b 3.7 a

Asian 0.0 2.2 0.0 0.0
Other 16.0 0.0 5.2 14.8

Marital Status (Married) 52.0 71.7 56.6 74.1 17.72; P = 0.12
Medication Use (Yes)

Prescription Medication 8.0 17.4 28.3 11.1 5.09; P = 0.08
OTC Medication 24.0 26.1 23.7 25.9 0.15; P = 0.99

Comorbid Sleep Disorders
Risk for OSA 16.0 39.1 30.9 40.7 5.05; P = 0.17
Risk for RLS 4.0 10.9 8.6 0.0 3.58; P = 0.31

Mean (SD) Mean (SD) Mean (SD) Mean (SD) F-test
Age 43.0 (13.8) d,e 54.0 (8.0) c,e 48.4 (11.9) c,d 48.5 (12.3) 5.31; P < 0.01
BMI (kg/m2) 29.6 (5.2) 28.8 (6.6) 30.7 (6.8) 28.8 (6.0) 1.32; P = 0.27
Depression (Adjusted QIDS) 6.4 (3.8) 6.3 (3.4) 7.1 (4.7) 6.0 (3.8) 1.42; P = 0.23
Anxiety (BAI) 11.3 (9.3) 11.0 (7.6) 13.9 (11.6) 10.4 (8.1) 1.66; P = 0.18
Daytime Impairment 31.2 (7.6) 32.9 (6.9) 33.5 (8.1) 31.3 (6.9) 1.79; P = 0.13
Sleep Disturbance

Daytime Sleepiness (ESS) 6.7 (3.5) d,f 9.2 (4.8) c 8.4 (4.7) f 10.7 (4.0) c,e 4.89; P < 0.01
Frequency (days/week) 4.4 (1.3) d 5.7 (1.2) c,e,f 5.0 (1.5) d 4.5 (1.3) d 5.48; P < 0.05

Medication Use (days/month)
Prescription Medication 12.0 (6.9) 12.7 (12.6) 13.6 (11.2) 19.7 (13.8) 0.33; P = 0.81
OTC Medication 11.9 (10.0) 11.5 (11.7) 12.8 (10.4) 7.7 (10.3) 0.47; P = 0.71

a The observed count in this cell was significantly lower than expected per the null hypothesis. b The observed count in this cell was significantly higher than 
expected per the null hypothesis. c Significantly different from the SOI phenotype. d Significantly different from the SMI phenotype. e Significantly different from 
the CI phenotype. f Significantly different from the NC phenotype. SOI, sleep onset insomnia; SMI, sleep maintenance insomnia; CI, combined insomnia; 
NC, neither criterion; BMI, body mass index; QIDS, Quick Inventory of Depressive Symptomatology; BAI, Beck Anxiety Inventory; ESS, Epworth Sleepiness 
Scale; SD, standard deviation.

Table 4—Excessive daytime sleepiness across phenotypes (n = 255).

Time 1 ESS Scores 
≤ 10 (%) > 10 (%)

SOI 80.0 20.0
SMI 56.5 43.5
NC 44.4 55.6 a

CI 71.7 28.3

a The observed count in this cell was significantly higher than expected 
per the null hypothesis. ESS, Epworth Sleepiness Scale; SOI, sleep 
onset insomnia; SMI, sleep maintenance insomnia; NC, neither criterion; 
CI, combined insomnia.
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groups (χ2 = 46.77, P < 0.01), such that the SOS group was 
significantly less likely (z-residual = -2.0; P < 0.05) to be mar-
ried than unmarried, whereas the opposite was true for the SMS 
group (z-residual = 2.6; P < 0.05). Finally, groups differed sig-
nificantly on age (F = 12.04; P < 0.01; partial η2 = 0.04), with 
post hoc analyses suggesting that the SOS group was signifi-
cantly younger than all other groups, and that the SMS group 
was significantly older than the SOS and CS groups (P < 0.01).

