
Citation: Ghani, S.B.; Kapoor, A.;

Tubbs, A.S.; Wills, C.C.A.; Karp, J.F.;

Perlis, M.L.; Killgore, W.D.S.;

Fernandez, F.-X.; Grandner, M.A.

Associations between Insomnia

Symptoms and Anxiety Symptoms in

Adults in a Community Sample of

Southeastern Pennsylvania, USA.

Diseases 2022, 10, 92. https://

doi.org/10.3390/diseases10040092

Received: 21 August 2022

Accepted: 7 October 2022

Published: 18 October 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

diseases

Article

Associations between Insomnia Symptoms and Anxiety
Symptoms in Adults in a Community Sample of Southeastern
Pennsylvania, USA
Sadia B. Ghani 1,* , Ashna Kapoor 1, Andrew S. Tubbs 1 , Chloe C. A. Wills 1, Jordan F. Karp 2,
Michael L. Perlis 3, William D. S. Killgore 4 , Fabian-Xosé Fernandez 5 and Michael A. Grandner 1

1 Sleep and Health Research Program, Department of Psychiatry, University of Arizona College of Medicine,
Tucson, AZ 85724, USA

2 Department of Psychiatry, University of Arizona College of Medicine, Tucson, AZ 85724, USA
3 Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA 19104, USA
4 SCAN Lab, Department of Psychiatry, University of Arizona College of Medicine, Tucson, AZ 85724, USA
5 Department of Psychology, University of Arizona, Tucson, AZ 85724, USA
* Correspondence: sghani@email.arizona.edu

Abstract: Although insomnia is reliably associated with anxiety symptoms, aspects of insomnia
may differentially relate to one anxiety symptom versus another. Therefore, treatment for insomnia
comorbidity with anxiety might be individually tailored to optimize treatment response. Working
from this hypothesis, we analyzed data from a survey of 1007 community-dwelling adults. Insomnia
was measured using the Insomnia Severity Index (ISI), categorizing items as nighttime disturbances,
daytime dysfunction, or self-perceived dissatisfaction. Anxiety symptoms were measured with the
Generalized Anxiety Disorder 7-item questionnaire (GAD-7). Linear and binomial logistic regression
were used and adjusted for covariates. Post hoc forward stepwise analyses determined which
components of the insomnia contributed to individual anxiety symptoms. Significant associations
between nighttime disturbance (β = 0.88 [0.44, 1.3]), daytime dysfunction (β = 1.30 [0.81, 1.80]),
dissatisfaction (β = 1.20 [0.60, 1.7]) and total GAD-7 score were maintained after adjusting for
covariates. Nighttime disturbance was associated with excess worrying, restlessness, irritability,
and fear of catastrophe. Daytime dysfunction was associated with all symptoms except for fear of
catastrophe, and self-perceived dissatisfaction was associated with all symptoms except irritability.
Stepwise analyses revealed that daytime dysfunction and dissatisfaction were most consistently
related to anxiety symptoms. Greater attention should be paid to daytime dysfunction in patients
with insomnia and anxiety, as improving daytime functioning may improve anxiety.

Keywords: insomnia; anxiety; daytime dysfunction; sleep health; short sleep

1. Introduction

There is strong and consistent evidence of a bidirectional relationship between anxiety
disorders and insomnia [1–5]. Complaints of insomnia often precede, accompany, and/or
follow the incidence or exacerbation of anxiety symptoms, and anxiety is among the most
common comorbid conditions in individuals with insomnia [6]. Indeed, in a population-
based sample, nearly half of the adult patients with insomnia report significant anxiety
symptoms, and 13% meet the criteria for generalized anxiety disorder (GAD) [7]. The close
relationship between these two disorders is also reflected in the Diagnostic and Statistical
Manual of Mental Disorders—Fifth Edition (DSM-V) diagnostic criteria for GAD [8], where
disturbances of sleep continuity constitute one of the six possible symptoms. Consequently,
ongoing research has identified genetic, biological, and even environmental factors that
may link insomnia with anxiety and other psychiatric illnesses [9–14].
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Insomnia, however, is not a unitary construct, nor does it only manifest as a disruption
in sleep continuity at night. Factor analyses of the Insomnia Severity Index (ISI) [15] typi-
cally identify at least two distinct components [16–19]: nighttime disturbance (disturbances
of sleep continuity) and daytime dysfunction. An additional component, self-perceived
dissatisfaction, has also been noted [16,17]. The distinctions matter because different mani-
festations of insomnia have disparate impacts; a study of Swedish workers, for instance,
found that sleep onset insomnia was a stronger predictor of receiving disability than other
nighttime disturbances [20]. The relationship between insomnia and anxiety is further
complicated by sleep duration, as insomnia with short sleep is linked to greater neurocog-
nitive impairment, more psychological distress, and ultimately more severe disease [21–24].
These findings raise the question of whether specific features of insomnia, in conjunction
with sleep duration, have distinct implications for the severity or presentation of comorbid
anxiety, as sleep continuity disturbances contribute to rising anxiety levels, and different
combinations of insomnia symptoms correspond with different strengths of anxiety symp-
toms [25]. Therefore, it is not unreasonable to think that some insomnia sub-constructs are
more indicative of severity of illness and may be a useful marker for possible comorbidities
(i.e., anxiety or depression). This is of clinical importance, as associations between insomnia
constructs and specific anxiety symptoms may help guide health professionals toward
more individualized treatments.

