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A B S T R A C T

Background: Symptoms of insomnia are associated with symptoms of depression and anxiety in older adults, yet
less is known about the relation of specific forms of insomnia (i.e., onset, maintenance, and terminal insomnia)
with these symptoms. This study explored how insomnia types related to symptoms of anxiety and depression in
older adults. It was hypothesized that onset and maintenance insomnia would have stronger relations to anxiety
and depressive symptoms than terminal insomnia.
Methods: One-hundred thirty-three older adults (mean age 69, age range 65–89) were recruited using Amazon's
Mechanical Turk. Participants completed the Insomnia Severity Index, Geriatric Depression Scale-Short Form, and
Geriatric Anxiety Inventory-Short Form.
Results: Regression analyses that controlled for the comorbidity between anxiety and depressive symptoms
indicated that onset insomnia was the only independent predictor of anxiety symptoms, and maintenance
insomnia was the only independent predictor of depressive symptoms, each of which had medium to large effect
sizes.
Limitations: Our findings are limited by an online, primarily Caucasian, and non-clinical sample as well as the
cross-sectional design of the study.
Conclusions: Our findings suggest that despite overlap between symptoms of depression and anxiety, insomnia
may have different mechanisms of affecting each disorder. Thus, the type of insomnia is clinically relevant and
should be assessed when symptoms of anxiety, depression, and/or sleep difficulties are reported.
1. Introduction

We spend approximately a third of our lives asleep, which promotes
physical, mental, and psychological well-being. Sleep helps to maintain
healthy immune system functioning and promotes physiological ho-
meostasis (Aldabal and Bahammam, 2011), and is important for the
consolidation of memories, thus aiding in learning (Maquet, 2001). Sleep
can also improve attention, decision-making, and problem-solving abil-
ities (Alhola and Polo-Kantola, 2007; Linde and Bergstr€ome, 1992).
Getting enough sleep also helps to improve one's ability to regulate
emotions and may lead to more positive moods (Kahn et al., 2013).
1.1. Sleep and insomnia in older adults

Changes in sleep are common as we age. To begin, total sleep time
(TST) decreases by approximately 10minutes per decade of age (Dorffner
d).
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et al., 2015; Ohayon and Roth, 2003). It has also been found that sleep
efficiency (i.e., ratio of time asleep to time in bed) decreases with age (Li
et al., 2018a; Ohayon and Roth, 2003), and this may be associated with
increased sleep latency (i.e., time to initially fall asleep) and waking after
sleep onset. Additionally, older adults have lighter sleep, as the time
spent in Stage 1 and Stage 2 slow wave sleep increases and the time spent
in stage 3 slowwave sleep decreases with age (Li et al., 2018; Ohayon and
Roth, 2003). This is especially problematic as older adults often deal with
health conditions such as sleep apnea, nocturia, and chronic pain which,
when combined with lighter sleep, can result in more arousals.

Unsurprisingly given these changes in sleep architecture, the preva-
lence of insomnia symptoms increases across the lifespan. Ohayon and
Roth (2003) found that 24% of people over the age of 65 reported
insomnia symptoms, and people over 65 were more likely to endorse
persistent insomnia present for more than five years compared to their
younger counterparts. Examining the prevalence of the three insomnia
October 2020
rticle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

mailto:cjb905@msstate.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2020.e05315&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2020.e05315
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2020.e05315


C.J. Bolstad, M.R. Nadorff Heliyon 6 (2020) e05315
types in later life, Ohayon and Roth (2001) found that participants over
age 65 had higher rates of onset and maintenance insomnia than par-
ticipants younger than 45, whereas rates of terminal insomnia were
comparable across the lifespan. It is possible that rates of terminal
insomnia are higher for older adults, but they may change what they
view as an acceptable and normative wake time, thus reporting similar
rates of terminal insomnia as their younger counterparts.

