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predict depression reoccurrence,7 which highlights the critical 
importance of treating underlying sleep disturbances in pa-
tients with mood and anxiety disorders to maintain psychiatric 
recovery, especially in the often stressful period of deployment 
readjustment. Although sleep disturbance represents a strong 
risk factor for depression and PTSD, less is known regarding 
the impact of targeting sleep disturbances directly to improve 
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The prolonged stress of deployment and erratic sleep sched-
ules imposed by mission requirements contributes to the 

onset of sleep disturbances in up to one-third of military per-
sonnel.1 In military personnel with mild traumatic brain injury 
(mTBI), this risk is elevated, which results in steep declines 
in health-related quality of life (HRQOL).2 Prior research has 
suggested a bidirectional relationship between sleep quality 
and psychological health, in which sleep disturbances trig-
gered, or alternatively, developed as a result of depression and 
posttraumatic stress disorder (PTSD).3 However, recently there 
has been a shift towards conceptualizing sleep disturbance as 
a marker of underlying processes involved in the development 
of, as well as the delayed recovery from psychopathology fol-
lowing a stressful experience including military deployment.4
For example, predeployment daytime and nighttime sleep 
complaints predicted the onset of depression and PTSD up to 
two years postdeployment.5 General nightmares at postdeploy-
ment were also predictive of trauma reexperiencing six months 
after combat exposure.6 Although sleep disturbances may im-
prove with depression and PTSD remission, they often do not 
abate entirely. Research indicates that residual insomnia can 
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sleep in mitigating these psychiatric conditions and enriching 
HRQOL.

Sleep disruptions are also associated with impaired secre-
tion of trophic factors, including brain-derived neurotrophic 
factor (BDNF) and insulin-like growth factor-1 (IGF-1).8,9 
BDNF and IGF-1 interact synergistically in the same cascade 
of transmission to modulate learning, memory processes, neu-
ronal plasticity, and tissue repair.10,11 In military personnel, the 
stress of combat training (i.e., deficiencies in sleep, energy, and 
water) significantly reduced plasma BDNF and IGF-1, which re-
sumed to baseline levels following the cessation of training.12,13 
This finding illustrates the relationship between chronic stress 
and the restoration of physiological equilibrium upon stressor 
elimination. Evidence also suggests that the BDNF/IGF-1 sys-
tem contributes to sleep homeostasis, including the regulation 
of restorative slow wave sleep oscillations.14 This relationship 
may be attributed to BDNF/IGF-1 regulated neuronal plasticity 
changes, which are hypothesized to increase slow wave sleep 
activity.15 Chronic deregulation of the BDNF/IGF-1 system has 
consequences for the brain as well as for many body systems 
that may decrease physical health. Studies have also found that 
increased concentrations of BDNF and IGF-1 facilitate cogni-
tive and physical rehabilitation following TBI.16 However, the 
extent to which these trophic factors can be modified through 
treatment intervention is less clear.

Optimal functioning of the BDNF/IGF-1 system may also 
play a protective role in mitigating psychiatric morbidity fol-
lowing stressors such as combat exposure and mTBI. Alter-
nately, deviations in this system may be a susceptibility factor 
for psychiatric disorder development and relapse. BDNF is 
notably reduced in patients with PTSD and depression and 
is increased following antidepressant treatment.17,18 In recent 
years, numerous studies have identified the development of 
IGF-1 deficiencies following mTBI, which often manifests in 
physical, emotional, behavioral, cognitive, and social deficits 
with varying degrees of severity.16 However, studies investigat-
ing IGF-1 concentrations in patients with depression and PTSD 
are less prevalent, and these limited findings are discordant. 
In currently depressed patients, IGF-1 is increased compared 
with non-depressed controls,19 yet antidepressant treatments 
have also been shown to up regulate IGF-1.20 In the sole study 
of IGF-1 in patients with PTSD, pretreatment IGF-1 concen-
trations did not differ between PTSD patients and trauma-ex-
posed controls; moreover, there was not a significant pre-post 
treatment change in PTSD patients whose symptoms remitted 
with paroxetine.21 Nevertheless, IGF-1 increases the synthesis 
and activity of BDNF to modulate antidepressive effects in the 
brain and enhances the expression of tropomyosin related ki-
nase B (TrkB) receptors, which is required for the consolida-
tion of hippocampal-dependent learning, a deficit implicated 
in PTSD.22 Although most studies focus on identifying the role 
of trophic factors in depression and PTSD diagnoses, the me-
diating role of sleep disruption on the BDNF/IGF-1 system and 
its subsequent effects on psychiatric morbidity have not been a 
focus of recent research.

