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Study Objectives: To investigate whether low levels
of physical activity were associated with an increased
occurrence of obstructive sleep apnea (OSA), OSA-related
symptoms, and cardiometabolic risk.

Methods: A case-control study design was used. OSA
cases were patients referred to a sleep clinic for suspected
OSA (n = 2,340). Controls comprised participants from the
Busselton community (n = 1,931). Exercise and occupational
activity were derived from questionnaire data. Associations
were modelled using logistic and linear regression and
adjusted for confounders.

Results: In comparison with moderate exercise, the high,
low, and nil exercise groups had an odds ratio (OR) for
moderate-severe OSA of 0.6 (95% Cl 0.5-0.8), 1.6 (95% Cl
1.2-2.0), and 2.7 (95% CI 1.9-3.7), respectively. Relative to
men in heavy activity occupations, men in medium, light and
sedentary occupations had an OR for moderate-severe OSA
of 1.7 (95% Cl 1.1-2.5), 2.1 (95% Cl 1.4-3.2), and 1.8 (95% ClI

1.2-2.8), respectively. Relative to women in medium activity
occupations, women in light and sedentary occupations had
an OR for moderate-severe OSA of 4.2 (95% Cl 2.6-7.2) and
3.5 (2.0-6.0). OSA patients who adequately exercised had
lower: levels of doctor-diagnosed depression (p = 0.047);
symptoms of fatigue (p < 0.0001); systolic (p = 0.015) and
diastolic blood pressure (p = 0.015); and C-reactive protein
(CRP) (p =0.003).

Conclusions: Low levels of physical activity were associated
with moderate-severe OSA. Exercise in individuals with OSA
is associated with lower levels of depression, fatigue, blood
pressure and CRP.
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bstructive sleep apnea (OSA) is characterized by repeti-

tive upper airway obstruction during sleep.! OSA is prev-
alent to a clinically significant degree in at least 2% of women
and 4% of men.? OSA leads to impaired quality of life, and is
associated with an increased risk of hypertension, myocardial
infarction, stroke, heart failure, metabolic syndrome, depres-
sion, and motor vehicle accidents.>® Studies examining the ef-
fect of exercise on OSA demonstrate that the incidence of OSA
is higher among those who rarely undertake vigorous activity.®
Sedentary activities have been recognized to contribute to the
risk of type 2 diabetes and cardiovascular disease,” but their
impact on OSA is yet to be examined.

Exercise may be a modifiable factor that reduces the risk
of OSA. Adequate exercise is defined by US and Australian
guidelines as moderate intensity physical activity for at least
150 minutes each week.® Longitudinal data suggests reduced
incidence of OSA in those who exercise regularly.® Two cross-
sectional studies have reported lower odds of moderate-severe
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Physical inactivity is increas-
ingly recognised as a health risk factor but it is largely unknown whether
such inactivity is associated with OSA and, if so, the health conse-
quences for patients with this condition.

Study Impact: Vigorous exercise may protect against the development
of moderate-severe OSA while low or no exercise could contribute to its
occurrence. Health benefits of exercise for individuals with OSA appear
to include lower levels of depression, fatigue, blood pressure, and the
inflammatory biomarker CRP.

OSA in those with high exercise levels.'”!" To date, most ex-
ercise studies have not captured range of exercise intensities,
preferring to dichotomize samples by comparing the effect of
vigorous exercise with all other activity levels taken as base-
line.*"" Only one community sample of OSA subjects has
defined nil exercise as a separate category from low levels
of exercise where, using nil exercise as baseline, there were
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progressive reduction in odds of moderate-severe OSA across
low, moderate, and vigorous exercise categories.'® Further, the
investigation of the effect of exercise on OSA related symp-
toms such as excessive daytime sleepiness, fatigue, and de-
pression is warranted.

Time spent in exercise, regardless of vigor, usually repre-
sents a small proportion of the total hours in a week.'> Low
levels of activity at other times may independently increase
cardio metabolic risk.7*-1* Sitting, or states of low energy ex-
penditure (< 1.5 METs),'® have been postulated to adversely af-
fect lipoprotein metabolism and other metabolic processes.'*!”
Observational studies have shown increased odds of abnormal
glucose metabolism and metabolic syndrome in adults who
watch more TV—a finding which was independent of whether
the adults achieved recommended guidelines for exercise.’
Longitudinal measurement of time spent watching TV and
time in automobiles suggests that these inactive behaviors in-
crease cardiovascular disease-related mortality by up to 80%.’

Inactive occupations are increasingly prevalent. In 1960,
50% per cent of US workers undertook at least moderate physi-
cal intensity activities.'” By 2006 this had decreased to 20% of
workers."? A Swedish study examined the relationship between
occupation and risk of hospitalization due to OSA,"™ hypoth-
esizing that socioeconomic status would affect hospitalization
rates. Although physical activity was not directly measured in
that study, men in occupations with high activity (e.g., farmers,
gardeners, wood workers) had lower standardized incidence
ratios for hospitalization for OSA." Conversely, some low ac-
tivity occupations (e.g., administrator/manager, sales agents,
shop assistants, drivers) demonstrated higher standardized in-
cidence ratios of hospitalization for OSA."™ Thus occupation
may characterize sedentary behavior and also be a determinant
of OSA.

