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Abstract
Objectives:  To better understand links between anxiety and sleep disturbances in older adults, we examined the association 
of different phenotypic presentations of anxiety (i.e., affective, cognitive, and somatic clusters) with global sleep quality 
and daytime sleepiness.
Methods:  109 community-dwelling adults aged 66–92 years old (57% female) completed assessments of global sleep qual-
ity (Pittsburgh Sleep Quality Index), daytime sleepiness (Epworth Sleepiness Scale), affective anxiety symptoms (Geriatric 
Anxiety Scale (GAS) affective subscale), cognitive anxiety symptoms (GAS cognitive subscale), and somatic anxiety symp-
toms (GAS somatic subscale).
Results:  In hierarchical regression models adjusted for depressive symptoms and health status, greater affective and somatic 
anxiety were associated with poorer global sleep quality (affective B = 0.30, p = .01; somatic B = 0.41, p = .01). Somatic and 
cognitive anxiety were associated with greater daytime sleepiness (somatic B = 0.74, p < .001; cognitive B = 0.30, p = .03), 
but these associations were attenuated by covariates added to the models.
Discussion:  These findings indicate that anxiety symptom clusters are differentially associated with specific sleep-related 
disturbances, underscoring the complex relationship of late-life anxiety to sleep. Results suggest that personalized treat-
ments, such as targeted sleep interventions, may improve specific anxiety-symptom domains, or vice versa.

Keywords:   Affective—Cognitive—Daytime sleepiness—Sleep disturbances—Somatic

Sleep disturbances and associated outcomes, such as daytime 
sleepiness, commonly occur in older adults (Ohayon, 2002) 
and have a host of negative health outcomes (Fung, Vitiello, 

Alessi, & Kuchel, 2016). While sleep disturbances have 
been identified as a risk factor for late-life depression (Ford 
& Kamerow, 1989), less is known about the association of 
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late-life anxiety symptoms and disturbed sleep. Additionally, 
the association of anxiety and sleep disturbance is likely bidi-
rectional (Goldstein et al., 2013). For the most part, studies 
to date have considered sleep in the context of broad defini-
tions of anxiety, or have focused on anxiety in the context of 
Generalized Anxiety Disorder (GAD). Two such studies found 
that sleep disturbances distinguish older adults with GAD 
from anxious older adults who did not meet GAD diagnos-
tic criteria (Brenes et al., 2009; Wetherell, Le Roux, & Gatz, 
2003). Furthermore, older adults with GAD reported more 
frequent bad dreams compared with those without GAD 
(Nadorff, Porter, Rhoades, Greisinger, Kunik, & Stanley, 
2014). Potvin and colleagues (2014) also found late-life anxi-
ety disorders to be associated with a greater likelihood of day-
time dysfunction, a component of the Pittsburgh Sleep Quality 
Index (Buysse, Reynolds, Monk, Berman, & Kupfer, 1989) 
that encompasses both daytime sleepiness and lack of enthu-
siasm to complete tasks. Findings of subjective sleep distur-
bance in multiple domains among older adults with GAD are 
consistent with research findings related to sleep in younger 
adults with GAD (e.g., Tsypes, Aldao, & Mennin, 2013).