To address these questions, the present study explored how the three components of
insomnia (nighttime disturbance, daytime dysfunction, and self-perceived dissatisfaction)
were related to individual symptoms of anxiety among community-dwelling adults. The a
priori hypothesis was that nighttime disturbance would be most strongly associated with
overall anxiety severity and with greater reporting of individual anxiety symptoms because
of the resulting deficits in sleep compared to daytime dysfunction and self-perceived dis-
satisfaction. A secondary analysis examined whether subjective sleep duration moderated
any of these associations.

2. Materials and Methods
2.1. Data Source

Data were derived from the Sleep and Healthy Activity, Diet, Environment and
Socialization (SHADES) study, an internet-based questionnaire study of n = 1007 adults
aged 22–60, residing in the greater Philadelphia area. Participants were recruited through
advertisements and outreach to local community centers. The study included completion
of a survey either online or in-person, consisting of questions regarding sleep habits, health,
behavior, and environmental factors. Respondents were required to answer all questions to
receive compensation, and only completed surveys were used for analysis. The Institutional
Review Board from the University of Pennsylvania approved this study, and informed
consent was obtained from all participants and in accordance with the Code of Ethics of
the World Medical Association (Declaration of Helsinki).

2.2. Measures

Insomnia in the past 2 weeks was measured using the Insomnia Severity Index
(ISI) [15], which assesses seven symptoms using a 0 to 4 Likert scale. Items 1, 2, and
3 measure difficulty falling asleep, staying asleep, or waking too early (nighttime distur-
bances), while items 5 and 6 measure the impact on daytime functioning and quality of life
(daytime dysfunction). Items 4 and 7 measure worry/distress about sleep and dissatisfac-
tion with the current sleep pattern (self-perceived dissatisfaction). These three insomnia
components have been previously validated in this sample [16], and so, each component
was calculated by summing the relevant items. The summed scores between 0 and 7 were
indicative of no insomnia, scores between 8 and 14 were indicative of subthreshold insom-
nia, scores between 15 and 21 were indicative of moderate insomnia and scores between 22
and 28 were indicative of severe insomnia.
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Anxiety was measured using the Generalized Anxiety Disorder 7-item questionnaire
(GAD-7) [26], which assesses symptoms in the last 2 weeks on a 0 to 3 scale (0: “not at all”,
1: “several days”, 2: “more than half the days”, 3: “nearly every day”). The total GAD score
was dichotomized as <10 points, or ≥10 points, where 10 points is considered a reasonable
cut-off for identifying cases of moderate GAD [26]. The specific anxiety symptoms that
were measured were: anxious feelings; inability to control worrying; excess worrying;
trouble relaxing; restlessness; irritability; and catastrophizing.

Sleep duration was assessed using a single question: “How much sleep do you usually
get at night on weekdays or workdays?”. This question is derived from the National Health
and Nutrition Examination Survey and has been used in prior studies [27]. Responses were
provided as whole numbers and were categorized into “Short” (less than or equal to 6 h),
“Recommended” (7 to 8 h), and “Long” (9 or more h) based on existing guidelines [28,29].

Self-reported age, sex, race/ethnicity (Non-Hispanic White, Black/African-American,
Hispanic/Latino, Asian, and Other/Multiracial), level of education (college, some college,
high school or less), income quintile, body mass index, and sleep apnea risk score were
included as covariates. These were chosen because they reflect areas of overlap between
sleep and mental health and because these were used in a previous study of depression
symptoms [16]. Sleep apnea risk score was assessed using the multivariate apnea prediction
index (MAP) [30]. This score is based on a prediction equation that includes snoring, age,
sex, BMI, and self-reported symptoms of snorting or gasping, loud snoring and breathing
difficulties during the night. These variables are entered into an equation producing an
index score that ranges from 0 to 1, with 0 representing the lowest probability a patient has
sleep apnea and 1 representing the highest probability a patient has sleep apnea.

2.3. Data Analysis

Simple comparisons were made using Chi-squared tests. Linear and binomial logistic
regression models estimated the associations between insomnia components and anxiety
severity/symptoms. In Model 1, the three insomnia components were entered as the only
predictors of total GAD score and the presence of individual anxiety symptoms. Model 2
was adjusted for all the study covariates. Model 3 followed Model 2 but examined only
self-reported short sleepers. Finally, a post hoc forward stepwise regression analysis exam-
ined all three insomnia symptom categories as potential predictors and each individual
anxiety symptom as outcome. Predictors were retained in the model if they explained sig-
nificant otherwise unexplained variance (p = 0.05). In all models, the insomnia components
were standardized to improve interpretability. Associations are reported as standardized
regression coefficients (β) or standardized odds ratios (OR) with 95% confidence intervals
(95% CI), with significance set at 0.05. All analyses were conducted in R (version 4.1.0, R
Foundation for Statistical Computing, Vienna, Austria) and Stata (StataCorp LLC, College
Station, TX, USA).

3. Results
3.1. Characteristics of Sample

Table 1 presents the summary characteristics of the sample. The sample was majority
female (61%), relatively young (mean age 34 ± 9.4), and majority non-Hispanic White (59.5%),
although there was significant Black/African-American representation (25%). Most partic-
ipants had a college degree (55.9%). The average ISI score was 10.6, with 268 individuals
reporting clinically significant insomnia. The average GAD-7 score was 7.2, with 311 individu-
als reporting clinically significant anxiety (i.e., GAD ≥ 10). Those with clinically significant
anxiety were more likely to exhibit short sleep, not get the recommended amount of daily
sleep, and report moderate or severe insomnia (p < 0.05; Table 1).
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Table 1. Characteristics of the sample by severity of anxiety.

