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Posttraumatic stress disorder (PTSD) is a debilitating and common consequence of military service. PTSD is associated with
increased incidence of mood disturbances (e.g., anxiety). Additionally, veterans with PTSD often have poor-quality sleep and
poor emotion regulation ability. We sought to assess whether such sleep and emotion regulation deficits contribute to mood
disturbances. In 144 veterans, using a double moderation model, we tested the relationship between PTSD and anxiety and
examined whether sleep quality and emotion regulation interact to moderate this relationship. We found that PTSD predicts
higher anxiety in veterans with poor and average sleep quality who utilize maladaptive emotion regulation strategies. However,
there was no relationship between PTSD and anxiety in individuals with good sleep quality, regardless of emotion regulation.
Similarly, there was no relationship between PTSD and anxiety in individuals with better emotion regulation, regardless of sleep
quality. Results were unchanged when controlling for history of traumatic brain injury (TBI), despite the fact that those with
both PTSD and TBI had the poorest emotion regulation overall. Taken together, these results suggest that good-quality sleep
may be protective against poor emotion regulation in veterans with PTSD. Sleep may therefore be a target for therapeutic
intervention in veterans with PTSD and heightened anxiety.

1. Introduction

Posttraumatic stress disorder (PTSD), which can occur after
a traumatic event, is characterized by negative alterations
in cognition, mood, and arousal/reactivity [1]. PTSD is
prevalent in post-9/11 veteran populations; roughly 1 in
7 deployed veterans and 1 in 10 nondeployed veterans carry
a diagnosis of PTSD [2]. Additionally, PTSD can have lasting
negative consequences and significant disability. Compared
to age- and gender-matched veterans without PTSD, vet-
erans with PTSD have a significantly poorer functioning
in a number of tested domains. For example, veterans with
PTSD are less likely to be working, more likely to have
physical limitations, and more likely to have committed
violence in the past several years [3]. Therefore, identifying

contributing factors to impairment in PTSD is critical to
designing effective therapies.

Given the prevailing physiological hyperarousal present
in PTSD, it is perhaps not surprising that sleep issues are
common in this population. In fact, insomnia is the most
commonly reported symptom of PTSD [4]. Yet, sleep issues
are not simply the product of hyperarousal, as they also seem
to be causal in exacerbating PTSD symptomatology. For
instance, in PTSD populations, treating insomnia (via cog-
nitive behavioral therapy) reduces PTSD symptomatology
[5] and treating of obstructive sleep apnea (OSA), which
is also common in PTSD, reduces symptoms as well [6].
Taken together, these results suggest that sleep quality is
an important and modifiable factor that can influence
PTSD severity.
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Individuals with PTSD also suffer from impaired emo-
tion regulation, which involves the voluntary or involuntary
process of modulating one’s own emotional experience [7].
The process of emotion regulation is implemented using a
number of well-characterized cognitive techniques or strate-
gies. These strategies are not all equally valuable. That is,
some emotion regulation strategies tend to be helpful or
adaptive, while others are not. For instance, “expressive sup-
pression” (trying to hold back or hide emotions) is predictive
of poor emotional outcomes (e.g., anxiety), while “cognitive
reappraisal” (reframing emotional situations to make them
less emotional) is predictive of healthy emotional functioning
[8]. Individuals with PTSD tend to utilize more expressive
suppression than cognitive reappraisal [9], and the overuse
of expressive suppression may exacerbate poor psychological
functioning in this population.

Importantly, the type of strategy used for emotion regula-
tion seems to be moderated by sleep quality. Vantieghem and
colleagues recently showed that individuals with sleep issues
(i.e., insomnia) suppress emotions more frequently and are
less likely to use cognitive reappraisal than those without
insomnia [10]. A separate study showed that poorer sleep
quality (e.g., higher scores on the Pittsburgh Sleep Quality
Index) predicted less cognitive reappraisal use and more
expressive suppression use [10]. These studies suggest that
there is a potential interaction between sleep quality and
emotion regulation strategy use, such that sleep quality influ-
ences emotion regulation or vice versa.

