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Purpose: Sleep is a modifiable factor affecting chronic diseases and conditions in the Active-Duty (AD) United States (US) military
population. This study assesses the impact of reported sleep health behaviors and sleep profiles on reported multimorbidity in active-
duty service members (ADSMs).

Participants and methods: The study used a military representative sample of 17,166 active duty SMs from the 2018 Department
of Defense Health Related Behaviors Survey (HRBS) to explore sleep patterns and profiles, and medical conditions. Multimorbidity
was defined as the presence of two or more medical conditions which we limited to include obesity, hypertension, and hyperlipidemia.
The adjusted odds ratios for six sleep-related health behaviors and their unobservable sleep profiles were calculated using a weighted
multinomial logistic model.

Results: Sleep-related health behaviors were associated with increased odds of obesity, hypertension, and hyperlipidemia. We found
higher odds of reported multimorbidity in SMs who reported lack of energy due to poor sleep (adjusted odds ratio [aOR] = 2.35, 95%
CI:1.88-2.93), sleep 6 hours or less per night (aOR = 1.95, 95% CI:1.53-2.50), trouble sleeping (aOR = 2.19, 95% CI:1.76-2.72), and
use of sleep medications (aOR = 2.10, 95% CI:1.64-2.68). Latent class analysis (LCA) identified three unobservable sleep profiles in
SMs: minimal or low-risk sleep patterns (37.43%), moderate-risk sleep patterns (31.11%), and high-risk sleep patterns (31.46%). SMs
with high-risk sleep patterns were significantly associated with reported multimorbidity (adjusted odds ratio [aOR] = 3.54, 95%
CI:2.75-4.56).

Conclusion: We found a strong association between sleep-related health behaviors and their unobservable sleep profiles with
multimorbidity in this AD population. Future studies should investigate whether other chronic diseases may be influenced by sleep
impairment in the US military population.
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Introduction
Poor sleep quality and quantity is a prevalent issue within the general population of the United States (US). According to
Healthy People 2020 (HP2020), 1 in 3 adults do not get enough sleep, defined as at least 7 hours of sleep over a 24-hour
period for adults 22 and over, or at least 8 hours for adults ages 18-21." Sleep serves a vital role in maintaining healthy
mental, physical, and metabolic states.” The inability to achieve seven hours of sleep regularly is closely associated with
and predictive of the presence of chronic diseases and adverse health outcomes, including metabolic weight gain and
obesity, hypertension, hyperlipidemia and depression.” ® The military is a healthier population as compared to the general
US population; paradoxically, the military appears to have higher levels of sleep problems with almost 50% of personnel
reporting poor sleep quality.’

The US military is a small but significant component of the general US population. The military is highly active, with
most personnel rotating through one of three segments of the military lifecycle: 1) recovery and refit, 2) training and
preparation to deploy, or 3) ready for deployment, or deployed.® Preparation and development of combat-ready forces
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include accession and retention standards, individual and unit training programs, fitness and warfighter testing.” '
Military operations, whether training or “real-world”, eg, conflict or combat, are physically, mentally, emotionally, and
psychologically demanding. Missions are conducted 24 hours daily; off-duty time is minimal, and if any is typically
spent conducting personal hygiene, eating, or sleeping in austere conditions that are inherently not conducive to quality
sleep or maintaining sleep hygiene. The level of stress on active-duty service members (ADSMs) rises significantly
during conflict and combat actions and compounds the risk of illness, injury, and death. Most significantly, training
exercises have an end-of-exercise point, or “END-EX”, followed by an expected refit and recovery period. The endpoints
of conflict and combat operations are far less certain.'* Since 9/11, the number and length of deployments have disrupted
the cycle of phases resulting in inadequate recovery periods, which include periods of restorative sleep—and has
contributed directly to the degraded metabolic, cardiovascular, skeletomuscular, and cognitive health of ADSMs. '

Studies have documented pronounced levels of insomnia and sleep disorders among ADSMs. Surveillance data from
20002009 reveals a crude overall incident rate of 48.4 diagnoses of insomnia per 10,000 person-years, starting at 7.2 per
10,000 in 2000 and rising to 135.8 per 10,000 in 2009."> A Millennium Cohort study of ADSMs slept 7 hours or less
during the period 2001-2008. Those sleeping less than 6 hours per day were more likely to have received an early
discharge from service (HR 1.3 [1.10-1.55]) and were also associated with lower self-rated health (HR 0.74, [0.69—
0.75])."® In 2022, a prospective cohort study of over 300 ADSMs from all four services reported 32.7% of participants
were diagnosed with insomnia, 30.4% with obstructive sleep apnea, and 36.9% with both.'?

