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ABSTRACT

Introduction
Research has identified an association between sleep and obesity in the general population. It is also important to examine this association in a military
population.

Methods

Data from the 2019 Canadian Armed Forces Health Survey (CAFHS) were used to estimate the prevalence of sleep duration, sleep quality characteristics,
overweight and obesity for Regular Force members. The relationship of sleep duration and sleep quality with obesity was assessed with multivariable logistic
regression that controlled for sociodemographic, work and health characteristics.

Results

Females were significantly more likely than males to report meeting recommended sleep duration (7 hours to less than 10 hours; 48.7% vs. 40.4%), trouble
falling or staying asleep (32.3% vs. 23.5%), or that sleep was not refreshing (64.0% vs. 57.7%). Difficulty staying awake did not differ significantly between
males and females (6.3% vs. 5.4%). Obesity, but not being overweight, was significantly more prevalent among those who had short (less than 6 hours) or
borderline (6 hours to less than 7 hours) sleep duration, or poor sleep quality. Compared with recommended sleep duration, short sleep duration (adjusted
odds ratio [AOR] 1.3; 95% confidence interval [Cl]: 1.2 to 1.6) and borderline sleep duration (AOR 1.2; 95% CI: 1.1 to 1.4) were associated with obesity for
males, but not females, in fully controlled models. Sleep quality indicators were not independently associated with obesity.

Discussion
This study adds to the body of evidence that identifies an association between sleep duration and obesity. The results emphasize the importance of sleep as
one of the components of the Canadian Armed Forces Physical Performance Strategy.
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What is already known on this subject?

e While sleep disturbance and sleep duration have been associated with obesity in the general population, the association

warrants study in the Canadian Armed Forces context.

e Sleep duration and sleep quality are linked concepts and may have some overlap, but they are not synonymous with each other.
Evidence from recent studies demonstrates their differential and independent effects on health outcomes.

What does this study add?

e When sociodemographic, work, and health characteristics were considered, short and borderline sleep duration was significantly
associated with obesity compared with recommended sleep duration for males, but not for females.

e Sleep quality indicators were not independently associated with obesity.

e Findings support the importance of sleep as part of the Canadian Armed Forces Physical Performance Strategy.

in particular during deployments.* Sleep has recently been

identified as one of the pillars of physical performance in
the Canadian Armed Forces (CAF),2 as well as in the U.S.
military.® While studies regarding sleep have tended to focus on
challenges experienced during deployment, sleep is important
throughout the military career. It can affect readiness for
deployment and quality of life during non-deployment
periods'# and is a risk factor for chronic conditions.>® Sleep
health potentially affects obesity through physiological,
hormonal and food-related behavioural changes.” For example,
short sleep duration or poor sleep quality may result in increased
food intake and more opportunities to eat, biological changes in
hormones related to hunger and appetite, or decreased physical
activity and energy expenditure attributable to lethargy and
daytime sleepiness.” Obesity, in turn, affects the risk of many
chronic conditions, such as diabetes, cardiovascular disease,
some types of cancer, asthma, back pain, osteoarthritis, and
gallbladder disease.®1* It also increases the risk of injury.?

Sleep problems are prevalent among military populations,

While sleep disturbance and sleep duration have been
associated with obesity in the general population, %8 the
association warrants study in a military setting. The armed
forces differ from the general population in occupational
demands, such as deployments and frequent and regular
postings; requirements for physical training, testing and
maintenance of physical levels; and a unique workforce
culture.®

Sleep health encompasses multiple dimensions of sleep beyond
sleep duration, which are sometimes examined individually in
relation to obesity. Three dimensions of sleep health—trouble
falling or staying asleep, difficulty staying awake, and sleep not
being refreshing—are referred to in this study as measures of
sleep quality. Sleep duration and sleep quality are linked
concepts and may have some overlap, but they are not
synonymous with each other. Evidence from recent studies
demonstrates their differential and independent effects on

health outcomes, and supports considering both aspects
together.>21 While few population health studies contain
measures of both sleep duration and sleep quality, the 2019
Canadian Armed Forces Health Survey (CAFHS) does. Based
on CAFHS data, this study presents the prevalence of
overweight, obesity, sleep duration and measures of sleep
quality in the Regular Force (RF) population. In addition, the
independent associations of sleep duration and sleep quality
with obesity are examined. A secondary objective was to assess
the independent association of sociodemographic, work and
health-related covariates other than sleep duration or quality
with obesity in the CAF population. Because of evidence
showing different associations between measures of sleep and
body mass by sex,>?22 males and females were analyzed
separately.

Methods

Data source

The voluntary cross-sectional 2019 CAFHS collected
information related to health status, health care service use,
lifestyle and social conditions of actively serving Department of
National Defence CAF members from both the RF and the
Reserve Force (classes A and B). Data were collected using an
electronic questionnaire between January and June 2019. The
overall response rate was 38.4%. The response rate was 39.9%
for the RF and 26.4% for the Reserve Force. The focus of this
analysis is the RF population. RF members are employed full
time in the CAF and make up the bulk of personnel employed
domestically and abroad on operations. Primary reservists are
members who have other full-time civilian employment or who
attend school, and who work with the CAF on a part-time basis.