Medication Use
Prevalence (yes/no) of prescription medication use varied 

significantly between groups (χ2 = 11.01, P < 0.05), such that 
the SMS group was significantly less likely to report prescrip-
tion medication use (z-residual = -2.1; P < 0.05). However, the 
relationship between symptom profile and prescription medi-
cation use was reduced to nonsignificance, when age and TST 
were included as covariates in analyses.

Comorbid Sleep Disorders
The prevalence of OSA varied significantly between groups 

(χ2 = 15.08, P < 0.01), such that the risk for OSA was signifi-
cantly lower in the SOS group (z-residual = -2.2; P < 0.05).

Daytime Impairment
There was a significant between-group effect (F = 6.31; 

P < 0.01; partial η2 = 0.02) for daytime sleepiness, such that 
the NS group had significantly higher ESS scores than both the 
SOS (P < 0.01) and CS groups (P < 0.01). Further, the SMS 
group reported significantly higher ESS scores than the CS 
group (P < 0.05). The CS group reported significantly higher 
levels of RDC daytime impairment (F = 5.17; P < 0.01; partial 
η2 = 0.02; P < 0.01), adjusted QIDS scores (F = 2.67; P < 0.05; 
partial η2 = 0.01), and BAI scores (F = 4.36; P < 0.01; partial 
η2 = 0.01; P < 0.05) than all other groups.

DISCUSSION
Allusions to insomnia phenotypes can be traced all the way 

back to Nathaniel Kleitman’s classic text, Sleep and Wakeful-
ness, where he distinguished between initial or “predormitional” 
insomnia of sleep onset and “lacunary” or “intermittent” in-
somnia as that characterized by middle of the night awakenings 
(p. 275).39 However, few attempts have been made to system-
atically examine whether these symptoms represent stable, or-
thogonal phenotypes of the disorder; and if so, whether these 
phenotypes have distinct clinical correlates. The current study 
therefore examined the 1-y stability of baseline symptom pro-
files in a sample of adults with insomnia. Insomnia cases that 
exhibited the same symptom profile at baseline and follow-up 
were judged to be phenotypes, and were compared in terms of 
clinical and demographic characteristics.

Insomnia Phenotypes
Of the persistent insomnia cases, approximately 60% re-

ported the same symptom profile at follow-up as they did at 
baseline. SOI was the least stable (~40%) and CI was the most 
stable (~70%) phenotype. Nevertheless, the distribution of 
symptoms across all insomnia cases identified at follow-up, in-
cluding incident cases, was nearly identical to that at baseline. 
This was an intriguing finding because it suggests that although 

insomnia symptoms may vary over time within-person, the dis-
tribution of symptoms across a cross-section of insomniacs is 
preserved.

Type of phenotype was significantly predictive of symptom 
stability, even after controlling for chronicity of sleep problems, 
anxiety, and daytime impairment. Between-group differences 
between phenotypes were identified with respect to age, sex, 
racial composition, and daytime sleepiness. Importantly, phe-
notype differences varied depending on whether they were 
operationalized based on trait-like stability or on the cross-sec-
tional definitions used in prior studies.

The NC Phenotype
In many respects, the NC phenotype was the most anomalous 

of all insomnia phenotypes. Despite significantly shorter SOLs 
and WASOs than the SOI and SMI phenotypes, respectively, 
the NC phenotype reported significantly higher levels of day-
time sleepiness than all other phenotypes. It was the only phe-
notype with mean ESS scores in the clinically significant range 
(10.7 ± 4.0), with a median score of 11. This finding starkly 
contrasts a growing literature on insomnia as a 24-h disorder 
characterized by both nocturnal and daytime hyperarousal.40,41 
Elevated levels of daytime sleepiness are not typically seen in 
the insomnia population; instead, fatigue, dysphoric mood, and 
general malaise are more commonly reported.20,42 Indeed, in a 
recent study of patients in a sleep disorders clinic, daytime alert-
ness (ESS score < 9), along with quantitative sleep disturbance 
indices, showed high diagnostic specificity for insomnia.43