Parallel to the general US population is the rise of overweight, obesity, and hypertension among military servicemembers.
The military provides a unique population within the US of individuals who are required to undergo annual health screenings
as part of their service requirement, and thus these chronic conditions may be more likely to be identified than in the civilian
population, whose frequency of healthcare interactions varies considerably more. A study of ADSMs published in 2015
described an increase in the combined rate of overweight and obesity (BMI > 25), from 50.6% in 1995 to 60.8%, likely
secondary to a rise in obesity (BMI > 30) from 5.0% in 1995 to 12.7% in 2008."” Surveillance data demonstrates the
percentage of obesity (BMI > 30) among ADSMs of all services was 16.1% in 2018, rising to 18.8% in 2021."®

Investigations are limited into the association of sleep behaviors or sleep profiles of ADSMs and multimorbidity,
defined as two or more medical conditions existing simultaneously but independently with each other.'® Studies of sleep
and other comorbid conditions within the military community primarily include servicemembers who have deployed or
former military (veterans and retirees), and those referred for care of their comorbid sleep conditions (eg, insomnia,
obstructive sleep apnea, disturbances).”**?* This study aimed to assess whether an association exists within a sample of
ADSMs between sleep behaviors, their unobservable sleep profiles, and reported multimorbidity, which we defined as
two or more medical conditions (hypertension, hyperlipidemia, or obesity).

Methods

Data Source

The Department of Defense Survey of Health-Related Behaviors (HRBS) is a cross-sectional instrument used to collect
information and support estimates of health problems, factors associated with those problems, and risk behaviors among
military servicemembers. The survey was first conducted in 1980 and approximately every three years since to support
trend analysis and progress toward DOD and national health goals.>* This study analyzed data from the 2018 Health
Related Behaviors Survey (HRBS), in which data on chronic conditions and sleep habits questions were collected along
with other health behavior information.”® The survey was administered online and was confidential but not anonymous.
The survey was administered until representation of groups within the military was achieved. In addition to the 2018
HRBS, survey data from the 2011 and 2015 HRBSs were also used to examine whether the prevalence of obesity,
hyperlipidemia, and hypertension changed with the daily average hours of sleep per night in each survey.

Study Sample
The study population included 1,357,219 eligible ADSMs in the US military from different service branches: Army, Navy, Air
Force, Marine Corps, and Coast Guard. Email surveys were randomly sent to 199,996 ADSMs, of which 17,166 usable
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surveys were returned. The overall weighted response rate was 9.6%. Weighting was performed by the 2018 HRBS in two
phases. First, design weights were estimated to counteract the slight oversampling of some groups (eg, Marines, women,
Jjunior enlisted personnel). Second, nonresponse weights were calculated to make the data representative of those who were
selected for sampling. The final weights were the product of the design and nonresponse weights, which make the final sample
representative of the US military population. The weighting procedures and response rate are described in further detail
elsewhere.”> This study has been reviewed and approved by the Uniformed Services University of the Health Sciences
(USUHS) Institutional Review Board.

Sleep-Related Health Behaviors

Lack of Energy

Sleep habits were measured using the following item: “In the past week, how much were you bothered by lack of energy because
of poor sleep?”” Four response options were included: 1= not bothered at all, 2= slightly, 3= moderately bothered, and 4= severely
bothered. We collapsed categories 3 and 4 to create moderate to severe lack of energy due to poor sleep where respondents were
assigned a “yes” (moderate or severe), and other respondents were assigned a “no” (not bothered at all or slightly).

Sleep Quantity and Quality

Respondents were asked, “On average, over the PAST 30 DAYS, how many hours of actual sleep do you get in a 24-hour
period?”. We created two categories to represent if the daily average amount of sleep was below the recommended
amount (6hrs or less) (yes/no): < 4 hours and 56 hours (yes) versus > 7 hours per night (no). Respondents were asked,
“During the PAST 30 DAY'S, how would you rate your overall sleep quality?”” Four response options were included: 1=
very good, 2= fairly good, 3= fairly bad, and 4= very bad. We defined bad sleep quality by collapsing categories 1 and 2
(no) versus 3 and 4 (yes) to create two groups: 1= very good, 2= fairly good (no) versus 3= fairly bad, and 4= very bad
(yes). Respondents were asked “During the PAST 30 DAY'S, how much have you been bothered by any of the following
problems? Trouble sleeping?” The response options were categorized into two levels yes/no: 1= not bothered at all (no)
versus 2= bothered a little bit and 3= bothered a lot (yes).