The analytical sample consists of 13,039 RF members aged 18
years and older (9,616 males, and 3,423 females). Responses
were weighted to represent the entire RF population of 56,400.
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Adjustments were made to the survey weights to reduce
potential non-response bias. Additional information on the
survey can be found at
https://lwww23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurv
ey&SDDS=5259.

Definitions

Sleep variables

Sleep duration: Responses to the question “How long do you
usually spend sleeping each night?” were provided in
categorical ranges: less than 2 hours, 2 hours to less than 3
hours, 3 hours to less than 4 hours, and so on up to 12 hours or
more. Based on the National Sleep Foundation (NSF)
guidelines,?* responses were grouped into short sleep duration
(less than 6 hours), borderline short sleep duration (6 hours to
less than 7 hours), and recommended sleep duration (7 hours to
less than 10 hours) that approximates the NSF 7- to 9-hour
recommended sleep range (Table 1), as well as that of the
Canadian 24-hour Movement Guidelines for Adults.?® Those
who were categorized as having a long sleep duration (10 hours
or more) were too few to be reported and could not logically be
combined with one of the other sleep duration categories. Thus,
they were excluded from the analytical sample (17 males, and 8
females).

Sleep quality: Respondents were also asked three questions
about their sleep quality:

1. “How often do you have trouble going to sleep or
staying asleep?”

2. “How often do you find your sleep refreshing?”

3. “How often do you find it difficult to stay awake when
you want to?”

Those who responded “most of the time” or “all of the time” to
the first and third questions versus “sometimes,” “rarely,” or
“never” were considered to have trouble falling or staying
asleep, or to have difficulty staying awake. Those who
responded “never” or “rarely” to the second question were
considered to find that their sleep was not refreshing.

Obesity

Height (without shoes on) and weight were self-reported. The
body mass index (BMI) of respondents was calculated as the
weight (kg) divided by the square of the height (m). The weight
status of respondents (except pregnant women) was classified
as underweight (less than 18.50), normal weight (18.50 to

Table 1

24.99), overweight (25.00 to 29.99) or obese (30.00 or
over).2827

Sociodemographic characteristics

Sex at birth was categorized as male or female. Age was
categorized into groups for bivariate analyses (18 to 29 years,
30 to 39 years, 40 to 49 years, and 50 years and older) and used
continuously in multivariable analyses.

Three marital status categories were used: married or common
law; widowed, separated or divorced; and single.

Respondents’ highest level of education was dichotomized as
having a bachelor’s degree or higher versus less than a
bachelor’s degree.

Work characteristics

The ranks of RF members were grouped as Junior Non-
Commissioned Members (NCMs), Senior NCMs, and Junior or
Senior Officers. An NCM has the skills, knowledge and hands-
on experience in trade specialties that are required to conduct
CAF operations domestically and abroad. A commissioned
officer has successfully completed a postgraduate degree and
their  responsibilities  include  planning,  organizing,
commanding, directing, controlling and evaluating, the
operations of their organization in relation to established
objectives. The three service elements represented were air
(Royal Canadian Air Force), land (Canadian Army) and sea
(Royal Canadian Navy).

Health characteristics

The Canadian Physical Activity Guidelines recommend at least
150 minutes of moderate-to-vigorous physical activity per week
for adults.?® Based on the total number of minutes a respondent
engaged in active transportation and moderate-to-vigorous
recreational and other physical activities in the previous seven
days, RF members were categorized as those whose physical
activity level was at or above the guidelines, those whose
physical activity level was below guidelines, or those who
reported no physical activity. Respondents were categorized as
daily, occasional, or former smokers, or as never having been
smokers.

Respondents were categorized into five groups based on
responses to the question, “On a typical day at work, how much
time per day do you spend sitting down?”: 3 hours or less, more
than 3 hours to 4 hours, more than 4 hours to 5 hours, more than
5 hours to 6 hours and more than 6 hours. These groups
correspond to the survey response categories.

National Sleep Foundation guidelines for sleep duration

Hours of sleep

May be appropriate

Not recommended

10to 11

Age Recommended
18 to 25 years 7t09 6
26 to 64 years 7t09 6

10

Less than 6
More than 11
Less than 6
More than 10

Source: Adapted from: Hirshkowitz 2015.
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Those who reported that most days were “quite a bit” or  very,” or “a bit” stressful were considered to have low self-
“extremely” stressful were considered to have high self-  perceived stress.
perceived stress, while those who reported “not at all,” “not

Table 2
Percentage distribution of sociodemographic, work and health-related characteristics, by sex, Regular Force members, Canadian Armed
Forces, 2019