Whether sleep is maintained or disturbed might predict an 
individual’s ability to handle a certain stress load in lieu of 
developing a psychiatric disorder. It may also predict an in-
dividual’s ability to recover from a preexisting psychiatric 

condition. Restorative sleep is necessary to maintain adequate 
concentrations of BDNF and IGF-1; therefore, sleep may be a 
key mediator at the connection between trauma exposure and 
the BDNF/IGF-1 system, for which deregulation can exacer-
bate the mental and physical comorbidity commonly observed 
in service members. We therefore designed an observational 
study of military personnel with insomnia to determine (1) if 
improved sleep quality, following sleep-focused standard of 
care, is associated with reductions in depression and posttrau-
matic symptoms as well as enrichments in HRQOL, and (2) if 
these symptom improvements are associated with plasma con-
centration changes of BDNF and IGF-1. These findings will 
ultimately inform interventions to address the complexity of 
comorbid symptoms in military personnel and attenuate the 
risk of psychiatric development.

METHODS

Study Design
This study was part of a larger observational study of US 

military personnel presenting for an initial evaluation of sleep 
disturbance.23 Potential participants were recruited through 
clinic referral and flyers posted in the sleep medicine clinic at 
the Madigan Army Medical Center, Tacoma, WA. The institu-
tional review board approved the study, and informed consent 
was obtained from each participant. All participants under-
went a sleep medicine evaluation and overnight polysomno-
gram using standardized techniques previously described23; 
they were then prescribed standard of care treatment based on 
their sleep disorder diagnosis. Participants diagnosed with in-
somnia received 4–8 biweekly sessions of cognitive behavioral 
therapy for insomnia (CBT-i). This included treatment com-
ponents of cognitive therapy, stimulus control, sleep restric-
tion, sleep practice (hygiene) education, and time monitoring 
behavior.24,25 Participants diagnosed with comorbid insomnia 
with obstructive sleep apnea (OSA) received either sleep edu-
cation or 4–8 biweekly sessions of CBT-i for their insomnia, 
and automatic positive airway pressure (APAP) for their OSA. 
All treatments were administered and supervised by either a 
psychologist certified in Behavioral Sleep Medicine or a sleep 
medicine physician with expertise in CBT-i. Diagnoses of 
mTBI, as well as symptoms related to sleep quality, depres-
sion, PTSD, and HRQOL were evaluated through validated 
instruments at pretreatment and at 12-week posttreatment. 
Plasma concentrations of BDNF and IGF-1 were also assayed 
at pretreatment and at 12-week posttreatment.

Participants
A total of 145 military personnel were screened; 111 partici-

pants who met preliminary eligibility criteria were consented 
for enrollment. Inclusion criteria included (1) active duty mili-
tary status with redeployment within the past 18 months, (2) 
a current diagnosis of insomnia or comorbid insomnia with 
OSA, (3) no recent history of drug or alcohol abuse, and (4) 
no current diagnosis of bipolar disorder, schizophrenia, or 
other psychotic disorder. Of the participants who consented, 
67 were excluded from the analysis. Twenty-seven participants 
were diagnosed with OSA without insomnia, and another 14 
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participants were diagnosed with behaviorally induced insuf-
ficient sleep syndrome (BIISS) with an otherwise normal poly-
somnogram and did not receive treatment. Twelve participants 
did not return for posttreatment assessment, 11 had missing 
data, and 3 did not report a change in sleep outcome, which 
was required for our analysis. Thus, the final analysis included 
44 military personnel with a current diagnosis of insomnia 
or comorbid insomnia with OSA. The study flow chart is de-
picted in Figure 1.

Diagnostic Assessment

Insomnia/Obstructive Sleep Apnea
Sleep disorder diagnoses were classified in accordance 

with the International Classification of Sleep Disorders, 2nd 
edition.26 For the diagnosis of insomnia, participants were re-
quired to have one or more chronic sleep-related complaints of 
initiating sleep, maintaining sleep, or waking too early, with at 
least one accompanying symptom of daytime impairment as-
sessed by the Epworth Sleepiness Scale (ESS).27 The comorbid 
diagnosis of insomnia with OSA was rendered when the par-
ticipant’s polysomnogram demonstrated apneas, hypopneas, or 
respiratory event related arousals resulting in an apnea-hypop-
nea index > 5/hour. A board-certified sleep medicine physi-
cian adjudicated all diagnoses, and our prior research validated 
these diagnostic criteria acceptable for military personnel.23

Mild Traumatic Brain Injury
Diagnosis of mTBI was determined using the Warrior Ad-

ministered Retrospective Casualty Assessment Tool (WAR-
CAT).28 This tool obtains data on possible TBI-related war 
injuries and assesses alterations in consciousness and the 
presence of postconcussional symptoms. A positive mTBI di-
agnosis was made if the participant indicated any loss of con-
sciousness, loss of memory, and/or alteration in mental state 
that was caused by the head being struck or striking an object, 
or the brain undergoing an acceleration/deceleration move-
ment (to include whiplash effect of blast exposure) without di-
rect external head trauma.