Further evidence for the relationship of sleep distur-
bance and anxiety symptoms comes from a study, which 
found that greater state and trait anxiety were associated 
with more disturbed sleep, measured by self-report and 
actigraphy, among older adults with insomnia (Spira et al., 
2008). In other studies, elevated worry, a cognitive anxi-
ety symptom, was associated with elevated subjective sleep 
disturbance among older adults with insomnia (Pallesen 
et  al., 2002) and among older adults with GAD (Bush 
et  al., 2012). Further, a study that used wrist actigraphy 
in community-dwelling older women found that elevated 
anxiety symptoms were associated with diminished sleep 
efficiency and greater sleep fragmentation (Spira, Stone, 
Beaudreau, Ancoli-Israel, & Yaffe, 2009). However, for 
older men, those with elevated anxiety symptoms did not 
have any differences in sleep architecture compared with 
older men without elevated anxiety (Smagula et al., 2015). 
Taken together, these findings suggest anxiety disorders 
may be associated with varied types of sleep disturbances, 
but anxiety symptoms may only be associated with poor 
sleep quality and difficulty maintaining sleep. Findings of 
associations of anxiety disorders with different facets of 
sleep disturbance are difficult to interpret because most 
individuals with anxiety disorders present with more than 
one type of anxiety symptoms (i.e., worrying and somatic 
symptoms). In contrast, the studies of anxiety symptoms 
are limited in their focus on either a relatively coarse defini-
tion of anxiety or on worry, a cognitive anxiety symptom 
characteristic of GAD. Anxiety, however, is multi-faceted, 
and includes affective (e.g., fear, irritability) and somatic 
symptoms (e.g., shortness of breath, muscle tension, heart 
racing), in addition to the well-studied cognitive symptoms 
(e.g., worry). Failure to consider these different clusters of 
anxiety symptoms may limit our understanding of the rela-
tionship of sleep to anxiety.

If anxiety symptom domains are differentially associ-
ated with sleep disturbances, this could enhance the utility 
of a finer-grained characterization of late-life anxiety symp-
toms. This examination is not possible without considera-
tion of two primary domains of older adult subjective sleep 
complaints, global sleep quality and daytime sleepiness. In 
fact, geriatric-specific models, such as Vaz Fragoso and Gill 
(2007)’s model of geriatric insomnia, incorporate multi-
ple facets of subjective sleep complaints into the model. In 
addition to improving the understanding of late-life anxi-
ety, understanding which specific anxiety symptoms are 
more likely to be associated with sleep disturbances could 
facilitate better targeting of treatments for sleep disorders. 
Knowing which symptoms of anxiety are most likely to 
impact sleep could identify those who might most benefit 
from interventions for sleep disturbance. There is evidence 
that sleep disturbances can be effectively treated across 
the lifespan using treatments such as cognitive behavioral 
therapy for insomnia or continuous positive airway pres-
sure for sleep disordered breathing (Bloom et  al. 2009; 
Irwin, Cole & Nicassio, 2006; Karlin, Trockel, Spira, 
Taylor, & Manber, 2015). Additionally, greater perceived 
anxiety control is associated with less sleep disturbance in 
older and younger adults (Gould, Beaudreau, O’Hara, & 
Edelstein, 2016). Further, in one study late-life GAD treat-
ment compared with enhanced usual care reduced sleep 
disturbance (Bush et  al., 2012). However, in a treatment 
study of co-occurring panic disorder and GAD in younger 
adults, insomnia symptoms persisted after treatment in a 
majority of participants (Cousineau et  al., 2016). While 
improved understanding of anxiety may yield more tar-
geted sleep treatments, it is also possible that some inter-
ventions, such as mindfulness, may have beneficial effects 
on both sleep disturbance (Black et al., 2015) and anxiety 
(Lenze et al., 2014).

Reciprocally, understanding bidirectional relationships 
between sleep disturbance and anxiety symptom clusters 
may provide a window into the etiology of late-life anxi-
ety disorders. Furthermore, a careful examination of both 
insomnia complaints and daytime sleepiness is essential 
when working with older adults (Vaz Fragoso & Gill, 
2007). To this end, we examined the cross-sectional associ-
ation of affective, cognitive, and somatic anxiety symptoms 
with global sleep quality and daytime sleepiness in a com-
munity-dwelling sample. We hypothesized that all three 
anxiety symptom clusters would be associated with poorer 
global sleep quality and that somatic symptoms would be 
associated with worse daytime sleepiness. 