Both sexes Males Females
95% 95% 95%
Confidence Confidence Confidence
interval interval interval
Characteristics % from to % from to % from to
Total 100.0 100.0 100.0
Sociodemographic
Age group (years)
1810 29 242 239 246 24.8 244 252 207 ¢ 20.1 213
30to0 39 39.5 39.1 3938 39.6 39.2 400 385 ¢ 38.0 39.0
40to 49 24.6 24.4 24.9 23.9 236 242 289 *F 28.4 29.3
50 and older 11.7 11.6 11.8 11.7 115 11.8 12.0 11.7 12.2
Marital status
Married or common law 69.5 68.6 70.4 70.0 689 710 66.6 * 65.1 68.2
Separated, widowed or divorced 8.2 7.7 8.7 7.5 6.9 8.1 12.2* 11.2 13.3
Single 224 216 232 22.6 217 235 21.1 19.8 225
Highest level of education
Bachelor’s degree or higher 325 316 334 30.8 29.8 318 424* 40.9 439
Less than a bachelor’s degree 67.5 66.6 68.4 69.2 68.2 70.2 576 * 56.1 59.1
Work characteristics
Rank
Junior Non-Commissioned Member 43.1 422 440 43.8 428 448 39.0 375 405
Senior Non-Commissioned Member 25.2 24.5 25.9 255 246 263 236 % 224 248
Senior Officer or Junior Officer 317 30.8 32,6 30.7 29.8 317 374 35.9 38.9
Service element
Air 33.2 324 339 322 314 331 388 ¢ 373 40.2
Land 50.7 50.0 515 51.9 511 528 438% 42.2 453
Sea 16.1 156  16.6 15.9 153  16.5 17.5* 16.4 18.6
Health
Canadian Physical Activity Guidelines
At or above the guidelines 71.9 71.0 728 72.4 714 734 68.8 * 67.2 70.3
Below the guidelines 21.8 21.0 227 214 204 223 246 F 23.2 26.1
No physical activity reported 6.3 5.8 6.8 6.2 5.7 6.8 6.6 5.9 7.4
Smoking
Daily 9.5 9.0 10.1 9.6 9.0 10.3 9.1 8.2 10.1
Occasional 7.4 6.9 7.9 7.7 7.1 8.3 57*% 5.0 6.5
Former 42.1 41.1 43.0 42.7 416 438 383 % 36.7 39.8
Never 41.0 40.0 420 40.0 389 412 469 ¢ 45.3 48.5
Number of hours sitting down on a typical day at work
3 hours or less 215 207 223 23.0 221 239 129 % 11.9 141
More than 3 hours to 4 hours 15.0 143 15.7 15.6 148 164 116 * 10.6 12.7
More than 4 hours to 5 hours 19.1 183 19.9 19.2 183 201 18.2 17.0 19.5
More than 5 hours to 6 hours 20.9 201 217 20.1 19.3 210 253 % 239 26.8
More than 6 hours 235 227 243 221 212 230 319 ¢ 30.5 334
Self-perceived life stress
High 23.6 228 244 22.6 217 236 294 % 27.9 30.9
Low 76.4 75.6 77.2 77.4 76.4 783 706 * 69.1 721
Alcohol use in the past 12 months
Once per week or less, or non-drinker 62.4 614 63.4 61.5 60.4 62.6 67.7 * 66.2 69.1
Two to three times per week 25.4 246 263 26.0 25.0 27.0 219 20.7 233
Four times per week or more 12.2 115 12.8 12,5 11.7 132 104 * 9.4 11.4
Chronic conditions
Joint pain (past 30 days) or arthritis
Yes 63.4 62.4 64.4 63.1 62.0 64.2 65.0 * 63.5 66.5
No 36.6 35.6 37.6 36.9 358 380 350 * 335 36.5
Chronic obstructive pulmonary disease
Yes 0.5 0.4 0.7 0.5 0.4 0.7 0.6 0.4 0.9
No 99.5 99.3 996 99.5 99.3 996 99.4 99.1 99.6
Back problems, excluding fibromyalgia and arthritis
Yes 29.6 28.7 30.5 29.8 28.8 308 28.6 27.2 30.0
No 70.4 69.5 713 70.2 69.2 712 71.4 70.0 72.8
Mental disorder
Yes 213 206 221 204 195 213 267 % 253 28.1
No 78.7 779 79.4 79.6 787 805 733 % 71.9 74.7
Sleep apnea
Yes 9.5 9 10.1 10.5 9.9 11.2 38* 3.2 4.4
No 90.5 90 91.0 89.5 88.8 90.1 96.2 * 95.6 96.8

... not applicable
¥ significantly different from estimate for males (p < 0.05)
Source: Canadian Armed Forces Health Survey, 2019.
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Table 3

Percentage distribution of body mass index classification, sleep duration and sleep quality, by sex, Regular Force members,

