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Abstract

Background

Many reviews and meta-analyses had been conducted to investigate risk factors for sleep
disorders in the general population. However, no similar research has been performed in
the military population though insomnia and sleep-disordered breathing are quite prevalent
in that population.

Objectives

To investigate risk factors for insomnia and sleep-disordered breathing in military personnel.

Methods

A systematic literature search was performed from inception to March 2021 and 6496 rec-
ords were produced. Two authors independently screened records for eligibility. Results
were presented as odds ratios, and a random-effect model was used to pool results. Data
analysis was performed respectively according to military personnel type (i.e., veteran,
active-duty personnel). Risk factors were sorted into three categories: sociodemographic,
army-specific, and comorbidity. This meta-analysis was registered in PROSPERO before
data analysis (registration No: CRD42020221696).

Results

Twenty-seven articles were finally included in the quantitative analysis. For sleep-disor-
dered breathing in active-duty personnel, four sociodemographic (i.e., overweight/obesity,
higher body mass index, male gender, >35 years old) and one comorbidity (i.e., depression)
risk factors were identified. For insomnia in active-duty personnel, four sociodemographic
(i.e., aging, alcohol dependence, white race, and female gender), two army-specific (i.e.,
deployment experience, combat experience), and four comorbidity (i.e., depression, post-
traumatic stress disorder, traumatic brain injury, and anxiety) risk factors were identified. For
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insomnia in veterans, one army-specific (i.e., combat experience) and one comorbidity (i.e.,
post-traumatic stress disorder) risk factor was identified.

Conclusions

Several risk factors were identified for insomnia and sleep-disordered breathing in the cur-
rent meta-analysis. Risk factors for veterans and active-duty personnel were partially differ-
ent. Research on sleep breathing disorders remains limited, and more convincing evidence
would be obtained with more relevant studies in the future.

Introduction

Healthy sleep requires good sleep quality, adequate sleep duration, regular circadian rhythm,
and absence of sleep disorders. Military personnel have more difficulties fulfilling these
requirements, because they need to keep up with their daily training and carry out deployment
or combat tasks. Military tasks are always of high intensity and require the personnel to oper-
ate under extreme and harsh conditions, including cold stress [1], heat stress [2], and high alti-
tude [3]. When deployed, the disturbed time schedule and latent danger place extreme
pressure on soldiers, damaging their daily sleep patterns. A newly formed 5 h on/10 h off time
schedule on navy ships results in poor sleep hygiene and abundant sleep debt [4]. Consensus
has been reached that adults should sleep at least seven hours per night on a regular basis to
maintain health whereas sleep need increases to nine hours in adolescence and early adulthood
[5, 6]. This age range coincides with active-duty military personnel [7]. However, it is quite
common for military personnel to sleep less than six hours per night [8]. A study on militarily
relevant tasks after long-term sleep loss finds that mental-effort-requiring tasks were more
influenced than those requiring only physical energy [9].

The prevalence of sleep disorders are surprisingly high in military personnel [10]. Insomnia
and sleep-disordered breathing (SDB) are quite prevalent in the military [11-14]. Insomnia is
defined as difficulties initiating or maintaining sleep or waking up too early and inability to
return to sleep, accompanied by fatigue during wakefulness [15]. The common diagnosis tool
for insomnia is the International Classification of Diseases and International Classification of
Sleep Disorders. The Insomnia Severity Index (ISI) [16], a self-reported questionnaire, is also
widely used for identifying insomnia with higher scores indicating more severe insomnia
symptoms. Insomnia could cause serious harm to the military as it can affect cognitive func-
tions such as working memory [17], executive function [17], and declarative memory [18] and
increase the risk for motor vehicle accidents among military personnel [19]. SDB, defined as
breathing problems during sleep, includes obstructive sleep apnea (OSA), central sleep apnea
(CSA), sleep-related hypoventilation disorders, and sleep-related hypoxemia disorder [20-22].
Growing evidence indicates that apnea and subsequent compensatory hyperpnea could have
adverse cardiovascular consequences [23], and OSA has a positive correlation with death [24].
SA could weaken working memory, executive functions, and many other aspects of cognition
ability [25].

Potential sociodemographic risk factors for developing SDB and insomnia are of vital
importance because officers could know in advance which population is at higher risk for
developing certain sleep disorders and implement early intervention for high-risk groups. Mil-
itary personnel are more likely to experience traumatic events during deployment and develop
comorbidities such as post-traumatic stress disorder (PTSD) [26] and depression [27] as a
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result. Poorer sleep quality [28] and higher prevalence of OSA [29] were found in patients with
PTSD. It had been widely agreed that depression can lead to sleep impairment. Traumatic
brain injury (TBI) could result in poorer sleep quality [30] and higher prevalence of insomnia
[31]. Therefore, this study planned to examine three major categories of risk factors: sociode-
mographic, army-specific, and comorbidity.

Young and Punjabi [32, 33] reviewed risk factors for OSA in a nonmilitary sample. Risk fac-
tors for SDB in the general population are obesity [32], snoring [34, 35], aging [32, 36, 37], and
cardiovascular factors such as hypertension [38, 39], smoking [32, 33], and alcohol dependence
[33]. Ohayon [31] reviewed the epidemiology of insomnia in the general sample. Notwith-
standing, there was no systematic review focusing on risk factors for sleep disorders in the mil-
itary to our best knowledge.

We aimed to investigate risk factors (i.e., sociodemographic, army-specific, and comorbid-
ity) for insomnia and SDB in the military.

Materials and methods

The literature search process was performed according to the Preferred Reporting Items for
Systemic Reviews and Meta-Analysis (PRISMA) checklist [40] (S2 File) and was registered
with PROSPERO (S1 File) before the data analysis (registration No: CRD42020221696).