The current study therefore is aimed at examining the
potential relationship between sleep quality and emotion
regulation in veterans with and without PTSD. We specifi-
cally focus on a core feature of PTSD, that is, anxiety symp-
tomatology, and examine how sleep quality and emotion
regulation interact to moderate this relationship. Using a
cohort of veterans with and without PTSD, we hypothesized
the following: (1) Individuals with PTSD would have higher
anxiety than veterans without PTSD. (2) Individuals with
PTSD would have poorer sleep quality than veterans without
PTSD. (3) Individuals with PTSD would utilize higher levels
of expressive suppression and lower levels of cognitive reap-
praisal than veterans without PTSD. (4) Sleep quality and
emotion regulation strategy use would interact to moderate
the link between PTSD and anxiety. Furthermore, given that
PTSD is often comorbid with TBI in the veteran population,
we also examined the effects of TBI on these hypotheses as a
contributing factor.

2. Materials and Methods

2.1. Sample. In total, 144 veterans from the Veterans Affairs
(VA) Portland Healthcare System participated under a VA
IRB approved protocol (MIRB number 3641, PI: Lim).
Twenty-four individuals met criteria for PTSD on the basis
of self-reported symptoms (cluster criteria in the PTSD
Checklist 5 or PCL-5, total score> 33 [11]) (“PTSD only”
group). Twenty-three individuals carried a diagnosis of TBI
confirmed in the medical record (“TBI only” group). Eleven
veterans met criteria for PTSD and carried a diagnosis of
TBI (“PTSD+TBI” group). Eighty-six veterans without a

history of trauma exposure (neither PTSD nor TBI) served
as matched controls (“control” group).

2.2. Questionnaires. The main analyses were conducted
using several self-reported questionnaires: (1) Emotion
Regulation Questionnaire (ERQ) [12], (2) National Insti-
tutes of Health Patient-Reported Outcomes Measurement
Information System (NIH PROMIS) anxiety items [13],
and (3) Insomnia Severity Index (ISI) [14]. We also included
two questionnaires for descriptive purposes: (1) Patient
Health Questionnaire-9 (PHQ-9) [15] and (2) the Functional
Outcomes of Sleep Questionnaire-10 (FOSQ-10) [16].

2.2.1. ERQ. The ERQ is a 10-item scale that measures an
individual’s tendency to use specific emotion regulation
strategies [12]. Two emotion regulation strategies in particu-
lar (expressive suppression and cognitive reappraisal) are
assessed by this questionnaire. Individual items are 7-point
Likert scales: 1 = “strongly disagree”, 4 = “neutral”, and
7= “strongly agree”. A higher number indicates that the
participant utilizes the given emotion regulation strategy
more frequently.

2.2.2. NIH PROMIS. The NIH PROMIS battery is a multido-
main test with a range of outcomes pertaining to physical,
mental, and social wellbeing. Participants were asked to rate
to what extent four items about anxiety symptoms described
them (e.g., “In the past 7 days, my worries overwhelmed
me.”). Items are 5-point Likert scales: 5 = “never”, 4 = “rarely”,
3 = “sometimes”, 2 = “often”, and 1= “always”. A lower num-
ber indicates higher dysfunction.

2.2.3. ISI. The ISI is a 7-item measure assessing insomnia
severity (i.e., difficulty initiating and staying asleep). Individ-
ual items are 5-point Likert scales: 0 = “none”, 1 = “mild”,
2 = “moderate”, 3 = “severe”, and 4= “very severe”. A higher
score indicates higher dysfunction.

2.2.4. FOSQ-10. The FOSQ-10 is a 10-item measure assessing
whether an individual has poor quality of life due to poor
sleep quality. Individual items are 4-point Likert scales:
1 = “yes, extreme difficulty”, 2 = “yes, moderate difficulty”,
3 = “yes, a little difficulty”, and 4= “no difficulty”; however,
half of the items are a 5-point Likert scale that includes
a rating of 0= “I do not do this activity for other reasons”.
The survey has 5 subscales: (1) activity level, (2) vigilance,
(3) intimacy and sexual relationships, (4) general produc-
tivity, and (5) social outcomes. A lower score indicates
higher dysfunction.

2.2.5. PHQ-9. The PHQ-9 is a 10-item measure assessing
the presence of depressive symptoms. Individual items,
which enquire about how frequently participants experi-
ence the presented symptoms, are a 4-point Likert scale:
0 = “not at all”, 1 = “several days”, 2 = “more than half the
days”, and 3= “nearly every day.” A higher score indicates
higher dysfunction.