Canadian Armed Forces, 2019

Both sexes Males Females
95% Confidence 95% Confidence 95% Confidence
interval interval interval
Characteristics % from to % from to % from to
Body mass index (kg/m?)
Underweight (<18.50) 0.5 0.4 0.6 03°F 0.2 0.5 147F 11 1.9
Normal (18.50 to 24.99) 27.6 26.7 28.5 249 239 25.9 440" 42.4 45.7
Overweight (25.00 to 29.99) 43.6 42.7 44.6 45.4 44.3 46.6 326 311 34.2
Obese classes |, Il and 11l (= 30.00) 283 274 292 293 284 30.3 21.9* 20.5 233
Sleep duration
Short 244 236 252 249 239 25.8 215*% 20.2 22.9
Borderline 34.0 331 349 347 33.7 35.8 29.7 % 28.2 313
Recommended 41.6 40.6 42.6 40.4 39.3 41.5 487 % 47.1 50.4
Trouble falling or staying asleep
Yes 248 24.0 25.6 235 22.6 24.4 323° 30.9 339
No 75.2 74.4 76.0 76.5 75.6 77.4 67.7°% 66.1 69.1
Difficulty staying awake
Yes 5.6 5.1 6.0 54 4.9 6.0 6.3 5.6 7.1
No 94.4 94.0 94.9 94.6 94.0 95.1 93.7 92.9 94.4
Refreshment from sleep
Not refreshing 58.6 57.6 59.6 57.7 56.6 58.8 64.0* 62.4 65.5
Refreshing 41.4 40.4 42.4 42.3 41.2 43.4 36.0 F 34.5 37.6
¥ use with caution
¥ significantly different from estimate for males (p < 0.05)
Note: Body mass index was calculated based on self-reported height and weight.
Source: Canadian Armed Forces Health Survey, 2019.
Alcohol use in the past 12 months was grouped into three  SAS-callable SUDAAN version 11.0 to account for

categories: never or once per week or less, two to three times
per week, and four times per week or more.

Chronic conditions examined in this study included joint pain
(excluding back and neck) in the past 30 days, and the following
conditions that are expected to last or have already lasted six
months or more and have been diagnosed by a health
professional: arthritis, back pain (excluding fibromyalgia and
arthritis), mental disorder (mood disorder, anxiety disorder and,
post-traumatic stress disorder) and sleep apnea.

Analytical techniques

Weighted frequencies and cross-tabulations were calculated to
examine estimates of BMI classification, sleep duration and
sleep quality characteristics. Multivariable logistic regression
was used to determine which sleep duration and quality factors
(included simultaneously in models) were independently
associated with obesity (classes I, Il, and 111 combined) versus
none (underweight, normal and overweight), first controlling
for age (Model 1) and, additionally, after accounting for
sociodemographic, work and health characteristics (Model 2).
All analyses were stratified by sex. To investigate whether
results differed when sleep duration and sleep quality were not
included in the same models, a sensitivity analysis repeated
models 1 and 2, separately modelling sleep duration and each
of the three sleep quality variables.

Variance inflation factors (2.9 and over) and tolerance estimates
(0.2 and under) demonstrated that multicollinearity was not a
problem. In all analyses, bootstrap weights were applied in

underestimation of standard errors resulting from the complex
survey design.?

Results

Tables 2 and 3 present the weighted percentage distribution of
covariates, BMI classification and sleep characteristics among
the RF population.

Of the RF members in this analysis, 50.7% served in land,
33.2% in air and 16.1% in sea service elements (Table 2). Males
made up 85.5% of the sample; mean age was 37 years for males
and 38 years for females. Among RF members, 32.5% had a
bachelor’s degree or higher, 69.5% were married or living
common-law, and 31.7% were Officers (Table 2).

Self-reported height and weight were used to determine BMI,
and 43.6% of all RF members were classified as overweight and
28.3% as obese (Table 3). Males were significantly more likely
than females to be classified as overweight (45.4% vs. 32.6%)
or obese (29.3% vs. 21.9%).

Females were significantly more likely than males to report
usual sleep duration in the recommended range (48.7% vs.
40.4%), and to report trouble falling or staying asleep (32.3%
vs. 23.5%) or that sleep was not refreshing (64.0% vs. 57.7%).
Difficulty staying awake was less frequently reported and did
not differ significantly between females and males (6.3% vs.
5.4%).
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Table 4
Prevalence of overweight and obesity by sleep characteristics and selected sociodemographic, work and health characteristics, Regular Force members,
Canadian Armed Forces, 2019

