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Study Objectives: Examine the relationship between self-reported sleep parameters and indicators of resilience in a US military population (n = 55,021).
Methods: Longitudinal analyses (2001-2008) were conducted using subjective data collected from Millennium Cohort Study questionnaires and objective
data from military records that included demographics, military health, and deployment information. Subjective sleep duration and insomnia symptoms

were collected on the study questionnaire. Resilience metrics included lost work days, self-rated health, deployment, frequency and duration of health care
utilization, and early discharge from the military. Generalized estimating equations and survival analyses were adjusted for demographic, military, behavioral,

and health covariates in all models.

Results: The presence of insomnia symptoms was significantly associated with lower self-rated health, more lost work days, lower odds of deployment,
higher odds of early discharge from military service early, and more health care utilization. Those self-reporting < 6 h (short sleepers) or > 8 h (long sleepers)
of sleep per night had similar findings, except for the deployment outcome in which those with the shortest sleep were more likely to deploy.

Conclusions: Poor sleep is a detriment to service members’ health and readiness. Leadership should redouble efforts to emphasize the importance of
healthy sleep among military service members, and future research should focus on the efficacy of interventions to promote healthy sleep and resilience in

this population.

Commentary: A commentary on this article appears in this issue on page 963.
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Significance

This paper is the first to examine whether sleep, a modifiable factor, is predictive of resilience among a military population. We examined several
outcomes that are indicators of resilience, including lost work days, self-rated health, deployment, early separation from the military, and healthcare
utilization in relation to sleep duration and insomnia symptoms. Results showed that those reporting insomnia symptoms were less resilient. The
relationship between resilience and sleep duration was less clear, but generally revealed a U-shaped association with both short and long sleepers less
resilient than those sleeping 7 h per night. Recommendations include education on the effects of sleep on health, well-being, and operational readiness;
and implementation of interventions designed to promote and maintain healthy sleep in this population.

INTRODUCTION
For many military service members, the past decade has been
characterized by multiple deployments to combat zones, with
multiple exposures to the considerable psychological and
physical stressors that characterize asymmetric warfare. Ac-
cordingly, the military has become increasingly focused on
enhancing resilience, “the mental, physical, emotional, and
behavioral ability to face and cope with adversity, adapt to
change, recover, learn, and grow from temporary setbacks”
of service members.! Although definitions of resilience can
often infer one’s ability to bounce back from a specific adverse
event, the current programs the military employ are focused
on being resilient to a number of adverse events ranging from
major traumas to daily stressors. Programs such as the Army
Resilience program have been developed as population-based
prevention programs in which all soldiers are required to partic-
ipate, and are aimed at teaching service members to be resilient
to a number of potential stressors such as deployment, relation-
ship problems, and daily hassles. One modifiable factor that
may contribute to resilience among service members is sleep.
Military service men and women are especially prone to sleep
loss and sleep disruption® and this is likely due to the nature
of military operations, which commonly require shiftwork and
rapid deployment across multiple time zones and field training
or sea duty (i.e., nonsleep- conducive environments), as well as
potential comorbidities. Research among civilian populations
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suggests that long-term sleep restriction and/or sleep disruption
are associated with many physical and psychological problems,
including mood disturbances and other mental illness, meta-
bolic syndrome/weight gain/obesity, diabetes, and heart disease
as well as risk-taking behavior, emotional lability, and gener-
ally reduced levels of alertness and cognitive performance.®'
Additionally, among military and veteran populations, poor
sleep and insomnia have been associated with posttraumatic
stress disorder (PTSD), pain, depression, mood, and hyper-
tension**'>'® Thus, promotion of healthy sleep has become a
primary objective of Healthy People 2020, a program initiated
by the US Department of Health and Human Services aimed
at identifying and prioritizing the nation’s leading health pro-
motion and disease prevention goals.”” In addition, sleep has
been afforded “equal billing” with exercise and nutrition as one
of the three pillars of the US Army Surgeon General’s public
health campaign, the Performance Triad."

The Millennium Cohort Study,'** a prospective study of
mental and physical health among US service members that
began in 2001, provides an important data source that allows
the longitudinal investigation of the association between self-
reported sleep parameters and a variety of health, behavioral,
and career outcomes. Although a recent study revealed that
35% to 65% of military service members experience no symp-
toms, or only transient negative effects of deployment,*' pre-
vious analyses of Millennium Cohort data have revealed that

Sleep and Resilience—Seelig et al.



predeployment reports of sleep disturbance are predictive of
postdeployment mental health problems (e.g., PTSD, depres-
sion, anxiety).”> These findings suggest that although resilience
to deployment-related stressors may be common for some ser-
vice members, predeployment sleep disturbance constitutes a
significant risk factor for postdeployment problems.