1.2. Insomnia's relation with depression and anxiety

Insomnia often co-occurs with depression and anxiety disorders
(Ohayon and Roth, 2003), and in fact insomnia is a DSM-5 criterion for
both major depressive disorder (MDD) and generalized anxiety disorder
(GAD; American Psychiatric Association, 2013). Perlis et al. (2006) found
that insomnia was a significant risk factor for the later development of
MDD such that participants with insomnia were six times more likely to
obtain an MDD diagnosis at follow-up than participants without
insomnia. They also found that maintenance insomnia was significantly
associated with later MDD diagnosis compared to onset and terminal
insomnia. Meta-analytic findings also have shown that individuals with
insomnia are twice as likely to develop depression than individuals
without insomnia (Baglioni et al., 2011), and this rate may increase to 4-
to 5-time greater likelihood of developing depression in adolescents
(Sivertsen et al., 2014). Insomnia also may be a perpetuating factor for
depression in older adults (Pigeon et al., 2008). Research on adolescent
depression and insomnia suggests that this is not a bidirectional relation,
but rather insomnia is a precursor to depression (Lovato and Gradisar,
2014). Ohayon and Roth (2003) found that insomnia more often
appeared before mood disorder symptoms compared to concurrently or
after mood disorder symptoms. The same effect was not found for anxiety
symptoms, as insomniamore often appeared after anxiety symptoms than
concurrently or before anxiety symptoms. Similar results were found in
an adolescent sample as anxiety preceded insomnia in 73% of cases
whereas insomnia preceded depression in 69% of cases (Johnson et al.,
2006).

Insomnia is associated with depression and anxiety in older adults,
yet less is known about how specific forms of insomnia are related to
anxiety and depressive symptoms. Recent research has explored the
relation between onset insomnia and anxiety in non-older adult samples.
For example, Kalmbach et al. (2019) found that medical interns with
onset insomnia prior to internship were at an increased risk of later
developing GAD during their internship year. Bragantini et al. (2019)
found that anxiety symptoms were most prevalent in individuals with
onset insomnia, and 91% of individuals with severe anxiety reported
onset insomnia alone or in addition to another insomnia symptom. As for
the relation between types of insomnia and depressive symptoms, Suzuki
et al. (2009) found that maintenance insomnia was significantly corre-
lated with depressive symptoms in a sample of individuals with Parkin-
son's disease, whereas onset insomnia was not. The present study
attempted to expand upon these findings to further explore the relation
between types of insomnia and anxiety and depressive symptoms in a
sample of older adults.

For the purposes of this study, we defined insomnia using the DSM-5
criteria (American Psychiatric Association, 2013) for insomnia disorder,
which state that insomnia is characterized by a concern regarding one's
quantity or quality of sleep related to difficultly initiating sleep (i.e.,
onset insomnia), maintaining sleep (i.e., maintenance insomnia), and/or
early morning awakenings (i.e., terminal insomnia). These problems
must cause significant impairment and be present at least three nights a
week for three months. They also must occur despite the opportunity to
sleep. Of the three types of insomnia, maintenance insomnia has been
found to be the most common (Jaussent et al., 2011; Ohayon and Roth,
2001).

It is important to note the difference between insomnia and TST or
sleep deprivation. These terms are commonly used interchangeably;
however, TST and sleep deprivation refer only to the total number of
2

hours of sleep on a given night. However, insomnia refers to the lack of
sleep when provided the opportunity to sleep. For example, someone
who works long hours in addition to other life demands may only have a
four-hour window to sleep, and they may achieve four hours of consistent
sleep a night (i.e., TST ¼ 4 h), which is sleep deprivation (Watson et al.,
2015). On the other hand, someone with insomnia may be provided a
ten-hour period when they can sleep, but they have difficulty falling
asleep or staying asleep. They may only obtain seven hours, which is
considered an optimal amount of sleep. Therefore, someone with
insomniamay have a low TST and experience sleep deprivation, although
this is not always the case (Perlis et al., 2005).