The current study tested the hypothesis that low levels of oc-
cupational activity and low levels of exercise activity would be
associated with: (1) the presence of moderate-severe OSA; (2)
increased symptoms of excessive daytime sleepiness, fatigue,
and depression in OSA; and (3) increased biomarkers of car-
diometabolic risk in OSA.

METHODS

Study Participants

OSA cases comprised participants in the Western Austra-
lian Sleep Health Study (WASHS) recruited between January
2006 and June 2009.” Obstructive sleep apnea severity was
defined by the AHI' derived from laboratory-based overnight
polysomnography ([PSG] Profusion 2, Compumedics, VIC,
Australia). Apnea-hypopnea index was defined as the num-
ber of apnea plus hypopnea events per hour of sleep. Patients
were categorized as mild OSA: 5.00—14.99 events/h; moderate
OSA: 15.00-29.99 events/h; or severe OSA: > 30.00 events/h.
Patients with AHI < 5 events/h and those on therapy were
excluded. Patients with prior diagnosis of any comorbidity
likely to cause low activity levels (e.g., other sleep disorders,
lung disease causing moderate-severe ventilatory impairment,
heart disease with impaired exercise tolerance and neurode-
generative disorders) were also excluded.
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The control sample was retrospectively generated from the
2005-2007 crosssectional component of the Busselton Health
Study (BHS): asex- and age-stratified random sample (n=2,935)
of the 2005 Busselton electoral roll.* The Busselton popula-
tion is a subset of the catchment region of the WASHS. Data
from the Australian Bureau of Statistics suggest that Busselton
was representative of Western Australia in terms of age and
sex distribution. There were minor underlying differences in
the distribution of occupations, with Busselton having slightly
more trade and labor-based occupations, while Perth, the main
population center of Western Australia, had more professional
and administrative occupations (see Table S1, supplemental
material). Laboratory PSGs were not performed on controls.
However, a subset with low risk of moderate-severe OSA was
identified by the criteria: self-reported snoring < 12 times per
month or the absence of hypertension (measured using manual
sphygmomanometer). These criteria had 92% post-test prob-
ability of AHI < 15 events/h in a general population sample*
but did not alter the occupation or exercise profile of the control
sample (see Table S2, supplemental material).

Study protocols and informed consent documents were ap-
proved by the Sir Charles Gairdner Hospital and University
of Western Australia Human Research Ethics Committees.
Participation was voluntary. Data were de-identified prior to
analysis.

Measurements and Parameters

In cases the symptom profile were derived from question-
naire responses. Excessive daytime sleepiness was defined as
an Epworth Sleepiness Score (ESS) > 10.?* Fatigue after wak-
ing was measured using the following frequency scale (never,
rarely: < 1 day/week, sometimes: 1-2 days/week, frequently:
3—4 days/week, always: 5—7 days/week). Self-report of doctor
diagnosed depression (yes/no) was recorded. Smokers were
categorized as never, former or current smokers, and pack-
years calculated. Systolic and diastolic blood pressure (mm
Hg), height (m), weight (kg), and neck circumference (cm)
were measured directly according to standard procedures by
a respiratory physician. Levels of C-reactive protein ([CRP]
mg/L) were measured in just under half of all OSA cases; 524
twelve-hour fasting blood samples were available to assess
cholesterol, high-density lipoprotein (HDL), low-density lipo-
protein (LDL), and triglycerides (mmol/L).

Alcohol exposure was measured differently in cases and
controls. Cases recorded frequency scales for the number of
days per week they consumed alcohol (0-7) and the typical
number of standard (10 g alcohol) drinks per night consumed
(1-2, 3-5, 6-9, 10+). The mean number of alcoholic drinks
per night was used to calculate total standard drinks per week.
Controls were asked to recall standard drinks per week for dif-
ferent beverage types (light beer, mid beer, white wine, etc.)
and these were summed.

Exercise activity was measured using the Active Australia
Survey.? Self-report of total weekly time spent in walking,
moderate, and vigorous physical activity was recorded. Meta-
bolic equivalents (METS)' is a unit of resting metabolic rate
equivalent to 3.5 mL of oxygen uptake per kilogram of body
weight per minute (kcal/kg'/min™'). MET minutes of exercise
were calculated as intensity adjusted total time in minutes
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Table 1—Summary of methods to characterize activity measures.

Exercise (MET minutes/week)

Nil

Occupational Activity (0-39)

Moderate
(600-1,199)

Low
(40-599)

High
(21,200)

Sedentary, e.g. accountant, IT, academic

Light, e.g. teacher, hairdresser

Inactive exercise
Inactive occupation

Active exercise
Inactive occupation

Medium, e.g. nurse, mechanic

Heavy, e.g. farmer, plumber, fire-fighter, rig worker

Inactive exercise
Active occupation

Reference category
Active exercise
Active occupation

spent in activity. Specifically, MET minutes per week = (3 X
total minutes walking) + (4 x total minutes of moderate exer-
cise) + (7.5 x total minutes of vigorous exercise). This formula
was used to create 4 exercise categories (nil, low, moderate,
and high) that were derived from published thresholds.'