Database searching

PubMed, Embase, PsycINFO, and Web of Science were searched from inception to April
2020, limited to papers published in the English language. Search terms were as follows: sleep
OR sleep problem OR sleep disorder OR sleep disturbance AND veteran® OR soldier* OR
army OR navy OR marine OR troop OR air force OR armed OR peacekeeper” OR defense
AND risk OR predictor* OR prediction OR predisposition. The full search strategy is pre-
sented in S3 File. In all, 5105 records were identified through searching while another nine
were included by hand-searching the references of meta-analyses and reviews in this area. The
search was further updated in March 2021 to ensure the completeness of our search scope.

Eligibility criteria

Four independent authors (Huang, Xu, Meng, Li) reviewed all titles and abstracts to determine
eligibility. Full texts were screened when eligibility could not be determined by the titles or
abstract alone, and any discrepancies were resolved by consensus to identify articles that met
the following inclusion criteria: (a) investigating risk factors for insomnia and SDB in military
populations; (b) including a sample of military personnel, veterans, or both; (c) containing
effect sizes such as risk ratio (RR), odds ratio (OR), hazard ratio (HR) and corresponding 95%
confidence interval (CI), or standard error (SE) or data able to calculate the above parameters;
(d) study design: cohort, case-control, or cross-sectional.

The exclusion criteria were as follows: (a) including both active-duty personnel and veter-
ans while data of each group cannot be extracted separately; (b) having no controls or compar-
ative group who are not exposed to studied risk factor; (c) not containing data essential to
calculate needed effect sizes and cannot be obtained from authors; (d) using continuous data
to describe sleep disorder severity; (e) not published in English.

Data extraction

A Standardized Excel form was used by two independent authors to reduce probable errors.
The data extraction form involved (a) general information: study design, country, subject type,
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male proportion, average age, and standard deviation (SD), sleep disorder type, diagnostic
method, etc.; (b) sociodemographic factors: body mass index (BMI), marital status, race, gen-
der, age, education level, alcohol dependence, smoking, income, etc.; (c) army-specific factors:
rank, combat experience and time, deployment experience and time, military experience, etc.;
and (d) comorbidities: PTSD, TBI, depression, anxiety, etc. The above factors and correspond-
ing events and totals for cases and controls or calculated effect sizes such as ORs, RRs, or HRs
were extracted. Crude effect sizes were extracted to reduce the bias brought by different con-
founders of different studies. Adjusted effect sizes were included when they were the only
results.

Outcome measurement

The primary outcomes of this meta-analysis were risk factors for insomnia and SDB in military
communities. The association between sleep disorders and associated factors was assessed
using OR. Therefore, the merged results were all presented as OR and 95%CI.

Study quality assessment

Two authors (Huang, Xu) assessed the quality of the included studies separately. The Newcas-
tle-Ottawa Scale, one of the most commonly used tools for assessing methodological quality of
non-randomized studies, was utilized to assess the quality of included cohort and case control
studies. Each article was evaluated from three aspects (i.e., selection, comparability, exposure/
outcome) including eight detailed questions. The Agency for Healthcare Research and Quality
was utilized to assess cross-sectional studies. An answer of “NO or “UNCLEAR” is scored “07,
and “YES” is scored “1”.

Statistical analysis

We examined risk factors for insomnia and SDB in military personnel based on OR or original
data, which include number of participants exposed and not exposed to risk factors and num-
ber of participants with sleep disorders in the two groups. Considering variation in the diag-
nostic tools, participant characteristics, and study type of the included articles, a random-effect
model was used to estimate the pooled ORs with 95% ClIs. I” statistic was used to measure het-
erogeneity with I* values below 25%, 50%, and 75% representing low, moderate, and high level
of heterogeneity, respectively. Further subgroup and sensitivity analyses to control heterogene-
ity level were not feasible as most of the outcomes contained limited number of studies due to
detailed sorting based on their characteristics.

Data were analyzed using Revman 5.4 and Stata 16. For studies only providing continuous
data for probable factors (e.g., specific BMI instead of obese or not) and those still meaningful
after being transferred into ORs, standard mean difference (SMD) was transferred into OR
based on the assumption that continuous variables within two intervention groups have equal
SD logistic distributions [41, 42], using the following equation:

InOR = 13 SMD

7

The corresponding SE can be calculated from 95%CI by the following equation:
SE = (upperlimit — lowerlimit)/3.92

Outliers were identified by visually checking the forest plots, and those that do not overlap
with the 95%CI of pooled effect size were removed from the quantitative analysis.
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As for publication bias assessment, for risk factors containing more than 10 articles, funnel
plot was used to assess publication bias. For those containing less than 10 but more than 2 arti-
cles, Egger’s test was utilized in factors using InOR and corresponding SE to merge results, and
Harbord’s test was utilized in factors using original data (i.e., number of participants exposed
or not exposed to risk factor and corresponding number of participants developing targeted
sleep disorder) to merge results.

Results
Study selection

PubMed, Embase, PsycINFO, and Web of Science were searched from inception to April 2020
with 5105 records obtained. Nine records were included by hand-searching the references of
meta-analyses and reviews in this area; 3714 records remained after the removal of duplica-
tions. Two authors independently screened the titles and abstracts of the remaining studies
and excluded 3530 studies that did not meet eligibility requirements (i.e., no military partici-
pants, irrelevant of sleep disorders, no needed effect sizes). One hundred eighty-four full texts
were read independently by two trained assistants; 139 records were excluded for not meeting
the inclusion criteria. Twenty-five records were further excluded since their studying factors
did not contain a sufficient volume of literature to perform meta-analysis. Another three rec-
ords were excluded for mixed data for veterans and active-duty personnel with 17 articles
included for quantitative analysis in the first stage of search. We updated our search in March
2021, included another 1382 records, and included 10 more articles for quantitative analysis
after screening. As a result, a total of 27 articles were included in this meta-analysis. See the
process in Fig 1.