Males Females
Overweight Obese Overweight Obese
95% Confidence 95% Confidence 95% Confidence 95% Confidence
interval interval interval interval
Characteristics % from to % from to % from to % from to
Total 45.4 443 46.5 294 28.4 304 32.5 31.0 34.1 219 20.6 233
Sleep duration
Short 441 42.0 46.3 35.8 * 33.8 38.0 333 30.0 36.7 276 * 245 30.9
Borderline 45.8 44.0 47.7 306 * 28.9 324 33.1 30.4 35.9 233 * 20.9 26.0
Recommended" 45.8 44.0 47.6 243 22.8 25.8 319 29.6 34.2 18.4 16.6 20.4
Trouble falling or staying asleep
Yes 43.9 41.6 46.2 347 * 325 36.9 34.4 317 371 25.6 * 23.1 28.2
No' 45.8 44.6 47.1 27.7 26.6 28.9 31.6 29.7 33.6 20.1 18.5 21.9
Difficulty staying awake
Yes 41.7 36.9 46.7 348 * 303 39.6 35.8 29.6 42.4 26.1 20.8 321
No' 45.6 44.5 46.8 29.0 28.0 30.0 323 30.7 339 21.7 20.3 23.1
Refreshment from sleep
Not refreshing 45.6 44.1 47.1 31.8 * 30.5 332 32.7 30.8 34.7 245 * 22.7 26.3
Refreshing1 45.1 43.4 46.8 259 244 274 321 29.7 347 17.4 15.3 19.7
Sociodemographic
Age group (years)
180 29" 45.2 42.7 47.8 19.9 18.1 22.0 29.5 26.0 333 19.6 16.5 23.2
30to39 43.2 41.2 45.1 30.0 * 28.2 318 32.1 29.7 34.6 18.6 16.6 20.8
40 to 49 46.8 448 48.9 354 * 334 374 33.7 30.9 36.6 26.0 * 235 28.7
50 and older 50.4 * 47.9 52.9 349 * 325 37.3 35.9 * 32.0 39.9 26.0 * 223 30.0
Marital status
Married or common law" 46.4 45.0 47.7 316 30.4 32.8 33.0 311 349 217 20.1 23.4
Separated, widowed or divorced 46.4 42.5 50.4 30.0 26.5 337 35.8 315 40.5 19.2 15.8 23.2
Single 41.8 * 393 443 227 * 20.7 248 29.1 25.9 32.6 241 21.0 27.5
Highest level of education
Bachelor’s degree or higher' 45.8 43.8 47.9 219 203 23.6 29.9 27.5 323 17.1 15.2 19.1
Less than bachelor's degree 45.0 43.6 46.4 328 * 316 341 345 * 324 36.6 254 * 236 27.4
Work characteristics
Rank
Junior non-commissioned member’ 43.2 41.4 45.1 30.0 28.4 316 34.0 315 36.6 249 225 27.4
Senior non-commissioned member 47.2 * 45.1 49.4 36.5 * 345 385 36.0 33.0 39.2 259 231 28.9
Senior officer or junior officer 46.9 * 449 48.9 225 * 20.9 243 28.7 * 26.2 314 16.2 * 14.3 18.4
Service element
Air' 45.1 433 46.9 27.4 25.9 28.9 32.7 30.2 353 20.7 18.6 23.0
Land 46.5 44.9 48.2 295 * 28.1 30.9 33.9 31.6 36.4 203 18.2 22,5
Sea 42.2 394 45.0 33.0 * 303 35.8 28.8 253 325 28.8 * 254 325
Health
Canadian physical activity guidelines
At or above the guidelines' 46.4 45.1 47.7 28.2 27.1 294 33.1 313 35.0 204 188 22,0
Below the guidelines 435 * 41.1 46.0 311 * 28.9 333 31.4 28.3 34.6 26.2 * 234 293
No physical activity reported 40.1 * 36.0 44.4 373 * 334 41.3 31.0 25.6 37.0 224 17.5 28.2
Smoking
Daily* 43.0 394 46.7 26.5 235 29.7 29.8 25.0 35.1 25.1 20.7 30.2
Occasional 46.9 42.7 51.1 30.8 27.0 348 41.7 * 353 48.4 20.1 15.2 26.1
Former 46.5 44.7 48.2 311 * 29.6 327 35.0 325 376 22.2 20.2 24.4
Never 44.4 42.6 46.3 28.0 26.4 29.6 30.0 27.8 323 21.2 19.2 23.4
Time sitting down on a typical day at work
3 hours or less’ 47.0 445 494 25.2 23.1 27.4 35.3 31.2 39.6 16.3 13.1 20.0
More than 3 hours to 4 hours 45.9 43.1 48.9 305 * 28.0 332 30.7 26.2 35.5 240 * 19.7 289
More than 4 hours to 5 hours 45.8 43.4 48.1 29.5 * 27.3 317 33.4 29.7 37.2 20.7 17.7 24.1
More than 5 hours to 6 hours 43.7 413 46.1 311 * 28.9 333 32.7 29.6 35.9 240 * 213 26.9
More than 6 hours 44.7 423 47.1 312 * 29.2 334 31.5 28.8 343 225 * 20.2 25.0
Self-perceived life stress
High 45.2 43.0 47.5 329 * 30.8 35.1 33.1 30.3 35.9 221 19.7 24.6
Low" 453 44.1 46.6 284 27.3 295 323 30.4 34.2 219 20.2 236
Alcohol use in the past 12 months
Once per week or less, or non-drinker’ 42.9 41.5 44.4 31.6 30.3 329 31.6 29.7 335 233 216 25.1
Two to three times per week 49.6 * 47.4 51.7 25.3 * 235 27.2 35.8 * 32.6 39.2 18.8 * 16.2 21.6
Four times per week or more 49.0 * 45.8 52.2 26.5 * 237 294 31.8 27.2 36.8 19.6 15.9 239
Chronic conditions
Joint pain (past 30 days) or arthritis
Yes 45.6 44.2 47.0 323 * 31.0 336 33.6 31.8 35.5 24.7 * 23.0 26.4
No' 451 432 470 242 227 25.9 30.6 28.0 333 16.7 14.6 19.2
Back probl luding fibromyalgia and arthritis
Yes 45.9 43.9 47.9 341 * 32.2 36.0 35.9 * 33.0 38.8 26.8 * 243 29.5
No' 45.2 438 465 27.4 26.2 28.6 31.2 29.3 33.1 19.9 18.3 215
Mental disorder
Yes 41.3 * 39.0 43.7 383 * 36.0 40.8 33.4 30.4 36.5 294 * 26.5 324
No' 265 452  47.8 27.0 25.9 28.1 322 30.4 34.1 19.2 17.7 20.8
Sleep apnea
Yes 327 * 29.7 35.7 59.7 * 56.4 63.0 29.5 222 38.1 553 * 46.8 63.5
No' 44.7 43.7 45.7 25.8 24.8 26.8 32.7 31.1 34.3 20.7 19.3 22.1