Outcome Measures
The Pittsburgh Sleep Quality Index (PSQI)29 was used to 

assess self-reported sleep quality and sleep dysfunction over 
the previous month. It is a 19-item index, with a total possible 
range from 0 (good sleep quality) to 21 (poor sleep quality). 
A total score ≥ 6 yields a diagnostic sensitivity of 0.90 and a 
specificity of 0.87 in distinguishing good and poor sleep.

The Quick Inventory of Depressive Symptomatology 
(QIDS-SR)30 was used to assess self-reported depressive symp-
tom severity and screen for depression based on the DSM-IV 
module for diagnosing major depressive episode. It is a 16-item 
inventory, with a total possible range from 0 (lowest severity) 
to 27 (highest severity). A total score ≥ 11 resulted in a positive 
screen for moderate depression.

The PTSD Checklist-Military Version (PCL-M)31 was used 
to assess self-reported posttraumatic symptom severity and 
screen for PTSD based on the DSM-IV module for diagnosing 
PTSD. It is a 17-item inventory, specific for military personnel, 
with one total score and 3 subscale scores including: intrusion, 

avoiding/numbing, and arousal. A total score ranges from 17 
(lowest severity) to 85 (highest severity). To provide the maxi-
mum specificity (0.98), a total score ≥ 50 resulted in a positive 
PTSD diagnostic screen.

The Short Form Health Survey-36 (SF-36)32 was used to 
evaluate self-reported HRQOL on 8 outcomes, including 
bodily pain, emotional wellbeing, energy/fatigue, general 
health perceptions, physical functioning, role limitations due 
to emotional difficulties, role limitations due to physical dif-
ficulties, and social functioning. Each outcome has a unique 
score, with a total possible range from 0 to 100; lower scores 
indicate greater disability.

Biomarker Acquisition
Non-fasting venous blood samples were collected through 

routine venipuncture into ethylenediaminetetraacetic acid 
(EDTA) 10 mL tubes (Becton-Dickinson, Franklin Lakes, NJ), 
which were immediately placed on ice until processing. All 

Figure 1—Study flow chart.

BIISS, behaviorally-induced insufficient sleep syndrome; OSA, 
obstructive sleep apnea.
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samples were then stored in a biorepository at −80°C to prevent 
sample degradation until batch assayed by a technician who 
was blinded to the participant group. Plasma BDNF (pg/mL) 
and IGF-1 (ng/mL) concentrations were measured using an an-
tibody-coated tube radioimmunoassay (R&D Systems, Min-
neapolis, MN). The inter-assay and intra-assay coefficients of 
variation were 6.8% and 9.0%, and 3.1% and 7.9%, respectively, 
with a lower limit detection of 1 pg/mL for BDNF and 12 ng/
mL for IGF-1. Every effort was made to collect blood samples 
during a midday window (11:00–12:00), although because of 
variability in subject availability, some collection times ranged 
from 09:00 to 16:00 (mean 11:36; SD 1 h 54 min).

Statistical Analyses
All variables were first examined for normality and nor-

mal distribution was confirmed. Demographics and clinical 
characteristics were dichotomized to illustrate the homogene-
ity of the sample. Preliminary analyses were used to describe 
pretreatment demographics and clinical characteristics of the 
entire sample, and 2-tailed chi-squared tests and independent 
t-tests were used to investigate any pretreatment group differ-
ences that might affect the main analysis. Fisher exact tests 
were used when expected cell counts were less than 5. The 

main analysis investigated the relationship between sleep qual-
ity improvements or declines following sleep-focused standard 
of care on symptoms of depression, PTSD, and HRQOL, as 
well as concentrations of BDNF and IGF-1. Participants were 
classified as “sleep improved” or “sleep declined” based on 
the direction (negative or positive) of their PSQI change score 
from pretreatment to posttreatment. A one point difference 
(i.e., 1 SD) was considered a valid change in sleep quality. Sep-
arate paired t-tests were used to examine changes in outcome 
variables from pretreatment to posttreatment for both groups. 
Independent t-tests were used to examine between group dif-
ferences on outcome variables. Confidence level was set at 
p = 0.05 for all analyses.