Occupational activity categories were assigned using the
US Department of Labor Dictionary of Occupational Titles,
where the usual activities of each occupation title (such as
standing, walking, sitting, lifting, carrying, pushing, pulling,
and manipulation of controls) have been assessed by an oc-
cupational analyst. Job-title derived occupational activity has
shown good agreement with accelerometry-validated physical
activity questionnaires.?* Questionnaire response to job title
was matched to the activity category for that same job title in
the dictionary, creating 4 occupational categories (sedentary,
light, medium, and heavy). Those who listed their occupation
as home duties, retired, unemployed, or students were not in-
cluded in analyses. Table 1 shows the 4 exercise categories and
occupational categories, as well as the “combination” catego-
ries used.

Statistical Analysis

Categorical variables were described using cross tabula-
tions. Normally distributed continuous variables were de-
scribed using mean and standard deviation and variables with
skewed distribution using the median and interquartile range
(IQR). Univariate differences between cases and controls were
tested using either 2 Student ¢ test, or a Mann-Whitney U test,
depending upon the distribution of the independent variable
being compared.

The study involved 4 separate analytic investigations, all
employing generalized linear modelling, but different sample
groupings. Firstly, when comparing OSA cases to controls,
cases with an AHI < 15 events/h were excluded to remove
potential overlap with undiagnosed mild OSA in the con-
trol group. Consequently, the ORs from logistic regression
of case and control data refer to odds of having moderate-
severe OSA (AHI > 15 events/h). Secondly, the relationship
between activity levels and severity of OSA were examined
using natural log transformed AHI as the outcome. This anal-
ysis used only cases of OSA and the full spectrum of severity
was considered, such that all cases with an AHI > 5 events/h
were included. Thirdly, to investigate inactivity in relation to
OSA symptom profile all cases with AHI > 5 events/h were
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dichotomized into either active or inactive and compared
using logistic regression. Fourthly, to examine the effect of
exercise activity on cardiometabolic biomarkers in all cases
with OSA (AHI > 5 events/h), each biomarker was used as
an outcome variable in a linear regression and the estimated
marginal means reported after adjustment for age, sex, eth-
nicity, years of education, alcohol consumption, smoking
(pack-years), and BMI.

All regression analyses were multivariate and employed a
forwards variable entry method. Interaction terms between
alcohol and tobacco intake were considered as were gender in-
teractions with exercise and occupational activity categories.
Interactions were retained where analysis of deviance sug-
gested improvement in the model. Where there was evidence
of gender interaction with activity or occupation, sex-stratified
analyses were reported. Data were analyzed using R version
3.0.1 (2013, The R Foundation for Statistical Computing), and
PASW Statistics GradPack17.0 (2009).

RESULTS

Characteristics of Cases and Controls

Table 2 summarizes characteristics of the cases and control
samples. The full case sample comprised 2,340 participants
with OSA (63% male). Men had more severe OSA with a me-
dian AHI of 31.7 events/h of sleep (IQR 17.7-55.0) compared
with a median AHI of 21.6 events/h of sleep (IQR 12.3-37.4)
in women (p < 0.001). Moderate or severe OSA was present in
76% of the case sample (n = 1,769; of which 68% were men).
Sleep efficiency, ESS, proportion reporting depression, and
fatigue symptoms, exercise, and occupational activity did not
differ statistically between all cases and those with moderate-
severe OSA (AHI > 15 events/h).

Case and control comparisons were made using cases with
AHI > 15 events/h. Body mass index was a major point of dif-
ference between cases and controls (Table 2), with mean BMI
in moderate-severe cases in the obese range (31.6 = 6.0 kg/m?
in men and 33.9 + 8.6 kg/m? in women), whereas in controls
mean BMI was in the overweight range (27.5 + 3.9 kg/m? in
men and 26.6 + 5.3 kg/m? in women). The moderate-severe
cases had higher rates of morbid obesity than the controls.
Among cases, 9.1% of men and 19.8% of women were morbidly
obese (BMI > 40 kg/m?), compared to less than 1% of controls.
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Table 2—Summary of OSA cases and controls.

Cases
Total Moderate-severe Controls
n=2,340 n=1,769 n=1,931 p value

Women, % (n) 37 (860) 32 (571) 57 (1,097) <0.01
Age (years) 50 + 14 51+13 51+18 0.30
BMI (kg/m?) 325+7.1 33371 262+44 <0.01
Alcohol (10g/week) 3.0 (0.0-10.5) 3.0 (0.0-10.5) 6.4 (3.4-10.8) <0.01
Never smokers, % 428 423 53.5 <0.01
Current smokers, % 222 217 12.8

pack years 24 (11-36) 26 (12-37) 14 (5-31)
Former smokers, % 35.0 36.0 337

pack years 15 (6-29) 16 (7-29) 10 (4-23)
AHI (events/hour) 27.6 (15.2-49.6) 36.0 (23.5-58.1) -
Sleep efficiency (%) 746 +£13.0 73.7+13.0 -
ESS (/24) 99+54 101+54 -
MVA(/10years) 0.4 (0.0-0.9) 0.4 (0.0-0.9)
Depression, % (n) 41.2 (934) 40.2 (689) -
Fatigue, % (n)