Findings from civilian epidemiological studies suggest a
variety of factors associated with resilience, although the fac-
tors that determine individual resilience in a military popu-
lation remain largely unknown. A study of civilians revealed
that those who were resilient after personally experiencing the
events of 9/11 were significantly less likely to be female, have
depression, or use marijuana; were middle aged (4554 y) and
significantly more likely to be in the highest income group
($100,000+).2 Additionally, those with a history of trauma
prior to 9/11 and those who experienced additional trauma or
stressors after 9/11 were less likely to be resilient.”* Unfortu-
nately, these studies did not account for sleep prior to a trau-
matic event or prior to the onset of psychological symptoms.
Additionally, these studies took into account resilience among
civilians following potentially traumatic events, such as the
death of a family member or living in New York City on 9/11,
but the experiences of US service members, especially those
deployed to combat zones, are undoubtedly different. In addi-
tion to the stressful experiences of the general population such
as financial problems, death of a loved one, illness, marital
stress, and many others, military service members have ad-
ditional stressors unique to deployments and combat exposure;
and frequent moves that may involve long separations from
family. In addition to these occupational experiences being
stressful, they are frequently not controlled by the service
member due to service time obligations.

Due to the diverse experiences of service members, resil-
ience is difficult to measure. As such, the current study exam-
ined a diverse set of physical, psychological, and behavioral
indicators of resilience as outcome measures to represent this
multifaceted construct in a military population-based cohort.*
The hypotheses tested in this study are as follows: service
members with the shortest sleep and those with insomnia
symptoms are more likely to (A) report worse self-rated gen-
eral health, (B) have more lost work days, (C) not deploy, (D)
leave military service prior to completion of one’s service term,
and (E) have more healthcare visits and/or days hospitalized
compared to those with healthy sleep patterns.

METHODS

Study Population

The study population consists of participants of the Millen-
nium Cohort Study. Briefly, the Millennium Cohort Study
includes men and women from all branches of military ser-
vice, as well as Reservists and National Guardsmen, and fol-
lows these participants over time using questionnaires, even
after they have left the military. Additional details regarding
study methodology have been published elsewhere.*?*? Be-
ginning in mid-2001, more than 200,000 military personnel
on active service rosters were invited to participate in the first
panel of the Millennium Cohort Study and 77,047 (36.0%)
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enrolled. After the initial enrollment of these participants, ad-
ditional subjects were enrolled in subsequent panels, but only
those subjects enrolled in the first panel who completed the
first follow-up survey (n = 55,021) were eligible for the current
analyses to allow for longitudinal modelling.

The variation in study samples for the models assessing
general health (n = 50,425), lost work days (n = 51,622), and
deployment (n = 52,021) is due to differences in the number
missing each outcome. The study population for models ex-
amining separation from military (n = 22,196), medical visits
(n = 10,190), and hospitalizations (n = 10,613) were restricted
to active duty personnel as these data are incomplete for Re-
serve/Guard. Additionally, the medical outcome populations
were further restricted to those who had completed three
consecutive surveys to ensure equal follow-up time for these
outcomes.

Sleep Measures
Sleep duration and insomnia symptoms were the independent
variables for all hypotheses tested in this study. Both sleep mea-
sures were collected from the Millennium Cohort Study ques-
tionnaires. Sleep duration was determined with the question:
“Over the past month, how many hours of sleep did you get in
an average 24-h period?” Participants indicated their number
of sleep hours in 1-h increments. The variable was categorized
into five levels: < 6, 6, 7, 8, or > 8 h. The reference group was
7 h based on prior examinations of this cohort that found the
majority of participants sleep 6—7 h per night, and based on
prior research suggesting that 7 h is a healthy sleep duration
for many people.*??¢?" Insomnia symptoms were assessed
using questions from two validated instruments, the PRIME-
MD Patient Health Questionnaire (PHQ) for anxiety screen
and the PTSD Checklist—Civilian Version (PCL-C).?** The
PHQ includes the item: “Over the last 4 weeks, how often have
you experienced trouble falling asleep or staying asleep?” with
three response options: “not at all,” “several days,” or “more
than half the days.” The PCL-C includes the item: “In the past
month, have you had trouble falling asleep or staying asleep?”’
with five response options: “not at all,” “a little bit,” “moder-
ately,” “quite a bit,” or “extremely.” Participants with insomnia
symptoms were defined as those who responded “moderately”
or higher on the PCL-C sleep item or “several days” or more
on the PHQ anxiety sleep item. Due to the different response
options and skip patterns included in these questions, the two
insomnia measures were combined, with participants catego-
rized as having no insomnia symptoms (reference group), in-
somnia symptoms on one screening instrument, or insomnia
symptoms on both screening instruments.*%343

For the main analyses, sleep duration and insomnia symp-
toms were assessed as two separate variables. In addition, sub-
analyses were conducted to evaluate the combined effects of
both measures. Sleep duration and insomnia symptoms were
combined into five categories: healthy sleep (7-8 h and no
insomnia symptoms), short sleep only (6 h or less per night
and no insomnia), insomnia only (78 h of sleep and insomnia
symptoms), short sleep and insomnia (6 h or less per night
and insomnia), and long sleep (sleep greater than 8 h, with or
without insomnia).
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In addition to the independent variables of interest, sleep du-
ration and insomnia symptoms, sleep apnea was also included
in these models as a covariate. Sleep apnea was defined as an
affirmative response of being told by a doctor or other medical
professional that the study participant had the condition.