1.3. Hypotheses

It was hypothesized that onset andmaintenance insomnia would have
stronger relations to anxiety and depressive symptoms than terminal
insomnia. These hypotheses are based upon the recent work of Kalmbach
et al. (2019) and Bragantini et al. (2019) outlined above. Their studies
suggest that anxiety symptoms are associated more with onset insomnia
than other forms of insomnia. This is further supported by findings that
worry and rumination are significantly related to onset and maintenance
insomnia (Galbiati et al., 2018). Additionally, catastrophizing worry and
rumination has been found to significantly contribute to onset insomnia
in an adolescent sample (Hiller et al., 2014). Therefore, the worry asso-
ciated with anxiety disorders may cause a delay in sleep initiation.

As for depression, maintenance insomnia is likely to have a more
significant relation to depressive symptoms than onset or terminal
insomnia (Perlis et al., 2006; Suzuki et al., 2009). This may occur due to
individuals with depressive symptoms being less active throughout the
day and/or napping, which may lead to lighter sleep at night due to a
decreased homeostatic sleep drive and a dampened circadian rhythm
amplitude (Hori et al., 2016). This hypothesis is supported by a recent
meta-analysis of actigraphy data which found that depressed individuals
were less active during the day and had longer awakenings in the middle
of the night, but not a longer sleep latency, than healthy controls (Tazawa
et al., 2019). Further, maintenance insomnia has been found to improve
after an Internet-provided treatment for depression, whereas onset and
terminal insomnia were not significantly changed (Mullarkey et al.,
2020).

Finally, terminal insomnia was not hypothesized to be related to
symptoms of anxiety or depression as older adults may find waking early
to be normative for their age and thus may not consider terminal
insomnia to be problematic. This has yet to be examined, however, and
thus should be considered exploratory.

2. Methods

2.1. Participants and procedure

The current study was a secondary analysis of a dataset that was
collected to examine the relation between sleep, mood, and activities of
daily living which was approved by the Mississippi State University
Institutional Review Board (Webb et al., 2018). A sample of 133 older
adults were collected as it was sufficient to detect medium-sized effects in
our target relations. Participants were recruited using Amazon's Me-
chanical Turk (MTurk), which is an online crowdsourcing platform that
hosts human-intelligence tasks (HITs) for users to complete for
compensation. MTurk is a commonly used source for sampling partici-
pants in psychological research as it often approximates clinical samples
(Mason and Suri, 2012; Shapiro et al., 2013). Further, MTurk is often
used to recruit older adult participants, although samples of older adults
drawn fromMTurk have been found to bemore likely to be female as well
as to have higher cognitive functioning and memory, self-reported
physical health, income, education, and depressive symptoms than
older adults recruited from the probabilistic, nationwide Health and
Retirement Survey (HRS; Ogletree and Katz, 2020). The present study's
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survey was listed on the HITs page, which provided a brief description of
the study, qualifications needed (i.e., resident of the United States and
age 65 or older), estimated duration of the survey, and compensation
provided ($0.50). Interested MTurk workers could then accept the HIT
and complete the survey online. Participants included in the present
study were 65–89 years old (M ¼ 69.38, SD ¼ 4.63). Compared to the
demographic composition of U.S. older adults in 2011–2017, the present
sample was more likely to be female (63.9% vs. 55.8%), White (87.2% vs.
77%), and less likely to be married (36.1% vs. 55.2%) or widowed
(24.1% vs. 26.1%) (Johnson and Appold, 2017; Administration for
Community Living, 2018). Approximately half of the sample held at least
an associate degree and half had annual income less than $35,000.
Additional participant recruitment methods and procedure are reported
elsewhere (Webb et al., 2018).

2.2. Measures

Participants completed the Insomnia Severity Index (ISI), and the first
three questions from the measure were used to assess participants'
severity of onset (i.e., “Difficulty falling asleep”), maintenance (i.e.,
“Difficulty staying asleep”), and terminal (i.e., “Problems waking up too
early”) insomnia symptoms individually over the past two weeks. The ISI
employs a 5-point scale from 0 or no difficulties to 4 or very severe dif-
ficulties (Bastien et al., 2001). Cronbach's alpha for the full seven item
measure was acceptable (α¼ 0.90), and since the three items referencing
the three insomnia types were entered individually in the analyses in
order to explore the relation between each type of insomnia and the
outcome variables, internal consistency was not measured for these
items.