—

c

.g Records identified through Additional records identified

i} database searching through other sources

o

£ (n=5105) (n=1391)

7]

=
J
PR Records after duplicates removed

(n = 4478)

: l

=

c

)

L

3 REtorlEsEreaEd Records excluded after reading

(n=4478) titles and abstracts
(n = 4250)
L
—
Full-text articles excluded (n = 201).
) ‘Without military sample (20)

Zz Fu”'te:t artI{CIlisllassessed ‘Without intended sleep disorders (42)

3 o(rne_lgzlzél)ty ‘Without needed effect sizes or

%" equivalent data (112)

l -Factors without enough articles (27)
— Studies included in
qualitative synthesis
—
(n=27)

3 }

5]

E

S Studies included in

£ quantitative synthesis

(meta-analysis)
(n=27)

-

Fig 1. PRISMA flow-chart.
https://doi.org/10.1371/journal.pone.0250779.9001
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Study characteristics

Detailed information of the 27 selected articles is presented in Table 1. The detailed informa-
tion of quality assessment is provided in S4 File. No publication bias exist except for one factor
(i.e., white race for insomnia risk in veterans) (S5 File). Thirteen studies explored SDB’s risk
factors, and 19 explored risk factors for insomnia. SDB patients were diagnosed using the Ber-
lin Questionnaire (BQ) in two studies [34, 43], the 9" and 10™ edition of ICD in three studies

Table 1. Study characteristics.

Included study Study design Participant type Male/Female Age Disorder type Diagnose tool
M (SD)
Baird et al. 2018 [51] cross-sectional Veterans 214/0 69 (4) SDB* Documented diagnosis
Cairns et al. 2017 [49] cross-sectional Veterans 1370/130 52.8 (13.5) SDB* AHI?
Crump et al. 2019 [45] cohort Active-duty personnel 1547478/0 18 SDB* ICD®-10
Langton et al. 2016 [46] cohort Active-duty personnel 467885/ / SDB* ICD*-9
Lee et al. 2013 [34] cross-sectional Active-duty personnel 665/0 21.76 (1.19) SDB* BQ*
Mysliwiec et al. 2015 [54] cross-sectional Active-duty personnel 106/3 34.3 (8.23) SDB* /
Pilakasiri et al. 2018 [43] cross-sectional Active-duty personnel 1036/71 26.9 (8) SDB* BQ°
Igbal et al. 2016 [50] cross-sectional Veterans 214/0 63 (6) SDB* AHI¢
Mysliwiec et al. 2013 [68] cross-sectional Active-duty personnel 676/49 35.5 (8.6) SDB?, Insomnia AHIY, ICSD8-2
Martindale et al. 2020 [52] cross-sectional Veterans 256/37 41.63 (10.14) SDB?, Insomnia Documented diagnosis
Caldwell et al. 2019 [44] cohort Active-duty personnel / / SDB?, Insomnia ICD®-9
Foster et al. 2017 [48] cross-sectional Active-duty personnel 108/101 34.3 (8.52) SDB?, Insomnia ICSD#-3, ISI®, AHI¢
Kanefsky et al. 2019 [69] cross-sectional Active-duty personnel 113/5 32.82(7.73) SDB? Insomnia Self-reported
Hermes et al. 2014 [55] cross-sectional Veterans 5037101/492099 61.2 (16.3) Insomnia ICD®-9
Klingaman et al. 2017 [63] cross-sectional Active-duty personnel 18790/2514 27 (7.4) Insomnia SEQ'
Lopez et al. 2013 [64] cross-sectional Veterans 144/22 56 (15) Insomnia SEQf
Martin et al. 2017 [56] cross-sectional Veterans 0/660 50.9 (17.7) Insomnia ICSD8-2
Taylor et al. 2016 [57] cross-sectional Active-duty personnel 3719/359 27.43 (6.14) Insomnia N
Pettersson et al. 2016 [65] cross-sectional Veterans 966/115 36.1 (9.9) Insomnia SEQF
Adrian et al. 2018 [58] cross-sectional Active-duty personnel 2640/239 / Insomnia N
Colvonen et al. 2020 [59] cross-sectional Veterans 4597/955 34.81 (9.07) Insomnia Ve
Mosti et al. 2019 [70] cross-sectional Active-duty personnel 580023/90524 29.5(7.5) Insomnia BIQ'
King et al. 2017 [60] cohort Veterans 247/21 31(8) Insomnia s
Scoglio et al. 2017 [61] cross-sectional Veterans 118/46 35.15 (9.19) Insomnia INE
Sandman et al. 2013 [67] cross-sectional Veterans 23005/23669 / Insomnia Self-reported
Hu et al. 2020 [66] cross-sectional Veterans 1025/49 / Insomnia SEQf
Gaffey et al. 2020 [62] cross-sectional Veterans 534/575 43.8 (10.9) Insomnia IS
Note

a: Sleep-disordered breathing

b: Neurobehavioral Symptom Inventory

c: Berlin Questionnaire

d: Apnea Hypopnea Index

e: International Classification of Diseases

f: Self-edited questionnaire

g: International Classification of Sleep Disorders
h: Insomnia Severity Index

i: Brief Insomnia Questionnaire

/: no corresponding data.

https://doi.org/10.1371/journal.pone.0250779.t001
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[44-46], the 2" or 3™ edition of ICSD in two studies [47, 48], the Apnea Hypopnea Index
(AHI) in four studies [47-50], previously documented information in two studies [51, 52],
self-reported SDB in one study [53], and no diagnose tool in one study [54]. As for the defini-
tion of insomnia, two studies used the 9" and 10" edition of ICD [44, 55], three used the ond
and 3" edition of ICSD [47, 48, 56], seven used the ISI [48, 57-62], one used the Brief Insom-
nia Questionnaire (BIQ) [63], four used a self-edited questionnaire [63-66], two used self-
reported data [53, 67], and one used documented information [52].

The total sample consisted of 21,923,699 in the military population and 28,223 in the gen-
eral population. The percentage of male participants was 91.73% in the military population
and 45.93% in the general population. The ages ranged from less than 20 years old to more
than 75 years old. Of the 27 studies, 13 included a total of 16,335,530 active-duty military per-
sonnel while the remaining 14 included a total of 5,588,169 veterans. Twenty-one studies were
in the U.S., and the remaining six were in Australia (one), Sweden (two), Korea (one), Thai-
land (one), and Finland (one). All studies were written in English. Publish dates ranged from
2013 to 2020. Extracted factors had to contain a minimum of two articles to be entered into
the analysis. Final presented outcomes were divided into three groups: sociodemographic,
army-specific, and comorbidities. Information was mostly collected through network or ques-
tionnaire. Risk or preventive factors for SDB and insomnia in active-duty personnel or veter-
ans were discussed, respectively.