2.3. PTSD Diagnosis. Individuals met criteria for PTSD on
the basis of symptoms reported in the Posttraumatic Stress
Disorder Checklist (PCL-5) [11], using a combination of
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cluster criteria, and total score> 33 [11]. The PTSD Checklist
for DSM-5 (PCL-5) is a 20-item measure used for the screen-
ing and provisional diagnosis of PTSD, as well as assessing
symptom severity. Individual items are 5-point Likert scales:
0 = “not at all”, 1 = “a little bit”, 2 = “moderately”, 3 = “quite a
bit”, and 4= “extremely”. In the current study, PTSD status
was used as a categorical variable (1 = presence of PTSD,
0=no PTSD).

2.4. TBI Diagnosis. Two trained researchers reviewed medical
records from the Portland VA electronic medical record
system to determine whether veterans had a history of TBI.
Individuals with self-reported TBI that was not confirmed
in the medical record were excluded from the sample.

2.5. Protocol. Consecutive veterans who entered the Portland
VA Sleep Clinic for a clinical diagnostic sleep study were
recruited to participate as part of a larger study (MIRB
number 3641, factors that affect adherence to treatment for
sleep apnea, PI: Lim). All participants were in the lab for
overnight sleep assessments and were asked by a trained
research coordinator whether they would like to participate.
Veterans who wished to participate completed all question-
naires either in person, via mail, or by phone, between the
time of consent and 12 months later.

2.6. Statistical Analyses. IBM SPSS Statistics 23 (Armonk,
NY) was used to conduct statistical analyses. Analyses were
conducted in several phases. First, descriptive statistical tests
were conducted to determine whether groups differed at
cross section in meaningful ways. One-way ANOVA tests
were used to determine whether groups differed for demo-
graphic factors (e.g., age), objective sleep characteristics
(e.g., TST and sleep staging), and self-reported functioning
(e.g., via the FOSQ-10 and PHQ-9). If a significant difference
between groups was detected, post hoc Tukey tests were used
to determine which groups differed.

Next, 2× 2 ANOVA tests (TBI versus non-TBI, PTSD
versus non-PTSD) were used to assess whether groups
differed for the outcome measures of interest. For this
set of analyses, a 2× 2 ANOVA was utilized rather than
a one-way ANOVA so that we could examine whether
PTSD and TBI interacted to synergistically affect outcomes
of interest. Outcome measures were cognitive reappraisal
(higher =more use of that strategy), expressive suppression
(higher =more use of that strategy), ISI scores (sleep quality;
higher =more sleep problems), and NIH PROMIS anxiety
scores (anxiety; lower =more anxiety). In addition, an
emotion regulation ratio was calculated, which consists of
cognitive reappraisal divided by expressive suppression
(higher =more cognitive reappraisal use, lower =more
expressive suppression use), so both strategies could be
assessed in one continuous outcome measure.

Lastly, given our a priori hypotheses about sleep quality
interacting with emotion regulation to affect anxiety symp-
tomatology in individuals with PTSD, moderation analyses
were conducted to determine whether sleep (ISI scores) and
emotion regulation (emotion regulation ratio) both moderate
the relationship between PTSD (yes/no diagnosis) and

anxiety (NIH PROMIS scores) (see Figure 1 for schematic).
Analyses were conducted with and without TBI as a covariate
to determine whether the presence of TBI impacts the
relationship between PTSD, sleep, emotion regulation, and
anxiety. A moderation model was chosen over a mediation
model due to our a priori focus on the interaction between
factors [17].

Moderation analyses, discussed directly above, were
conducted using the SPSS PROCESS macro (Model 3).
PROCESS calculates statistical significance using 95% confi-
dence intervals to determine the effect of the predictor on
the outcome measure. PROCESS also calculates the interac-
tion effects of the moderators by testing the predictive effect
of each factor at different levels (e.g., a low emotion regula-
tion ratio and good sleep quality or a high emotion regula-
tion ratio with poor sleep quality). Each predictor level was
determined by values plus or minus 1 standard deviation
from the centered mean. In order to eliminate both statisti-
cal power limitations and concerns about statistical
assumption violations, 5000 bootstrap iterations were used
within the macro (at least 2000 bootstrap iterations are
recommended [18]).

Given the potential bias in our sample, which was
referred for evaluation of sleep disorders, polysomnography-
(PSG-) derived measures of sleep were assessed for group dif-
ferences using ANOVA tests and results are reported below.