Methods

Participants
Participants were drawn from a sample of 121 community-
dwelling older adults enrolled in an observational, 2-year 
longitudinal study of cognition and psychiatric symptoms 
(NIRG-09-133592; P.I. Beaudreau). Participants were 
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required to be 65 years or older at enrollment, and to score 
within normal limits on a brief cognitive assessment admin-
istered by phone (Blessed, Tomlinson, & Roth, 1968) and 
be free of psychotic symptoms. The present study uses data 
from the year-two assessment because some measures were 
only administered at that time. A 9.1% attrition rate was 
observed at year 2 (3 dropped out, 3 relocated, 2 died, 3 
lost to follow-up). In addition, one participant omitted 
items on the Geriatric Anxiety Scale, leaving an analytic 
sample of 109 for the current study.

Measures and Procedures

Participants provided demographic information (i.e., age, 
gender, marital status) at baseline. Participants completed 
the Structured Clinical Interview for DSM-IV (SCID; First, 
Spitzer, Gibbon, & Williams, 2002) and a neuropsychologi-
cal assessment at both annual study visits and rated their 
perceived health status in comparison with a state of per-
fect health on a 4-point scale, with higher scores indicating 
poorer health (1 = Excellent to 4 = Poor). Participants pro-
vided researchers with the list of current medications. We 
used this information to ascertain current use of antidepres-
sants, benzodiazepines, or opioid medications. Participants 
completed the following self-report measures on which 
higher total scores indicate more severe problems.

Anxiety symptom cluster measure
The Geriatric Anxiety Scale (GAS; Segal, June, Payne, 
Coolidge, & Yochim, 2010) is a 30-item measure of anxi-
ety symptom severity in the past week. Responses to the 
GAS items are made on a four-point Likert-type scale rang-
ing from 0 to 3. The GAS contains three subscales: cogni-
tive (e.g., difficulty concentrating, could not control worry), 
affective (e.g., afraid of being judged, irritable, restless-
ness), and somatic (e.g., upset stomach, heart raced or beat 
strongly). Internal consistency for the GAS total score was 
excellent (α = 0.90–0.93) and adequate to excellent (α = 
0.68–0.90) for subscales in non-clinical samples of commu-
nity-dwelling older adults (Gould et al., 2014; Segal et al., 
2010). In this study, the internal consistency was 0.90 for 
total score, α = 0.68 for somatic scale, 0.84 for cognitive 
scale, and α = 0.80 for affective scale.

Sleep-related measures
The Pittsburgh Sleep Quality Index (PSQI; Buysse et  al., 
1989) is a 19-item measure of global sleep quality in the past 
month. Responses are measured on a four-point, Likert-
type scale ranging from 0 to 3.  Seven components (sleep 
quality, sleep latency, sleep duration, sleep efficiency, sleep 
disturbances, sleep medication use, daytime dysfunction) 
comprise the PSQI and the component scores are summed 
to form a global score. Internal consistency of the PSQI was 
adequate to good (α = 0.69–0.80) among older adults in 
large observational studies (Beaudreau et al., 2012; Spira 
et al., 2012) and was found to be lower (α = 0.56) in the 
present study.

The Epworth Sleepiness Scale (ESS; Johns, 1991) is an 
eight-item measure of daytime sleepiness in the past week. 
Items are scored on a Likert-type scale from 0 to 3, with 
three indicating a high chance of dozing or sleeping during 
specific activities. The measure has adequate internal con-
sistency (α  =  0.70–0.76) among older adults (Beaudreau 
et  al., 2012; Spira et  al., 2012) and was adequate in the 
present study (α = 0.74).

Depression measure
The Beck Depression Inventory-II (BDI-II) (Beck, Steer, & 
Brown, 1996) is a 21-item measure of depressive symp-
tom severity in the past 2 weeks; each item is rated on a 
Guttman scale ranging from 0 to 3. The BDI-II has good 
internal consistency (α  =  0.86) for older adults (Segal, 
Coolidge, Cahill, & O’Riley, 2008). Internal consistency of 
BDI-II scores was good in the present study (α = 0.89).