Never/rarely 12.4 (290) 13.4 (237) -

1-5 days/week 45.8 (1,068) 46.4 (823) -

= 5 days/week 41.7 (973) 39.9 (705) -
Occupational activity, % (n) <0.01

Sedentary 24.9 (343) 24.7 (252) 20.8 (283)

Light 36.3 (500) 35.9 (367) 30.5 (415)

Medium 28.9 (398) 29.3 (299) 37.4 (509)

Heavy & very heavy 9.8 (135) 10.2 (104) 11.3 (153)
Exercise, % (n) <0.01

Nil 20.5 (479) 21.3(376) 7.4 (143)

Low 34.1(797) 33.7 (596) 23.3 (448)

Moderate 16.6 (388) 16.1 (285) 19.6 (378)

High 28.9 (675) 28.9 (511) 49.6 (955)

Normally distributed continuous data are presented as mean + standard deviation, p value represents t-test of moderate-severe cases and controls.
Skewed data as median (interquartile range), p value represents Mann Whitney U test of moderate-severe cases and controls. Categorical data presented
as percentage of total (%), p value represents y? statistic. AHI, apnea-hypopnea index; BMI, body mass index; Depression: self-reported doctor diagnosed

depression; MVA, motor vehicle accident.

Table 3—Association of exercise with odds of moderate-
severe obstructive sleep apnea.

OR (95% CI)* p value
High 0.62 (0.49, 0.79) <0.001
Moderate 1.00 (Reference) <0.001
Low 1.55(1.20, 2.01) <0.001
Nil 2.66 (1.91, 3.73)

*Adjusted for age, sex, pack/years, weekly standard drinks and BMI. OR,
odds ratio; Cl, Confidence Interval.

Thus moderate-severe cases were more obese than general
population controls and BMI was a significant covariate in
all multivariate models. The case sample had greater tobacco
consumption, while the control sample had greater alcohol in-
take (Table 2). Although age was similar, dispersion around
the mean was greater in controls (Table 2). As a result, in all
multivariate case-control analyses the effect of age, sex, BMI,
smoking, and alcohol were investigated using forwards step
regression and retained where an association with case-control
status were indicated by a p value of < 0.05.

Activity and Odds of Moderate-Severe Obstructive
Sleep Apnea

Exercise was lower among the moderate-severe OSA cases,
in comparison with controls (Table 2). Adequate exercise
(> 150 min/week of moderate exercise) was reported in 48%
of male and 42% of female moderate-severe OSA cases. By
comparison, in the controls 69% of males and 66% of females
reported this level of activity. Nil exercise was undertaken by
22% of men with moderate-severe OSA and by 9% of men
in the control group (p < 0.001). In women, this was 21% of
moderate-severe OSA cases versus 7% of controls (p < 0.001).

Table 3 shows the odds of moderate-severe OSA among dif-
ferent exercise categories. Moderate exercise is the reference
group. There was a clear relationship between exercise and
odds of OSA, which persisted after adjustment for confound-
ers (Table 3). Those reporting high levels exercise had reduced
odds of moderate-severe OSA (OR = 0.6, 95% CI 0.5-0.8),
while low and nil exercise were associated with 1.6 and 2.7
odds of moderate-severe OSA.

Occupational activity differed between moderate-severe
cases and controls (Table 1). Sedentary work was undertaken
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Table 4—Association of occupational activity with odds of moderate-severe obstructive sleep apnea.

Men* Women'
OR (95% ClI) p value OR (95% ClI) p value
Heavy 1.00 (Reference) 1.17 (0.28, 3.76) 0.81
Medium 1.67 (1.11, 2.52) 0.01 1.00 (Reference)?
Light 2.13(1.41,3.24) <0.001 4.23 (2.56,7.21) <0.001
Sedentary 1.79 (1.15, 2.80) 0.01 3.45(2.01, 5.99) <0.001

*Adjusted for age, pack/years, weekly standard drinks and BMI. TAdjusted for age and BMI. *Medium activity occupation group used as reference due to
low numbers (n = 35) in the heavy/very heavy category. OR, odds ratio; Cl, Confidence Interval.

in a similar proportion of case and control men (23% versus
19%) but a greater proportion of cases were engaged in work
of light activity (33% versus 27% of controls). Thus, men
with moderate-severe OSA were more likely to be employed
in light activity occupations than general population controls
(p <0.001). In women, sedentary occupations were more com-
mon in moderate-severe OSA cases than controls (31% versus
21%; p < 0.001).