RESULTS

Pretreatment Analysis
The demographic and clinical characteristics of the 44 

participants included in this analysis are illustrated in Table 
1. The sample as a whole had a mean age of 33.3 years (SD 
8.1) and 13.7 years (SD 1.7) of education. Half of the sam-
ple reported current use of relevant medications including, 

Table 1—Pretreatment demographics and clinical characteristics.

Total Sample (n = 44)
n (%)

Sleep Improved (n = 28)
n (%)

Sleep Declined (n = 16)
n (%)

Between Group
χ2 p

Age
18–35
36–55

25 (56.8)
19 (43.2)

17 (60.7)
11 (39.3)

8 (50.0)
8 (50.0)

0.476 0.490

Race
Caucasian
Other

26 (59.1)
18 (40.9)

18 (64.3)
10 (35.7)

8 (50.0)
8 (50.0)

0.860 0.354

Attended College
Yes
No

31 (70.5)
13 (29.5)

20 (71.4)
8 (28.6)

11 (68.8)
5 (31.3)

0.035  > 0.999

Front Line Military Exposure
Yes
No

21 (47.7)
23 (52.3)

13 (46.4)
15 (53.6)

8 (50.0)
8 (50.0)

0.052 0.820

Number of Deployments
1 or 2
3 or more

29 (65.9)
15 (34.1)

20 (71.4)
8 (28.6)

9 (56.3)
7 (43.8)

1.044 0.307

Time Since Deployment
Less than 6 months
More than 6 months

16 (36.4)
28 (63.6)

8 (28.6)
20 (71.4)

8 (50.0)
8 (50.0)

2.020 0.155

Body Mass Index
20–30
30–43

22 (50.0)
22 (50.0)

15 (53.6)
13 (46.4)

7 (43.8)
9 (56.3)

0.393 0.531

Hypertension
Yes
No

9 (20.5)
35 (79.5)

6 (21.4)
22 (78.6)

3 (18.8)
13 (81.3)

0.045  > 0.999

Medication Use
Yes
No

22 (50.0)
22 (50.0)

14 (50.0)
14 (50.0)

8 (50.0)
8 (50.0)

0.000  > 0.999

Clinical Diagnosis
Insomnia
Insomnia+OSA
mTBI

16 (36.4)
28 (63.6)
23 (52.3)

8 (28.6)
20 (71.4)
14 (50.0)

8 (50.0)
8 (50.0)
9 (56.3)

2.020
2.020
0.159

0.155
0.155
0.690

mTBI, mild traumatic brain injury; OSA, obstructive sleep apnea.
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antidepressants (39%), narcotics (23%), benzodiazepines 
(7%), non-benzodiazepine receptor agonists (7%), and prazo-
sin (7%). The 2 groups did not differ in the number or type 
of prescribed medication they were taking. All participants 
had a score ≥ 6 on the PSQI, which is a valid determination of 
poor sleep. Sixty-four percent (28/44) of participants screened 
positive for depression, and 41% (18/44) screened positive 
for PTSD. Compared to the participants who completed the 
study, the non-completers did not differ on any pretreatment 
variables, with the exception of having more front-line mili-
tary exposure (χ2(1) = 4.837, p = 0.028). This may explain the 
sample attrition, because combat roles can result in abrupt 
out-of-state deployment.

Main Analysis
Sleep quality, depression, PTSD, and HRQOL outcomes 

were assessed before and after the sleep-focused standard 
of care interim. The type of treatment administered to both 
groups was comparable. At posttreatment, 64% (28/44) of par-
ticipants reported improved sleep quality, while 36% (16/44) 
reported sleep quality declines from pretreatment assessment. 
Pretreatment demographics, clinical characteristics, and out-
come variables were comparable between the sleep improved 
group (n = 28) and the sleep declined group (n = 16). Table 2 
details the pretreatment and posttreatment symptom severity 
of both groups. Briefly, from pretreatment to posttreatment, 
the sleep improved group reported significant reductions in 
depression (t27 = 3.061, p = 0.005) and posttraumatic arousal 
symptoms (t27 = 2.993, p = 0.006), as well as significant en-
richments in emotional wellbeing (t27 = −3.207, p = 0.003) 
and energy/fatigue (t27 = −3.229, p = 0.003). These improve-
ments were significant between groups (all p values < 0.01). 
Meanwhile, the sleep declined group reported no significant 
change in depression (p = 0.164) or posttraumatic symptoms 
(p = 0.177). In addition, the sleep declined group had signifi-
cant worsening of bodily pain (t15 = 2.338, p = 0.034), energy/
fatigue (t15 = 3.380, p = 0.004), role limitations due to emotional 