More objective assays of daytime sleepiness, such as the 
multiple sleep latency test (MSLT) also corroborate the hyper-
arousal hypothesis. In a recent 8-mo clinical trial of zolpidem,44 
individuals with insomnia exhibited significantly higher mean 
MSLTs than healthy controls at baseline. Importantly, in most 
patients with insomnia who had an elevated MSLT (> 11 min) 
at baseline, a follow-up MSLT 8 mo later was also similarly el-
evated in both the treatment group as well as the placebo group. 
These findings suggest that daytime hyperarousal is a stable 
correlate of insomnia, and is largely independent of the quality 
and duration of nocturnal sleep. Our data echo these findings 
for all phenotypes except the NC phenotype. A significant re-
lationship did not emerge between habitual nocturnal sleep 
duration and daytime sleepiness for the SOI, SMI, or CI pheno-
types. However, a robust inverse correlation (Pearson r = -0.63; 
P < 0.01) could be discerned between habitual nocturnal sleep 
time and daytime sleepiness in the NC phenotype, a finding 
more germane to normal sleepers.38 A number of intriguing 
questions therefore arise: What makes the NC phenotype more 
sleepy than other individuals with insomnia? Does this group 
truly represent an insomnia phenotype?

Admittedly, the NC phenotype in the current study was a 
category of exclusion much like NRS is a diagnosis of exclu-
sion in many nosologies.2,3 By definition, any sleep disturbance 
participants with this phenotype reported did not meet quan-
titative thresholds for SOI or SMI. Further, analyses showed 
that 97% of individuals with the NC phenotype endorsed NRS 
as a symptom of their insomnia, and as a group rated NRS as 
the most bothersome sleep complaint. Thus, one possibility 
is that the NC phenotype in the current study represents NRS 
insomnia. The prevalence of the NC phenotype in the current 
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study (6.5%) was nearly identical to that of NRS in a large 
epidemiological survey of individuals with insomnia (6.5% to 
7.3%, depending on nosology33). Further, in a large population-
based study of insomnia patients from 28 sleep centers across 
the United States,45 participants with an NRS-only complaint 
reported comparable levels of daytime impairment as did those 
with SOI, SMI, and CI. Consistent with these data, levels of 
daytime impairment did not differ significantly across pheno-
types in the current study, suggesting that this phenotype can 
occur independently of other insomnia phenotypes and still 
exert a comparable burden on functioning. Finally, the 1-y sta-
bility (54%) of the NC phenotype was the second highest after 
the CI phenotype. Prior studies show that the NRS phenotype 
has high stability (78%) over relatively short (3-mo) assess-
ment periods, with stability rates hovering closer (32%) to that 
found in the current study over longer follow-ups (~5 y)5.

An alternative explanation is that the NC phenotype simply 
captured chronically sleep deprived individuals without in-
somnia. However, it is important to remember that though their 
symptoms did not meet quantitative thresholds, individuals 
with this phenotype did report difficulty falling and staying 
asleep. Further, though insomnia is a disorder marked by noc-
turnal and daytime wake drive, MSLT latencies for individuals 
with insomnia follow a normal distribution occupying the full 
range of the instrument (2–20 min).44 These data suggest that 
a proportion of individuals with insomnia are in fact sleepy. 
Therefore, invalidating the insomnia diagnosis of patients with 
an NC phenotype is problematic.

Note that the aforementioned conundrums in the identifica-
tion and conceptualization of this phenotype are a direct reflec-
tion of the state of the science on NRS. There are currently no 
subjective or objective parameters for establishing a positive 
validation of NRS; it can only be identified by excluding com-
peting possibilities.45,46 The current study, however, makes an 
important contribution to this literature by pointing out that: (1) 
a significant proportion of insomnia cases do not meet quan-
titative criteria for sleep onset and maintenance difficulties; 
(2) levels of daytime impairment are as high in these cases as 
others who do satisfy those criteria; (3) these individuals rate 
NRS as their chief complaint, and, importantly, report alarm-
ingly high levels of daytime sleepiness. These data also indicate 
that insomnia treatments must go beyond traditional targets 
such as onset and maintenance, and address all clinical aspects 
including NRS.