Resilience Outcome Measures
Several physical and mental variables were evaluated as in-
dices of resilience.

Self-Rated General Health

Hypothesis A: Those who report short sleep or insomnia symp-
toms are more likely to have worse self-rated general health.
Self-rated general health was assessed using a one-item ques-
tion on the Medical Outcomes Study 36-Item Short Form Health
Survey for Veterans**¥ (SF-36V): “In general, would you say
your health is?”; response options were excellent, very good,
good, fair, and poor. For these analyses, the response options
were collapsed into excellent/very good, good, and fair/poor.**

Lost Work Days

Hypothesis B: Those who report short sleep or insomnia symp-
toms are more likely to have more lost work days. Lost work
days were assessed using the Millennium Cohort survey ques-
tion, “Over the past 3 years, approximately how many days
were you unable to work or perform your usual activities be-
cause of illness or injury? (excluding lost time for pregnancy
or childbirth).” The response options were none, 1 day, 2-5
days, 6-10 days, 11-15 days, 16-20 days, 21 days or more,
and were categorized into four groups: none, 1-5 days (1 work
week), 620 days (2—4 work weeks), 21+ days (more than 4
work weeks).

Deployment

Hypothesis C: Those who report short sleep or insomnia symp-
toms are less likely to deploy. Given that predeployment health
assessments and training must be completed in order to be
eligible for deployment, passing these assessments provides
some assurance of nominal physical and mental fitness prior
to deployment. The Defense Manpower Data Center (DMDC)
provided electronic personnel files including in and out of the-
ater deployment dates. Deployment (yes/no) was defined as de-
ployment in support of the operations in Iraq and Afghanistan
that occurred after enrollment in the Cohort.

Completion of Service Term

Hypothesis D: Those who report short sleep or insomnia symp-
toms are more likely to separate from the military prior to com-
pleting their service term. A service member may choose or be
asked to leave service prior to the completion of their obligated
term for a myriad of reasons. Thus, completing one’s term sug-
gests the individual was resilient to any obstacles causing early
attrition (separation). DMDC provided electronic personnel
files, including separation records. Separation from service
was assessed among active duty participants only because the
details regarding reasons for separation were limited to these
individuals. Reasons for separation from service and corre-
sponding dates were examined, and subjects were classified
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as either early separators or those who completed their service
term or were still on active duty.

Health Care Utilization

Hypothesis E: Those who report short sleep or insomnia
symptoms have more outpatient medical visits and/or longer
hospitalization. The Military Health System Data Repository
(MDR) provided electronic medical records for care received
at military treatment facilities as well as claims billed through
TRICARE, the health care benefit program used by active duty
military members. As such, health care provided outside of the
Military Health System for Reserve/National Guard members
and veterans could not be completely captured, so this outcome
was also assessed among only active duty subjects. Health care
utilization was defined in two ways: cumulative number of
days hospitalized and cumulative number of outpatient visits
from 20012008 using dates provided in MDR inpatient and
outpatient records.*** International Classification of Diseases,
Ninth Edition Diagnostic codes 630—679 and 740—799, which
include complications of pregnancy, childbirth or puerperium,
congenital anomalies, perinatal issues, and symptoms, signs,
and ill-defined conditions, were excluded from the outcomes.

Analytic Plan

Covariates

Several important demographic factors, military characteris-
tics, and behavioral and health variables that may affect in-
dices of resilience were examined in both the univariate and
multivariable analyses described below.

Demographic data (see Table 1 for categories) included sex,
age at study enrollment, race/ethnicity, highest educational
attainment, and marital status. Military-specific measures
included service branch, pay grade, service component, de-
ployment prior to study enrollment, combat deployment since
enrollment, and military occupation. All of the demographics,
as well as service branch, service component, pay grade, de-
ployment dates, and military occupation were determined
using DMDC records.

Combat exposure information was collected on the survey
and defined as at least one report of having personally wit-
nessed (1) death during war, disaster, or tragic event; (2) in-
stances of physical abuse; or having been exposed to (3) dead
or decomposing bodies, (4) maimed soldiers or civilians, and/
or (5) prisoners of war or refugees. These exposures were
evaluated at the time of the postdeployment survey, and were
determined to have occurred during the 3-y time frame over-
lapping their deployment.