Risk factors for SDB in active-duty personnel

Sociodemographic factors. The results of sociodemographic effect on SDB risk in active-
duty personnel are reported in Fig 2. SDB risk was significantly higher in the overweight and
obese population (OR = 2.44, 95%CI 1.51 to 3.94), and higher BMI was associated with higher
risk (OR =2.03, 95%CI 1.43 to 2.87). Being male (OR = 3.03 95%CI 1.27 to 7.23) and older
than 35 years old (OR = 3.00 95%CI 2.18 to 4.11) could increase SDB risk as well. Results
showed that alcohol dependence led to a slight but significant decrease of risk (OR = 0.94, 95%
CI0.92 t0 0.96).

Comorbidity factors. Results of comorbidity effect on SDB risk in active-duty personnel
are reported in Fig 3. Depression was found to increase SDB risk (OR = 1.92, 95%CI 1.33 to
2.78) while PTSD (OR = 1.48, 95%CI 0.26 to 8.47), TBI (OR = 1.15, 95%CI 0.85 to 1.56), and
anxiety (OR = 1.81, 95%CI 0.93 to 3.54) had no influence on SDB risk. The pooled result of the
four comorbidities showed significant increase for SDB risk in active-duty personnel
(OR =1.53,95%CI 1.18 to 1.98).

Risk factors for SDB in veterans

Comorbidity factor. Results regarding the comorbidity factor for SDB in veterans is
reported in Fig 4. PTSD had no significant influence on SDB risk (OR = 1.36; 95%CI 0.60 to
3.05).

Risk factors for insomnia in active-duty personnel

Sociodemographic factors. Results regarding the sociodemographic effect on insomnia
risk in active-duty personnel are reported in Fig 5. Aging (OR =1.29 95%CI 1.12 to 1.48), hav-
ing alcohol dependence (OR = 1.76 95%CI 1.40 to 2.21), and being white (OR = 1.36 95%CI
1.12 to 1.65) showed higher risk for insomnia. Males participants were at lower risk for devel-
oping insomnia (OR = 0.47 95%CI 0.27 to 0.82).

Army-specific factors. Results of army-specific effect on insomnia risk are reported in
Fig 6. Deployment experience (OR = 1.60, 95%CI 1.27 to 2.02) and combat exposure
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Odds Ratio Odds Ratio
Study or Subgroup __log[Odds Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
1.1.1 Male gender
Pilakasiri2018 -0.446 0484 21.8% 0.64 [0.25, 1.65] - =
Mysliwiec 2013 1.896 0.394 23.8% 6.66 [3.08, 14.41] —
Langton2016 0.793 0.024 29.4% 2.21[2.11, 2.32] u
Foster2017 2.083 0.341 25.0% 8.03 [4.12, 15.66] N
Subtotal (95% Cl) 100.0% 3.03 [1.27, 7.23] g

Heterogeneity: Tau? = 0.67; Chi? = 28.61, df = 3 (P < 0.00001); I> = 90%
Test for overall effect: Z =2.50 (P = 0.01)

1.1.2 Overweight/obesity

Pilakasiri2018 0.846 0.297 24.3% 2.33[1.30, 4.17] —
Langton2016 0.626 0.014 37.8% 1.87[1.82, 1.92] B
Caldwell2019 1.188 0.008 37.9% 3.28[3.23, 3.33] B
Subtotal (95% CI) 100.0% 2.44[1.51, 3.94] D

Heterogeneity: Tau? = 0.16; Chi2 = 1215.25, df = 2 (P < 0.00001); 12 = 100%
Test for overall effect: Z = 3.65 (P = 0.0003)

1.1.3 More BMI index

Mysliwiec 2015 0.1906 0.083 29.2% 1.21[1.03, 1.42] -
Mysliwiec 2013 1215 0199 22.3% 3.37 [2.28, 4.98] —a—
Lee2013 1.052 02822 17.4% 2.86 [1.65, 4.98] —
Crump2019 0.6348 0.0093 31.1% 1.89 [1.85, 1.92] =
Subtotal (95% CI) 100.0% 2.03 [1.43, 2.87] <>

Heterogeneity: Tau? = 0.10; Chi? = 39.16, df = 3 (P < 0.00001); I> = 92%
Test for overall effect: Z = 4.00 (P < 0.0001)

1.1.4 Alcohol dependence

Pilakasiri2018 0122 0335 0.1% 1.13[0.59, 2.18] .
Caldwell2019 -0.062 0.011 99.9% 0.94 [0.92, 0.96] F
Subtotal (95% CI) 100.0% 0.94 [0.92, 0.96]

Heterogeneity: Tau? = 0.00; Chi? = 0.30, df =1 (P = 0.58); = 0%
Test for overall effect: Z = 5.62 (P < 0.00001)

1.1.5 >35y
Pilakasiri2018 0.765 0.324 19.0% 2.15[1.14, 4.06] ——
Langton2016 1176  0.02 81.0% 3.24[3.12, 3.37] [
Subtotal (95% CI) 100.0% 3.00 [2.18, 4.11] -

Heterogeneity: Tau? = 0.03; Chi> = 1.60, df =1 (P = 0.21); I? = 38%
Test for overall effect: Z = 6.80 (P < 0.00001)

0.05 0.2 1 5 20
Decreased risk Increased risk

Test for subaroup differences: Chi? = 91.84. df = 4 (P < 0.00001). 1> = 95.6%
Fig 2. Sociodemographic factors for SDB in active-duty personnel.

https://doi.org/10.1371/journal.pone.0250779.9002

(OR =1.92,95%CI 1.38 to 2.67) led to higher insomnia risk. The total effect of army-specific

factors showed a significant increase of insomnia risk (OR = 1.71, 95%CI 1.39 to 2.10).
Comorbidity factors. Results of comorbidity effect for insomnia risk are reported in Fig