Depressive symptoms were measured using the Geriatric Depression
Scale – Short Form (GDS-SF; Sheikh and Yesavage, 1986). The GDS-SF is
a validated 15-item questionnaire comprised of yes/no questions used to
screen for depression in older adults. Scores above 5 are suggestive of
depression and scores above 10 are highly indicative of depression. This
questionnaire asks about energy level but does not ask about sleep
problems. Internal consistency of the GDS-SF was acceptable in the
present study (α ¼ 0.89).

Symptoms of anxiety were measured using the Geriatric Anxiety
Index – Short Form (GAI-SF; Byrne and Pachana, 2011). The GAI-SF lists
five items pertaining to worries and feeling nervous. Respondents stated
whether they agreed or disagreed with each item which provided a score
range of 0–5. A score of 3 or higher has been found to be indicative of
generalized anxiety disorder. This measure also does not ask about sleep
problems. Internal consistency of the GAI-SF was acceptable in the pre-
sent study (α ¼ 0.90).

2.3. Data analysis

All analyses were conducted using IBM SPSS Statistics (Version 26).
Two hierarchical regressions were used to explore the relation between
Table 1. Descriptive statistics and correlations of predictor and outcome variables.

Variable Clinical % M SD 1 2

1. GDS-SF 42.9% 5.51 4.50 - -

2. GAI-SF 51.1% 2.43 2.12 .60*** -

3. Onset - 1.49 1.07 .37*** .45*

4. Main. - 1.70 1.06 .44*** .37*

5. Terminal - 1.33 1.17 .25** .25*

6. Age - 69.57 5.08 .04 .12

7. Gender - - - -.05 .07

8. Marital - - - .18* .00

Note. N¼ 133. GDS-SF¼ Geriatric Depression Scale – Short Form, GAI-SF¼ Geriatric A
score has been determined for the ISI items (i.e., 3, 4, 5), *p < .05. **p < .01. ***p <
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insomnia types and anxiety and depressive symptoms. The first model
examined the relation between the three types of insomnia and depres-
sive symptoms, while controlling for anxiety symptoms. The first step of
the regression included anxiety symptoms; the second step included the
onset, maintenance, and terminal insomnia variables; and the third step
included age, marital status, and sex as these socio-demographic vari-
ables have been found to relate to insomnia and depressive symptoms in
older adults (Barua et al., 2010; Chen et al., 2015; Jaussent et al., 2011).
Depressive symptoms were entered as the outcome variable. The second
model tested the relation between the three types of insomnia and anx-
iety symptoms, while controlling for depressive symptoms. In this model,
depressive symptoms were entered in the first step; onset, maintenance,
and terminal insomnia variables were entered in the second step; and
age, marital status, and sex were entered in the third step as these
socio-demographic variables have been found to relate to insomnia and
anxiety symptoms in older adults (Byers et al., 2010; Chen et al., 2015;
Guti�errez-Vega et al., 2018; Jaussent et al., 2011). Anxiety symptoms
were entered as the outcome variable.

3. Results

On average, this sample had an elevated score on the GDS-SF, such
that 42.9% of the sample reported clinically relevant depressive symp-
toms (i.e., scores above 5; see Table 1). The sample also was elevated on
the GAI-SF. Although the average did not meet the GAI-SF cut off score
of 3, 51% of the sample scored at or above 3. Overall, the sample re-
ported mild difficulty with each of the insomnia types. Anxiety symp-
toms, depressive symptoms, and the three types of insomnia were all
weakly to moderately positively correlated at p < .01. As for the de-
mographic variables, only marital status was weakly correlated with
depressive symptoms. Descriptive statistics and correlations are depic-
ted in Table 1.
3.1. Insomnia types and depressive symptoms