Health and behavioral variables were collected from the
survey. Current smokers were those who reported smoking
at least 100 cigarettes in their lifetime and reported they had
either not tried to quit or had been unsuccessful at quitting.
Physical and mental component summary scores and self-rated
general health were determined using the SF-36V. Problem
drinking was collected from the PHQ 5-item measure of po-
tential alcohol abuse, and was defined by at least one affirma-
tive response to any of the five items indicating engagement in
risky drinking behaviors more than one time over the past year.
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Baseline Characteristics
Insomnia symptoms
None
Symptoms on 1 screen
Symptoms on both screens

Sleep duration, h
Less than 6
6
7
8
More than 8

Combat deployment®
Not deployed
Deployed without combat
Deployed with combat

Deployed prior to baseline
No
Yes

Sex
Male
Female

Age at study enrollment, y
18-24
25-34
35-44
45 and older

Race/ethnicity
White non-Hispanic
Black non-Hispanic
Other

Highest education attainment
Some college or less
Bachelor’s or higher

Marital status
Single
Married
Divorced/widowed/separated

Military pay grade
Enlisted
Officer

Table 1—Demographic, military, behavioral, and health characteristics of study population: overall and among active duty only (2001-2008).

Overall Study Active
Sample Duty Only
(n =52,021) (n =29,247)
n % n %
40,218 77.3 22,183 75.8
7,006 13.5 4170 14.3
4797 9.2 2894 99
7,720 14.8 5113 175
16,716 32.1 9,738 333
15,157 291 7974 273
9,607 185 4936 16.9
2821 54 1,486 5.1
37,813 727 20,442 69.9
7,069 13.6 4,347 14.9
7139 13.7 4,458 152
49,318 94.8 27,190 93.0
2,703 52 2,067 7.0
38,373 73.8 22,252 761
13,648 26.2 6,995 239
6,092 1.7 4,098 14.0
17,861 34.3 12,109 414
19,505 375 10,962 375
8,563 16.5 2,078 7.1
37,139 714 18,929 64.7
6,127 11.8 3,736 128
8,755 16.8 6,582 225
36,372 69.9 20,401 69.8
15,649 30.1 8,846 30.2
13,680 26.3 7,830 26.8
34,672 66.7 19,936 68.2
3,669 7.1 1481 51
37,755 72.6 20,906 71.5
14,266 27.4 8,341 285

Overall study population includes Panel 1 participants who completed 2 consecutive surveys (2001-2006) and are not missing covariate data. The
active duty population includes the subset of the overall study population who were on active duty at baseline. @ Insomnia symptoms were defined as
indicating “moderately” or higher on the Posttraumatic Stress Disorder Checklist-Civilian Version sleep item or “several days” or more on the Patient Health
Questionnaire (PHQ) anxiety screening tool sleep item. ® Combat exposure was defined as report of having personally witnessed (a) death during war,
disaster, or tragic event; (b) instances of physical abuse; or having been exposed to (c) dead or decomposing bodies; (d) maimed soldiers or civilians; and/
or (e) prisoners of war or refugees. ¢ The occupational category “other” includes electronic equipment repair, communications/intelligence, other technical
and allied professions, electrical/mechanical equipment repair, craft workers, and students, trainees, and other. “Defined using the Medical Outcomes Study
36-Item Short Form Health Survey for Veterans. ¢ Defined using the five-item alcohol screen on the PHQ.

Overall Study Active
Sample Duty Only
(n =52,021) (n =29,247)
Baseline Characteristics n % n %

Service component

Reserve/National Guard 22,774 438 0 0

Active duty 29,247 56.2 29,247 100
Branch of service

Army 24,696 475 11,655 39.9

Air Force 15,713 30.2 9,169 31.3

Navy and Coast Guard 9,454 18.2 6,738 23.0

Marine Corps 2,158 4.2 1685 58
Occupational category®©

Combat specialists 10,713  20.6 6,585 22.5

Health care specialists 5803 11.2 3,036 104

Admin/supply 14,884 28.6 7,565 25.9

Other 20,621 39.6 12,061 41.2
Mental component summary score ¢

Lowest 15% 7,777 15.0 4539 155

Middle 70% 36,438 70.0 20,445 69.9

Highest 15% 7,806 15.0 4263 14.6
Physical component summary score ¢

Lowest 15% 7,758 14.9 4787 164

Middle 70% 36,413 70.0 20,350 69.6

Highest 15% 7,850 15.1 4110 141
Body mass index, kg/m?

Less than 18.5 418 08 227 08

18.5-24.9 18,315 35.2 10,474 358

25.0-29.9 27,496 529 15,596 53.3

30 and more 5792 111 2,950 10.1
Current smoker

No 43576 83.8 24,391 834

Yes 8,445 16.2 4,856 16.6
Problem drinker/PHQ®

No 46,322 89.0 26,425 90.4

Yes 5699 11.0 2822 97
Sleep apnea

No 50,634 97.3 28,493 974

Yes 1,387 2.7 754 26

Statistical Analysis

Univariate examinations of both sleep variables (sleep duration
and insomnia symptoms) with each of the six study outcomes
were conducted. Subsequently, multivariable, longitudinal
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modeling techniques that take into account within-subject
correlation were used to examine the relationship between
healthy sleep and each of the outcomes as described in the next
paragraphs. For all models, the independent variables were
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measured at baseline and the outcome at the first follow-up.
For participants who had additional follow-up, time-varying
covariates were measured again at the first follow-up and the
outcome was measured again at the second follow-up.