Characteristic Overall GAD < 10 GAD ≥ 10 p
N 1007 696 311
Age 34.0 (9.45) 34.0 (9.48) 33.9 (9.38) 0.800
BMI 26.6 (7.85) 26.3 (7.78) 27.5 (7.96) 0.024 *
Sex Overall GAD < 10 GAD ≥ 10 p
Male 388 (38.5%) 265 (38.1%) 123 (39.5%) 0.700
Female 619 (61.5%) 431 (61.9%) 188 (60.5%)
Race Overall GAD < 10 GAD ≥ 10 p
Non-Hispanic White 597 (59.5%) 425 (61.3%) 172 (55.5%) 0.400
Black/African-
American 251 (25.0%) 163 (23.5%) 88 (28.4%)

Hispanic/Latino 46 (4.6%) 31 (4.5%) 15 (4.8%)
Asian 54 (5.4%) 39 (5.6%) 15 (4.8%)
Other/Multiracial 55 (5.5%) 35 (5.1%) 20 (6.5%)
Income Quintile Overall GAD < 10 GAD ≥ 10 p
1 (lowest) 187 (18.6%) 137 (19.7%) 50 (16.1%) 0.1200
2 157 (15.6%) 113 (16.2%) 44 (14.1%)
3 249 (24.7%) 178 (25.6%) 71 (22.8%)
4 231 (22.9%) 154 (22.1%) 77 (24.8%)
5 (highest) 183 (18.2%) 114 (16.4%) 69 (22.2%)
Education Overall GAD < 10 GAD ≥ 10 p
College 563 (55.9%) 420 (60.3%) 143 (46.0%) <0.001 *
Some college 312 (31.0%) 198 (28.4%) 114 (36.7%)
High school or less 132 (13.1%) 78 (11.2%) 54 (17.4%)
Sleep Apnea
Risk score Overall GAD <10 GAD ≥ 10 p

MAP Score −2.0 (1.56) −2.1 (1.52) −1.7 (1.60) <0.001 *
Total Sleep Time Overall GAD < 10 GAD ≥ 10 p
Short Sleep 477 (47.4%) 286 (41.1%) 191 (61.4%) <0.001 *
Recommended Sleep 480 (47.7%) 380 (54.6%) 100 (32.2%)
Long Sleep 50 (5.0%) 30 (4.3%) 20 (6.4%)
Insomnia Category Overall GAD < 10 GAD ≥ 10 p
No Insomnia 350 (34.8%) 315 (45.3%) 35 (11.3%) <0.001 *
Subthreshold Insomnia 389 (38.6%) 270 (38.8%) 119 (38.3%)
Moderate Insomnia 212 (21.1%) 97 (13.9%) 115 (37.0%)
Severe Insomnia 56 (5.6%) 14 (2.0%) 42 (13.5%)

Mean (SD); n (%); GAD: Generalized Anxiety Disorder; MAP: Multivariable Apnea Prediction Score; * p < 0.05
is considered statistically significant; Income quintile 1, lowest socioeconomic status; Income quintile 5, highest
socioeconomic status.

As a secondary analysis, we explored associations between insomnia severity and
demographic predictors among those who had higher levels of anxiety (GAD ≥ 10). The
goal of this secondary analysis was to examine characteristics of those individuals who had
higher anxiety but lower insomnia severity. In models restricted only to those with higher
anxiety (n = 310), which included age, sex, education, and race/ethnicity, only education
level was associated with insomnia severity. Compared to college graduates, those with
some college were less likely to have mild (RRR = 0.55, 95% CI [0.31, 0.98], p = 0.041) or
no (RRR = 0.32, 95% CI [0.13, 0.80], p = 0.014) insomnia symptoms, those with only a high
school education were less likely to have mild (RRR = 0.022, 95% CI [0.09, 0.54], p = 0.001)
or no (RRR = 0.12, 95% CI [0.02, 0.59], p = 0.010) insomnia symptoms, and those with less
than a high school education were less likely to have mild (RRR = 0.17, 95% CI [0.03, 0.86],
p = 0.032) insomnia symptoms.

3.2. The Relationship between Insomnia Components and Severity of Anxiety

In Model 1, all three insomnia components were independently and significantly
associated with total GAD-7 score (Nighttime Disturbance: β = 0.88 [0.44, 1.3]; Daytime
Dysfunction: β = 1.3 [0.81, 1.8]; Self-Perceived Dissatisfaction: β = 1.2 [0.60, 1.7], all
p < 0.001). Adjusting for sociodemographic covariates did not significantly modify these
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results, and there were no differences among only short sleepers. These results are presented
in Table 2.

Table 2. Insomnia components and severity of anxiety in the whole sample and among short sleepers.

Model 1: Unadjusted 2: Adjusted † 3: Short Sleepers †

Insomnia Component β 95% CI p β 95% Cl p β 95% CI p
Nighttime Disturbance 0.88 0.44, 1.3 <0.001 * 0.87 0.43, 1.3 <0.001 * 0.69 0.03, 1.4 0.042 *
Daytime Dysfunction 1.30 0.81, 1.8 <0.001 * 1.20 0.76, 1.7 <0.001 * 1.20 0.55, 1.9 <0.001 *
Self-Perceived
Dissatisfaction 1.20 0.60, 1.7 <0.001 * 1.10 0.54, 1.6 <0.001 * 0.92 0.10, 1.7 0.027 *

† Adjusted covariates: age, sex, race/ethnicity, education, income quintile, MAP score, body mass index; * p < 0.05
is considered statistically significant.