Data Analysis

We calculated descriptive statistics for all measures. 
Associations of three sleep and fatigue items on the GAS 
measure and two items on BDI-II measure with PSQI 
and ESS scores were calculated. Each GAS sleep item was 
significantly associated (p’s  <  0.001) with the PSQI total 
scores with r’s ranging from 0.37 (felt tired) to 0.63 (dif-
ficulty falling asleep). The associations with ESS total score 
were non-significant for two of the three items. The item 
regarding feeling tired was associated with ESS total score 
(r = 0.43, p  < .001). With regards to the BDI-II sleep items, 
the item assessing changes in sleeping patterns was associ-
ated with PSQI total scores (r = 0.47, p <  .001), whereas 
the items assessing loss of energy was associated with ESS 
total scores (r = 0.29, p = .002). Thus, we decided to use 
a conservative and face-valid approach to our analyses by 
removing the sleep and fatigue items from the GAS and 
BDI-II scores in order to accurately estimate the strength of 
the associations of anxiety and depressive symptoms with 
sleep difficulties. The GAS and BDI scores calculated with-
out sleep or fatigue items were used in hierarchical regres-
sion analyses.

We examined the association of each GAS subscale 
(affective, somatic and cognitive) with global sleep qual-
ity (PSQI total) and daytime sleepiness (ESS total). Three 
hierarchical regressions were conducted for each dependent 
variable (PSQI, ESS) with the primary predictor of interest 
(GAS subscale) entered in the first step (step 1) and covari-
ates (depression symptoms and perceived health) entered in 
the second step (step 2).

Results
On average, participants had a mean ± standard deviation 
age of 75.29 ± 6.99 years. Fifty-seven percent of partici-
pants were female and 90.8% were non-Hispanic whites. 
The majority of participants did not experience clinical 
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levels of anxiety or depressive symptoms as evidenced 
by the low GAS total (M = 7.37, SD = 7.14) and BDI-II 
(M  =  4.75, SD  =  6.06) means displayed in Table  1. On 
average, however, participants experienced some sleep dis-
turbance, as measured by a mean PSQI score (M = 4.97, 
SD = 3.01) falling just below the cut-off of 5 (Buysse et al., 
1989). Twenty-four (22.0%) of participants took over the 
counter or prescription medications for sleep at least once 
a week according to the PSQI medication use component. 
Table 2 displays intercorrelations among variables.

Global Sleep Quality (PSQI)

Table  3 displays hierarchical regression analyses that 
examined the association of each GAS subscale (affec-
tive, somatic, and cognitive) with PSQI total scores. The 
GAS affective and the GAS somatic subscale were signifi-
cantly associated with global sleep quality in step 1 (affec-
tive B  =  0.59, 95% confidence interval (CI) 0.40, 0.77; 
somatic B = 0.82, 95% CI 0.55, 1.10) and step 2 (affec-
tive B = 0.30, 95% CI 0.07, 0.53; somatic B = 0.41, 95% 
CI 0.09, 0.73). The GAS cognitive subscale was associated 
with global sleep quality in step 1 (B = 0.51, 95% CI 0.31, 
0.72), but not in step 2 (B = −0.08, 95% CI = −0.40, 0.25). 

The adjusted R2 values for step 1 ranged from 0.18 (cogni-
tive symptoms) to 0.26 (affective symptoms). Adjusted R2 
values were 0.34 for both the final multivariable-adjusted 
models in which affective and somatic symptoms remained 
significant contributors.

We conducted sensitivity analyses adjusting for antide-
pressant, benzodiazepine, or opioid use in the regression 
models. Including antidepressant and benzodiazepine use 
in step 2 of the models attenuated the association between 
both GAS affective symptoms and somatic symptoms with 
PSQI total scores. No changes were noted when opioid use 
was included in the regression models.