difficulties (t15 = 3.494, p = 0.003), role limitations due to physi-
cal difficulties (t15 = 2.236, p = 0.041), and social functioning 
(t15 = 2.586, p = 0.021). With the exception of role limitations 
due to physical difficulties, this symptom exacerbation was 
significant between groups (all p values < 0.02). Figure 2 de-
picts the inverse relationship of HRQOL changes according to 
sleep quality improvements or declines.

Concentrations of BDNF and IGF-1 were also assayed be-
fore and after the sleep-focused standard of care interim. Both 
groups exhibited comparable pretreatment concentrations 
(Table 3). From pretreatment to posttreatment, the sleep im-
proved group had a significant increase in concentrations of 
IGF-1 (t15 = −2.979, p = 0.009) and a nonsignificant increase 
in BDNF (t17 = −1.822, p = 0.086). In contrast, no significant 
change in concentrations of BDNF or IGF-1 was observed in 
the sleep declined group (p = 0.155; p = 0.451).

Depression Subgroup Analysis
Of the 28 participants who screened positive for depression 

at pretreatment evaluation, 64% (18/28) reported improved 
sleep quality, while 36% (10/28) reported sleep quality de-
clines from pretreatment assessment (Table 4). Pretreatment 
demographics, clinical characteristics, and outcome variables 
were comparable between the depression-sleep improved sub-
group (n = 18) and the depression-sleep declined subgroup 
(n = 10), with the exception that the former subgroup reported 
lower emotional wellbeing (t26 = 2.223, p = 0.035), and the lat-
ter subgroup had a higher prevalence of comorbid insomnia 
with OSA (χ2(1) = 5.535, p = 0.035). At posttreatment assess-
ment, 44% (8/18) of the depression-sleep improved subgroup 
had a clinically relevant reduction in depression symptoms 
(i.e., 5 points),30 and 50% (9/18) no longer met criteria for de-
pression (i.e., a QIDS score < 11). In the depression-sleep de-
clined subgroup, not one participant had a clinically relevant 
reduction in depression symptoms. Clinically relevant symp-
tom reduction was significant between groups (χ2(1) = 6.222, 
p = 0.025); however, depression symptom reduction was not 

Table 2—Pretreatment and posttreatment symptom severity.
Sleep Improved (n = 28) Sleep Declined (n = 16) Between Group

Pretreatment Posttreatment p Pretreatment Posttreatment p Baseline p Change p a

Sleep Quality 15.1 (3.1) 9.6 (3.8) 0.001 13.6 (2.9) 15.9 (2.7) 0.001 0.117 0.001
Depression 13.0 (5.0) 10.0 (5.2) 0.005 12.3 (3.9) 13.6 (5.0) 0.164 0.626 0.005
PTSD Total

Intrusion
Avoidance/Numbing
Arousal

45.6 (15.0)
11.6 (5.9)
16.9 (6.8)
17.1 (5.0)

42.0 (17.6)
11.5 (6.0)
16.2 (7.7)
14.4 (5.2)

0.169
0.940
0.574
0.006

47.9 (14.9)
13.6 (5.1)
18.1 (6.0)
16.4 (5.0)

52.3 (15.4)
14.5 (4.6)
19.8 (7.3)
17.8 (4.7)

0.177
0.390
0.219
0.193

0.631
0.268
0.561
0.643

0.058
0.499
0.222
0.006

HRQOL b

Bodily Pain
Emotional Wellbeing
Energy/Fatigue
General Health
Physical Functioning
Role Limits-Emotion
Role Limits-Physical
Social Functioning

51.7 (25.7)
48.6 (23.2)
25.2 (20.0)
50.5 (20.2)
72.5 (23.2)
41.6 (44.1)
43.8 (43.9)
50.6 (26.4)

54.9 (25.8)
58.0 (19.3)
38.4 (23.8)
53.6 (22.7)
75.9 (23.3)
54.7 (44.7)
45.5 (42.5)
55.1 (28.4)

0.222
0.003
0.003
0.375
0.211
0.197
0.821
0.238

49.2 (26.8)
56.5 (17.9)
35.3 (18.8)
49.1 (19.3)
68.1 (23.6)
54.1 (42.0)
35.9 (43.8)
54.1 (23.6)