3.3. The Relationship between Insomnia Components and Individual Anxiety Symptoms

The associations between insomnia components and individual anxiety symptoms are
presented in Table 3. In Model 1, nighttime disturbance was associated with excess worry-
ing (OR: 1.23 [1.00, 1.51]), restlessness (OR: 1.57 [1.22, 2.03]), irritability (OR: 1.28 [1.04, 1.57]),
and catastrophizing (OR: 1.31 [1.04, 1.65]). When adjusting for sociodemographic covariates
(Model 2), nighttime disturbance was no longer associated with catastrophizing (p = 0.06)
but was associated with inability to control worrying (OR: 1.26 [1.02, 1.56]). Among short
sleepers (Model 3), however, nighttime disturbance was only associated with inability to
control worrying (OR: 1.36 [1.02, 1.83]).

Daytime dysfunction was significantly associated with six out of seven symptoms in
Model 1: anxious feelings (OR: 1.73 [1.39, 2.16]), inability to control worrying (OR: 1.55
[1.23, 1.93]), excess worrying (OR: 1.62 [1.31, 2.03]), trouble relaxing (OR: 1.42 [1.13, 1.77]),
restlessness (OR: 1.63 [1.25, 2.15]), and irritability (OR: 1.59 [1.27, 1.98]). Adjusting for
sociodemographic covariates did not significantly modify these associations nor did these
relationships differ among only short sleepers.

Finally, self-perceived dissatisfaction with sleep was associated with six out of seven
anxiety symptoms in Model 1: anxious feelings (OR: 1.30 [1.01, 1.69]), inability to control
worrying (OR: 1.54 [1.18, 2.00]), excess worrying (OR: 1.57 [1.22, 2.04]), trouble relaxing
(OR: 1.89 [1.45, 2.47]), irritability (OR: 1.35 [1.04, 1.76]), and catastrophizing (OR: 1.52
[1.13, 2.05]). Adjusting for covariates did not significantly alter these relationships except
for feeling anxious, which was no longer significant. Among short sleepers, self-perceived
dissatisfaction was only associated with trouble relaxing (OR: 1.77 [1.24, 2.55]); all other
relationships were not significant.

3.4. Forward Stepwise Analysis between Insomnia Components and Individual Anxiety Symptoms

In the forward stepwise analysis (Table 4), daytime dysfunction was the primary
component associated with anxious feelings, restlessness, and irritability, and was also
associated with inability to control worrying, excess worrying, and difficulty relaxing.
Self-perceived sleep dissatisfaction was the primary component associated with inability
to control worrying, excess worrying, difficulty relaxing, and catastrophizing, and it was
also associated with anxious feelings and irritability. While nighttime disturbance was
associated with inability to control worrying, excess worrying, restlessness, and irritability,
it was not the primary component for any one symptom.
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Table 3. The associations between insomnia components and symptoms of anxiety.

Model 1: Unadjusted 2: Adjusted † 3: Short Sleepers †

Anxious Feelings OR 95% CI p OR 95% CI p OR 95% Cl p
Nighttime
Disturbance 1.15 0.93, 1.40 0.2000 1.22 0.98, 1.51 0.0720 1.26 0.94, 1.70 0.1300

Daytime Dysfunction 1.73 1.39, 2.16 <0.001 * 1.71 1.36, 2.16 <0.001 * 1.66 1.21, 2.29 0.002 *
Self-Perceived
Dissatisfaction 1.30 1.01, 1.69 0.0420 * 1.30 1.00, 1.70 0.0540 1.17 0.81, 1.70 0.4000

Inability to
Control Worrying OR 95% CI p OR 95% CI p OR 95% Cl p

Nighttime
Disturbance 1.21 0.99, 1.49 0.0640 1.27 1.02, 1.57 0.0290 * 1.37 1.03, 1.84 0.0330 *

Daytime Dysfunction 1.55 1.24, 1.93 <0.001 * 1.54 1.23, 1.94 <0.001 * 1.40 1.04, 1.91 0.0270 *
Self-Perceived
Dissatisfaction 1.54 1.18, 2.00 0.0010 * 1.50 1.14, 1.96 0.0030 * 1.30 0.90, 1.86 0.2000

Excess Worrying OR 95% CI p OR 95% CI p OR 95% Cl p
Nighttime
Disturbance 1.23 1.00, 1.51 0.0460 * 1.29 1.04, 1.59 0.0190 * 1.33 1.00, 1.78 0.0530

Daytime Dysfunction 1.62 1.31, 2.03 <0.001 * 1.61 1.28, 2.02 <0.001 * 1.56 1.16, 2.12 0.0040 *
Self-Perceived
Dissatisfaction 1.57 1.22, 2.04 <0.001 * 1.57 1.20, 2.05 <0.001 * 1.27 0.89, 1.82 0.2000

Trouble Relaxing OR 95% CI p OR 95% CI p OR 95% Cl p
Nighttime
Disturbance 1.17 0.95, 1.44 0.1400 1.18 0.95, 1.46 0.1400 1.05 0.79, 1.41 0.7000

Daytime Dysfunction 1.42 1.13, 1.77 0.0020 * 1.39 1.11, 1.75 0.0050 * 1.43 1.06, 1.93 0.0200 *
Self-Perceived
Dissatisfaction 1.89 1.45, 2.47 <0.001 * 1.92 1.46, 2.53 <0.001 * 1.77 1.24, 2.56 0.0020 *

Restlessness OR 95% CI p OR 95% CI p OR 95% Cl p
Nighttime
Disturbance 1.57 1.22, 2.03 <0.001 * 1.39 1.08, 1.82 0.0130 * 1.37 0.97, 1.93 0.0730