* significantly different from reference category (p < 0.05)

"reference category

Notes: Body mass index was calculated based on self-reported height and weight. The underweight category was excluded because of small numbers. Obese classes |, Il, and Il were combined into the
obese category.

Source: Canadian Armed Forces Health Survey, 2019.
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In bivariate analyses, obesity, but not overweight, was
significantly more prevalent among those who had less than
recommended sleep duration, had trouble falling or staying
asleep, or found that sleep was not refreshing, for both males
and females (Table 4). Difficulty staying awake was associated
with obesity for men but not for women.

Having shorter than recommended sleep duration and reporting
that sleep was not refreshing were significantly associated with
increased odds of being obese for both males and females in
models that controlled for sleep duration and sleep quality
indicators in addition to age (Table 5, Model 1). The association
between shorter than recommended sleep duration and obesity

Table 5
Adjusted odds ratios relating sleep and other selected characteristics to obesi':y,1 by sex, Regular Force members, Canadian Armed Forces, 2019
Males Females
Model 1 Model 2 Model 1 Model 2
95% Confidence 95% Confidence 95% Confidence 95% Confidence
Odds interval Odds interval Odds interval Odds interval
Characteristics ratio from to ratio from to ratio from to ratio from to
Sleep duration
Short 15 * 13 1.7 13 * 1.2 1.6 1.4 * 11 1.8 1.2 0.9 16
Borderline 13 * 1.1 15 1.2 * 11 1.4 1.2 * 1.0 15 1.2 1.0 15
Recommended" 1.0 1.0 1.0 1.0
Trouble falling or staying asleep
Most of the time or all of the time 11 1.0 13 1.0 0.8 11 1.0 0.8 1.2 0.9 0.8 1.2
Never, rarely or sometimes’ 1.0 1.0 1.0 1.0
Difficulty staying awake
Most of the time or all of the time 1.2 09 15 1.0 0.8 1.2 1.2 0.8 1.6 1.0 0.7 14
Never, rarely or sometimes’ 1.0 1.0 1.0 1.0
Sleep not refreshing
Most of the time or all of the time 1.2 * 1.0 13 1.0 0.9 11 13 * 11 1.7 1.2 0.9 1.5
Never, rarely or sometimes' 1.0 1.0 1.0 1.0
Sociodemographic
Age (continuous) 1.03 * 1.02 1.03 1.02 * 1.01 1.02 1.02 * 1.01 1.03 1.02 * 1.01 1.03
Marital status
Married or common law" 1.0 1.0
Separated, widowed or divorced 1.2 * 1.1 1.4 1.4 * 1.1 1.7
Single 1.0 1.0 1.0 1.0 1.0 1.0
Highest level of education
Bachelor's degree or higher 14 * 11 1.6 1.2 0.9 1.6
Less than bachelor's degree 1.0 1.0
Work characteristics
Rank
Junior non-commissioned member" 13* 1.1 1.6 1.5 * 1.1 2.0
Senior non-commissioned member 1.2 0.9 14 1.2 0.8 1.7
Senior officer or junior officer 1.0 1.0
Service element
Air' 1.0 1.0
Land 11 1.0 1.2 0.9 0.8 11
Sea 13 * 11 1.5 16 * 1.2 2.0
Health
Canadian physical activity guideli
At or above the guidelines' 1.0 1.0
Below the guidelines 1.1 1.0 13 13 * 1.1 1.6
No physical activity reported 13 * 1.1 1.6 0.9 0.6 13
Smoking
Daily 0.7 * 0.6 0.9 0.9 0.7 1.2
Occasional 11 0.9 14 0.8 0.5 1.2
Former 11 1.0 1.2 0.9 0.8 11
Never' 1.0 1.0
Minutes sitting down on a
typical day at work (continuous) 1.001 * 1.000 1.001 1.001 * 1.000 1.001
Self-perceived life stress
High 1.0 0.9 1.2 0.9 0.7 11
Low’ 1.0 1.0
Alcohol use in the past 12 months
Once per week or less, or non-drinker’ 1.0 1.0
Two to three times per week 0.8 * 0.7 0.9 0.8 0.7 1.0
Four times per week or more 0.7 * 0.6 0.9 0.8 0.6 1.1
Chronic conditions”
Joint pain (past 30 days) or arthritis 1.1 * 1.0 1.3 13 * 1.1 1.6
Back problems, excluding fibromyalgia
and arthritis 1.0 0.9 11 11 0.9 1.4
Mental disorder 1.2 * 11 14 14 * 11 1.7
Sleep apnea 3.4 * 2.9 3.9 3.0 * 2.0 4.6