Logistic regression modelling of the association between
case-control status and occupational activity suggested that
there was a significant gender interaction between occupa-
tional activity and gender (likelihood-ratio ¥* = 13.3, DF = 3,
p = 0.004) and therefore further analyses were sex-stratified.
In men all occupational activity categories carried higher odds
of moderate-severe OSA in comparison with the heavy activity
category. Medium activity occupations were associated with a
1.67-fold increase in the odds of developing moderate-severe
OSA, while light and sedentary occupations were associated
with a 2.1- and 1.8-fold increase (Table 4). In women the me-
dium activity occupation group were used as the reference
category due to low numbers (n = 35) in the heavy category.
No statistical difference was detected between the medium
and heavy category in women, probably in consequence of
low power. However, light and sedentary activity occupations
were associated with a 4.2- and 3.5-fold increase in the odds of
moderate-severe OSA (Table 4). These findings were signifi-
cant after adjusting for age and BMI.

Figure 1 shows the sex stratified ORs for moderate-severe
OSA for the combined categories of occupational activity and
exercise. The reference group are those who were active in
both occupation and exercise. Men who achieved the recom-
mended national guidelines for physical activity but had an in-
active occupation had significantly higher odds of having OSA
(OR = 1.68, 95% CI: 1.2-2.4), but the magnitude of risk was
lower than the other 2 groups who did not engage in exercise.
Men who had active occupations but did not exercise had an
OR of 3.18, which was comparable to the least active men (in-
active in both occupation and exercise) who had an OR of 3.68.
These estimates were adjusted for the effect of age, smoking,
alcohol intake, and BMI.

Similar to the analyses of men, women who were inactive in
both occupation and exercise had the highest odds of moderate-
severe OSA (OR =7.70, 95% CI: 4.3—14.4). However, in women,
occupational activity appeared to modulate risk. Women in an
active occupation who did not exercise during recreation did
not have significantly higher odds of moderate-severe OSA
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Figure 1—The adjusted odds (and 95% confidence
intervals) for moderate-severe OSA in men and women
based on activity in occupation and exercise.

Occupation  Exercise Gender OR
—o—
Active Inactive Men 3.16
Ho——1
Women 2.05
L !
Inactive Active Men 168
—e———
Women 323
Inactive Inactive Men 3.68 ¢
Women 77 t *

12 3 4 5 6 7 8 9 10 11 12 13 14
Adjusted Odds Ratio

The reference category is active in both occupation and exercise.
Estimates are shown after adjustment for age, sex, BMI, alcohol
consumption and smoking.

than those in an active occupation who did exercise (Figure 1).
In contrast, women in an inactive occupation who undertook
moderate or vigorous physical exercise had an OR of 3.2 (95%
CI: 1.8-6.0).

Activity and Severity of Obstructive Sleep Apnea

To examine whether activity was related to log-transformed
AHI as a continuous measure of OSA severity, all OSA cases
with an AHI > 5 events/h were included in the model. The
demographics of this sample are outlined in Table 2 under the
column headed “Total” for cases. There was no evidence of
a relationship between exercise and log transformed AHI in
regression analyses. Similarly, there were no relationships be-
tween occupational activity and log-transformed AHI. Further,
no statistically significant associations were found when ex-
amining the relationships between the combined categories of
occupation and exercise activity and severity of OSA.

Activity and Symptom Profile in Obstructive Sleep
Apnea Cases

Symptoms reported by OSA cases differed depending upon
levels of activity. Fatigue was a common complaint of OSA

Journal of Clinical Sleep Medicine, Vol. 11, No. 10, 2015



L Simpson, N McArdle, PR Eastwood et al.

Table 5—The independent association of cardiometabolic risk factors with exercise and occupational activity.

Occupational activity

Exercise (MET minutes per week)

Biomarker Sedentary Light Medium
BMI 3243+0.70 31.74+065 31.70+0.68
Weight 93.84+224 9229+208 91.74+2.20
Neck circumference 4248 +0.38 42.06 £0.36 41.93+0.38
SBP 127.31+£1.95 126.86 £1.82 128.77 £1.91
DBP 7912+146 7836+135 80.20 +1.41
Cholesterol 473+028 451+025 477+0.26
HDLT 1.37£0.08 1.30£0.08 1.40£0.08
CRP 5.00+0.71 443+065  3.96+0.68
Triglycerides' 1.76 £0.29 1.52 +0.26 178 £0.27
LDL? 2.68 +0.31 242+028 249%0.29

Heavy Poon <600 2 600 P
30.61+0.81*  0.037 31.96+061 31.28+063 0.116
88.07+2.62*  0.040 9236+£1.96 90.60+201 0211
4111045 0.003 4209+£034 4170£034  0.101

12364 £231 0550 12817 £1.71 12513£1.76  0.015
7617170  0.541 7958127 77.34£131 0.015
454+030  0.889 457023 471025 0437
133£0.10  0.934 132007  138+008 0.249
466078  0.301 519+£061 3.84+£063 0.003
138+£0.32 0552 160+£024 162026 0.924
256034  0.661 246027  262+027 0418

Values expressed are estimated marginal means + standard error, adjusted for age, sex, ethnicity, years of education, alcohol consumption, smoking (pack/
yrs), log-transformed AHI and BMI (except for BMI, weight and neck circumference). *Significantly different (p value < 0.05) from the sedentary occupation

group. Based upon 12-h fasting blood sample.

cases (Table 2), particularly among those who did not engage
in any exercise. Multivariate logistic regression suggested
that doing no exercise was associated with increased odds
(OR =1.4;95% CI 1.1, 1.7) of reporting fatigue every day after
adjusting for age, AHI, BMI, and sex. There was no associa-
tion between occupation activity and fatigue symptoms.