Energy Drinks

Respondents were asked “During the PAST 30 DAYS, how often did you use the following TO HELP YOU STAY AWAKE?
Energy drinks (eg, Monster, Red Bull, Rockstar, 5-Hour-Energy)?” Five response options were included: 1= never during the
past 30 days, 2= less than once a week, 3= once or twice a week, 4= three or more times a week, and 5= daily. Two response
options were created: 1= never during the past 30 days (no) versus 2= 1-2 times per week and 3= 3—7 times per week (yes).

Prescription Sleep Medications

Respondents were asked, “During the PAST 30 DAYS, how often did you take prescription or over-The-counter (OTC)
medications TO HELP YOU SLEEP?” Four response options were included: 1= never during the past 30 days, 2= less
than once a week, 3= once or twice a week, 4= three or more times a week, and 5= daily. Two response options were
created: 1= never during the past 30 days (no) versus 2 =1-2 times per week and 3= 3-7 times per week (yes).

Outcome

In this study, we examined the relationship between sleep habits and three medical conditions: obesity, hypertension, and
hyperlipidemia. Respondents were asked, “In the PAST 12 MONTHS has a doctor or other health professional told you
that you had high blood pressure.” The response options were “yes” or “no”. Respondents were asked “In the PAST 12
MONTHS has a doctor or other health professional told you that you had high cholesterol.” The response options were
“yes” or “no”. Body mass index (BMI) calculations were provided within the HRBS dataset and were calculated from the
servicemember’s reported height and weight. BMI was calculated according to the standard Centers for Disease Control
and Prevention (CDC) formula: weight in kilograms [kg] divided by height in meters squared [m*]. The CDC criteria for
weight classification was used: underweight was classified as BMI less than 18.5 kg/m?, normal weight was BMI 18.5—
24.9 kg/m?, overweight was BMI 25.0-29.9 kg/m?, and obese was BMI 30 or more kg/m?. The response options were
“yes” or “no”. We created one multinominal dependent variable with five mutually exclusive categories to assess the
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sleep habits associated with each category: 1) obesity only 2) hyperlipidemia only, 3) hypertension only, and 4) the
presence of two or more medical conditions (multimorbidity) as compared to the reference category, 0) No morbid
conditions.

Control Variables

We assessed the association between sleep health behaviors and sleep profiles (defined by latent class analysis (LCA)) and
reported multimorbidity before and after controlling for demographic factors, military characteristics, and socioeconomic
indicators. Demographic variables included sex (male/female), race and ethnicity (non-Hispanic white/non-Hispanic black/
Hispanic/non-Hispanic Asian/other), age groups (17-24/25-34/35-44/45+), marital status (married/cohabiting/never married/
separated, divorced, or widowed), dependent children (yes/no). We included military characteristics and socioeconomic
indicators such as service branch (Air Force/Army/Navy/Marine Corps/Coast Guard), pay grade (enlisted/officer), and
education (high school or less, some college, Bachelor’s degree, or more).

Statistical Analysis

Statistical analysis was conducted using complex sample procedures such as PROC SURVEYFREQ and
SURVEYLOGISTIC in SAS (SAS version 9.4, SAS Institute, Cary, NC). The analysis utilized sampling weights to
account for selection bias and nonresponse. Overall weighted percentages were presented in Table 1. Two-way table
associations between medical conditions and sleep habits were tested using the Rao-Scott chi-square test (Table 2). We
examined the trend and the association between sleep duration (hours per night) and reported multimorbidity in 2011,
2015, and 2018 HRBS data (Figure 1). For each sleep habit (Table 3), weighted multinomial logistic regression analysis

LEINNT3 LERNNTS

was performed to estimate the adjusted odds ratio of “obesity only”, “hyperlipidemia only”, “hypertension only”, and

Table | Sociodemographic Characteristics, Medical Conditions, Sleep Behaviors, and Profiles of the HRBS Population

95% Confidence Limits
Variable Category n % LCL UCL
Medical conditions None 12,990 77.49 76.52 78.46
Obese only 1776 10.85 10.12 11.58
Hyperlipidemia only 492 1.78 1.56 2.00
Hypertension only 949 5.4 4.84 5.96
Multimorbidity (22 chronic conditions) 959 4.49 4.06 4.92
Sex Female 5353 16.69 16.01 17.38
Male 11,813 83.31 82.62 83.99
Age group 17-24 3642 37.77 36.45 39.1
25-34 6467 39.93 38.77 41.08
3544 5311 18.33 17.68 18.98
45+ 1746 3.97 3.72 4.23
Education Level Missing 250 I.16 0.9 1.42
High School or less 7990 64.41 63.39 65.42
Some College 2625 12.82 12.19 13.46
Bachelor’s Degree or more 6301 21.61 20.87 2235
(Continued)
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Table | (Continued).