... not applicable
* significantly different from reference category (p < 0.05)

" reference category; for chronic conditions, the reference category is the absence of the condition
1 Body mass index was calculated based on self-reported height and weight. Obese classes |, Il and IIl were combined into the obese category and compared with the non-obese category

(underweight, normal or overweight).
2 The reference group is the absence of the condition.
Source: Canadian Armed Forces Health Survey, 2019.
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was attenuated for both males and females and lost significance
for women in models that controlled for additional
sociodemographic, work and health characteristics (Table 5,
Model 2). The association between reporting that sleep was not
refreshing and obesity was not significant for either males or
females in Model 2.

In multivariable models, Junior NCMs had increased odds of
obesity compared with Officers, as did those in the sea service
element compared with those in the air service element and
those with more minutes sitting at work. Males who reported no
physical activity and females whose physical activity was below
the guidelines also had increased odds of obesity. Several
chronic conditions were independently associated with
increased odds of obesity, including joint pain and arthritis,
mental disorders, and sleep apnea.

Appendix A demonstrates very similar outcomes when
models 1 and 2 were run with sleep duration or each of the sleep
quality variables one at a time, with the exception of “sleep not
refreshing,” which was significant for both men and women
when it was the only sleep variable in the model.

Discussion

Less than half (41.6%) of RF members reported the
recommended hours of sleep based on the 2019 CAFHS.
However, what constitutes short sleep duration lacks
consistency between published studies, making comparisons
challenging. The recommended sleep duration classification
used in this study is based on the NSF guidelines?* of
“recommended” or “may be appropriate” ranges for adults (7
hours to less than 10 hours). Some studies define a shorter range
of 7 to 8 hours of sleep as the recommended range. For example,
two U.S. studies in military populations reported that 27.7% and
29.9% of military personnel had 7 to 8 hours of sleep.>®
Finding that sleep was not refreshing (58.6%) or having trouble
falling or staying asleep (24.8%) was also quite prevalent in this
study’s RF population, while difficulty staying awake was
much less so (5.6%).

The proportion of RF members classified as obese (28.3%) is
comparable to the 26.8% of the general population of Canadian
adults.®! However, a higher proportion of RF members (44.6%)
were classified as overweight than in the general population
(36.3%).3! While in the general population BMI tends to be
underreported,® this may be less of an issue in a military
population. This group undergoes frequent physical testing,
including measurement of weight, and thus may be more able
to accurately report their weight. A high muscle mass in the RF
population may result in increased BMI and overestimation of
overweight or obesity.3%%

Short and borderline sleep durations were independently
associated with increased odds of obesity in multivariable
analysis for male CAF members, but were not significant for
female CAF members in models that fully controlled for a range
of sociodemographic, work and health covariates. Previous
studies of short sleep duration and obesity in the general

population have found associations for both males and
females,?>%"” while others have not.?*3¢ One study in a military
population reported a significant association between short
sleep duration and overweight or obesity but did not stratify
results by sex.®

None of the sleep quality variables were significantly associated
with obesity in full models that controlled for all sleep variables
simultaneously. Sensitivity analyses that modelled each of the
three quality sleep variables separately revealed results that
were highly consistent with those of the main analyses. The
exception was the “sleep not refreshing” variable; its effect was
similar in magnitude to the main analyses but reached statistical
significance for both men and women in the fully adjusted
models. Not having refreshing sleep can be related to sleep
duration. However, results of models combining all sleep
variables suggest that sleep duration may have the more
powerful association with obesity in the CAF population.

This study is cross-sectional and thus cannot infer causality or
directionality. Systematic reviews and meta-analyses have
concluded that short sleep is a risk factor for weight gain,
although evidence is stronger for children than for adults.3*-4
Bi-directionality is possible, such that short duration sleepers
may gain more weight over time, but excess body weight can
also lead to poor sleep.*?43 However, it has been suggested that
the direction is mainly sleep to obesity.*

Several other covariates of note remained significantly
associated with obesity in multivariable analysis, such as rank,
service element, physical activity and sleep apnea. Junior
NCMs had higher odds of obesity compared with Officers,
similar to findings in the U.S. military.! The U.S. Navy has been
shown to have increased risk of obesity.*> Obesity may be more
prevalent in the sea service element because of factors such as
physical space constraints on vessels, disrupted sleep schedules
and lack of natural light.

Reporting no physical activity for males or physical activity
below Canadian Physical Activity Guidelines for females was
associated with obesity independent of the impact of sleep
duration. A study of Canadian adults found that the association
between trouble sleeping and BMI varied by physical activity
level, such that it was almost null for those with a high level of
physical activity.®* While that study examined trouble sleeping
and not sleep duration, future studies may shed light on whether
the association between sleep duration and obesity similarly
varies by physical activity level. This may be of particular
interest in a military population, where physical training and
activity are a mandatory part of the occupation.