7. One included article in the PTSD category was identified as an outlier and excluded during
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Cases Controls Odds Ratio Odds Ratio
Study or Subgroup _Events  Total Events Total Weight M-H. Random. 95% ClI M-H, Random, 95% Cl
1.2.1 PTSD
Caldwell2019 10492 70418 71040 1511484 14.3% 3.55[3.47, 3.63] =
Mysliwiec 2013 41 96 349 629 10.2% 0.60 [0.39, 0.92] S
Subtotal (95% CI) 70514 1512113 24.5% 1.48 [0.26, 8.47] e ——
Total events 10533 71389
Heterogeneity: Tau? = 1.56; Chi? = 64.66, df = 1 (P < 0.00001); I = 98%
Test for overall effect: Z = 0.44 (P = 0.66)
1.2.2 TBI
Caldwell2019 7869 117899 155341 3045905 14.3% 1.33[1.30, 1.36] .
Kanefsky2019 17 36 47 82 6.2% 0.67 [0.30, 1.46] I
Mysliwiec 2013 51 93 339 632 10.2% 1.05[0.68, 1.63] R
Subtotal (95% ClI) 118028 3046619 30.6% 1.15 [0.85, 1.56] <>
Total events 7937 155727
Heterogeneity: Tau? = 0.04; Chi? = 4.09, df =2 (P = 0.13); I’ = 51%
Test for overall effect: Z =0.88 (P = 0.38)
1.2.3 Depression
Caldwell2019 18803 204383 61988 1377519 14.3% 2.15[2.11, 2.19] =
Mysliwiec 2013 81 98 309 400 8.4% 1.40[0.79, 2.49] T
Subtotal (95% CI) 204481 1377919  22.7% 1.92 [1.33, 2.78] 2
Total events 18884 62297
Heterogeneity: Tau? = 0.05; Chi?=2.13, df =1 (P = 0.14); I? = 53%
Test for overall effect: Z = 3.46 (P = 0.0005)
1.2.4 Anxiety
Caldwell2019 19354 195498 61002 1386404 14.3% 2.39[2.35, 2.43] =
Mysliwiec 2013 58 72 331 426  7.8% 1.19[0.64, 2.23] s
Subtotal (95% ClI) 195570 1386830 22.1% 1.81 [0.93, 3.54] .
Total events 19412 61333
Heterogeneity: Tau? = 0.19; Chi?2 =4.75, df =1 (P = 0.03); 2= 79%
Test for overall effect: Z=1.75 (P = 0.08)
Total (95% ClI) 588593 7323481 100.0% 1.53 [1.18, 1.98] <&
Total events 56766 350746
Heterogeneity: Tau? = 0.12; Chi2 = 3742.12, df = 8 (P < 0.00001); I> = 100% 0_65 sz ] 5 2’0

Test for overall effect: Z = 3.21 (P = 0.001)
Test for subaroup differences: Chi2 = 4.89. df =3 (P =0.18). 12 = 38.7%

Decreased risk Increased risk

Fig 3. Comorbidity factors for SDB in active-duty personnel.
https://doi.org/10.1371/journal.pone.0250779.g003

data analysis [13]. Depression (OR = 4.50, 95%CI 1.57 to 12.87), PTSD (OR = 6.21, 95% 3.84
t0 10.02), TBI (OR = 1.79, 95%CI 1.75 to 1.82), and anxiety (OR = 4.14, 95%CI 2.01 to 8.50)
could increase insomnia risk. Total effect of the four comorbidities was found to increase
insomnia risk with a relatively large effect (OR = 3.61, 95%CI 2.82 to 4.63).

Risk factors for insomnia in veterans

Sociodemographic factors. Results of sociodemographic factors for insomnia risk in vet-
erans are reported in Fig 8. Being white (OR = 0.64, 95%CI 0.52 to 0.78) was related to lower
insomnia risk. Aging (OR = 0.90, 95%CI 0.52 to 1.57), marriage (OR = 1.00, 95%CI 0.70 to
1.43), and male gender (OR = 0.94, 95%CI 0.79 to 1.12) had no significant influence for insom-
nia risk.
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Cases

Study or Subgroup Events Total

2.1.1 PTSD comorbidity

Baird2013 45
Igbal2016 111
Martindale2020 50
Subtotal (95% CI)

Total events 206

Heterogeneity: Tau? = 0.40; Chiz = 9.52, df = 2 (P = 0.009); 12 = 79%
Test for overall effect: Z = 0.74 (P = 0.46)

Total (95% Cl)
Total events 206

Heterogeneity: Tau? = 0.40; Chi? = 9.52, df =2 (P = 0.009); I> = 79% y
Test for overall effect: Z = 0.74 (P = 0.46)

108
132
115
355

355

Controls Odds Ratio Odds Ratio
Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI
22 106 34.7% 2.73[1.49, 5.00] —
75 82 28.0% 0.49 [0.20, 1.22] — &
60 178 37.3% 1.51 [0.93, 2.45] I
366 100.0% 1.36 [0.60, 3.05] -
157

366 100.0% 1.36 [0.60, 3.05] e
157

0.05 0.2 1 5 20
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Test for subaroub differences: Not aoplicable

Fig 4. Comorbidity factor for SDB in veterans.

https://doi.org/10.1371/journal.pone.0250779.9004

Army-specific factors. Results of army-specific effect on insomnia risk in veterans are
reported in Fig 9. Combat experience was associated with greater risk of developing insomnia
(OR =2.10, 95%CI 1.70 to 2.61). Experience of serving in military had no effect on insomnia
risk (OR = 0.89, 95%CI 0.41 to 1.92). The total effect of army-specific showed no significant
influence on insomnia risk (OR = 1.37, 95%CI 0.78 to 2.41).

Comorbidity factors. Results of comorbidities for insomnia risk in veterans are reported
in Fig 10. The final merged results revealed that PTSD (OR = 5.59, 95%CI 1.48 to 21.20) could
increase insomnia risk while TBI (OR = 1.51, 95%CI 0.87 to 2.61) had no influence on the risk
of developing insomnia. The total effect of the two comorbidities demonstrated a tendency to
increase insomnia risk (OR = 3.28, 95%CI 1.31 to 8.23).