Daytime Dysfunction 1.63 1.25, 2.15 <0.001 * 1.65 1.24, 2.20 <0.001 * 1.69 1.19, 2.45 0.0040 *
Self-Perceived
Dissatisfaction 1.25 0.90, 1.74 0.2000 1.25 0.88, 1.76 0.2000 1.22 0.79, 1.89 0.4000

Irritability OR 95% CI p OR 95% CI p OR 95% Cl p
Nighttime
Disturbance 1.28 1.04, 1.57 0.0210 * 1.25 1.01, 1.54 0.0430 * 1.21 0.91, 1.62 0.2000

Daytime Dysfunction 1.59 1.27, 1.98 <0.001 * 1.55 1.23, 1.95 <0.001 * 1.59 1.18, 2.17 0.0030 *
Self-Perceived
Dissatisfaction 1.35 1.04, 1.76 0.0240 * 1.36 1.04, 1.78 0.0260 * 1.27 0.88, 1.82 0.2000

Catastrophizing OR 95% CI p OR 95% CI p OR 95% Cl p
Nighttime
Disturbance 1.31 1.04, 1.65 0.0220 * 1.26 1.00, 1.61 0.056 1.19 0.87, 1.64 0.3000

Daytime Dysfunction 1.25 0.98, 1.61 0.0710 1.20 0.93, 1.55 0.2000 1.28 0.92, 1.79 0.1500
Self-Perceived
Dissatisfaction 1.52 1.13, 2.05 0.0060 * 1.52 1.12, 2.07 0.0080 * 1.16 0.78, 1.74 0.5000

† Adjusted covariates: age, sex, race/ethnicity, education, income quintile, MAP score and body mass index;
* p < 0.05 is considered statistically significant.

Table 4. Forward Stepwise Regression Analysis of Insomnia Components Associated with Each
Anxiety Symptom, Adjusted for Sociodemographics.

Rank OR 95% CI p

Anxious
Feelings

Nighttime N/A
Daytime 1 1.31 (1.18, 1.45) <0.001 *
Self-Perceived
Dissatisfaction 2 1.21 (1.09, 1.34) <0.001*
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Table 4. Cont.

Rank OR 95% CI p
Inability to
Control
Worrying

Nighttime 3 1.09 (1.01, 1.18) 0.032 *
Daytime 1 1.23 (1.11, 1.37) <0.001 *
Self-Perceived
Dissatisfaction 2 1.22 (1.08, 1.37) 0.001 *

Excess
Worrying

Nighttime 3 1.10 (1.02, 1.19) 0.017 *
Daytime 1 1.26 (1.14, 1.40) <0.001 *
Self-Perceived
Dissatisfaction 2 1.23 (1.10, 1.39) 0.001 *

Trouble
Relaxing

Nighttime N/A
Daytime 2 1.17 (1.06, 1.30) 0.003 *
Self-Perceived
Dissatisfaction 1 1.43 (1.27, 1.58) <0.001 *

Restlessness
Nighttime 2 1.18 (1.09, 1.28) <0.001 *
Daytime 1 1.33 (1.19, 1.48) <0.001 *
Self-Perceived
Dissatisfaction N/A

Irritability
Nighttime 3 1.08 (1.00, 1.17) 0.042 *
Daytime 1 1.23 (1.11, 1.36) <0.001 *
Self-Perceived
Dissatisfaction 2 1.16 (1.03, 1.31) 0.018 *

Catastrophizing
Nighttime N/A
Daytime N/A
Self-Perceived
Dissatisfaction 1 1.43 (1.31, 1.55) <0.001 *

* p < 0.05 is considered statistically significant; adjusted covariates: age, sex, race/ethnicity, education, and body
mass index.

4. Discussion

This study examined whether different components of insomnia were differentially
associated with anxiety. In adjusted analyses, all three components were significantly
associated with overall severity of anxiety, even among short sleepers. Contrary to the
primary hypothesis, daytime disturbance and self-perceived dissatisfaction with sleep were
each associated with more anxiety symptoms than nighttime disturbance. Moreover, in
forward stepwise modeling, nighttime disturbance had the weakest associations with each
symptom. These findings indicate that the nighttime features of insomnia may have less
relevance to anxiety symptomatology than the ability to function properly during the day
or subjective feelings of distress.

The original hypothesis was that nighttime disturbance, the colloquial hallmark of
insomnia, would be most strongly associated with overall anxiety severity and individual
anxiety symptoms. However, nighttime disturbance generally had the weakest relation-
ships; for overall anxiety severity, nighttime disturbance had the smallest beta coefficients
and was significant among short sleepers. While this seems counterintuitive, prior research
does indicate that nighttime disturbances are not the most salient feature of insomnia. In
their analysis of sleep complaints, Koffel and Watson [19] described two components of
sleep disturbance as either insomnia (nighttime symptoms) or lassitude (daytime symp-
toms), and they further reported that lassitude was more strongly associated with depres-
sion and anxiety than insomnia. Similarly, Ji and colleagues [16] reported that daytime
dysfunction and self-perceived sleep dissatisfaction were associated with more depression
symptoms than nighttime disturbances. Other studies assessed the relationship between
insomnia and anxiety using different measurement tools. For instance, Bragantini and
colleagues [25] in the HUNT3 study assessed insomnia symptoms using the DSM-5 [8]
and anxiety using the Hospital Anxiety and Depression Scale, such that insomnia was
categorized as sleep onset, sleep maintenance, or terminal insomnia. Despite the different



Diseases 2022, 10, 92 8 of 10

scales, the HUNT3 study found that anxiety levels were higher in participants reporting
symptoms of insomnia.