Military populations have also been reported to have a higher
prevalence of sleep apnea than the general population.® In this
study, male RF members were significantly more likely (p <
0.05) than men in the general population aged 18 years and
older*® to have sleep apnea (10.5% vs. 9.3%), while female RF
members were significantly less likely to have sleep apnea
(3.8% vs. 4.9%) compared with females in the general
population. Both male and female RF members with sleep
apnea had approximately three times the odds of being obese;
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these findings are consistent with evidence that sleep apnea is
an established risk factor for obesity.***” However, shorter sleep
duration remained associated with obesity for males
independent of sleep apnea.

Because sleep affects energy balance, eating and physical
activity behaviours, it has been identified as a potential tool to
aid in the management of obesity.*® This study identified a
cross-sectional association between sleep and obesity but
cannot draw any conclusions about the efficacy of sleep
interventions in changing sleep patterns or treating obesity.
Sleep interventions have had some success in a military
population in improving sleep health. For example, a German
study found that a workplace sleep-health program can improve
objective and self-reported measures of sleep in an armed forces
population.*® While these findings are encouraging, there is no
clear evidence that changes in sleep health can improve weight
management or obesity outcomes.*! Interventional studies,
especially in military populations, are needed.

Strengths

Among the strengths of this analysis are a large, representative
sample and control for a wide range of sociodemographic, work
and health covariates. This study is also among the few to
examine multiple dimensions of sleep health (both sleep
duration and measures of sleep quality) together, enabling
assessment of which aspect may be most important in relation
to obesity.

Additionally, because the CAF population is generally excluded
from national population health surveys, this study provides
data on a unique and understudied military population.

Limitations

It is not possible to determine the direction of the association
between sleep variables and obesity because of the cross-
sectional study design, emphasizing the need for future
intervention studies and studies with longitudinal data.
Additionally, sleep questions are based on one point in time, and
the duration of sleep problems could not be assessed.

Data are not available on some factors that could influence sleep
or obesity, such as eating behaviour and caloric intake, shift
work and work hours, specific job occupations, or medications
that might increase risk of sleep problems or obesity.

Categorical response options for sleep duration result in some
loss of information. Thus, it was not possible to calculate mean
hours of sleep or use sleep duration as a continuous variable in
models.

The Reserve Force component of the CAFHS is small, and the
response rate was relatively low; thus, analysis was limited to
only RF members. It is not known whether associations would
differ in the Reserve Force population.

Sleep, weight and height, and covariates were self-reported and
not verified by another source.

It is known that there are limitations in the application of BMI
estimates for certain subgroups, such as young adults who have
not attained full growth, those with a very lean build or who are
very tall or short, and certain ethnic groups.3®

Conclusion

Shorter than recommended sleep duration, poor sleep quality,
and obesity are prevalent among the CAF Regular Force and are
a concern for the long-term health, well-being and deployment
readiness of this population.

Results of this study suggest that sleep health is associated with
obesity in a military population. In particular, short and
borderline sleep duration remained independently associated
with obesity among males; thus, differences by sex warrant
further investigation. These findings support the importance of
sleep as part of the Canadian Armed Forces Physical
Performance Strategy. Longitudinal or intervention studies are
needed to better understand the potential role of healthy sleep
practices in obesity management, particularly in military
populations.
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Appendix Table A
Adjusted odds ratios relating sleep duration and sleep quality individually to obesity," by sex, Regular Force members, Canadian Armed Forces,
2019
Males Females
Model 1 Model 2 Model 1 Model 2
95% Confidence 95% Confidence 95% Confidence 95% Confidence
Odds interval Odds interval Odds interval Odds interval

Characteristics ratio from to ratio from to ratio from to ratio from to
Sleep duration

Short 1.7 * 1.5 19 1.4 * 1.2 1.6 16 * 1.3 2.0 13 1.0 1.6

Borderline 13 * 1.2 15 13 * 1.1 1.4 13 * 1.1 1.6 1.2 1.0 15

Recommended" 1.0 1.0 1.0 1.0
Trouble falling or staying asleep 1.1 * 1.0 1.3 1.0 0.9 1.2 13 * 1.1 1.5 1.1 0.9 13
Difficulty staying awake 13 * 1.1 1.6 1.1 0.9 1.4 1.3 0.9 1.7 1.0 0.7 1.5
Sleep not refreshing 13 * 1.2 1.5 1.1 * 1.0 1.3 1.5 * 1.3 1.8 1.3 * 1.0 1.5

... not applicable
* significantly different from reference category (p < 0.05)
T reference category; if not otherwise indicated, the reference category is the absence of the condition

1. Body mass index was calculated based on self-reported height and weight. Obese classes |, Il and Ill were combined into the obese category and compared with the

non-obese category (underweight, normal or overweight).

Notes: Model 1 includes the specified sleep variable (without the other sleep variables) plus age. Model 2 includes the specified sleep variable (without the other sleep variables) plus
age, marital status, highest level of education, rank, service element, Canadian Physical Activity Guidelines, smoking status, minutes sitting on a typical day at work, self-perceived life

stress, alcohol use in past six months, joint pain or arthritis, back problems, mental disorder, and sleep apnea.

Source: Canadian Armed Forces Health Survey, 2019.
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