In the model with depressive symptoms as the dependent variable,
anxiety symptoms accounted for 37% of the variability of depressive
symptoms in the first step (p < .001). Adding insomnia symptoms in step
two accounted for approximately 6% additional variance in depressive
symptoms (p < .01). Specifically, maintenance insomnia was the only
form of insomnia that had a significant relation to depressive symptoms,
independent of anxiety symptoms and other forms of insomnia (p < .01).
As maintenance insomnia severity increased by one point, depressive
symptoms increased by approximately one point, which was a medium to
large effect (i.e., semi-partial correlation ¼ 0.20). Entering demographic
covariates (i.e., age, gender, and marital status) in the third step resulted
in approximately a 3% increase in variance, though this was not signif-
icant. When these covariates were considered, the relation between
maintenance insomnia and depressive symptoms remained significant (p
< .05). These results are shown in Table 2.
3 4 5 6 7 8

- - - - - -

- - - - - -

** - - - - - -

** .53*** - - - - -

* .30*** .38*** - - - -

.02 .00 .07 - - -

.08 .05 -.08 -.06 - -

.08 .16 -.01 -.03 .12 -

nxiety Inventory – Short Form, Main.¼Maintenance insomnia, no clinical cut off
.001, two-tailed.



Table 2. Summary of hierarchical regression analysis predicting depressive symptoms.

Variable Step 1 Step 2 Step 3

B β sr B β sr B β sr

GAI-SF 1.29 0.60*** 0.60 1.07 0.50*** 0.44 1.12 0.53*** 0.45

Onset 0.30 0.01 0.01 0.30 0.01 0.01

Main. 1.03 0.24** 0.20 0.92 0.22* 0.17

Terminal 0.11 0.03 0.03 0.10 0.03 0.02

Age -0.02 -0.02 -0.02

Gender -1.06 -0.11 -0.11

Marital 0.36 0.15* 0.15

R2 0.37 0.42 0.45

ΔR2 0.37 0.06 0.03

F for ΔR2 75.31*** 4.19** 2.44

Note. N ¼ 133. sr ¼ semi-partial correlation, GAI-SF ¼ Geriatric Anxiety Inventory – Short Form, Main. ¼Maintenance insomnia, Marital ¼Marital status, *p< .05. **p
< .01. ***p < .001.
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3.2. Insomnia types and anxiety symptoms

In the model with anxiety symptoms as the dependent variable,
depressive symptoms accounted for 37% of the variability of anxiety
symptoms in step one (p< .001). Adding insomnia symptoms in step two
accounted for approximately 6% more of the variability of anxiety
symptoms (p < .01). Specifically, onset insomnia was the only form of
insomnia that had a significant relation to anxiety symptoms indepen-
dent of depressive symptoms and other forms of insomnia (p < .01). As
onset insomnia severity increased by one point, anxiety symptoms
increased by half a point, which was a medium to large effect (i.e., semi-
partial correlation ¼ 0.21). When accounting for the demographic
covariates in the third step, approximately 3% more variance in anxiety
symptoms was accounted for, though this was not significant. Onset
insomnia remained to have significant relation with anxiety symptoms at
this step (p < .01). These results are shown in Table 3.

4. Discussion

Consistent with the hypotheses, a regression analysis accounting for
anxiety symptoms indicated that maintenance insomnia was the only
form of insomnia to have a significant independent positive relation to
depressive symptoms. Further, this relation remained after sex, age, and
marital status were considered. Additionally, it was found that onset
insomnia was the only form of insomnia to have a significant indepen-
dent positive relation to anxiety symptoms when accounting for
depressive symptoms. Again, this finding remained even after
Table 3. Summary of hierarchical regression analysis predicting anxiety symptoms.

Variable Step 1 Step 2

B β sr B

GDS-SF 0.28 0.60*** 0.60 0.24

Onset 0.50

Main. -0.01

Terminal 0.09

Age

Gender

Marital

R2 0.37

ΔR2 0.37

F for ΔR2 75.31***

Note. N¼ 133. sr¼ semi-partial correlation, GDS-SF¼ Geriatric Depression Scale – Sho
.01. ***p < .001.
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considering sex, age, and marital status. Each of these relations had a
medium to large effect size.