For hypotheses A (Poor sleep is associated with worse self-
rated general health) and B (Poor sleep is associated with more
lost work days), generalized estimating equations models were
used with a cumulative logit distribution to accommodate the
ordinal response categories, and the odds ratios represented
inclusion in the next higher category, with very good/excel-
lent self-rated health and no lost work days as the lowest cat-
egories. Sleep measures, covariates, number of lost work days,
and self-rated health were allowed to vary over time in these
models. Additionally, the self-rated health model included one
additional variable, baseline general health, which contributed
to the variation in the number of participants. The dichoto-
mous outcome for hypothesis C (Poor sleep is associated with
deployment) required generalized estimating equations with
repeated measures to be employed to allow sleep measures,
covariates, and deployment status to vary over time.

For hypothesis D (Poor sleep associated with leaving mili-
tary service prior to completion of one’s service term), Cox
proportional hazards modeling was used for early separation
because exact dates of separation were available. Person-days
for each participant were calculated from the date of the base-
line survey to the date of separation, or the last completed
survey date for those remaining on active duty. Subjects were
categorized as early separators if they left military service prior
to completing their term of service and separated for a negative
reason, such as alcoholism, unsatisfactory performance, dis-
ability, or misconduct. Early separators were compared with
those who had completed their service obligation (retired or
separated from service after completing their full service ob-
ligation) or if they remained on active duty. Individuals who
were separated early for neutral or positive reasons (e.g., preg-
nancy, early release for school, homosexuality) were excluded
from these models (n = 343). Hypothesis E (Poor sleep is as-
sociated with more outpatient medical visits and/or days of
hospitalization) was examined using two separate outcomes of
number of outpatient visits and number of days hospitalized.
Generalized estimating equations with Poisson distribution
were used to examine both outcomes in which relative risk es-
timates were interpreted as the percentage increase or decrease
in number of outpatient visits or days hospitalized.

For the primary analyses, sleep duration and insomnia
symptoms were entered into models as two separate time-
varying independent variables, assessed at baseline and at the
first follow-up. Sleep, combat deployment, smoking status,
and problem drinking were included as time-varying covari-
ates, and the remaining variables were fixed at baseline. Sub-
analyses examining the combined effects of sleep duration
and insomnia were performed in an identical manner, but
the combined sleep variable was entered in place of the sleep
duration and insomnia symptoms variables. Sample sizes for
the adjusted models vary due to different numbers of missing
outcome data. Data management and all statistical models
were run using SAS (version 9.3, SAS Institute, Inc., Cary,
NC, USA).
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RESULTS

The demographic, military, behavioral, health, and sleep char-
acteristics of the study populations are described in Table 1.
The study population for models including both active duty
and Reserve/Guard personnel had the following characteris-
tics: 74% male, 46% under age 35 y at enrollment, 71% white/
non-Hispanic, 56% serving on active duty, 73% enlisted, and
27% of the population deployed, with about half of those de-
ployed reporting combat exposures. Twenty-nine percent of
the population reported sleeping 7 h per night, 23% reported
insomnia symptoms on at least one screening tool, and 3% re-
ported sleep apnea. Those participants included in the active
duty only models [hypotheses D (separation from military ser-
vice) and hypothesis E (health care utilization)] were nearly
identical to the main study sample with respect to the charac-
teristics measured in these analyses.

Table 2 shows the study population for each outcome mod-
eled and the percentage in the most resilient group, by sleep
characteristics. For each outcome, those with no insomnia
symptoms had the highest proportion of participants in their
respective resilient categories (e.g., very good or excellent
health, no more than 5 days of lost work) and the percentage
of individuals in the most resilient category decreased as the
number of insomnia symptoms increased. Because there is no
optimal number of outpatient visits, for the purposes of Table 2,
the percentage of people who were in the lowest quartile for
visits (three visits) is shown. For every outcome except deploy-
ment, the relationship between the most resilient group and
hours of sleep constituted a U-shaped curve, with reduced re-
silience evident with both shorter and longer sleep durations.
For the deployment model the relationship was linear, with the
highest proportion of deployers reported sleeping less than 6 h
per night, whereas the lowest proportion of deployers reported
sleeping more than 8 h per night.