The CI Phenotype
Consistent with prior data,19 this phenotype was the most 

prevalent (~61%) of the identified insomnia phenotypes. When 
operationalized cross-sectionally per baseline data, this group 
appeared to suffer more impairment and morbidity than all other 
groups. They reported significantly greater daytime impairment, 
higher levels of comorbid anxiety, and higher levels of depres-
sive symptoms. However, none of these effects persisted when a 
CI phenotype was defined based on combined onset and mainte-
nance difficulties at both Time 1 and Time 2. Importantly, there 
were no significant differences between any of the phenotypes 
in relation to comorbid depression and anxiety.

With respect to demographic characteristics, AA in the 
current sample were significantly more likely to report CI, a 

finding also reported in the only prior study8 on racial differ-
ences in phenotypes. Research on racial/ethnic differences in 
overall insomnia, however, has yielded mostly mixed find-
ings. Some studies suggest that AAs are less likely to report 
insomnia symptoms than are CA47,48, whereas others point out 
that the prevalence of insomnia among AAs is either no dif-
ferent or significantly higher depending on nosology.33 Thus, a 
more nuanced research approach may be warranted in future 
studies to account for these potential moderators and resolve 
current inconsistencies.

The SOI Phenotype
Though exclusive sleep onset difficulties were the least 

stable of all insomnia symptoms, they still conferred a sig-
nificant risk for insomnia persistence. Specifically, the odds of 
insomnia persistence for baseline insomnia cases with a sleep 
onset-only complaint were nearly twice that for other cases. 
Though this finding may seem paradoxical at first glance, the 
composition of this group at the follow-up assessment offers 
a viable explanation. Figure 2 shows that in addition to sleep 
onset difficulties, a significant proportion of this group also ex-
hibited combined insomnia symptoms (30%) at Time 2. Thus, 
relative to sleep maintenance, sleep onset difficulties may serve 
as a “gateway” symptom to the more chronic and phenomeno-
logically diffuse form of insomnia disorder. These data are thus 
consistent with the Scotland cohort study,19 which was unable 
to identify an SOI phenotype per se, because this clinical pre-
sentation is especially likely to be adulterated with other symp-
toms in the long term.

The SMI Phenotype
Relative to the SOI phenotype, fairly reliable data emerged 

in support of a stable SMI phenotype of insomnia disorder. This 
phenotype showed a 1-y stability of 54%, and was significantly 
older than the SOI and CI phenotypes. Further, the average 
weekly frequency of insomnia symptoms was significantly 
higher (median: 6 days/w) for this phenotype than all other phe-
notypes. The prevalence of the SMI phenotype in the current 
sample was lower than that reported in a prior community-based 
study8. Note, however, that their sample was significantly older 
than the current sample, and, as such, the higher prevalence 
of SMI may be a function of the well-established age-related 
reduction in sleep consolidation. Overall, this group appears to 
represent a relatively stable insomnia phenotype, characterized 
by chronic sleep continuity problems associated with age and 
comorbid sleep disorders.

Limitations and Future Directions
In the current study, insomnia symptoms were operational-

ized based on self-report, and were not verified via more ob-
jective methods, such as actigraphy or polysomnography. Such 
methods can further elucidate the insomnia phenotypes dis-
cussed here. Early morning awakenings are often assessed as 
part of an insomnia diagnosis, but were not included in the cur-
rent study. However, there are currently no quantitative criteria 
to identify this particular symptom, and, further, it can be sub-
sumed under sleep maintenance given that it essentially reflects 
the inability to sustain sleep for a desired duration.8,21 We were 
also unable to determine whether and what proportion of the 
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sample received active treatment for their insomnia between 
baseline and follow-up. For instance, treatment may have con-
tributed to the reduced SOLs and/or WASOs reported by the 
NC group. However, any effects of treatment will have likely 
affected all groups equally, as evidenced by the fact that medi-
cation use, a proxy for treatment, did not vary significantly be-
tween phenotypes. Similarly, because participants with chronic 
medical conditions were not excluded from the current sample, 
medical comorbidities may have potentially contaminated re-
ported findings. Importantly, however, medical comorbidities 
are the norm and not the exception among individuals with in-
somnia in the general population.49 As such, we believe the cur-
rent study has high external validity. Finally, the low incidence 
of depression and anxiety at the Time 2 follow-up assessment in 
the current study did not afford the requisite power to examine 
any differential longitudinal outcomes of insomnia phenotypes. 
Although there were no cross-sectional differences in comorbid 
depression and anxiety in the current sample, larger cohorts 
with longer follow-up periods can help examine whether the 
risk for incident psychopathology varies by phenotype.