Discussion

The pooled outcomes identified four sociodemographic (i.e., overweight/obesity, higher BMI,
male gender, >35 years old) and one comorbidity (i.e., depression) risk factors for SDB in
active duty personnel; four sociodemographic (i.e., aging, alcohol dependence, white race and
female gender), two army-specific (i.e., deployment experience, combat experience), and four
comorbidity (i.e., depression, PTSD, TBI and anxiety) risk factors for insomnia in active duty
personnel; and one army-specific (i.e., combat experience) and one comorbidity (i.e., PTSD)
risk factor for insomnia in veterans.

Gaining more weight (i.e., obesity or higher BMI) was associated with higher SDB risk in
active-duty personnel with a medium effect size. This outcome is similar to evidence provided
in previous studies and suggests that it is quite important for military personnel to maintain
proper weight because it impacts not only their ability to fight but also SDB risk. Alcohol
dependence showed higher insomnia risk (OR = 1.76 95%CI 1.4 to 2.21) and a small but signif-
icant decrease of SDB risk (OR = 0.94 95%CI 0.92 to 0.96) in active-duty personnel. However,
we think more articles are needed in the future to reach a more accurate and convincing con-
clusion considering that only two articles were included in this latter analysis.

Age plays an important role in the development of soldiers’ retirement policy with the con-
sideration that soldiers could be at higher risk for many disorders including SDB when older
than a certain age. In the current analysis, pooled evidence showed 3-times-higher SDB risk
for active-duty personnel and 3.64-times-higher SDB risk for veterans older than 35 years old.
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 Older
Mysliwiec 2013 0.4172 0.222 10.0% 1.52[0.98, 2.35] =
Taylor2016 0.2358 0.074 90.0% 1.27 [1.10, 1.46] ’
Subtotal (95% CI) 100.0% 1.29 [1.12, 1.48]

Heterogeneity: Tau? = 0.00; Chi? = 0.60, df =1 (P = 0.44); = 0%
Test for overall effect: Z = 3.62 (P = 0.0003)

3.1.2 Alcohol dependence

Caldwell2019 0.365 0.009 36.0% 1.44 [1.42,1.47] u
Kalingaman2017 0.5306 0.0495 33.8% 1.70 [1.54, 1.87] .
Taylor2016 0.842 0.085 30.2% 2.32[1.96, 2.74] i

Subtotal (95% CI)

Heterogeneity: Tau? = 0.04; Chi? = 41.30, df = 2 (P < 0.00001); 1> = 95%
Test for overall effect: Z = 4.88 (P < 0.00001)

3.1.3 White

Kalingaman2017 0.3075 0.1042 91.1% 1.36 [1.11, 1.67] Il
Taylor2016 0.27 0.3342 8.9% 1.31[0.68, 2.52] S
Subtotal (95% CI) 100.0% 1.36 [1.12, 1.65] 2

Heterogeneity: Tau? = 0.00; Chi?>=0.01, df=1 (P =0.91); = 0%
Test for overall effect: Z = 3.06 (P = 0.002)

3.1.4 Male gender

Foster2017 -1.514 0.384 19.5% 0.22[0.10, 0.47] =
Kalingaman2017 -0.3425 0.0465 29.8% 0.71[0.65, 0.78] .
Mysliwiec 2013 -1.6607 0.2953 22.7% 0.19[0.11, 0.34] -
Taylor2016 0.049 0.139 28.0% 1.05[0.80, 1.38] =

Subtotal (95% CI)

Heterogeneity: Tau? = 0.27; Chi? = 37.15, df = 3 (P < 0.00001); I> = 92%
Test for overall effect: Z = 2.66 (P = 0.008)

100.0% 1.76 [1.40, 2.21] <&

100.0% 0.47 [0.27, 0.82] -
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Fig 5. Sociodemographic factors for insomnia in active-duty personnel.

https://doi.org/10.1371/journal.pone.0250779.9005

As soldiers aged, insomnia risk increased in the active-duty personnel group. More studies are
needed to confirm the age point where the steepest turning point of risk for SDB or insomnia
appears and could help guide policy development.

Merely serving in the military does not increase insomnia risk for veterans. However,
deployment experience and combat experience could increase insomnia risk. These outcomes
indicate that influences that lead to higher risk of insomnia come from deployment or combat
experience rather than military serving experience. Thus, future research should break down
deployment and combat experiences into more specific categories of possible influences to fig-
ure out which factor plays a more important role in the developing of insomnia.

The effects of comorbidities on insomnia risk in active-duty personnel were quite remark-
able. Patients with any of the four comorbidities (i.e., depression, PTSD, TBI, anxiety) were
3.61 times more likely to develop insomnia compared with healthy controls in active-duty per-
sonnel. This result suggests more concern or even early preventive treatment should be given
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
3.2.1 Deployment experience
Adrian2018 047 0.166 15.9% 1.60 [1.16, 2.22] e
Adrian2018 0.7885 0.1687 15.7% 2.20 [1.58, 3.06] B
Kalingaman2017 0.3075 0.0414 25.0% 1.36 [1.25, 1.47] -
Mysliwiec 2013 0.4187 0.2598 10.1% 1.52[0.91, 2.53] T
Subtotal (95% CI) 66.7% 1.60 [1.27, 2.02] ‘

Heterogeneity: Tau? = 0.03; Chi? = 8.38, df = 3 (P = 0.04); I = 64%

Test for overall effect: Z = 3.93 (P < 0.0001)

3.2.2 Combat experience

Adrian2018 0.4886 0.1525 16.9% 1.63 [1.21, 2.20] -
Adrian2018 0.8242 0.1586 16.4% 2.28 [1.67, 3.11] ——
Subtotal (95% CI) 33.3% 1.92 [1.38, 2.67] <>

Heterogeneity: Tau? = 0.03; Chi?2=2.33,df=1 (P =0.13); I?=57%

Test for overall effect: Z = 3.90 (P < 0.0001)

Total (95% Cl)

100.0%

1.71 [1.39, 2.10]

Heterogeneity: Tau? = 0.04; Chi? = 17.59, df =5 (P = 0.004); I = 72%

Test for overall effect: Z = 5.05 (P < 0.00001)
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Fig 6. Army-specific factors for insomnia in active-duty personnel.

https://doi.org/10.1371/journal.pone.0250779.9006

to soldiers with these comorbidities even when they do not exhibit relevant symptoms. In con-
trast, effects of comorbidity factors on SDB risk were mostly insignificant. The only exception
is that depression could increase SDB risk in active-duty personnel. However, considering
only two to three studies were included in the analysis of comorbidity factors for SDB risk,
results of this section should be updated when more studies are available in the future.