Adjusted associations for the resilience metrics among the
full study population (hypotheses A-C) are shown in Table 3.
Sleep parameters were significantly associated with self-rated
health, lost work days, and deployment. Results showed that
those who reported insomnia symptoms on both screening
tools had 44% lower odds of being in a higher category of
better general health [odds ratio (OR): 0.56, 95% confidence
interval (CI): 0.53, 0.59, hypothesis A], a 41% lower odds of
being in a lower category of lost work days (OR: 0.59, 95% CI:
0.56, 0.62, hypothesis B), and 27% lower odds of deploying
(OR: 0.73, 95% CI: 0.68, 0.78, hypothesis C) compared with
those who did not report insomnia symptoms. Similar results,
but with slightly smaller effect sizes, were found when com-
paring those with insomnia symptoms on one screening tool
with those with no insomnia symptoms. This pattern of results
was also consistent for those reporting sleep apnea. However,
the sleep duration findings were less consistent for these out-
comes. For general health, compared with those who reported
sleeping 7 h, those who slept 6 h or less than 6 h, had 14%
and 26% lower odds of being in a higher general health cat-
egory (OR: 0.86, 95% CI: 0.83, 0.89 and OR: 0.74, 95% CI:
0.71, 0.78), respectively, and those who reported sleeping more
than 8 h had 21% lower odds of being in a higher general health
category (OR: 0.79, 95% CI: 0.74, 0.85). For lost work days,
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Table 2—Baseline sleep characteristics and proportion meeting the resilience definition for each outcome.

Outpatient
General Health? Lost Work Days®  Deployment® Separation ¢ Medical Visits®  Hospitalization
(n =50,425) (n=51,622) (n=52,021) (n=22,196) (n=10,190) (n=10,613)
Baseline Sleep Patterns n (%) n (%) n (%) n (%) n (%) n (%)
n 50,425 (56.2) 51,622 (71.9) 52,021 (27.3) 22,196 (93.7) 10,190 (26.9) 10,613 (94.5)
Insomnia symptoms
None 38,989 (61.6) 39,879 (75.4) 40,218 (27.9) 17,195 (94.8) 8,086 (28.4) 8,363 (94.9)
Symptoms on one screen 6,791 (43.1) 6,976 (64.3) 7,006 (26.3) 3,020 (92.1) 1,327 (22.8) 1,392 (94.3)
Symptoms on both screen 4,645 (29.8) 4,767 (53.8) 4,797 (23.6) 1,981 (87.2) 777 (18.8) 858 (91.5)
Sleep duration, h
Less than 6 7,473 (40.2) 7,658 (63.4) 7,720 (30.0) 3,853 (89.1) 1,710 (26.6) 1,828 (92.4)
6 16,175 (53.3) 16,610 (70.8) 16,716 (28.2) 7,567 (94.5) 3,468 (26.6) 3,607 (95.4)
7 14,734 (64.4) 15,046 (75.2) 15,157 (26.6) 6,170 (95.9) 2,878 (28.2) 2,979 (94.8)
8 9,307 (62.6) 9,507 (76.2) 9,607 (25.7) 3,641 (94.5) 1,681 (26.1) 1,729 (95.0)
More than 8 2,736 (50.3) 2,801 (70.3) 2,821 (24.6) 965 (89.5) 453 (25.2) 470 (93.6)

2Resilience was defined by a self-report of very good or excellent health. ® Resilience was defined by a self-report of < 5 lost work days in 1y due to
illness or injury. ¢Resilience was defined as at least 1 deployment during follow-up. ¢ Resilience was defined as no separation, or separation due to routine
retirement or end of service during follow-up. ¢Resilience was defined as being in the lowest quartile for outpatient medical visits (three or fewer visits over
approximately 3 y). The percentage meeting this criterion is shown. "Resilience was defined as having no hospitalizations over approximately 3 y of follow-

up. The percentage meeting this criterion is shown.

Table 3—Adjusted odds of fewer lost work days, better general health, and deployment in relation to insomnia symptoms and sleep duration.

Better General Health?® Fewer Lost Work Days Deployment
(n =50,425) (n =51,622) n = 52,021)
OR 95% CI OR 95% CI OR 95% CI
Insomnia symptoms
None 1.00 1.00 1.00
Symptoms on one screen 0.72 0.69-0.75 0.75 0.72-0.78 0.91 0.87-0.96
Symptoms on both screens 0.56 0.53-0.59 0.59 0.56-0.62 0.73 0.68-0.78
Sleep duration, h
Less than 6 0.74 0.71-0.78 0.90 0.86-0.94 1.27 1.21-1.34
6 0.86 0.83-0.89 0.97 0.94-1.00 1.12 1.08-1.17
7 1.00 1.00 1.00
8 0.97 0.93-1.01 1.1 1.07-1.16 0.98 0.93-1.02
More than 8 0.79 0.74-0.85 1.01 0.95-1.08 0.94 0.87-1.01

All models adjusted for sleep variables listed, plus combat deployment, deployment prior to baseline, sex, age at enrollment, race/ethnicity, education,
marital status, pay grade, service component, service branch, occupation, mental component summary score, physical component summary score, body
mass index, current smoking, problem drinking, and sleep apnea. 2Adjusted for variables listed above plus baseline general health. Bold numbers indicate

significance at P < 0.05. Cl, confidence interval; OR, odds ratio.

those who slept less than 6 h were less likely to report fewer
lost work days (OR: 0.90, 95% CI: 0.86, 0.94), whereas those
who slept 8 h were more likely to report fewer lost work days
(OR: 1.11, 95% CI: 1.07, 1.16), compared with those who slept 7
h. However, compared with those sleeping 7 h, those sleeping
6 h or less than 6 h were 12% (OR: 1.12, 95% CI: 1.08, 1.17)
and 27% (OR: 1.27, 95% CI: 1.21, 1.34) more likely to deploy,
respectively. These results prompted us to determine the pro-
portion of people who deployed within 90 days of reporting on
their sleep duration and found that 41% of those who slept 6 h
or less deployed within 90 days.