95% Confidence Limits

Variable Category n % LCL UCL
Race Missing 68 0.71 0.4 1.03
Black 2226 16.18 15.21 17.14

Hispanic 2459 15.99 15.06 16.92

Other 1747 9.48 8.83 10.14

White 10,666 57.63 56.41 58.86

Marital Status Married 10,776 53.83 52.58 55.07
Cohabiting 1042 7.78 7.08 8.48

Separated, Divorced, or Widowed 1284 6.27 5.74 6.8

Never Married 4064 32.12 30.86 33.38

Any Dependent Children No 8629 60.3 59.17 61.42
Yes 8537 39.71 38.58 40.83

Service Branch Air Force 5579 24.09 233 24.88
Army 3646 34.48 33.17 35.78

Marine Corps 2569 13.9 13.14 14.66

Navy 3675 24.36 23.27 25.44

Coast Guard 1697 3.17 2.98 3.36

Pay Grade Enlisted 12,154 83.52 82.89 84.15
Officer 5012 16.48 15.85 17.11

Lack of Energy Due to Poor Sleep | No 12,730 72.55 71.43 73.67
Yes 4436 27.45 26.33 28.57

Sleep 6hrs or less No 6700 36.04 34.89 37.19
Yes 10,466 63.96 6281 65.11

Bad sleep quality No 11,395 64.22 63.03 6541
Yes 5771 35.78 34.59 36.97

Trouble sleeping No 7680 45.04 43.82 46.26
Yes 9486 54.96 53.74 56.18

“multimorbidity” compared to no medical condition, adjusting for sociodemographic covariates. An LCA was con-
structed in Mplus (Version 8.8) to cluster SMs into unobservable sleep profiles according to six sleep-related health
behaviors (Figure 2). We assessed whether the prevalence of estimates of obesity, hyperlipidemia, hypertension, and
multimorbidity change with the selected sleep profiles (Figure 3 and Table 2). We used Akeike Information Criterion
(AIC) to select an optimal number of sleep profiles. The optimal sleep profiles solution was used as a predictor of obesity
only, hyperlipidemia only, hypertension only, and multimorbidity compared to no medical condition, adjusting for

demographic factors, military characteristics, and socioeconomic covariates in a weighted multinomial logistic regression
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Table 2 Prevalence of Chronic Diseases and Multimorbidity by Sleep-Related Health Behaviors and Profiles

None Obese Only | Hyperlipidemia Hypertension Multimorbidity (=2 Chronic P
Only Only Conditions)
n % n % n % n % n %

Lack of Energy Due to Poor Sleep

No 9952 | 79.86 | 1243 | 10.38 355 1.74 605 4.56 575 3.47 | <0.0001

Yes 3038 | 71.22 533 | 12.08 137 1.9 344 7.61 384 7.19

Sleep 6hrs or less

No 5525 | 84.09 515 8.1 160 1.4 276 3.72 224 2.69 | <0.0001

Yes 7465 | 73.76 | 1261 12.4 332 2 673 6.34 735 55

Bad sleep quality

No 8988 | 80.57 | 1096 | 10.25 307 1.72 513 4.18 491 3.28 | <0.0001

Yes 4002 | 71.94 680 | 11.92 185 1.9 436 7.57 468 6.66

Trouble sleeping

No 6264 | 8328 | 720 | 9.69 175 1.48 287 3.26 234 2.3 | <0.0001

Yes 6726 | 72.74 | 1056 11.8 317 2.03 662 7.15 725 6.28

Use of Energy Drinks to Stay Awake

No 8186 | 789 | 979 | 9.37 354 2.16 573 5.06 577 4.51 | <0.0001

Yes 4804 | 75.84 797 | 12.57 138 1.35 376 5.78 382 4.46

Use of sleep medications

No 10,576 | 78.68 | 1394 10.9 382 1.78 689 4.88 667 3.75 | <0.0001

Yes 2414 | 72.39 382 | 10.64 110 1.78 260 7.58 292 7.61

Sleep profiles

Low risk 5274 | 83.73 594 9.59 144 1.47 235 3.1 193 2.1 | <0.0001
Moderate risk 4294 | 76.56 571 | 10.93 179 1.92 307 5.74 326 4.85
High risk 3422 | 70.97 611 | 1227 169 2,01 407 7.78 440 6.97

(Table 3). In addition, a log-linear model was employed to enable comparison of the medical conditions rate across
different sleep profiles (Table 4).