3. Results and Discussion

3.1. Preliminary Analyses. Demographic information is listed
in Table 1. Notably, consistent with the demographics of vet-
erans, the sample was predominantly male. There were no
significant group differences for age, sex, or BMI between
groups, although the mean age of the PTSD+TBI group
was notably lower than that of the other groups. There were
no group differences between objective PSG-derived sleep
metrics (total sleep time (TST), sleep efficiency, sleep staging,
and apnea-hypopnea index (AHI)).

There were several mental health/quality-of-life ques-
tionnaires for which groups differed. For example, there
was a significant difference between groups for the NIH
PROMIS anxiety items (Figure 2(a)). Consistent with our
hypotheses, post hoc tests showed that the control group
had significantly lower anxiety symptomatology than the
PTSD-only group (mean difference = 2.95, p = 0 002) and
the PTSD+TBI group (mean difference = 5.05, p < 0 001).
The TBI-only group had significantly lower anxiety than
the PTSD+TBI group (mean difference = 3.46, p = 0 03).

X

WM

Y

Figure 1: Conceptual model of the relationship between PTSD
status, sleep quality, emotion regulation strategy use, and
anxiety symptoms. X =PTSD status; M = sleep quality (ISI
scores); W = emotion regulation strategy use (emotion regulation
ratio); Y = anxiety symptoms (PROMIS anxiety items).
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Table 1: Demographics (mean± standard deviation). BMI = body mass image; PHQ-9 = Patient Health Questionnaire version 9; FOSQ-
10 = Functional Outcomes of Sleep Questionnaire version 10; NIH PROMIS =National Institutes of Health Patient-Reported Outcomes
Measurement Information System anxiety items; TST= total sleep time; SE = sleep efficiency; NREM1 (%) = percent of the night in non-
REM sleep stage 1; NREM2 (%) = percent of the night in non-REM sleep stage 2; SWS (%) = percent of the night in slow wave sleep; REM
(%) = percent of the night in rapid eye movement sleep; AHI = apnea/hypopnea index.

Controls TBI only PTSD only PTSD+TBI F value p value

Demographics

Age 59.1± 13.3 56.2± 15.3 55.7± 13.5 48.8± 21.3 1.6 0.13

BMI 33.0± 6.8 33.0± 7.5 32.2± 5.4 29.3± 5.0 1.0 0.42

Gender (% male) 89.4 90 80.1 100 2.7 0.45

Mental health and quality of life

NIH PROMIS 16.0± 3.1 14.4± 4.3 13.0± 3.6 10.9± 4.0 10.6 <0.001
PHQ-9 6.6± 4.8 8.7± 4.7 13.3± 5.6 14.0± 7.1 15.0 <0.001
FOSQ-10 15.9± 3.1 14.9± 3.7 10.9± 3.0 12.3± 4.3 15.6 <0.001
ISI 12.0± 6.1 13.7± 5.04 17.2± 5.9 18.5± 5.4 6.8 <0.001
Objective PSG-derived sleep metrics

TST (min) 294.3± 101.1 313.4± 67.9 311.2± 89.0 286.4± 113.5 0.4 0.76

SE (%) 69.0± 18.7 72.9± 13.9 71.5± 18.6 65.4± 22.7 0.5 0.69

NREM1 (%) 12.1± 5.7 12.7± 4.9 11.6± 5.4 10.1± 3.8 0.6 0.65

NREM2 (%) 42.5± 15.7 46.1± 15.3 46.2± 13.7 38.7± 20.3 0.8 0.49

SWS (%) 1.7± 4.2 1.2± 3.1 1.3± 3.8 1.5± 2.5 0.1 0.94

REM (%) 11.7± 7.4 11.8± 6.9 11.0± 5.7 13.7± 9.5 0.3 0.81

AHI 19.5± 20.0 13.7± 11.1 16.5± 11.7 18.5± 15.5 0.7 0.57
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Figure 2: Groups differ on sleep and mental health based on TBI and PTSD status. Asterisk indicates that a given group differed
significantly from veteran controls. (a) National Institutes of Health Patient-Reported Outcomes Measurement Information System
(NIH PROMIS) anxiety items; (b) Insomnia Severity Index (ISI) scores; (c) Patient Health Questionnaire version 9 (PHQ-9) scores; (d)
Functional Outcomes of Sleep Questionnaire version 10 (FOSQ-10) scores.
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Next, as hypothesized, groups differed significantly on
the ISI (Figure 2(b)). Post hoc tests showed that the veteran
control group had significantly lower ISI scores than the
PTSD-only group (mean difference =−5.15, p = 0 003) and
the PTSD+TBI group (mean difference =−6.49, p = 0 006),
suggesting that subjective sleep quality was particularly poor
in the PTSD and PTSD+TBI populations.