Table 4 presents the adjusted associations for the resil-
ience indicators gathered on the active duty study population.
Sleep parameters were significantly associated with early
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separation from the military, and the number of outpatient
visits and days of hospitalization. For the early separation
model (hypothesis D), those reporting insomnia symptoms
on one scale were 25% more likely to separate early (hazard
ratio [HR] 1.25, 95% CI, 1.08—1.45) than those with no in-
somnia symptoms, and those reporting symptoms on both
scales were 78% more likely to separate early than those with
no symptoms (HR 1.78, 95% CI, 1.52-2.08). Sleep duration
was also associated with early separation. Compared with
those reporting 7 h of sleep, participants sleeping less than 6
h per night had a 30% greater probability of separating early
(HR 1.30, 95% CI, 1.10—1.55), and those sleeping 8 h or more
than 8 h per night had a 27% (HR 1.27, 95% CI, 1.05-1.54)
and 37% (HR 1.37, 95% CI, 1.07-1.77) higher probability of
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Table 4—Adjusted risk of outpatient medical visits, length of hospitalization and early separation from the military in relation to insomnia symptoms and
sleep duration among active duty US service members.

Early Separation Number of Outpatient Visits Number of Days Hospitalized

(n=22,196) (n=10,190) (n=10,613)
HR? 95% ClI RR® 95% ClI RR® 95% ClI

Insomnia symptoms

None 1.00 1.00 1.00

Symptoms on one screen 1.25 1.08-1.45 1.09 1.05-1.14 1.02 0.81-1.30

Symptoms on both screens 1.78 1.52-2.08 1.26 1.19-1.33 1.61 1.11-2.34
Sleep duration, h

Less than 6 1.30 1.10-1.55 1.05 1.00-1.10 1.33 1.00-1.77

6 1.08 0.92-1.27 1.05 1.01-1.09 117 0.94-1.47

7 1.00 1.00 1.00

8 1.27 1.05-1.54 1.01 0.96-1.05 1.07 0.79-1.44

More than 8 1.37 1.07-1.77 1.02 0.95-1.10 1.52 0.87-2.67

All models adjusted for sleep variables listed, plus combat deployment, deployment prior to baseline, sex, age at enrollment, race/ethnicity, education,
marital status, pay grade, service branch, occupation, mental component summary score, physical component summary score, body mass index, current
smoking, problem drinking, and sleep apnea. 2Modeled using Cox proportional hazards. ®Modeled using generalized estimating equations with a Poisson

distribution. Bold numbers indicate significance at P < 0.05. Cl, confidence interval; HR, hazard ratio; OR, odds ratio; RR, relative risk.

separating early, respectively. Sleep apnea was not associated
with early separation.

For the outpatient and hospitalization models (hypothesis E,
Table 4), subjects with insomnia symptoms on both scales were
more likely than those with no insomnia symptoms to have
more outpatient medical visits (relative risk [RR] 1.26, 95% CI,
1.19-1.33) and were more likely to spend more days hospital-
ized (RR 1.61, 95% CI, 1.11-2.34), and those with symptoms on
one scale were 9% more likely to have more outpatient medical
visits (RR 1.09, 95% CI, 1.05—1.14). Additionally, those were
5% more likely to have more medical visits (RR 1.05, 95% CI,
1.01-1.09). Sleep apnea was not associated with number of days
hospitalized, but was associated with a higher likelihood of
outpatient visits (RR 1.19, 95% CI, 1.10—1.29). In the survival
model, the proportional hazards assumption was met for all
baseline covariates.

The subanalysis examining the combined effects of sleep
duration and insomnia symptoms showed consistent results.
Those who had short sleep duration (< 6 h) and insomnia
symptoms were the least likely to be in the indicator for re-
silience category for all outcomes except deployment. Those
who reported short sleep and insomnia were not significantly
different from healthy sleepers in relation to deployment, and
those who had short sleep only had the highest odds for de-
ployment (results not shown).

DISCUSSION

Resilience encompasses mental, behavioral, and phys-
ical characteristics. Although sleep is associated with
the development of medical conditions including mental
disorders,*'*2? it was previously unclear whether sleep char-
acteristics play a role in resilience metrics. The current find-
ings suggest that poor sleep is an important factor for health
and is associated with a comprehensive set of measures that
broadly reflect the hypothetical construct of resilience, in-
cluding more lost work days, worse self-rated health, lower
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likelihood of deploying, early separation from the military,
and more health care utilization.