Results
Among the 17,166 ADSMs, the 12-month prevalence estimates included the following: obesity only 10.85% (95% CI:
10.12-11.58%), hyperlipidemia only 1.78% (95% CI: 1.56-2.00%), hypertension only 5.40% (95% CI: 4.84-5.96%), and
multimorbidity 4.49% (95% CI: 4.06-4.92%), Table 1. The prevalence of multimorbidity was significantly changed with
sleep-related health behaviors (p-value <0.0001, Table 2). For instance, sleeping six hours or less a night significantly
increases the prevalence of multimorbidity (5.50% vs 2.69%). Figure 1 shows servicemembers who reported sleeping < 6
hours per night had a higher prevalence of multimorbidity than those who reported sleeping > 7 hours per night.
Three unobservable sleep profiles were identified among participants by LCA and labeled minimal or low-risk sleep
patterns (37.43%), moderate-risk sleep patterns (31.11%), and high-risk sleep patterns (31.46%). The three-profile
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Figure | The trend and the association between sleep duration (hours per night) with prevalence (%) of multimorbidity: 2011, 2015, and 2018 HRBS. Sleeping < 6 hours per
night is associated with higher prevalences of multimorbidity in 2011, 2015, and 2018 HRBS.

solution was found to fit the data better than the two-profile solution (AIC: 114,068.653 vs 114,612.149, respectively).
Figure 2 shows the estimated individual probability of sleep profiles. The prevalence of multimorbidity decreased
significantly from 6.97% for SMs with high-risk sleep patterns to 2.69% for SMs with low-risk sleep patterns
(Figure 3 and Table 2).

Controlling for demographic factors, military characteristics, and socioeconomic covariates (Table 3), ADSMs who
reported lack of energy due to poor sleep were more likely to have obesity (OR=1.30, 95% CI: 1.09-1.55), hyperlipi-
demia (OR=1.38,95% CI: 1.03-1.85), hypertension (OR=1.87,95% CI: 1.47-2.39), and multimorbidity (OR=2.35,95%
CI: 1.88-2.93). Short sleep duration (< 6 hours per night) was associated with increased odds of obesity (OR=1.57,95%

Table 3 Adjusted Odds Ratio of Obesity Only, Hyperlipidemia Only, Hypertension Only, and Multimorbidity
Compared to No Medical Condition

Obese Only Hyperlipidemia Only Hypertension Only Multimorbidity

OR LCL UCL | OR LCL UCL | OR LCL UCL | OR LCL UCL

Lack of energy due to poor sleep

No 1.00 1.00 1.00 1.00

Yes 1.30 1.09 1.55 1.38 1.03 1.85 1.87 1.47 2.39 2.35 1.88 2.93

Sleep 6hrs or less

No 1.00 1.00 1.00 1.00

Yes 1.57 1.32 1.87 1.58 1.22 2.04 1.75 1.38 2.22 1.95 1.53 2.50

Bad sleep quality

No 1.00 1.00 1.00 1.00

Yes 1.27 1.07 1.50 1.40 1.07 1.83 1.95 1.56 2.45 2.19 1.76 2.72

Trouble sleeping

No 1.00 1.00 1.00 1.00
Yes 1.35 1.15 1.58 1.53 1.15 2.03 241 1.89 3.08 2,78 2.21 3.51
(Continued)
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Table 3 (Continued).

Obese Only Hyperlipidemia Only Hypertension Only Multimorbidity

OR LCL UCL | OR LCL UCL | OR LCL UCL | OR LCL UCL

Use of Energy Drinks to Stay Awake

No

1.00 1.00 1.00 1.00

Yes

1.46 1.24 1.72 0.99 0.74 1.33 1.17 0.92 1.48 1.25 1.00 1.56

Use of sleep medications

No 1.00 1.00 1.00 1.00

Yes 1.05 0.87 1.25 1.05 0.79 1.40 1.71 1.32 2.21 2.10 1.64 2.68
Sleep risk profiles

High 1.45 1.19 1.76 1.74 1.22 2.47 2.79 2.08 3.74 3.54 2.75 4.56
Moderate 1.18 0.98 1.44 1.30 0.94 1.79 1.93 1.43 2.59 2.24 1.70 2.95
Low 1.00 1.00 1.00 1.00

Notes: Estimates were obtained by controlling for sociodemographic factors: Age, gender, education, marital status, dependent children, service
branch, and pay grade. Boldface indicates statistical significance (p=0.05).

CI:1.32-1.87), hyperlipidemia (OR=1.58,95% CI: 1.22-2.04), hypertension (OR=1.75,95% CI:1.38-2.22), and multi-
morbidity (OR=1.95,95% CI:1.53-2.50).