Groups also differed significantly on the PHQ-9 ques-
tionnaire (Figure 2(c)). Post hoc tests showed that the control
group had significantly fewer depressive symptoms than the
PTSD-only group (mean difference= 6.78, p < 0 001) and
the PTSD+TBI group (mean difference = 7.45, p < 0 001).
The TBI-only group also had significantly fewer depressive
symptoms than the PTSD-only group (mean differ-
ence = 4.68, p = 0 02) and the PTSD+TBI group (mean dif-
ference = 5.35, p = 0 03).

Lastly, groups differed significantly on the FOSQ-10
(Figure 2(d)). Follow-up tests showed that the control group
had significantly higher functioning than the PTSD-only
group (mean difference = 5.03, p < 0 001) and the PTSD
+TBI group (mean difference = 3. 64, p = 0 006). Addition-
ally, the TBI-only group had significantly higher function-
ing than the PTSD-only group (mean difference = 3.89,
p = 0 001).

3.2. Primary Analyses.We next conducted 2×2 ANOVA tests
to determine whether emotion regulation strategies differed
between groups. Contrary to hypotheses, when using cognitive
reappraisal as an outcomemeasure, there was nomain effect of
PTSD, a trending main effect of TBI (F(1,158)=3.11, p = 0 08;
Figure 3(a)), and no interaction between the two factors.
However, as predicted, for expressive suppression, there
was a main effect of PTSD (F(1,158) = 6.04, p = 0 01;
Figure 3(b)) and TBI (F(1,158) = 3.98, p = 0 048), such that
those with PTSD and TBI used expressive suppression, a
maladaptive strategy, more than controls. However, there
was no interaction between these factors. Finally, the emo-
tion regulation ratio was used as an outcome measure. There
was a main effect of both PTSD (F(1,158)= 13.90, p < 0 001;
Figure 3(b)) and TBI (F(1,158) = 17.95, p < 0 001), such that
both the PTSD-only and TBI-only groups had a lower

emotion regulation ratio than controls (indicating greater
expressive suppression usage). There was also a significant
interaction between the two factors, such that individuals in
the PTSD+TBI group (F(1,158) = 10.35, p = 0 002) had the
lowest emotion regulation ratio among the groups. Taken
together, these results indicate that veterans with PTSD and
TBI have an overall poorer emotion regulation profile. Addi-
tionally, PTSD and TBI cumulatively interact to create the
poorest profile (i.e., the lowest emotion regulation ratio in
the PTSD+TBI group).

We next conducted moderation analyses to determine
the conditional effect of PTSD on anxiety symptomatology
at different levels of the moderators (sleep and emotion
regulation). In the omnibus model, as expected, having
PTSD was a significant predictor of higher anxiety symp-
tomatology (B=−1.83, 95% CI: −3.53, −0.13, p = 0 04).
Poor sleep quality also significantly predicted higher anxi-
ety (B=−1.77, 95% CI: −0.27, −0.07, p = 0 0005). Emotion
regulation ratio significantly predicted anxiety, but in the
opposite manner as predicted (B=−1.27, 95% CI: −2.43,
−0.10, p = 0 03). That is, greater utilization of cognitive
reappraisal (rather than expressive suppression) predicted
higher anxiety. However, as described below, this main
effect of emotion regulation is qualified by a significant
interaction with sleep quality.

Table 2 demonstrates interactive effects between sleep
quality and emotion regulation in individuals with PTSD.
Notably, because these factors are moderators, a significant
interaction indicates that those specific conditions must be
met in order for PTSD to predict anxiety symptomatology.
PTSD diagnosis significantly predicted higher anxiety in
individuals who (1) utilize expressive suppression to a
greater extent than cognitive reappraisal and also (2) have
poor and average sleep quality. Similarly, PTSD signifi-
cantly predicts higher anxiety symptomatology in individ-
uals who (1) utilize both emotion regulation strategies
equally and (2) have poor or average sleep quality. On
the other hand, consistent with the above, for individuals
with good sleep quality (and for individuals that predom-
inantly utilize cognitive reappraisal, regardless of sleep
quality), PTSD is not predictive of anxiety symptoms.