Doctor diagnosed depression was common in OSA cases
(Table 2). Depression was reported in a greater proportion of
cases who did low or nil exercise in comparison with those
who did any sort of exercise (57% versus 53%: XZ(DF: by =29,
p = 0.047). Similarly, a higher proportion of depression was
reported in OSA patients with a sedentary or light activity oc-
cupations in comparison with those where occupational activ-
ity was medium or greater (43% versus 31%: XZ(DF: = 16.2,
p < 0.0001). Multivariate logistic regression comparing the
most active cases (exercisers with an active occupation) with
the least active (non-exercisers with an inactive occupation)
revealed an association between low activity levels and depres-
sion after adjusting for age, AHI, BMI, and sex (OR = 1.9; 95%
CI 1.3, 2.8). Self-reported perception of sleepiness did not dif-
fer among the different exercise or occupation categories.

Activity and Cardiometabolic Risk Profile in
Obstructive Sleep Apnea Cases

Table 5 presents the estimated marginal means for cardio-
metabolic risk factors for occupational activity and exercise
(dichotomized into those reporting at least moderate exercise
and those reporting less than moderate exercise). The mod-
els were adjusted for age, sex, ethnicity, years of education,
alcohol consumption, smoking, log-transformed AHI, and
BMI. BMI was not used as a covariate when calculating the
estimated marginal means of weight, neck circumference, and
BMI. The estimated marginal means for occupational activ-
ity were adjusted for exercise and, likewise, the estimated
marginal means for exercise were adjusted for occupational
activity.

BMI was not observed to differ between those engaging in
at least moderate exercise and those not. However, a trend test
for mean BMI across the categorical levels of occupational
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activity (p = 0.037) would suggest that increased physical ac-
tivity at work was associated with decreased BMI. Estimated
mean BMI was significantly lower (p = 0.026) in persons with
heavy activity occupations in comparison with those with a
sedentary occupation. This relationship was observed in the
other measures of adiposity: weight and neck circumference,
such that those in physically active occupations were esti-
mated to be almost 6 kg lighter and have 1.4 cm smaller necks
(Table 5). There were no comparative differences in the esti-
mated marginal means across the occupational activity catego-
ries for systolic and diastolic blood pressure, cholesterol, HDL,
triglycerides, or LDL. Exercise was observed to modulate sys-
tolic and diastolic blood pressure and levels of CRP (Table 5).
Systolic blood pressure was just over 3 mm Hg lower and dia-
stolic blood pressure was 3 mm Hg lower in those who under-
took at least moderate levels of weekly exercise. Levels of CRP
were significantly lower in those who undertook at least mod-
erate levels of weekly exercise (f —1.35, SE 0.44, p = 0.003).

DISCUSSION

The current study has shown that high levels of occupational
activity and exercise were associated with reduced odds of
moderate-severe OSA in a large, wellcharacterized, cross-sec-
tional case-control design. Sex-specific relationships between
occupation, exercise and moderate-severe OSA were observed.
In men, exercise reduced the odds of having moderate-severe
OSA, whereas in women, occupational activity reduced the
odds of having moderate-severe OSA. These associations were
independent of BMI, suggesting that the relationships between
activity and OSA risk are not simply explained by the effect
of activity on weight. The study also suggests that a lack of
exercise activity in those with OSA is associated with fatigue,
depression, higher blood pressure, and higher levels of the in-
flammatory biomarker CRP.

These findings are consistent with those of the Sleep Heart
Health Study, which found that three hours of moderately vig-
orous or vigorous physical activity was associated with an
adjusted OR of 0.80 (95% CI, 0.66—0.96) for moderate-severe
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OSA." However, unlike the Sleep Heart Health Study,” the
present study examined occupational activity and exercise,
employed a single validated exercise activity questionnaire,
and had a larger OSA group. As a result, the present study was
able to define nil and low exercise categories. Both of these
categories were associated with increased odds of moderate-
severe OSA in comparison to the group who undertook rec-
ommended levels of exercise activity (moderate). Longitudinal
data from the Wisconsin Sleep Cohort Study suggests that de-
creasing exercise results in worsening of AHL® Using nil ex-
ercise as the baseline, the present study showed a progressive
reduction in odds of moderate-severe OSA with increasing ex-
ercise. The OR estimates were not all statistically significant
after adjustment for BMI; however, trend tests across these cat-
egories were significant. Additionally, a statistically significant
trend, which was independent of body habitus, was observed
between decreasing mean AHI and increasing hours per week
of exercise. Consistent with the findings of this study, previous
large community-based samples have reported an association
between exercise and reduced risk of OSA. In some of these
previous findings, such an association did not persist after ac-
counting for body habitus,*"" while in others an association re-
mained.”” By comparing a large group of moderate and severe
OSA cases to a community sample with low risk of moderate-
severe OSA the present study revealed a strong association be-
tween OSA and exercise that was independent of body habitus.