ADSMs who

rated their overall sleep quality as bad were associated with increased odds of obesity (OR=1.27, 95%

CI: 1.07-1.50), hyperlipidemia (OR=1.40,95% CI: 1.07-1.83), hypertension (OR=1.95, 95% CI: 1.56-2.45), and multi-
morbidity (OR=2.19,95% CI: 1.76-2.72). In contrast, ADSMs who rated their sleep as very bad were associated with
increased odds of hypertension (OR=2.13, 95% CI: 1.42-3.20) and multimorbidity (OR=2.17,95% CI: 1.53-3.07).

Prevalence of sleep behavior

e0e0000000,,

XXX X] oo

° LX)

° ®oee0,

0.6 e

0.5 .

0.4 e
0.3

0.2

0.1

0.0

Lack of energy due to Sleep 6hrs or less Bad sleep quality Trouble sleeping Use of energy drinks Use of sleep

poor sleep to stay awake medications

Low risk Moderate risk  ® o e o @ High risk

Figure 2 Latent class analysis (LCA) identified three unobservable sleep profiles in ADSMs: minimal or low-risk sleep patterns (37.43%), moderate-risk sleep patterns
(31.11%), and high-risk sleep patterns (31.46%).
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Figure 3 Compared to the minimal or low-risk sleep patterns group, the high-risk sleep patterns group had significantly greater prevalence estimates (%) of chronic
conditions.

ADSMs who reported being bothered by their sleep were associated with an increased risk of obesity (OR=1.35,95%
CI: 1.15-1.58), hyperlipidemia (OR=1.53,95% CI: 1.15-2.03), hypertension (OR=2.41,95% CI: 1.89-3.08), and multi-
morbidity (OR=2.78,95% CI: 2.21-3.51).

Table 4 Medical Conditions Rate Across Different Sleep Profiles

Variable Category | Category 2 95% Confidence Limits
Obese 0.13 0.12 0.14
Hypertension 0.06 0.06 0.07
Hyperlipidemia 0.04 0.04 0.05
Class Class 2 0.62 0.59 0.65
Class 3 0.8 0.76 0.83

Class | 1.00
Obese x Class Obese Class 2 1.75 1.58 1.95
Obese Class 3 1.28 1.15 1.42

Obese Class | 1.00
Hypertension % Class Hypertension Class 2 2.84 2.51 3.23
Hypertension Class 3 1.74 1.52 1.99

Hypertension Class | 1.00
(Continued)

Nature and Science of Sleep 2023:15 https: 1027

Dove:


https://www.dovepress.com
https://www.dovepress.com

Weinberger et al Dove

Table 4 (Continued).

Variable Category | Category 2 95% Confidence Limits

Hyperlipidemia % Class | Hyperlipidemia | Class 2 2.25 1.92 2.63
Hyperlipidemia | Class 3 1.71 1.45 2.01
Hyperlipidemia | Class | 1.00

Notes: Boldface indicates statistical significance (p=0.05). X represents interaction.

The use of energy drinks to help stay awake (OR=1.46, 95% CI: 1.24-1.72) was associated with increased odds of
obesity. Using sleep medications to help with sleep was associated with increased odds of hypertension (OR=1.71,95%
CI: 1.32-2.21) and multimorbidity (OR=2.10,95% CI: 1.64-2.68).

As compared to ADSMs with low-risk sleep patterns (reference), ADSMs with high-risk sleep patterns were
associated with increased odds of risk of obesity (OR=1.45, 95% CI: 1.19-1.76), hyperlipidemia (OR=1.74, 95% CI:
1.22-2.47), hypertension (OR=2.79, 95% CI: 2.08-3.74), and multimorbidity (OR=3.54, 95% CI: 2.75-4.56).

When compared to ADSMs with low-risk sleep patterns (reference), ADSMs with moderate and high-risk sleep
patterns had significantly higher rates of obesity (rate ratio (RR) =1.75, 95% CI: 1.58-1.95), RR=1.28, 95% CI: 1.15-
1.42, respectively), hypertension (RR=2.84, 95% CI: 2.51-3.23, RR=1.74, 95% CI: 1.52-1.99, respectively), hyperlipi-
demia (RR=2.25, 95% CI: 1.92-2.63, RR=1.71, 95% CI: 1.45-2.01, respectively).