22
23
24
25
26
27
28
29
30
31

No TBI TBI

Co
gn

iti
ve

 re
ap

pr
ai

sa
l

No PTSD
PTSD

(a)

No PTSD
PTSD

12

14

16

18

20

22

No TBI TBI

Ex
pr

es
siv

e s
up

pr
es

sio
n

(b)

No PTSD
PTSD

−1

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

No TBI TBI

Em
ot

io
n 

re
gu

la
tio

n 
ra

tio

(c)

Figure 3: PTSD and TBI interact to predict certain outcomes. Black lines = PTSD; gray lines = no PTSD. (a) Usage of cognitive reappraisal
(higher =more use of that strategy); (b) usage of expressive suppression (higher =more use of that strategy); (c) the ER ratio comprising
both emotion regulation strategies (higher indicates more use of cognitive reappraisal, less use of expressive suppression).
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We conducted the same set of analyses while including
TBI status as a covariate. Contrary to predictions, results
were nearly identical to those noted above, indicating that
the conditional effect of PTSD on anxiety symptomatology
is not impacted by history of TBI.

3.3. Discussion

3.3.1. Links between Sleep, Emotion Regulation, PTSD, and
Anxiety. Our results demonstrate the strong and complex
links between PTSD, anxiety, sleep quality, and emotion reg-
ulation. As expected, we found that individuals with PTSD
reported more anxiety and poorer subjective sleep compared
to control subjects. With regard to emotion regulation, indi-
viduals with PTSD used emotion suppression (maladaptive)
more so than cognitive reappraisal (adaptive) compared
to control subjects. Individuals with PTSD+TBI showed
the lowest emotion regulation scores (most maladaptive)
across groups.

In particular, we found that the diagnosis of PTSD pre-
dicted higher anxiety in individuals who both (1) utilize
expressive suppression to a greater extent than cognitive
reappraisal or utilize expressive suppression and cognitive
reappraisal equally and (2) report less than good sleep qual-
ity. Thus, although anxiety was significantly correlated with
poor sleep quality, there was also an interaction between
sleep quality and emotion regulation strategy use. The inter-
action suggests that PTSD predicts anxiety symptoms only
when certain conditions are met. That is, PTSD predicts
higher anxiety in the context of different combinations of
sleep quality and emotion regulation strategy use. Specifi-
cally, poor emotion regulation (i.e., greater expressive sup-
pression use and equal utilization of expressive suppression
and cognitive reappraisal) is linked with maladaptive anxiety
symptoms only in the context of less than good sleep quality.
When an individual is a good sleeper, the link between PTSD
and anxiety is not present, regardless of emotion regulation.
Therefore, having better sleep quality may be protective
against poor emotion regulation.

Our findings are consistent with the results of a recent
longitudinal study that examined the relationship between
sleep, emotion regulation, and depression. Poor emotion
regulation was found to mediate the relationship between
poor sleep at baseline and depression at 6-month follow-up.

The authors suggested that sleep was a causal factor in
influencing emotion regulation and depression. Although
our model examines anxiety and not depression, we believe
that these models are not mutually exclusive, as depression
and anxiety are highly comorbid [19, 20]. Thus, our findings
confirm and add to a growing body of literature which
suggests that emotion regulation difficulties link sleep with
poor emotional health.

It is important to note that opposite causality (or bidirec-
tional causality) is possible, as better emotion regulation
could be protective against poor sleep quality. Individuals
utilizing poor emotion regulation skills may have maladap-
tive thought processes that could disturb sleep. For instance,
higher use of expressive suppression has been linked with
higher levels of rumination [21], which can exacerbate sleep
issues [22, 23]. Therefore, it is possible that the modifica-
tion of either sleep or emotion regulation could causally
reduce downstream anxiety symptomatology in veterans
with PTSD.

3.3.2. The Role of Comorbid TBI in Individuals with PTSD. In
this study, we also aimed to assess the potentially moderating
effect of traumatic brain injury (TBI) on sleep and emotion
regulation. Although it is difficult to estimate cooccurrence
of PTSD and TBI, a large cohort study found that one-third
of veterans who had a TBI also have comorbid PTSD symp-
toms [24] and a separate study found that as many as 73% of
individuals with TBI also had PTSD [25]. TBI and PTSD
have separate but overlapping effects on psychopathology
[26] and independent of PTSD; TBI has been linked with
poor sleep quality [27, 28] and anxiety [29]. Therefore, when
examining PTSD in a veteran population, TBI should also be
considered to determine the potential influence of this factor
on prolonged PTSD symptoms.