Combat experience could bring higher insomnia risk for both of the two groups. However,
the effect of some factors on insomnia risk could differ in veteran and active-duty personnel
groups. Aging is a risk factor for insomnia in active-duty personnel while no significant result
was observed in veterans. White people were less likely to develop insomnia in veterans while
the opposite result was observed in active-duty personnel. TBI brought higher insomnia risk
in active-duty personnel while no significant effect of TBI was observed in veterans. Three pos-
sible factors may explain this situation: First, symptoms of comorbidities (e.g., TBI) caused by
military service gradually improve over time after proper treatment. Second, the life and work
environments of veterans and active-duty personnel are totally different, so potential influenc-
ing factors could serve as mediators to influence the relationship between risk factors and out-
comes. Third, the number of included studies is insufficient, and the results may be biased.
More in-depth comparison between veteran and active-duty personnel is not yet possible, as
many factors could only be analyzed in one group since suitable articles are limited. Data on
risk factors for SDB in veterans is most insufficient with PTSD being the only analyzable fac-
tor, making the comparison of SDB risk between active-duty personnel and veterans
impossible.

Strengths and limitations

Systematic search strategy was used to get comprehensive records in four databases, and arti-
cles of different countries were included. The search terms were identified after careful
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Study or Subgroup

3.3.1 Depression
Caldwell2019
Mysliwiec 2013
Taylor2016
Subtotal (95% CI)

log[Odds Ratio]

SE Weight

1.102 0.006 9.7%
0.896 0.307 6.2%
2466 0.103 9.1%
25.0%

Odds Ratio

IV, Random, 95% CI

Odds Ratio
IV, Random, 95% CI

3.01[2.97, 3.05]

2.45[1.34, 4.47)
11.78 [9.62, 14.41]
4.50 [1.57, 12.87]

Heterogeneity: Tau? = 0.83; Chi? = 175.25, df = 2 (P < 0.00001); I? = 99%
Test for overall effect: Z =2.81 (P = 0.005)

3.3.2PTSD
Caldwell2019
Mysliwiec 2013
Taylor2016
Subtotal (95% CI)

1.589 0.009

-0.416 0.204

2.078 0.088

9.7%

9.3%
19.0%

4.90 [4.81, 4.99]
Not estimable
7.99[6.72, 9.49]
6.21 [3.84, 10.02]

Heterogeneity: Tau? = 0.12; Chi? = 30.56, df = 1 (P < 0.00001); I? = 97%
Test for overall effect: Z =7.47 (P < 0.00001)

3.3.3TBI
Caldwell2019
Kanefsky2019
Mosti2019
Mysliwiec 2013
Subtotal (95% CI)

0.588 0.003
1.172 0.417
0.571 0.004

0.3 0.242

9.7%
4.7%
9.7%
7.2%
31.3%

1.80 [1.79, 1.81]
3.23[1.43, 7.31]
1.77 [1.76, 1.78]
1.35[0.84, 2.17]
1.79 [1.75, 1.82]

Heterogeneity: Tau? = 0.00; Chi? = 14.92, df = 3 (P = 0.002); I1> = 80%
Test for overall effect: Z = 64.59 (P < 0.00001)

3.3.4 Anxiety
Caldwell2019
Mysliwiec 2013
Taylor2016
Subtotal (95% CI)

1.2563 0.003
0.718 0.333
2.146 0.096

9.7%
5.8%
9.2%
24.7%

3.50 [3.48, 3.52]
2.05[1.07, 3.94]
8.55 [7.08, 10.32]
4.14 [2.01, 8.50]

Heterogeneity: Tau? = 0.37; Chi? = 89.03, df = 2 (P < 0.00001); I*> = 98%
Test for overall effect: Z = 3.87 (P = 0.0001)

Total (95% CI)

100.0%

3.61 [2.82, 4.63]

Heterogeneity: Tau? = 0.17; Chi? = 38999.79, df = 11 (P < 0.00001); I12 = 100%
Test for overall effect: Z =10.11 (P < 0.00001)
Test for subaroup differences: Chi? = 34.14. df = 3 (P < 0.00001). 12 =91.2%

Fig 7. Comorbidity factors for insomnia in active-duty personnel.
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discussions and consultations among researchers. There was no similar meta-analyses or
reviews exploring the risk factors for sleep disorder in a military sample to our knowledge, so
this research provided findings of practical significance and could help to guide future

research.