Discussion

Of the 17,166 participants, nearly one quarter reported having at least one chronic disease (obesity 14.3%, hyperlipide-
mia 4.2%, or hypertension 9.1%), and 4.49% reported having two or greater chronic diseases (multimorbidity).
Insufficient sleep is also regrettably common in this sample, with approximately two-thirds (64%) of participants
reporting sleeping fewer than seven hours within a 24-hour period. The presence of reported multimorbidity was
significantly higher among those sleeping six hours or less a night than those who reported sleeping > 7 hours per
night (5.50% vs 2.69%).

We were able to identify homogeneous unobservable clusters of ADSMs, each with a different sleep risk profile:
minimal or low-risk sleep patterns, moderate-risk sleep patterns, and high-risk sleep patterns. In this study, we noted
a significant effect in the prevalence of reported multimorbidity in SMs who clustered in the high-risk sleep pattern
group. The effects of unobservable sleep profiles on multimorbidity or medical conditions have not been defined in
the AD population. The American Academy of Sleep Medicine released its 2015 Consensus Statement endorsing 7-9
hours of sleep per night as the necessary amount for optimal health- and found that individuals with < 7 hours were more
likely to score poor health-related quality of life measures,*® though there have since been no guidelines released
regarding sleep evaluation screening for high-risk populations.

We also observed a strong association with multimorbidity as sleep amount decreased: higher odds of multimorbidity were
found in ADSMs averaging < 6 hours of sleep. This study used various independent surveys to confirm this association.
Figure 1 demonstrates a stepwise relationship in which the prevalence of multimorbidity was significantly increased in the 5-6
hours of sleep group compared to > 7 hours of sleep, and the <4 hours of sleep group had significantly higher multimorbidity
prevalence than the 5—6 hours of sleep group. This suggests that the cumulative amount of sleep, up to the recommended 7
hours, is significantly correlated with the presence of multimorbidity. This same pattern was observed across data provided
from the 2011 and 2015 HRBS as well (Figure 1), strengthening the validity of this observation.

Previous studies that have investigated multimorbidity and sleep have done so in older populations—but with similar
observations to the present study (eg, significantly higher rates of multimorbidity in groups that reported short sleep).?”**
Interestingly, one study found positive associations between sleep disturbance and neuropsychiatric and musculoskeletal
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disease, but not with cardiovascular disease”®>—a finding that contradicts our observations concerning hypertension and
hyperlipidemia. However, this inconsistency could be due to the different age populations involved in each study.

When examining the association of sleep duration with each chronic disease individually, we observed the single
strongest effect to be with hypertension (Figure 3). An association of sleep impairment with hypertension has been well-
documented in the literature,*¢ with even one night of sleep restriction to <4 hours resulting in a 6 mmHg increase in
mean systolic blood pressure.’ Strong evidence for this relationship includes a meta-analysis of 11 studies that found
short sleep duration (either <5 or <6 hours per night) was associated with a significantly increased incidence of
hypertension.* This effect is not only documented in the civilian population: a study using data from the 2011 HRBS
found that ADSMs with short sleep duration (<5 hours) had greater than double the odds of having hypertension®’—a
statistic that remains true for our analysis of the more recent 2018 HRBS data.

Chronic short sleep duration has also been linked to metabolic disease, potentially increasing the prevalence of obesity and
diabetes through alterations in glucose metabolism, increased appetite, and decreased energy expenditure.” It should also be
noted that the effect seen by the use of energy drinks to stay awake might be related not only to sleep impairment—but also to
the sugar and caffeine content of the drink itself, both of which have been shown to contribute to weight gain.>°
Hyperlipidemia has demonstrated fewer clear results in the literature regarding sleep impairment. A cohort study of more
than 20,000 Chinese individuals found significantly elevated odds of hyperlipidemia among people sleeping >9 hours per
night, but no statistically significant association with shortened sleep.>' However, a different cross-sectional study reported <5
hours of sleep per night resulting in 41% higher odds of having hyperlipidemia,** a finding that our study would support.

Aside from sleep quantity, the HRBS data also enabled us to assess reported multimorbidity using qualitative
measures of sleep health. The three qualitative survey items associated with the highest chance of having multimorbidity
were (1) reporting being bothered a lot by sleeping, (2) use of sleep medications 3—7 times per week, and (3) having
a lack of energy due to poor sleep (Figure 2). This suggests that the perceived negative impact of sleep hygiene on one’s
lifestyle, rather than the quantity of sleep alone, may be a correlated to the development of chronic disease. Additionally,
we found that reporting very good sleep quality was a protective factor, with decreased odds of obesity, hypertension, and
multimorbidity. Together, these findings indicate that perception of sleep quality goes both ways: positive perception is
associated with decreased disease burden while negative perception is associated with increased disease burden. This is
not to say that these sleep related health behaviors directly cause chronic disease. Rather, there is likely an association
present in susceptible individuals who exhibit certain lifestyle behaviors such as poor diet and exercise, which may result
in both unhealthy sleep behaviors and chronic disease.