Many of the symptoms experienced during the chronic
phase of recovery following TBI are similar in clinical presen-
tation to PTSD symptoms. Specifically, anxiety, depression,
irritability, and anger have been associated with both diagno-
ses [26]. Sleep issues are also common in both TBI and PTSD
[28]. Consequently, individuals with both diagnoses tend to
have a poorer functional status than individuals with only
one diagnosis. For instance, veterans with both PTSD and
TBI were shown to be more psychologically distressed and
had poorer neurocognitive functioning than those with only

Table 2: PTSD presence predicts higher anxiety symptoms at each level of the moderators. Bold indicates statistical significance.

Emotion regulation strategy Sleep quality Beta SE of beta t p Lower CI Upper CI

Suppression Good −2.26 1.56 −1.44 0.15 −5.36 0.83

Suppression Average −2.31 1.09 −2.11 0.03 −4.48 −0.15

Suppression Poor −2.37 1.06 −2.23 0.02 −4.47 −0.27

Equal utilization Good −1.77 1.40 −1.26 0.20 −4.55 1.00

Equal utilization Average −1.82 0.85 −2.12 0.03 −3.52 −0.12

Equal utilization Poor −1.88 0.82 −2.27 0.02 −3.51 −0.24

Reappraisal Good −1.28 1.47 −0.87 0.38 −4.19 1.62

Reappraisal Average −1.33 0.97 −1.37 0.17 −3.26 0.58

Reappraisal Poor −1.39 0.95 −1.45 0.14 −3.27 0.49
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PTSD or TBI [30]. Several other studies have detected
neurocognitive differences between PTSD+TBI groups
and TBI-only or PTSD-only groups [31, 32]. In line with
these findings, for the first time, we have shown that indi-
viduals with both PTSD+TBI exhibit the most maladap-
tive profile of emotion regulation strategies. Individuals
in the PTSD+TBI group utilize expressive suppression to
the greatest extent across groups. These results indicate
that the PTSD+TBI population has particularly poor
emotion regulation.

However, unexpectedly, inclusion of TBI in our modera-
tion model did not impact the outcomes of interest. In other
words, the relationship between PTSD and anxiety symp-
tomatology (and conditional the effects at each level of the
moderators) was not affected by TBI history. It is possible
that the effect of PTSD is “overriding” that of TBI, which is
consistent with previous literature on these topics. Vander-
ploeg and colleagues tested a model several years ago to
determine whether PTSD and TBI independently or concur-
rently predicted tested outcomes (e.g., cognitive and emo-
tional symptoms) [33]. The authors of this work noted that
PTSD had a much larger effect on outcomes than TBI. In
accordance, our results suggest that TBI status was of little
influence relative to PTSD. Another similar explanation is
that PTSD alone already confers a ceiling effect on anxiety
and emotion regulation, such that addition of TBI (or any
other factors) will not show discernable effects.

3.3.3. The Central Role of Sleep Disturbances and Anxiety in
PTSD. Sleep disturbances are often thought of as a hallmark
feature in individuals with PTSD. However, the impact of
these sleep issues on quality of life—and the possible interre-
lationships between sleep and other factors—remains rela-
tively unexplored. Our findings that sleep and emotion
regulation interact to moderate the relationship between
PTSD and anxiety symptoms could have meaningful impli-
cations for understanding barriers to treatment in veterans
with PTSD.

For example, previous work has shown that improving
poor-quality sleep improves PTSD severity. Treating sleep
disorders (e.g., insomnia and OSA) lowers PTSD symptoms,
such as nightmare frequency, unwanted thoughts, and
distress [5, 6, 34, 35], suggesting that poor sleep actively con-
tributes to PTSD symptomatology. Poor sleepers tend to uti-
lize maladaptive emotion regulation strategies, potentially
because poor sleep limits communication between emotion-
regulating brain regions (e.g., the amygdala and the
prefrontal cortex [36, 37]). Therefore, poor sleep may lead
to poor emotion regulation, which could ultimately impact
PTSD severity. Future work should be aimed at improving
sleep and assessing whether emotion regulation also
improves in individuals with PTSD.