The aforementioned limitations notwithstanding, we believe 
the current study offers novel and timely data on the stability 
of insomnia phenotypes. Perhaps the most provocative result 
was that differences between insomnia phenotypes thus far re-
ported in the literature were only apparent in the current study 
when phenotypes were defined cross-sectionally. A more rig-
orous, stability-based operationalization of phenotypes did not 
reveal support for any clinically significant differences between 
phenotypes, except with regard to daytime sleepiness. Our data 
also point out that relying on subjective complaints in the ab-
sence of quantitative criteria leads to a diffuse, imperfect classi-
fication of phenotypes. Thus, we believe this study offers many 
clear and empirically grounded directives for future research on 
insomnia phenotypes.

ABBREVIATIONS
AA, African American
BAI, Beck Anxiety Inventory 
BAQ, Berlin Apnea Questionnaire 
CI, combined insomnia
CS, combined symptoms
ESS, Epworth Sleepiness Scale 
MSLT, multiple sleep latency test 
NC, neither criterion 
NRS, nonrestorative sleep 
NS, neither symptom
OR, odds ratio
OSA, obstructive sleep apnea 
OTC, over-the-counter
QIDS, Quick Inventory of Depressive Symptomatology 
RDC, Research Diagnostic Criteria 
RLS, restless legs syndrome 
SMI, sleep maintenance insomnia 
SMS, sleep maintenance symptoms 
SOI, sleep onset insomnia
SOLs, sleep onset latencies 
SOS, sleep onset symptoms 
TST, total sleep time
WASO, wake time after sleep onset
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SUPPLEMENTAL MATERIAL

Cross-sectional Analyses of Baseline Insomnia Symptom Profile

Demographics
Chi-square analyses examining the independence between 

gender and symptom profile was statistically significant 
(χ2 = 12.39, P < 0.01). Examination of the conditional distri-
bution for gender indicated that there were significantly fewer 
women (z-residual = 2.7; P < 0.05) in the NS group than expected 
per the gender distribution in the overall sample. With respect 
to race, there were too few cases of “Asian” and “Other” for 
several symptom groups; hence, only the “African American” 
and “White” races were compared across symptom groups. Chi-
square analyses were significant (χ2 = 33.07, P < 0.01), such 
that African Americans were significantly less likely to fall in 
the NS group (z-residual = -2.8; P < 0.05), and significantly 
more likely to fall in the CS group (z-residual = 3.3; P < 0.05) 
than expected per the null hypothesis. Marital status also varied 
across groups (χ2 = 46.77, P < 0.01), such that the SOS group 
was significantly less likely (z-residual = -2.0; P < 0.05) to be 
married than unmarried, whereas the opposite was true for the 
SMS group (z-residual = 2.6; P < 0.05). Finally, groups differed 
significantly on age (F = 12.04; P < 0.01; partial η2 = 0.04), 
with post-hoc analyses suggesting that the SOS group was 
significantly younger than all other groups, and that the SMS 
group was significantly older than the SOS and CS groups (all 
P-values < 0.01).

Sleep Disturbance
Frequency of sleep disturbance did not vary significantly 

across groups. With regard to the most bothersome sleep com-
plaint (χ2 = 112.1, P < 0.01), analyses revealed as expected that 
the SOS and SMS phenotypes were significantly more likely 
to endorse sleep onset difficulties (42.0%; z-residual = 4.5; 
P < 0.05) and sleep maintenance difficulties (64.4%; z-re-
sidual = 4.0; P < 0.05) respectively. Importantly, the NS group 
was significantly more likely to endorse “non-refreshing sleep” 
as the most bothersome complaint (41.8%; z-residual = 2.3; 
P < 0.05).