Daytime Sleepiness (ESS)

The hierarchical regressions examining the contributions of 
GAS subscales to daytime sleepiness (ESS total) also are dis-
played in Table 3. The GAS affective subscale was not asso-
ciated with daytime sleepiness. The GAS cognitive subscale 
was associated with daytime sleepiness in step 1 (B = 0.30, 
95% CI 0.03, 0.57), but not in step 2 (B = −0.29, 95% CI 
−0.72, 0.15). The GAS somatic subscale was associated with 
daytime sleepiness in step 1 (B = 0.74, 95% CI 0.38, 1.10) 
and was marginally associated with daytime sleepiness in 
step 2 (B = 0.44, 95% CI 0.00, 0.89). The adjusted R2 values 
for step 1 were 0.04 for cognitive symptoms and 0.13 for 
somatic symptoms. The adjusted R2 value for the final mul-
tivariable-adjusted models for somatic symptoms was 0.16.

We conducted sensitivity analyses adjusting for antide-
pressant, benzodiazepine, or opioid use in the regression 
models (results not shown). Including antidepressant and 
benzodiazepine use strengthened the association between 
the GAS somatic subscale and ESS total scores. In contrast, 
including opioid use slightly attenuated the association 
between GAS somatic subscale and ESS total scores.

Discussion
Our fine-grained cross-sectional investigation of anxi-
ety symptom clusters revealed differing patterns of 

Table 1.  Participant Characteristics

Characteristic M or frequency SD or percent

Age 75.29 6.99
Sex
  Female 63 57.8
  Male 46 42.2
Ethnic/racial background
  Asian 7 6.40
  Black/African-American 2 1.80
  White, Non-Hispanic 99 90.80
  White, Hispanic 1 0.90
Self-rated health 2.02 0.65
Medication use
  Antidepressants 17 15.60
  Benzodiazepines 11 10.10
  Opioids 4 3.70
BDI-II 4.75 6.06
BDI-IIa 3.92 5.45
ESS 6.06 3.66
GAS 7.37 7.14
GASa 5.50 6.26
  GAS affective 1.99 2.66
  GAS cognitive 1.65 2.55
  GAS somatica 1.85 1.82
PSQI 4.97 3.01

Note: BAI = Beck Anxiety Inventory, BDI-II = Beck Depression Inventory = II, 
ESS  =  Epworth Sleepiness Scale, GAS  =  Geriatric Anxiety Scale, 
PSQI = Pittsburgh Sleep Quality Index. Lower scores on perceived health indi-
cate better health, whereas, for the other measures (BAI, BDI-II, ESS, GAS, 
PSQI) higher scores indicate more elevated psychiatric symptoms.
aSleep-related items were removed from total.

Table 2.  Correlations Between Anxiety, Depression, Health, 
and Sleep Variables

Variable 1 2 3 4 5 6 7

1. BDI-IIa

2. GAS totala 0.78
3. GAS affective 0.65 0.92
4. GAS cognitive 0.81 0.92 0.76
5. GAS somatica 0.60 0.82 0.62 0.64
6. Self-rated health 0.38 0.34 0.26 0.32 0.35
7. PSQI total 0.56 0.54 0.52 0.43 0.50 0.26
8. ESS total 0.34 0.25 0.13 0.21 0.37 0.32 0.11

Note: aSleep-related items were removed from total. Bolded numbers indicate 
significance at p < .05.
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associations with specific sleep disturbances in a non-
clinical sample of community-dwelling older adults. Our 
results demonstrate that even after adjusting for factors 
known to be associated with sleep difficulties (depressive 
symptoms and perceived health), affective and somatic 
anxiety symptoms were most strongly associated with 
global sleep quality. It may be that affective anxiety 
symptoms (e.g., fear, nervousness) and depressive symp-
toms have independent associations with poorer sleep 
quality, which encompasses a number of different types 
of sleep disturbances that need to be disentangled in a 
future study. The finding of an association of somatic 
anxiety symptoms and poorer sleep quality could be a 
function of medical problems associated with specific 
components of the PSQI, such as daytime dysfunction 
and sleep disturbances. The associations of affective 
and somatic anxiety symptoms with global sleep qual-
ity highlight that these anxiety symptoms clusters could 
be useful when differentiating particular types of anxi-
ety from depression in the context of sleep disturbances. 
The lack of association of cognitive symptoms with sleep 
disturbance in the adjusted model was interesting and 
surprising. One possible reason for the lack of signifi-
cance for cognitive symptoms could be the presence of 
multicollinearity of the cognitive anxiety subscale with 
depressive measure.