This is the first study to report that inactivity during oc-
cupation is associated with an increased risk of moderate-se-
vere OSA, independent of the effect of BMI and self-reported
exercise activity. Although inactivity in both occupation and
exercise were associated with the greatest odds of moderate-
severe OSA in both men and women, there were sex differ-
ences. In men, a lack of exercise was associated with increased
risk for OSA regardless of whether the occupation was active
or inactive. In women, exercise only marginally modulated
risk when occupation was inactive, and lack of exercise did not
increase risk when occupation was active. The mechanisms be-
hind sex differences on activity and disease risk are not clear,
although other studies have also noted protective effects of
vigorous exercise, particularly in men." Intervention studies
using prescribed exercise suggest that exercise reduces OSA
severity,”? and the absence of the protective effect of exer-
cise may explain the mechanisms by which reduced activity
causes sleep apnea. Exercise activity may positively modulate
OSA by increase of upper airway tonus via the recruitment
of upper airway muscles for breathing work or head stabil-
ity.””?® Studies examining the effect of physical activity on
OSA have not measured muscle tonus,*'®!! but instead have
examined the mediating effect of obesity. Similarly, methods
that have been developed to increase upper airway tonus for
the treatment of OSA have not been proven effective. Nasal
resistance, which can contribute to upper airway collapse dur-
ing sleep, is decreased during exercise®; however, this effect
is not persistent: endurance athletes and sedentary adults have
similar nasal resistance at rest.*® In the current study, having
an inactive occupation but actively doing exercise was associ-
ated with increased odds of moderate-severe OSA, suggesting
that inactive work environments had an adverse effect that was
not counterbalanced by exercise. Physical inactivity has been
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associated with adverse cardiometabolic risk,”'*!3! as has
OSA. Fat distribution is implicated in upper airway stability:
fat in the peripharyngeal area of the neck can directly com-
press the upper airway,*>* and recumbent abdominal obesity
is likely to be associated with increased cranial displacement
of the diaphragm, decreasing longitudinal tracheal traction,
and increasing propensity for upper airway collapse.’* Exer-
cise, which produces a favourable distribution of fat, may pro-
tect against OSA; conversely, inactivity may promote OSA via
unfavourable distribution of fat. Distribution of body fat can
vary among individuals, despite no difference in BMI, and this
has been associated with severity of OSA.*

Inactivity may exert distinct biological consequences which
lead to OSA. For example, a sedentary state can lead to greater
fluid accumulation in the legs.” Redolfi et al. observed that
fluid displacement from the legs into the neck increased neck
circumference and the magnitude of displacement was propor-
tional to the time spent sitting the previous day.*® This may
contribute to upper airway collapsibility independent of body
weight. OSA patients have an increased susceptibility to pha-
ryngeal obstruction due to rostral fluid redistribution.’” The
general health consequences of inactivity have only recently
been recognized,”*! and the mechanisms by which inactivity
exert an influence on OSA require further research.

The available data do not rule out a complex relationship
whereby OSA contributes to a reduction in activity, perhaps due
to OSA symptoms such as sleepiness and fatigue. The cross-
sectional nature of the current study limits inference regard-
ing the direction of causality. Indeed, it may be bidirectional.
CPAP therapy increased exercise tolerance in obese individu-
als with OSA,* suggesting that OSA may exert a physiological
influence that blunts capacity to engage in vigorous exercise
activity. Conversely, longitudinal data suggest that exercise in-
dependently decreases the incidence of moderate-severe OSA.¢

Despite finding that activity was associated with risk of
having moderate-severe OSA, within all OSA cases (AHI > 5
events/h) there was no evidence of an association between ex-
ercise or occupational activity after adjusting for BMI. This
may be due to reliance upon AHI to characterize the severity
of OSA. AHI is a non-linear, imperfect metric where apneas
and hypopneas are given equal weight. However, in OSA cases
inactivity were related to symptoms of fatigue and depression
as well as higher blood pressure and higher levels of CRP.
Other studies have observed lower levels of CRP in active sub-
jects,* and physical activity is a recognized modifier of de-
pressive symptoms and blood pressure. Increased occupational
activity related to lower measures of adiposity such as BMI,
weight, and neck circumference. Taken together, these findings
would suggest that sleep physicians should continue to encour-
age patients to exercise and reduce sedentary time, especially
where there is comorbid symptomology of depression, fatigue,
inflammation, hypertension, or obesity.

Limitations

There are several limitations to the current study. Estimates
of exercise were restricted to recall of structured physical activ-
ity leaving activity from activities like housework and garden-
ing unquantified. Similarly, occupational activity was derived
from job title recorded in a questionnaire and therefore limited
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to current occupation, with no detail captured on weekly hours,
work, or years spent in the occupation. Questionnaire-based
methods, though economical and practical in large populations,
may be prone to recall bias and lack quantifiable objectivity.*’
Despite these limitations, the method used to quantify occu-
pational activity has been previously validated.”* Moreover,
the method is unlikely to be subject to systematic recall bias
associated with the presence of OSA. Those who listed their
occupation as “home duties,” along with those who were re-
tired, unemployed or students were excluded. This methodol-
ogy increased the accuracy of the activity scale but limited the
generalizability of these findings to those in fiscal occupation.
Men are more likely to be employed full time and engage in
structured physical activity, and women, by contrast, to be en-
gaged in greater proportions of part-time work and incidental
physical activity related to the home and family.