Individuals with PTSD are 10 times more likely to have
generalized anxiety disorder than those without PTSD [38].
Furthermore, veterans with both PTSD and high levels of
anxiety have poorer quality of life than those with only PTSD
[39, 40]. Focusing on anxiety symptomatology in PTSD
could therefore provide valuable information to improve
quality of life in individuals with PTSD.

3.3.4. Limitations. The results of this study must be inter-
preted in the context of the study limitations. Our cohort
was recruited from a single site from a single clinic, the
Portland VA Sleep Clinic. By definition, these subjects are
referred for evaluation of sleep complaints, which presents
potential sample bias in our results. Thus, the sleep charac-
teristics of our sample (and related factors) may not be gen-
eralizable to the population at large.

Similarly, our sample was predominantly male, as is
generally representative of the veteran population. Because
most veterans are male, we believe that our results have
external validity and some generalizability to other veteran
populations. However, due to this bias, we were unable to
assess sex as a biological variable. Given that females tend
to have more military-related mental health issues than
males [41, 42], identifying poor mental health contributors
in the female population is critical. Future studies should
attempt to include a more diverse population.

Lastly, this study utilized a cross sectional design, limiting
causal and directional interpretability. Although we surmise,
based on previous literature, that sleep is causally impacting
emotion regulation, it is possible that emotion regulation is
impacting sleep. Poor emotion regulation itself may lead to
mental health issues [12], which, in turn, could worsen sleep
quality. In the absence of sampling these factors at multiple
time points, any hypotheses of directionality are speculative.

3.3.5. Implications and Future Directions. Given our results,
there are two clear foreseeable steps that could be taken to
follow up on this work. First, a longitudinal study should be
conducted to determine whether sleep issues precede emo-
tion regulation issues or vice versa. There is ample evidence
to support the idea that poor sleep worsens emotional func-
tioning, and in particular, there is evidence that poor sleep
precedes the development of PTSD (but notably, PTSD does
not precede the development of sleep disturbances) [43].
However, as mentioned, it is certainly possible that poor
emotion regulation, which can contribute to mood distur-
bances, precedes poor sleep. Therefore, future work should
be aimed at clarifying directionality.

After directionality is established, interventions could be
implemented and assessed for efficacy. As discussed, there
are many treatments for sleep disruption in individuals with
PTSD, such as cognitive behavioral therapy for insomnia,
image rehearsal therapy for nightmares, and medications
[5, 35]. Implementing such sleep interventions may help
support emotion regulation and improve anxiety symptom-
atology in veterans with PTSD. It is notable that subjective
sleep, rather than objective sleep, was particularly poor in
this population. Therefore, subjective sleep quality should
be a point of intervention even in the absence of poor objec-
tive sleep. Alternatively, or perhaps concurrently, cognitive
behavioral therapy focusing on emotion regulation strategies
could perhaps be implemented to change emotional experi-
ence. Emotion regulation strategy modification (e.g., merely
instructing individuals to use a different strategy) has been
shown to be effective both experimentally [44] and thera-
peutically [45]. Taken together, modifying both sleep and
emotion regulation could potentially lead to improved

7Behavioural Neurology



emotional outcomes, which could ultimately enhance quality
of life in individuals with PTSD.

4. Conclusions

We found a relationship between PTSD and anxiety in vet-
erans with poor/average sleep quality who utilize maladap-
tive emotion regulation strategies (i.e., utilizing expressive
suppression more than cognitive reappraisal or using both
strategies equally). However, in veterans who sleep well, there
was no relationship between PTSD and anxiety, even when
emotion regulation was poor. We posit that good-quality
sleep is protective against poor emotion regulation in vet-
erans with PTSD. Improving sleep could, in effect, improve
anxiety symptomatology in this population. Future experi-
mental work should implement sleep intervention tech-
niques (e.g., cognitive behavioral therapy) in veterans in
order to enhance wellbeing and quality of life in this group.

Data Availability

The final, complete dataset will be available to interested
users under a VA-approved data-sharing agreement that
provides for: (1) a commitment to using the data only for
research purposes and not to identify any individual par-
ticipant; (2) a commitment to securing the data using
appropriate computer technology; and (3) a commitment
to destroying or returning the data after analyses are com-
pleted. Because there remains the possibility of deductive
disclosure of subjects with unusual characteristics, data
disclosure will be considered on a case-by-case basis; inter-
ested users may contact the corresponding author directly
to initiate this process.
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