Nevertheless, several limitations could not be ignored. More than half of the studies
included were cross-sectional, and as a result, the ability to explain the causal relationships
between these factors and sleep disorders was restricted. Considering the number of studies
could be quite small after sorted into different subgroups, relatively lenient entry criteria were
drawn up to ensure a sufficient number of articles to get meaningful results. Consequently,
many outcomes were accompanied by high heterogeneity because assessment tools varied
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI 1V, Random, 95% Cl
4.1.1 Older
Colvonen2020 0.16324 0.02806 53.1% 1.18 [1.11, 1.24] L
Martin2017 -0.399 0.1435 46.9% 0.67 [0.51, 0.89] L)
Subtotal (95% ClI) 100.0% 0.90 [0.52, 1.57]
Heterogeneity: Tau? = 0.15; Chi? = 14.79, df = 1 (P = 0.0001); I = 93%
Test for overall effect: Z = 0.36 (P = 0.72)
4.1.2 Married
Colvonen2020 0.166 0.056 55.2% 1.18 [1.06, 1.32] L
Gaffey2020 -0.198 0.13 44.8% 0.82[0.64, 1.06]
Subtotal (95% CI) 100.0% 1.00 [0.70, 1.43]
Heterogeneity: Tau? = 0.06; Chi? =6.61, df =1 (P = 0.01); I? = 85%
Test for overall effect: Z = 0.02 (P = 0.99)
4.1.3 White
Colvonen2020 -0.545 0.084 55.5% 0.58 [0.49, 0.68] =
Gaffey2020 -0.416 0.133 36.0% 0.66 [0.51, 0.86] -
Martin2017 0.039 0.338 8.6% 1.04 [0.54, 2.02] -
Subtotal (95% ClI) 100.0% 0.64 [0.52, 0.78] L 2
Heterogeneity: Tau? = 0.01; Chi? = 3.18, df =2 (P = 0.20); I = 37%
Test for overall effect: Z = 4.30 (P < 0.0001)
4.1.4 Male gender
Cairns2017 -0.3011 0.2086 10.6% 0.74 [0.49, 1.11] /T
Colvonen2020 -0.12783 0.07172637 20.7% 0.88[0.76, 1.01] il
Gaffey2020 -0.03 0.127 16.2% 0.97 [0.76, 1.24] =
Hermes2014 0.0583 0.0072 23.7% 1.06 [1.05, 1.08] r
Lopez2013 0.5822 0.51374  2.8% 1.79 [0.65, 4.90] -
Sandman2013 -0.274 0.057 21.7% 0.76 [0.68, 0.85] -
Scoglio2017 0.693 0.391 4.4% 2.00[0.93, 4.30] 1
Subtotal (95% CI) 100.0% 0.94 [0.79, 1.12]
Heterogeneity: Tau? = 0.03; Chi? = 46.78, df = 6 (P < 0.00001); I> = 87%
Test for overall effect: Z = 0.68 (P = 0.49)
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Fig 8. Sociodemographic factors for insomnia in veterans.

https://doi.org/10.1371/journal.pone.0250779.9008

across studies. Outliers were identified and excluded to reduce heterogeneity, while
further subgroup analysis could not be performed due to the much-detailed grouping in this
study.

Implications

In this preliminary meta-analysis, several risk and protective factors for insomnia and SDB
were identified, providing deeper views into detection of those at higher risk of developing
sleep disorders in military group and guidance for future research. However, the lack of usable
data was quite prominent and there would be an urgent need for prospective cohort studies of
risk factors for sleep impairment in the military sample.
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Odds Ratio Odds Ratio
Study or Subgroup __log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% Cl
4.2.1 Combat experience
Colvonen2020 0.631 0.054 25.1% 1.88 [1.69, 2.09] L
Sandman2013 0.85 0.036 25.2% 2.34[2.18, 2.51] "
Subtotal (95% CI) 50.4% 2.10 [1.70, 2.61] L 2
Heterogeneity: Tau? = 0.02; Chi? = 11.39, df = 1 (P = 0.0007); 1> =91%
Test for overall effect: Z = 6.80 (P < 0.00001)
4.2.2 Served in military
Cairns2017 0.2776 0.0924 24.7% 1.32[1.10, 1.58] -
Pettersson2016 -0.5108 0.0722 24.9% 0.60 [0.52, 0.69] ks
Subtotal (95% CI) 49.6% 0.89 [0.41, 1.92] -
Heterogeneity: Tau? = 0.30; Chi? = 45.20, df = 1 (P < 0.00001); I> = 98%
Test for overall effect: Z=0.30 (P = 0.76)

Total (95% ClI)

100.0%
Heterogeneity: Tau? = 0.33; Chi? = 295.86, df = 3 (P < 0.00001); I = 99% !
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Fig 9. Army-specific factors for insomnia in veterans.
https://doi.org/10.1371/journal.pone.0250779.9009
Cases Controls Odds Ratio Odds Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Random, 95% CI M-H., Random, 95% ClI
4.3.1 PTSD
Colvonen2020 1672 1792 1403 3606 13.3% 21.88[17.97, 26.64] -
Gaffey2020 169 360 204 749 13.3% 2.36 [1.82, 3.07] -
Hu2020 72 76 531 997 11.5% 15.80 [5.73, 43.57] -
King2017 19 23 27 47 10.8% 3.52[1.04, 11.96] [
Martindale2020 34 115 32 178 12.8% 1.92[1.10, 3.33] =
Subtotal (95% CI) 2366 5577 61.7% 5.59 [1.48, 21.20] —l—
Total events 1966 2197
Heterogeneity: Tau? = 2.17; Chi? = 217.03, df =4 (P < 0.00001); I> = 98%
Test for overall effect: Z=2.53 (P = 0.01)
4.3.2 TBI
Colvonen2020 1048 1349 2450 4017 13.4% 2.23[1.93, 2.57] bt
King2017 20 36 27 47 12.0% 0.93[0.39, 2.22]
Martindale2020 61 153 49 140 12.9% 1.23[0.77, 1.98] B
Subtotal (95% ClI) 1538 4204 38.3% 1.51 [0.87, 2.61] S
Total events 1129 2526
Heterogeneity: Tau? = 0.17; Chi? = 8.85,df =2 (P =0.01); P =77%
Test for overall effect: Z = 1.47 (P = 0.14)
Total (95% ClI) 3904 9781 100.0% 3.28 [1.31, 8.23] i
Total events 3095 4723
Heterogeneity: Tau? = 1.65; Chi? = 429.62, df = 7 (P < 0.00001); I = 98% ‘0 - o= " ; 1’0 50’
Test for overall effect: Z =2.53 (P = 0.01) ’ Décreased A —
Test for subaroup differences: Chi2 = 3.17. df =1 (P = 0.07). 1> = 68.5%
Fig 10. Comorbidity factors for insomnia in veterans.
https://doi.org/10.1371/journal.pone.0250779.9010
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