Strengths and Limitations

This study’s conclusions are supported by the strengths of the 2018 HRBS study design. The HRBS provides the most
recent data available to researchers to investigate health-related behaviors in current military AD populations—a group
that largely turns over every 4 years. It draws from a very large pool of participants and uses a cross-sectional design,
which enables the comparison of multiple variables. Furthermore, previous studies investigating this topic have been
limited to either only using the quantity of sleep as their independent variable*>—or assessing sleep quality in a narrow
manner (eg, good vs poor).*! In contrast, the HRBS data provides a more detailed representation of sleep quality through
its survey questions.

However, the study design of the HRBS also presents limitations. The cross-sectional nature of the HRBS prevents
causal relationships from being inferred. However, our variables were intentionally selected based upon preexisting
hypothesized relationships in the literature between poor sleep and each of the chronic diseases we evaluated.®> ¢ This
lends more plausibility to the associations that we identified. Additionally, the response rate of the HRBS (8.6%
unweighted) is considered relatively low for survey research,”® which could increase the probability of there being
selection bias. However, the HRBS data was weighted as previously described in order to mitigate any significant
selection bias and to achieve reasonable demographic representation of the general military population.” ® There may
additionally be a small amount of recall bias due to the nature of the HRBS being a survey that relies on self-reported
data. Social desirability bias is also a concern—particularly with military populations who may tend to highly value
conformity with fellow ADSMs.
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The bounds of our investigation were limited by the information collected by the HRBS. For instance, ADSMs were not
asked about whether they have obstructive sleep apnea (OSA), a condition which is becoming unfortunately prevalent among
young adults. One study found that the prevalence of OSA is 14.9% among young adult females and 26.9% of young adult
males aged 22 years.* Collecting this information from ADSMs would provide a link between unhealthy sleep behaviors and
chronic disease, and we encourage the study designers to consider including this data in future iterations of the study. Another
limitation of this study is that we lack the data to compare our findings with individuals who have long sleep (>8 hours per
night). Substantial evidence exists supporting an association between long sleep and increased morbidity and mortality.**
According to the 2018 HRBS, 33% of ADSMs met the recommended 8 hours of sleep per night, but this data did not specify
how many ADSMs averaged >8 hours per night. While short sleep is certainly a more widespread issue in the Armed Forces
than long sleep, being able to compare these two conditions could help further characterize the impact of short sleep on
multimorbidity, should this data be collected in future iterations of the HRBS.

Lastly, the comparison of data used in this study with previous years of HRBS is limited by the methodologic
differences in each year’s survey. Similar data were collected via slightly differently worded questions each year.
Therefore, we were unable to extrapolate trends by directly comparing the 2011, 2015, and 2018 HRBS data.

Conclusions and Future Directions

In conclusion, we found significant associations between reports of sleep impairment and reported multimorbidity of
chronic disease in the active-duty US military population. These associations are particularly important to characterize in
the military population, given the large gap that exists between military and civilians in terms of meeting HP2030 sleep
health targets. The record of studies examining sleep disorders and conditions among the military and veteran community
is voluminous; however, a large subset focuses on post-deployment ADSMs, former military (veterans and retirees), and
comorbid sleep disorders and conditions (eg, insomnia, obstructive sleep apnea, disturbances).”* While many studies
have examined the question of short sleep on individual chronic diseases, few have attempted to characterize an
association with multimorbidity of common chronic diseases, with the present study offering some insight into these
problems for active-duty military servicemembers. We found strong evidence of associations between sleep-related
health behaviors and their unobservable sleep profiles with multimorbidity in this population.

The US military is a small but strategic component of the US population and requires a healthy force for optimal
battlefield performance. Over the past two decades, the near-continuous deployments and operations where sleep is often
not attained or neglected may have negatively affected force readiness. Accession standards infer that recruits are within
acceptable weight standards (not overweight) and free of chronic disease. Remaining in the military requires adherence to
retention standards and members are still able to fulfill their job requirements; our data reaffirms the presence of chronic
disease and overweight/obesity within the force and their association with poor sleep quality.

Future studies should be directed at better characterizing the effects observed in the present study, including
prospective studies to more closely study the temporality of sleep quality with the development of chronic disease,
expanding the definition of multimorbidity to include other types of chronic disease, comparing multimorbidity in short
sleep to long sleep, and exploring whether there is a causal relationship between sleep health and chronic disease.
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