Findings show that the majority of the population do not re-
port any insomnia symptoms and report between 6 and 7 h of
average nightly sleep. Moreover, a large proportion of these
subjects meet the criteria for resilience set forth in this study.
However, for each resilience indicator, those who reported in-
somnia symptoms were significantly less likely to be in the
resilient category than those who did not report insomnia. This
was also true for the small proportion of subjects reporting
physician-diagnosed sleep apnea (~3%), except there was no
association between sleep apnea and days of hospitalization.
It is notable that although sleep apnea was independently as-
sociated with nearly all of the resilience indices, the inclusion
of this variable for adjustment in the models did not affect ap-
preciably the magnitude, strength, or direction of the associa-
tions between the outcomes and insomnia symptoms or sleep
duration.

The association between self-reported sleep duration and
several measures of resilience was characterized by a U-
shaped relationship: those who slept the least (less than 6 h)
were less likely to have better self-rated health, fewer lost work
days, and were more likely to have more medical visits and to
separate from the military early or for a negative reason. Inter-
estingly, however, those who slept 6 h or less than 6 h per night
were also significantly more likely to deploy. This could be in-
dicative of short sleep due to the increased workload that often
comes with preparing for a deployment, rather than signifying
sleep disturbance, especially given that those experiencing
insomnia symptoms were less likely to deploy. We examined
this possibility by determining the percentage of people who
deployed within 90 days of submitting their survey by sleep
duration categories and found that 22% of those reporting less
than 6 h of sleep and 19% of those reporting 6 h of sleep hours
deployed within 90 days, revealing that deployment was rela-
tively imminent for 41% of short sleepers.
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Findings for those sleeping more than 7 h per night were less
consistent, but indicate that those who slept the longest were
significantly less likely to have better health, more likely to
miss work, or separate early from the military. The U-shaped
distribution for these outcomes could be due to an underlying
disorder such as depression or other mood disorder that was not
fully accounted for by the inclusion of the mental component
summary score in the models.*** The U-shaped distribution
found in our study is similar to other outcomes in sleep re-
search, including mortality.?*?” One consideration for military
personnel is that many aspects of military life are beyond the
control of the military member; for example, frequent moves
(often every 2-3 y), deployments, training schedules, or occu-
pation changes that can directly or indirectly affect the number
of hours available for sleep.** Additionally, a culture that lauds
short sleep as a sign of increased stamina or toughness may
contribute to the high proportion of short sleepers, especially in
relation to the deployment outcome, as military personnel may
be sleeping less as required by their predeployment training
and scheduling, and also they may be choosing to sleep less as a
signal to others that they are tough and ready for deployment.*

The current study has several notable strengths. First, the
Millennium Cohort Study participants represent all branches
of the military and both active duty and Reserve/Guard per-
sonnel. Thorough evaluations of possible biases suggest the
cohort is representative of military personnel in terms of de-
mographic and mental health characteristics and reliable health
and exposure reporting.?*7>* Another strength is its longitu-
dinal design, with 7 y of follow-up, facilitating the ability to as-
sess the associations between sleep and resilience metrics both
within and between individuals. Moreover, the use of six dif-
ferent outcome measures provided a relatively comprehensive
representation of resilience in a military population. Last, this
study utilized two measures of sleep: average hours of sleep
(quantity) and symptoms of insomnia (quality) over time.

Despite its strengths, the present study also has several
important limitations. First, a standardized measure of resil-
ience was not employed. Although standardized resilience
scales are fairly new and their validity is still uncertain, es-
pecially among a military population, future research with
military populations should use standardized scales if possible.
Standardized resilience metrics will better allow cross-study
comparisons and development of general principles related to
resilience. The sleep measures included were self-reported and
not verified through actigraphy; hence, it is possible that actual
sleep times differed from those reported.>* In addition, sleep
patterns over the past month were reported on the survey and
may not be indicative of usual sleep during the entirety of each
3-y period between surveys. Last, the study sample was lim-
ited to active duty service members for some of the analyses;
as such, the conclusions with regard to outpatient visits, hospi-
talizations, and early separation from the military may not be
generalizable to Reservists and National Guardsmen.

In summary, the findings from this longitudinal study un-
derscore the integral role of sleep as a modifiable predictor of
resilience indices in military personnel, a relationship that is
likely to generalize broadly to both military and civilian popula-
tions and their respective operational environments. Although
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causal relationships were not determined in the current study,
one implication of these findings is that interventions that im-
prove the sleep of individuals in operational environments
may pay significant long-term dividends in terms of individual
well-being, efficient use of military training dollars, and atten-
dant organizational strength and readiness, a possibility that
should be explored in future studies.

ABBREVIATIONS

BMI, body mass index

DMDC, Defense Manpower Data Center

MDR, Military Health Service Data Repository

PCL-C, PTSD Checklist—Civilian Version

PHQ, Patient Health Questionnaire

PTSD, posttraumatic stress disorder

SF-36V, Medical Outcomes Study 36-Item Short Form Health
Survey for Veterans
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