As noted before, insomnia with objective short sleep may be the most severe pheno-
type among patients with insomnia [24]. Thus, patients with insomnia and short sleep
may also display distinct relationships with anxiety symptoms. This certainly seemed
true in the present study: nighttime disturbance and self-perceived dissatisfaction among
short sleepers were each associated with one anxiety symptom, while daytime dysfunc-
tion remained associated with six symptoms. While hypothetical, an explanation may
be differences in limbic activity, as emotion regulation has been shown to explain the
relationship between anxiety and insomnia [31]. Thus, among patients with insomnia and
short sleep, it is possible that emotional regulation may be so impaired that symptoms of
anxiety are inevitable. Alternatively, another possible explanation is that neurocognitive
deficits in insomnia with short sleep may obfuscate feelings of distress or even perceptions
of sleep disturbances without impairing perceptions of daytime functioning. Of course,
sleep duration was measured subjectively using a single, albeit widely used, item, so the
accuracy of this measure is in question. Further research is needed to clarify how insomnia
with short sleep is specifically linked to the severity and symptomatology of anxiety.

These observations offer valuable insight into how patients with comorbid anxiety
and insomnia should be treated. Perhaps instead of focusing solely on disturbed sleep,
emphasizing daytime activity and structure for patients and methods to deal with subjec-
tive distress will better help these patients. Professionals could adjust a patient’s daytime
routine, sleep cycle, dietary habit, and physical activity in accordance with the approaches
provided by interpersonal and social rhythm therapy [32] and the “Trans-C” sleep and
circadian rhythm intervention developed by Harvey and colleagues [33]. Additionally,
an emphasis on daytime functioning may dissuade physicians from needlessly prescrib-
ing sedative–hypnotic medications, which is a common intervention that may worsen
daytime sedation [34].

The strengths of this study are the large, community-based sample, including a large
enough sub-sample of short sleepers to make the secondary analysis possible. Limitations
of this analysis include the cross-sectional nature of the study, which does not allow for
causal determinations. Thus, a replication of these findings using a longitudinally-followed
cohort would advance the field. In addition, all data were self-reported, which means the
accuracy of the insomnia data may be limited by recall and reporting biases. Prospective
sleep diaries or objective measures of sleep would clarify this limitation. It should be
noted that the “self-perceived dissatisfaction” symptoms of the ISI include items that may
conceptually overlap with the concept of anxiety—specifically, these items represent worry
and distress about sleep and dissatisfaction with sleep. Not surprisingly, the results of this
study show that dissatisfaction/distress about sleep is related to general worry/distress
associated with anxiety. This may represent a limitation of the ISI in studies of anxiety,
since some of the items conceptually overlap. This study, though, allows for an exploration
of aspects of the ISI that do not include worry or distress, showing that other aspects of
insomnia, including the nighttime and daytime symptoms specifically, may have their own
associations with anxiety.

5. Conclusions

In analyzing data from over a thousand adults, the three components of insomnia
(nighttime disturbance, daytime dysfunction, and self-perceived dissatisfaction) were
significantly associated with overall anxiety severity. However, nighttime disturbance
was only associated with four out of seven symptoms examined, compared to six out of
seven for daytime dysfunction and self-perceived dissatisfaction. A restricted analysis of
short sleepers found that daytime dysfunction remained associated with six out of seven
symptoms, while nighttime disturbance and self-perceived dissatisfaction were associated
with only one symptom each. It is well known that sleep continuity disturbances may
contribute to daytime dysfunction, as daytime dysfunction may be a proxy of unmet sleep
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needs. However, the present data highlight that the daytime dysfunction and self-perceived
dissatisfaction are important correlates of clinical anxiety. These findings emphasize the
importance for health professionals in various specialties to address a combination of
factors associated with both insomnia and anxiety.

Author Contributions: All listed authors contributed to this work. Conceptualization, M.A.G. and
M.L.P.; methodology, M.A.G. and M.L.P.; software, M.A.G.; validation, M.L.P. and M.A.G.; formal
analysis, M.A.G.; data curation, M.A.G. and A.S.T.; writing—original draft preparation, S.B.G. and
A.K.; writing—review and editing, S.B.G.; A.S.T., C.C.A.W.; A.K.; J.F.K.; M.L.P.; W.D.S.K.; F.-X.F.;
M.A.G.; project administration, M.L.P. and M.A.G.; funding acquisition, M.A.G. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Institutes of Health, grant number R01MD011600,
R01DA051321, R21ES022931, and T32HL007249.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of University of Pennsylvania (protocol
code 816743 and date of approval 10 December 2012).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: MAG received grants from Jazz Pharmaceuticals and Kemin Foods, and
consulting fees from Fitbit, Natrol, Merck, Casper, SPV, Merck, Sunovion, University of Maryland,
and New York University. The funders had no role in the design of the study; in the collection,
analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish
the results.