Daytime Sleepiness
We ran an ANCOVA model with race and TST as covari-

ates and ESS scores as the dependent variable. The overall 
model was statistically significant (F = 5.80; P < 0.01; partial 
η2 = 0.03). Both race (F = 10.06; P < 0.01; partial η2 = 0.01) 
and TST (F = 4.48; P < 0.05; partial η2 = 0.01) were signifi-
cant predictors. There was a main effect for group (F = 6.31; 
P < 0.01; partial η2 = 0.02), with post-hoc tests suggesting that 
the NS group had significantly higher ESS scores than both the 
SOS (P < 0.01) and CS groups (P < 0.01). Further, the SMS 
group reported significantly higher ESS scores than the CS 
group (P < 0.05). The SMS and NS groups did not differ sig-
nificantly. There was not a significant interaction between race 
and phenotype.

Medication Use
Prevalence (yes/no) of prescription medication use varied 

significantly between groups (χ2 = 11.01, P < 0.05), such that 
the SMS group was significantly less likely to report prescrip-
tion medication use (z-residual = -2.1; P < 0.05). However, the 
relationship between symptom profile and prescription medica-
tion use was reduced to non-significance when age and sleep 
disturbance were included as covariates in analyses. However, 
frequency of prescription medication use (days/month) was not 
significantly different across groups. Neither prevalence nor 
frequency of OTC medication use was different across groups.

Comorbid Sleep Disorders
The prevalence of OSA varied significantly between groups 

(χ2 = 15.08, P < 0.01), such that the risk for OSA was signifi-
cantly lower in the SOS group (z-residual = -2.2; P < 0.05). The 
prevalence of RLS did not vary significantly across groups.

Daytime Impairment
An ANCOVA model with adjusted QIDS scores as the depen-

dent variable, baseline symptom profile as the independent vari-
able, and gender and daytime impairments as covariates fit the 
data well (F = 146.11; P < 0.01; partial η2 = 0.44). Daytime im-
pairment was significantly related to QIDS scores (F = 681.70; 
P < 0.01; partial η2 = 0.42). There was a significant main effect 
for symptom profile (F = 2.67; P < 0.05; partial η2 = 0.01), such 
that the CS group reported significantly higher levels of depres-
sive symptoms than the SMI group (P < 0.01), though the effect 
size was small. An ANCOVA model with overall impairment as 
the dependent variable, and age, ESS scores, and adjusted QIDS 
scores as covariates was statistically significant (F = 148.02; 
P < 0.01; partial η2 = 0.48). Age (F = 23.74; P < 0.01; partial 
η2 = 0.02), ESS scores (F = 65.50; P < 0.01; partial η2 = 0.07), 
and QIDS scores (F = 617.53; P < 0.01; partial η2 = 0.38) were 
all significantly related to daytime impairment. There was a sig-
nificant main effect for symptom group even after controlling 
for these covariates (F = 5.17; P < 0.01; partial η2 = 0.02). Post-
hoc analyses suggested that the CS group reported significantly 
higher levels of daytime impairment than all other groups (all 
P-values < 0.01).

The overall ANCOVA model with BAI scores as the depen-
dent variable, and age, gender, and adjusted QIDS scores as 
covariates was statistically significant (F = 96.85; P < 0.01; 
partial η2 = 0.38). There were significant main effects for 
gender (F = 11.06; P < 0.01; partial η2 = 0.01); QIDS scores 
(F = 490.34; P < 0.01; partial η2 = 0.34), and symptom group 
(F = 4.36; P < 0.01; partial η2 = 0.01). Post-hoc analyses showed 
that the CS group reported significantly higher levels of anxiety 
than all other groups (all P-values < 0.05); there were no other 
group differences. With respect to gender, women reported sig-
nificantly higher scores than did men (P < 0.01).
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