These results shed light on the association between symptoms of
anxiety, depression, and insomnia among older adults, showing that a
different form of insomnia is uniquely associated with both anxiety and
depressive symptoms. This is an interesting finding and may suggest that,
despite their similarities, there may be mechanistic differences in the
association between symptoms of anxiety, depression, and sleep diffi-
culties. Alternatively, it is also possible that insomnia may be a bridge
between symptoms of anxiety and depression such that anxiety symp-
toms cause onset insomnia, which leads to maintenance insomnia, which
further leads to depressive symptoms. Previous research has proposed
that onset insomnia may provide a “gateway” to the more common and
enduring maintenance insomnia (Pillai et al., 2015). Additionally,
meta-analytic research on adolescent insomnia suggests that insomnia is
a precursor to depressive symptoms, and not vice versa (Lovato and
Gradisar, 2014). Recent research on adolescents has confirmed a
pathway from anxiety to depression through insomnia (Li et al., 2018b),
although this study grouped types of insomnia together. Longitudinal
research that examines the mechanistic progression of these disorders
would greatly increase understanding of why certain sleep problems are
associated with symptoms of depression and anxiety.

The finding that onset insomnia and anxiety symptoms were signifi-
cantly related was not surprising. Rumination and worry are common
symptoms of anxiety, and these cognitions may cause difficulty falling
asleep (Galbiati et al., 2018; Hiller et al., 2014), potentially through
arousal of the sympathetic nervous system (Ottaviani, 2018).
Step 3

β sr B β sr

0.50*** 0.44 0.25 0.52*** 0.45

0.25** 0.21 0.48 0.24** 0.20

0.00 0.00 0.02 0.01 0.01

0.05 0.05 0.09 0.05 0.04

0.05 0.10 0.10

0.42 0.10 0.09

-0.14 -0.13 -0.12

0.43 0.46

0.06 0.03

4.66** 2.41

rt Form, Main.¼Maintenance insomnia, Marital¼Marital status, *p< .05. **p<
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Given that past literature has shown that poor sleep negatively affects
depression treatment among older adults (Dew et al., 1997) and that
adding sleep treatment improves depression treatment in those who have
both disorders (Manber et al., 2008), the present findings have the po-
tential to impact the way we assess and treat depression. There is a need
for follow-up studies examining whether assessing and targeting these
specific forms of insomnia results in even better treatment outcomes for
older adults.
4.1. Limitations

Although the present study further elucidates the relation between
types of insomnia, anxiety, and depressive symptoms in older adulthood,
it is not without limitations. Our sample was recruited using MTurk,
which has been found to lead to older adult samples that are more likely
to be over-representative of Whites and females, as well as higher in self-
reported health, income, education, depressive symptoms, and cognitive
functioning than national, probabilistic, in-person samples (e.g., HRS;
Ogletree and Katz, 2020). Therefore, it is important to not overgeneralize
the present findings to specific groups of older adults (e.g., racial/ethnic
minorities), though because few exclusion criteria were used and par-
ticipants were sampled nationwide, the results are broadly generalizable.
Further, the increased rate of depressive symptoms reported by older
adult MTurk users may be seen as a strength of this study, since
depressive symptoms was one of the primary outcome variables. This
suggests that the present findings may generalize to clinical samples
more readily than a sample such as the HRS. Although it is also important
to note that the measures used in the present study were self-report forms
and no clinical diagnoses were made. Additionally, the findings are
limited by a lack of data on several potential confounding variables
including somatic comorbidities, medication usage, and residential
location (e.g., community housing or institution). Finally, temporal or
causal conclusions cannot be drawn from these results as this research
was cross-sectional. Therefore, although the present study is a mean-
ingful initial step, these findings should be replicated longitudinally in a
diverse, clinical sample.
4.2. Conclusion

The present study's findings suggest that despite overlap between
anxiety and depressive symptoms, insomnia may have different mecha-
nisms of affecting each disorder in late life. The findings also support that
insomnia is not solely a symptom of anxiety or depression, but is a dis-
order in and of itself, which also comes in unique forms which may
differentially affect anxiety and depressive symptoms. New research that
recognizes the distinctiveness of the three types of insomnia and explores
the role of each individual type of insomnia, rather than grouping the
types under one insomnia umbrella, is warranted based upon this study
and would be a meaningful addition to the literature.
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