References
1. Glidewell, R.N.; McPherson Botts, E.; Orr, W.C. Insomnia and Anxiety: Diagnostic and Management Implications of Complex

Interactions. Sleep Med. Clin. 2015, 10, 93–99. [CrossRef] [PubMed]
2. Jansson-Frojmark, M.; Lindblom, K. A bidirectional relationship between anxiety and depression, and insomnia? A prospective

study in the general population. J. Psychosom. Res. 2008, 64, 443–449. [CrossRef] [PubMed]
3. Cox, R.C.; Olatunji, B.O. A systematic review of sleep disturbance in anxiety and related disorders. J. Anxiety Disord. 2016, 37,

104–129. [CrossRef] [PubMed]
4. Soehner, A.M.; Harvey, A.G. Prevalence and functional consequences of severe insomnia symptoms in mood and anxiety

disorders: Results from a nationally representative sample. Sleep 2012, 35, 1367–1375. [CrossRef]
5. Ferre Navarrete, F.; Pérez Páramo, M.; Fermin Ordoño, J.; López Gómez, V. Prevalence of Insomnia and Associated Factors in

Outpatients with Generalized Anxiety Disorder Treated in Psychiatric Clinics. Behav. Sleep Med. 2017, 15, 491–501. [CrossRef]
6. Morin, C.M.; Ware, J.C. Sleep and Psychopathology. Appl. Prev. Psychol. 1996, 5, 211–224. [CrossRef]
7. Mellinger, G.D.; Balter, M.B.; Uhlenhuth, E.H. Insomnia and its treatment. Prevalence and correlates. Arch. Gen. Psychiatry 1985,

42, 225–232. [CrossRef]
8. American Psychiatric Association. Diagnostic and Statistcal Manuel of Mental Disorders, 5th ed.; American Psychiatric Association:

Washington, DC, USA, 2014.
9. Blake, M.J.; Trinder, J.A.; Allen, N.B. Mechanisms underlying the association between insomnia, anxiety, and depression in

adolescence: Implications for behavioral sleep interventions. Clin. Psychol. Rev. 2018, 63, 25–40. [CrossRef]
10. Fairholme, C.P.; Manber, R. Safety behaviors and sleep effort predict sleep disturbance and fatigue in an outpatient sample with

anxiety and depressive disorders. J. Psychosom. Res. 2014, 76, 233–236. [CrossRef]
11. Gehrman, P.R.; Meltzer, L.J.; Moore, M.; Pack, A.I.; Perlis, M.L.; Eaves, L.J.; Silberg, J.L. Heritability of insomnia symptoms in

youth and their relationship to depression and anxiety. Sleep 2011, 34, 1641–1646. [CrossRef]
12. Gregory, A.M.; Buysse, D.J.; Willis, T.A.; Rijsdijk, F.V.; Maughan, B.; Rowe, R.; Cartwright, S.; Barclay, N.L.; Eley, T.C. Associations

between sleep quality and anxiety and depression symptoms in a sample of young adult twins and siblings. J. Psychosom. Res.
2011, 71, 250–255. [CrossRef]

13. Palmer, C.A.; Alfano, C.A. Sleep and emotion regulation: An organizing, integrative review. Sleep Med. Rev. 2017, 31, 6–16.
[CrossRef]

14. Staner, L. Sleep and anxiety disorders. Dialogues Clin. Neurosci. 2003, 5, 249–258. [CrossRef]
15. Bastien, C.H.; Vallieres, A.; Morin, C.M. Validation of the Insomnia Severity Index as an outcome measure for insomnia research.

Sleep Med. 2001, 2, 297–307. [CrossRef]

http://doi.org/10.1016/j.jsmc.2014.11.008
http://www.ncbi.nlm.nih.gov/pubmed/26055677
http://doi.org/10.1016/j.jpsychores.2007.10.016
http://www.ncbi.nlm.nih.gov/pubmed/18374745
http://doi.org/10.1016/j.janxdis.2015.12.001
http://www.ncbi.nlm.nih.gov/pubmed/26745517
http://doi.org/10.5665/sleep.2116
http://doi.org/10.1080/15402002.2016.1163703
http://doi.org/10.1016/S0962-1849(96)80013-8
http://doi.org/10.1001/archpsyc.1985.01790260019002
http://doi.org/10.1016/j.cpr.2018.05.006
http://doi.org/10.1016/j.jpsychores.2014.01.001
http://doi.org/10.5665/sleep.1424
http://doi.org/10.1016/j.jpsychores.2011.03.011
http://doi.org/10.1016/j.smrv.2015.12.006
http://doi.org/10.31887/DCNS.2003.5.3/lstaner
http://doi.org/10.1016/S1389-9457(00)00065-4


Diseases 2022, 10, 92 10 of 10

16. Ji, X.; Bastien, C.H.; Ellis, J.G.; Hale, L.; Grandner, M.A. Disassembling insomnia symptoms and their associations with depressive
symptoms in a community sample: The differential role of sleep symptoms, daytime symptoms, and perception symptoms of
insomnia. Sleep Health 2019, 5, 376–381. [CrossRef]

17. Chen, P.Y.; Yang, C.M.; Morin, C.M. Validating the cross-cultural factor structure and invariance property of the Insomnia Severity
Index: Evidence based on ordinal EFA and CFA. Sleep Med. 2015, 16, 598–603. [CrossRef]

18. Dekker, K.; Blanken, T.F.; Van Someren, E.J. Insomnia and Personality—A Network Approach. Brain Sci. 2017, 7, 28. [CrossRef]
19. Koffel, E.; Watson, D. The two-factor structure of sleep complaints and its relation to depression and anxiety. J. Abnorm. Psychol.