38.8 (24.8)
50.3 (22.4)
22.5 (10.6)
45.0 (20.3)
60.9 (28.6)
29.2 (42.0)
23.4 (30.9)
44.6 (20.4)

0.034
0.051
0.004
0.115
0.087
0.003
0.041
0.021

0.763
0.246
0.106
0.814
0.553
0.362
0.573
0.661

0.007
0.001
0.001
0.149
0.026
0.011
0.209
0.017

Values given as mean (standard deviation). aBetween group pretreatment to posttreatment change score difference. bLower HRQOL scores equal greater 
disability. HRQOL, health-related quality of life; PTSD, posttraumatic stress disorder. Significant values in bold type.
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associated with significant concentration changes in BDNF or 
IGF-1 (p = 0.190; p = 0.059).

When comparing the entire depression subgroup with par-
ticipants who had a negative pretreatment screen for depression, 
no between group differences were found on pretreatment con-
centrations of BDNF and IGF-1 (p = 0.826; p = 0.714). There 
were also no group differences between current antidepressant 
users and non users on pretreatment concentrations of BDNF 
and IGF-1 (p = 0.375; p = 0.209) and on posttreatment concen-
trations (p = 0.151; p = 0.995).

PTSD Subgroup Analysis
Of the 18 participants who screened positive for PTSD at 

pretreatment evaluation, 61% (11/18) reported improved sleep 
quality, while 39% (7/18) reported sleep quality declines from 
pretreatment assessment. Pretreatment demographics, clini-
cal characteristics, and outcome variables were comparable 
between the PTSD-sleep improved subgroup (n = 11) and 
the PTSD-sleep declined subgroup (n = 7), with the excep-
tion that the latter subgroup had a slightly greater number of 

deployments (χ2(1) = 5.657, p = 0.043). At posttreatment as-
sessment, 45% (5/11) of the PTSD-sleep improved subgroup 
had a clinically relevant reduction in PTSD symptoms,33 
and 27% (3/11) no longer met criteria for PTSD (i.e., PCL-M 
score < 50). In the PTSD-sleep declined subgroup, 14% (1/7) 
had a clinically relevant reduction in PTSD symptoms; how-
ever, none of the 7 participants in this group recovered from 
PTSD. No significant between group differences were found 
on clinically relevant symptom reduction or clinically defined 
recovery (p = 0.600; p = 0.999). PTSD symptom reduction 
was not associated with significant concentration changes in 
BDNF or IGF-1 (p = 0.314; p = 0.488), nor did the duration 
since trauma exposure (i.e., deployment greater or less than 
6 months) have an effect on BDNF and IGF-1 concentrations 
(p = 0.841; p = 0.716).

When comparing the entire PTSD subgroup with partici-
pants who had a negative pretreatment screen for PTSD, no 
between group differences were found on pretreatment con-
centrations of BDNF and IGF-1 (p = 0.512; p = 0.329). There 
were also no significant between group pretreatment BDNF and 

Figure 2—Change in health-related quality of life according to change in sleep quality.

*p < 0.05, **p < 0.01.

Table 3—Pretreatment and posttreatment BDNF and IGF-1 concentrations
Sleep Improved (n = 28) Sleep Declined (n = 16) Between Group

Pretreatment Posttreatment p Pretreatment Posttreatment p Baseline p Change p a

BDNF (pg/ml) 80.2 (28.6) 89.1 (36.3) 0.089 91.7 (38.1) 100.2 (44.4) 0.155 0.356 0.963
IGF-1 (ng/ml) 76.6 (38.6) 112.0 (46.5) 0.009 87.6 (32.9) 92.6 (36.8) 0.451 0.468 0.059

Values given as mean (standard deviation). aBetween group pretreatment to posttreatment change score difference. BDNF, brain derived neurotrophic 
factor, IGF-1, insulin like growth factor-1. Significant values in bold.
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IGF-1 concentration differences when comparing participants 
with mTBI to those without mTBI (p = 0.933; p = 0.842), as 
well as when comparing participants with primary insomnia to 
those with comorbid insomnia with OSA (p = 0.658; p = 0.949).