A second finding from the present study was the associa-
tion of elevated somatic and cognitive anxiety symptoms 
with daytime sleepiness. This novel finding demonstrates 
the importance of considering anxiety symptoms in 
older adults with daytime sleepiness. Although statistical 
adjustment attenuated the associations, the association of 
somatic anxiety with daytime sleepiness remained margin-
ally significant (p = .05) and is worthy of further examina-
tion. A possible mechanism for this association could be the 
presence of underlying medical conditions, including sleep-
disordered breathing that result in daytime sleepiness or the 
presence of other cardiopulmonary diseases that may be 
associated with both somatic anxiety symptoms and day-
time sleepiness. The presence of pain (e.g., low back pain) 
and muscle tension could also disrupt nocturnal sleep and 
lead to daytime sleepiness.

The sensitivity analyses revealed diverging effects of 
including antidepressant and benzodiazepine use in the 
models. Interestingly, these two classes of medications 
attenuated associations of anxiety with global sleep dis-
turbance, but enhanced the association of somatic anxiety 
with daytime sleepiness. These findings highlight the need 
to fully understand the biological influences on the rela-
tionship of sleep disturbance and anxiety symptoms.

Limitations of the present study include the use of a 
one-item measure of perceived health as a covariate, the 
absence of a geriatric-specific depression measure, and 
the absence of objective measures of sleep disturbance 
(i.e., polysomnography, actigraphy). Further, the absence 
of a full medical exam limits our ability to rule out 

medical causes of daytime sleepiness. Another limitation 
is the use of measures that employed varied timeframes (1 
week to 1 month) with which participants were to report 
their current symptoms. Specifically, it is possible that 
the findings of anxiety symptom associations with PSQI 
scores could be influenced by the differing timeframes on 
the PSQI and GAS measures. Despite these limitations, 
research demonstrates that subjective reports are useful. 
For example, reports of daytime sleepiness predict cog-
nitive impairment (Tsapanou et  al., 2016; Waller et  al., 
2015) and perceptions of lower health predict mortal-
ity (Idler & Benyamini, 1997). Longitudinal studies are 
needed to investigate the patterns of bidirectional asso-
ciations between anxiety symptom clusters and sleep 
disturbances, refine the anxiety and sleep disturbance 
phenotypes employing objective and subjective meas-
ures of sleep, and identify biomarkers underlying these 
associations. Moreover, studies are needed to investigate 
whether treating chronic insomnia could reduce particu-
lar types of anxiety in older adults, and whether treating 
sleep-disordered breathing reduces others (e.g., somatic 
anxiety).

Potential implications of our findings could be that 
older individuals may benefit from anxiety treatments tai-
lored to their predominant anxiety symptom presentations, 
with some treatments targeting specific sleep disturbances 
in addition to anxiety. Furthermore, the present study par-
tially supports the postulation that sleep disturbance is 
transdiagnostic of psychiatric symptoms (Harvey, Murray, 
Chandler, & Soehner, 2011) with our findings of distinct 
variations in the relationships among anxiety symptom 
clusters and sleep quality disturbance versus anxiety symp-
tom clusters and daytime sleepiness. Our findings clarify 
the subtle variations in the transdiagnostic nature of sleep 
disturbance with regards to one particular psychiatric con-
cern, anxiety. Future longitudinal studies should examine 
multiple facets of sleep in late-life psychiatric disorders 
with the aim of better characterizing psychiatric disorders 
and improving treatments.
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