2009, 118, 183–194. [CrossRef]
20. Jansson, C.; Alexanderson, K.; Kecklund, G.; Åkerstedt, T. Clinically diagnosed insomnia and risk of all-cause and diagnosis-

specific disability pension: A nationwide cohort study. Sleep Disord. 2013, 2013, 209832. [CrossRef]
21. Fernandez-Mendoza, J.; Calhoun, S.; Bixler, E.O.; Pejovic, S.; Karataraki, M.; Liao, D.; Vela-Bueno, A.; Ramos-Platon, M.J.; Sauder,

K.A.; Vgontzas, A.N. Insomnia with objective short sleep duration is associated with deficits in neuropsychological performance:
A general population study. Sleep 2010, 33, 459–465. [CrossRef]

22. Fernandez-Mendoza, J.; Calhoun, S.L.; Bixler, E.O.; Karataraki, M.; Liao, D.; Vela-Bueno, A.; Ramos-Platon, M.J.; Sauder, K.A.;
Basta, M.; Vgontzas, A.N. Sleep misperception and chronic insomnia in the general population: Role of objective sleep duration
and psychological profiles. Psychosom. Med. 2011, 73, 88–97. [CrossRef]

23. Fernandez-Mendoza, J.; He, F.; Puzino, K.; Amatrudo, G.; Calhoun, S.; Liao, D.; Vgontzas, A.N.; Bixler, E. Insomnia with objective
short sleep duration is associated with cognitive impairment: A first look at cardiometabolic contributors to brain health. Sleep
2021, 44, zsaa150. [CrossRef]

24. Vgontzas, A.N.; Fernandez-Mendoza, J.; Liao, D.; Bixler, E.O. Insomnia with objective short sleep duration: The most biologically
severe phenotype of the disorder. Sleep Med. Rev. 2013, 17, 241–254. [CrossRef]

25. Bragantini, D.; Sivertsen, B.; Gehrman, P.; Lydersen, S.; Güzey, I.C. Differences in anxiety levels among symptoms of insomnia.
The HUNT study. Sleep Health 2019, 5, 370–375. [CrossRef]

26. Spitzer, R.L.; Kroenke, K.; Williams, J.B.; Löwe, B. A brief measure for assessing generalized anxiety disorder: The GAD-7. Arch.
Intern. Med. 2006, 166, 1092–1097. [CrossRef]

27. Cepeda, M.S.; Stang, P.; Blacketer, C.; Kent, J.M.; Wittenberg, G.M. Clinical Relevance of Sleep Duration: Results from a
Cross-Sectional Analysis Using NHANES. J. Clin. Sleep Med. 2016, 12, 813–819. [CrossRef]

28. Watson, N.F.; Badr, M.S.; Belenky, G.; Bliwise, D.L.; Buxton, O.M.; Buysse, D.; Dinges, D.F.; Gangwisch, J.; Grandner, M.A.;
Kushida, C.; et al. Recommended Amount of Sleep for a Healthy Adult: A Joint Consensus Statement of the American Academy
of Sleep Medicine and Sleep Research Society. Sleep 2015, 38, 843–844. [CrossRef]

29. Hirshkowitz, M.; Whiton, K.; Albert, S.M.; Alessi, C.; Bruni, O.; DonCarlos, L.; Hazen, N.; Herman, J.; Hillard, P.J.A.; Katz,
E.S.; et al. National Sleep Foundation’s updated sleep duration recommendations: Final report. Sleep Health 2015, 1, 233–243.
[CrossRef]

30. Maislin, G.; Pack, A.I.; Kribbs, N.B.; Smith, P.L.; Schwartz, A.R.; Kline, L.R.; Schwab, R.J.; Dinges, D.F. A survey screen for
prediction of apnea. Sleep 1995, 18, 158–166. [CrossRef] [PubMed]

31. Kirwan, M.; Pickett, S.M.; Jarrett, N.L. Emotion regulation as a moderator between anxiety symptoms and insomnia symptom
severity. Psychiatry Res. 2017, 254, 40–47. [CrossRef]

32. Frank, E.; Swartz, H.A.; Kupfer, D.J. Interpersonal and social rhythm therapy: Managing the chaos of bipolar disorder. Biol.
Psychiatry 2000, 48, 593–604. [CrossRef]

33. Harvey, A.G.; Buysse, D.J. Treating Sleep Problems: A Transdiagnostic Approach; The Guilford Press: New York, NY, USA, 2018;
pp. 78–104.

34. Parthasarathy, S. The need for pharmacovigilance in sleep medicine. Sleep 2011, 34, 827–828. [CrossRef] [PubMed]

http://doi.org/10.1016/j.sleh.2018.12.009
http://doi.org/10.1016/j.sleep.2014.11.016
http://doi.org/10.3390/brainsci7030028
http://doi.org/10.1037/a0013945
http://doi.org/10.1155/2013/209832
http://doi.org/10.1093/sleep/33.4.459
http://doi.org/10.1097/PSY.0b013e3181fe365a
http://doi.org/10.1093/sleep/zsaa150
http://doi.org/10.1016/j.smrv.2012.09.005
http://doi.org/10.1016/j.sleh.2019.01.002
http://doi.org/10.1001/archinte.166.10.1092
http://doi.org/10.5664/jcsm.5876
http://doi.org/10.5665/sleep.4716
http://doi.org/10.1016/j.sleh.2015.10.004
http://doi.org/10.1093/sleep/18.3.158
http://www.ncbi.nlm.nih.gov/pubmed/7610311
http://doi.org/10.1016/j.psychres.2017.04.028
http://doi.org/10.1016/S0006-3223(00)00969-0
http://doi.org/10.5665/SLEEP.1096
http://www.ncbi.nlm.nih.gov/pubmed/21731126

	Introduction 
	Materials and Methods 
	Data Source 
	Measures 
	Data Analysis 

	Results 
	Characteristics of Sample 
	The Relationship between Insomnia Components and Severity of Anxiety 
	The Relationship between Insomnia Components and Individual Anxiety Symptoms 
	Forward Stepwise Analysis between Insomnia Components and Individual Anxiety Symptoms 

	Discussion 
	Conclusions 
	References