DISCUSSION

The primary aim of the current study was to examine the 
relationship between changes in patient-reported sleep quality 
and symptoms of depression, PTSD, and HRQOL, in military 
personnel with insomnia and comorbid psychiatric disorders. 
At posttreatment, participants who reported improved sleep 
quality had significant reductions in depression and posttrau-
matic arousal symptoms, as well as enrichments in HRQOL. 
These outcomes are notable because the treatment was spe-
cifically tailored for improving sleep quality without explicitly 
targeting depression, PTSD, or HRQOL. Alternatively, when 
sleep quality declines were reported, there were no significant 
improvements in psychiatric symptoms, and further declines 
in HRQOL were observed, including impairments in social 
functioning. This finding has additional ramifications because 
positive social relations promote psychological resilience 
against the deleterious effects of stress, including military ex-
posure; and impoverished social support has been linked to 
depression and PTSD.34

Improving sleep quality in individuals with depression and 
PTSD using an adjuvant sleep intervention has begun to at-
tract attention because of the known link between sleep distur-
bance and psychiatric morbidity. For example, sleep focused 
mindfulness-based cognitive therapy (MBCT) lowered total 
wake time and increased sleep efficiency in antidepressant 
users relative to controls.35 In a similar mindfulness interven-
tion, improved sleep quality was associated with reductions in 
posttraumatic stress symptoms.36 However, unlike other stud-
ies that examined whether a sleep intervention could improve 
psychiatric symptoms as part of a general depression or PTSD 
treatment regimen, the current study targeted sleep exclusively, 
given the prospect that improved sleep quality may result in 
psychiatric recovery.

Theses results provide preliminary support that sleep-fo-
cused treatments, such as cognitive behavioral therapy and au-
totitrating positive airway pressure, are efficacious to address 
both insomnia and comorbid psychiatric conditions. Such 
treatment approaches may be preferred to current first-line 
treatments for depression and PTSD, which have considerable 
side effects or minimal effectiveness. Antidepressant medica-
tions, including selective serotonin reuptake inhibitors, nota-
bly disrupt sleep continuity, often resulting in non-adherence.37 
Both pharmacologic and nonpharmacologic treatments for 

PTSD commonly increase sleep disruptions and anxiety, and 
their efficacy is questionable compared to placebo.38 Moreover, 
because of the stigma associated with depression and PTSD, 
military personnel are more likely to seek treatment for sleep 
disturbances than pursue treatment for a psychiatric condition. 
As new evidence points to sleep as a mediator at the nexus be-
tween stress and psychiatric onset and relapse, treatments that 
address sleep disturbance foremost, when comorbid with a psy-
chiatric disorder, may provide a viable and global intervention.

The second aim of the current study was to examine the as-
sociation of symptom improvement to changes in trophic fac-
tor concentrations. The current findings indicate that BDNF 
and IGF-1 increases are associated with improved sleep qual-
ity following sleep-focused standard of care. These findings 
suggest that changes in stress regulating systems may promote 
recovery from deployment-related psychiatric disorders, even 
when treatment is provided for a short period of time. These 
findings have important clinical implications because BDNF 
and IGF-1 have important roles in promoting neuroplasticity, 
which is disrupted in depression and preclinical models of 
stress.22,39 Moreover, BDNF is essential for the consolidation 
of hippocampal-dependent learning; as such, concentration in-
creases may reduce impairments in contextual fear learning, 
a deficit central to PTSD.11 Increases in IGF-1 concentrations 
have additional significance in promoting physical health. Al-
terations in the IGF-I axis have been associated with a number 
of pathological conditions such as cancer, obesity, and type II 
diabetes.40 Because recently deployed military personnel are 
relatively young and healthy, early intervention to normalize 
trophic factor concentrations with a known morbidity and 
mortality risk is critical and may ultimately lead to reductions 
in medical costs and increases in HRQOL.

In our subgroup analyses, we compared trophic factor con-
centration levels between positive and negative diagnoses at 
pretreatment. Prior studies report reduced BDNF concentra-
tions in patients with depression18 and PTSD.17 IGF-1 con-
centration increases are reported in depression20 and marked 
decreases have been found in TBI and in military personnel 
under stress.41 These prior findings were not replicated in 
the current sample. There were no group differences in pre-
treatment BDNF concentrations between participants with 
depression and/or PTSD diagnoses and participants with 
negative diagnoses. IGF-1 concentrations were also not as-
sociated with depression, PTSD, or TBI diagnoses. The dis-
crepancy between the current findings and past research may 
be attributed to BDNF and IGF-1 concentration changes fol-
lowing sleep quality declines rather than depression or PTSD 
symptom increases. Thus, this subgroup analysis suggests that 
plasma BDNF and IGF-1 levels are not indicative of a specific 

Table 4—Odds ratio of improved depression in the depression-sleep improved subgroup.