The two study populations used for our analyses were not
entirely contemporaneous.*’ The 2006 census data indicate the
Busselton community is representative of Western Australia
with respect to sex and age distribution but more likely to have
been born in Australia and married. With respect to occupa-
tion, Busselton residents were marginally more likely to be
employed part-time, and there were a slightly higher propor-
tion of technicians, trades workers and labourers; whereas in
Western Australia generally there were a greater proportion of
professionals, clerical, and administrative workers (Table S1).
Differences in the distributions of types of occupations be-
tween the Busselton community and the general population
of Western Australia were minor yet may have influenced the
ORs generated from the comparison of OSA cases with BHS
controls. Inferences about the impact of occupational activity
come with this caveat.

In addition, it would have been desirable to have PSG on
the control sample; however, such data were not available. In-
stead, the study was limited to the questionnaire-based method
to screen out moderate-severe OSA. Our group has previously
demonstrated that this method produces a post-test probability
of AHI < 15 events/h of 92%,! and the selection method was
independent of exposure to occupational and exercise activity
(Table S2); therefore, the use of questionnaire data to screen
out undiagnosed cases did not alter the exposure profile of the
control population. The preponderance of fatigue symptoms
and obesity among cases are probably significant factors that
led to their referral to the sleep center. Since obesity and fa-
tigue may be both cause and result in poor exercise, and since
this study is cross-sectional in design, this study cannot de-
termine causality between exercise status and the outcome of
OSA.

The availability of 12-hour fasting blood samples was avail-
able on only a subset of OSA cases and the results relating to
the cardiometabolic biomarkers of cholesterol, LDL, HDL, and
triglycerides therefore had reduced power to observe modest
differences.

CONCLUSION

The findings of this study suggest a protective role for vig-
orous exercise and a contributory role for low or no exercise
in the development of moderate-severe OSA. Occupational
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activity levels appeared to have a particular protective effect
in women, whereas in men non occupation-related exercise
seemed more protective, perhaps reflecting sex differences in
the relative vigor applied to these pursuits. The finding of an
association between low activity and OSA-related symptoms
of fatigue and depression, suggests that increased physical
activity might confer symptomatic relief where OSA exists.
The study also suggests that in OSA cases exercise is associ-
ated with decreased blood pressure and lower levels of the
inflammatory biomarker CRP and that occupational activ-
ity is associated with lower adiposity. These findings under-
line the important role of activity in on the overall health of
OSA patients.

ABBREVIATIONS

CI, confidence interval

GDM, gestational diabetes mellitus
OR, odds ratio

RLS, restless legs syndrome

SE, standard error
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SUPPLEMENTAL MATERIAL

Table S1—Australian Bureau of Statistics 2006 census Quickstats data for sex, age, country of birth, and marital status for
residents of Busselton and Western Australia.

Busselton Western Australia
n % n %
Sex
Males 12,501 49.3 976,122 49.8
Females 12,854 50.7 982,966 50.2
Age (years)
0-4 1,660 6.5 124,812 6.4
5-14 3,889 15.3 271,622 13.9
15-24 2,823 1.1 276,012 141
25-54 10,300 40.6 837,776 42.8
55-64 2,804 1.1 213,308 10.9
265 3,878 15.3 235,556 12.0
Labour force
Employed full-time 6,741 55.4 593,673 61.0
Employed part-time 4,050 33.3 275,948 284
Employed but on leave 644 5.3 40,002 4.1
Employed but hours not stated 316 2.6 26,506 2.7
Unemployed 413 34 36,662 3.8
Occupation*
Technicians & trades workers 2,222 18.9 153,566 16.4
Labourers 1,803 15.3 102,021 10.9
Managers 1,719 14.6 117,030 12.5
Professionals 1,525 13.0 173,956 18.6
Clerical & administrative workers 1,338 11.4 135,980 145
Sales workers 1,289 11.0 88,083 94
Community & personal service workers 976 8.3 82,915 8.9
Machinery operators & drivers 703 6.0 67,895 7.3

% of employed persons = 15 years. *Does not equal 100% due to non-response, which was 1.5% of answers in both regions. Data available from
http://www.abs.gov.au.

Table S2—Characteristics of the reference population and
subgroups obtained using the screening questions: blood
pressure and snoring frequency.

Reference Screened
Population Population
n=2,935 n=1,889
Exercise: n (%)
Nil 250 (8.6) 138(7.3)
Low 709 (24.3) 439 (23.3)
Moderate 555 (19.0) 373 (19.8)
High 1,400 (48.0) 934 (49.6)
Occupational activity n (%)
Sedentary 375(20.3) 277 (20.8)
Low 540 (29.2) 408 (30.6)
Medium 723 (39.1) 499 (37.4)
Heavy/very heavy 213 (11.5) 149 (7.9)
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