Improved Depression
Depression-Sleep Improved (n = 18)

n %
Depression-Sleep Declined (n = 10)

n % OR (95% CI) p
Yes
No

8 (44.4)
10 (55.6)

0 (0.0)
10 (100.0) 1.381 (1.05–1.81) 0.020

Improved depression was determined by at least a 5-point reduction in depression severity.
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psychiatric diagnosis, but may be independently associated 
with the presence or absence of insomnia symptoms. This is 
supported by prior research where only the subjects who suf-
fered from increased stress with comorbid sleep disturbances 
had decreased BDNF levels.8 Another study reports that al-
though low concentrations of BDNF were associated with a 
depression diagnosis, there’s suspect of a mediating variable 
since the concentrations levels were unrelated to the core clini-
cal features of depression.42 Alternatively, IGF-1 concentration 
increases were associated with successful completion of three 
months of continuous positive airway pressure therapy in pa-
tients with OSA.43 Taken together, this suggests that sleep may 
be a key mediator in the connection between stress and the 
BDNF/IGF-1 system. Therefore, addressing sleep disturbances 
early on may increase protective trophic factor concentrations 
and reduce the risk for mental and physical morbidity in stress-
exposed populations.

Although our investigation has strengths, such as the lon-
gitudinal design and simultaneous evaluation of both subjec-
tive and objective sleep measures paired with biomarker assay, 
there are some important limitations. First, because our sam-
ple consisted of sleep disturbed military personnel, the range 
of scores was somewhat restricted, which may have resulted in 
the underestimation of effect sizes. Second, we obtained only 
a single measurement of each trophic factor at pretreatment 
and at posttreatment. Due to the within-person variation of tro-
phic factors, the reliability of our pretreatment and posttreat-
ment estimates would have been enhanced had we obtained 
and averaged two separate measurements at both time points. 
Third, we included only two waves of data in our analyses, pre-
treatment and 12 weeks posttreatment. While there were sig-
nificant symptom improvements, had we assessed at 6 months 
posttreatment, we may have seen additional significance and 
would be able to map a more accurate course of recovery and 
validate sustainability of treatment. Finally, our sample size 
was relatively small, and because our sample consisted of only 
male military personnel, our findings may not generalize to 
females or civilians. Future studies with a larger, more het-
erogeneous population, and a design including posttreatment 
objective measurements of sleep, such as polysomnography, 
should be undertaken to verify the results of our exploratory 
investigation. Since this was an observational study, we cannot 
determine with certainty that sleep quality improvements and 
associated psychiatric symptom reduction did not occur via 
outside treatments for related illnesses. However, these condi-
tions are often chronic, so the expeditious recovery over 12 
weeks is more likely attributed to the sleep-focused standard 
of care. This preliminary/pilot study provides data which can 
be used to develop further randomized control trials. Specifi-
cally, more research is needed to determine the role of sleep 
and trophic factors on psychiatric disorder onset and recovery.

In conclusion, we report that military personnel with sub-
stantial health declines and neurobehavioral symptom burden 
report reductions in depression and PTSD arousal following 
improvements in sleep quality through a standard of care sleep 
treatment. This highlights the clinical importance of conduct-
ing sleep assessments in military personnel with mood and 
anxiety disorders. Furthermore, we report that sleep quality 
improvements are associated with increases in sleep regulating 

trophic factors. This is particularly important because BDNF 
and IGF-1 are implicated in memory processes and neuronal 
growth. Sleep focused interventions may be an effective treat-
ment to reduce the elevated depressive and excessive arousal 
symptoms common in military personnel. Therapeutic resto-
ration of trophic factors to improve sleep quality and reduce 
psychiatric symptom burden warrants further investigation.

ABBREVIATIONS 

APAP, automatic positive airway pressure 
BDNF, brain derived neurotrophic factor 
BIISS, behaviorally induced insufficient sleep syndrome 
EDTA, ethylenediaminetetraacetic acid 
ESS, Epworth Sleepiness Scale
HRQOL,  health-related quality of life 
IGF-1, insulin-like growth factor-1 
MBCT, mindfulness-based cognitive therapy 
mTBI, mild traumatic brain injury  
OSA, obstructive sleep apnea 
PCL-M, PTSD Checklist-Military Version 
PSQI, Pittsburgh Sleep Quality Index
PTSD, posttraumatic stress disorder 
QIDS, Quick Inventory of Depressive Symptomatology 
QOIDS-SR, Quick Inventory of Depressive Symptomatology 
SD, standard deviation
SF-36, Short Form Health Survey-36 
WARCAT, Warrior Administered Retrospective Casualty 

Assessment Tool 
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