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Abstract

Sleep-disordered breathing is a common condition, related to a higher car-
diometabolic and neurocognitive risk. The main risk factors for sleep-disordered
breathing include obesity, craniofacial characteristics, male sex and age. However,
some studies have suggested that adverse socioeconomic circumstances and life-
style-related behaviours such as smoking and alcohol use, may also be risk factors
for sleep-disordered breathing. Here, we investigate the associations between
socioeconomic status and sleep-disordered breathing, as measured by sleep apnea-
hypopnea and oxygen desaturation indexes. Furthermore, we assess whether these
associations are explained by lifestyle-related factors (smoking, sedentary behaviour,
alcohol use and body mass index [BMI]). We used data from the ColLaus|HypnolLaus
study, a population-based study including 2162 participants from Lausanne (Switzer-
land). Socioeconomic status was measured through occupation and education.
Sleep-disordered breathing was assessed through polysomnography and measured
using the apnea-hypopnea index (AHI: number of apnea/hypopnea events/hr: >15/
>30 events), and the >3% oxygen desaturation index (ODI: number of oxygen
desaturation events/hr: >15/>30 events). Lower occupation and education were
associated with higher AHI and ODI (occupation: AHI30, odds ratio (OR) = 1.88,
95% confidence interval (Cl) [1.07; 3.31]; ODI30, OR = 2.29, 95% Cl [1.19; 4.39];
education: AHI30, OR = 1.21, 95% Cl [0.85; 1.72]; ODI30, OR = 1.26, 95% ClI
[0.83; 1.91]). BMI was associated with socioeconomic status and AHI/ODI, and con-
tributed to the socioeconomic gradient in SDB, with mediation estimates ranging
between 43% and 78%. In this Swiss population-based study, we found that low
socioeconomic status is a risk factor for sleep-disordered breathing, and that these
associations are partly explained by BMI. These findings provide a better under-
standing of the mechanisms underlying social differences in sleep-disordered breath-
ing and may help implement policies for identifying high-risk profiles for this
disorder.
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1 | INTRODUCTION

Sleep-disordered breathing (SDB) affects a large number of individu-
als and has detrimental effects on human health (Epstein et al.,
2009; Heinzer et al., 2015). SDB is characterised by recurrent col-
lapses of the upper airway during sleep, resulting in total (apnea) or
partial (hypopnea) cessations of airflow and leading to gas exchange
derangements and repetitive arousals from sleep (Punjabi, 2008).
Although the immediate effects of SDB include fatigue, daytime
sleepiness and impaired work performance, in the long term this dis-
order has been related to an increased incidence of several chronic
diseases, such as hypertension, fatal and non-fatal cardiovascular
events, type 2 diabetes and neurocognitive impairment (Li, Sund-
quist, & Sundquist, 2008; Marti-Soler et al., 2016; Punjabi, 2008;
Tufik, Santos-Silva, Taddei, & Bittencourt, 2010).

Risk factors for SDB include obesity, neck circumference, cranio-
facial characteristics, male sex and age, whereas adverse health
behaviours such as smoking and heavy drinking have also been sus-
pected to play a role in the physiopathology of SDB (Li et al., 2008;
Scharf, Seiden, DeMore, & Carter-Pokras, 2004; Tarasiuk et al.,
2006; Tufik et al,, 2010; Ulfberg, Carter, Talback, & Edling, 1997;
Young, Skatrud, & Peppard, 2004). Furthermore, some studies have
suggested that socioeconomic status (SES) could be involved in the
occurrence and severity of SDB (Li et al., 2008; Tufik et al., 2010).
However, the associations between SES and SDB have seldom been
investigated, and these studies have yielded inconsistent results. A
Brazilian study reported that unemployed women or those with a
low income had a greater chance of OSA, whereas the opposite was
observed in men, with those with higher income being more at risk
of OSA (Tufik et al, 2010). Another Swedish study observed a
higher risk of OSA among lower-educated men and those occupying
certain manual jobs, whereas no meaningful associations were
observed in women (Li etal, 2008). In addition, the mechanisms
underlying socioeconomic differences in SDB are unknown.

In this study, we investigate the association between SES, as
measured by occupational position and educational level, and SDB,
as measured by apnea-hypopnea and oxygen desaturation indexes,
in the Swiss population-based Colaus|HypnolLaus cohort. We also
examine the role of lifestyle-related factors, namely smoking, alcohol
intake, sedentary behaviour and BMI, as potential contributors to
the socioeconomic gradient in SDB. We hypothesise that there is an
inverse gradient between socioeconomic status and SDB, and that
this association is explained by the lifestyle-related factors indicated
above.

2 | MATERIALS AND METHODS

2.1 | Study population

Data were drawn from the Colaus|Hypnolaus study, a cross-sec-
tional study investigating sleep characteristics in a general population
sample of the city of Lausanne, Switzerland. The ColLaus|HypnoLaus

study is embedded within the ColLaus prospective cohort (n = 5,064)

and comprises a random sample of Colaus participants who agreed
to undergo a level 2 polysomnogram (PSG) recording at home
(n = 2,162) (Berry et al., 2012; Stringhini et al., 2015). The included
participants attended a medical appointment, which comprised an
anthropometric examination, as well as blood and urine collection
following an overnight fast. Information on demographic data,
socioeconomic and marital status, health-related behaviours, personal
and family history of disease, cardiovascular risk factors and treat-
ment was collected through a questionnaire. The ColLaus|HypnolLaus
study was approved by the Institutional Ethics Committee of the
University of Lausanne (Firmann et al., 2008; Stringhini et al., 2015).

2.2 | Measures

2.2.1 | Socioeconomic status (SES)

Socioeconomic status was assessed through two standard indicators
used in epidemiologic research, occupational position and educa-
tional level, which capture multiple dimensions of SES. Occupational
position represents one's position in the occupational hierarchy and
is strongly related to income, level of responsibility in the job,
attained education, retirement benefits and professional exposures
(Galobardes, Shaw, Lawlor, Lynch, & Smith, 2006; Stringhini et al.,
2011). Occupational position was self-reported and grouped into
three categories: “high” (managers: liberal professions, directors and
professors), “middle” (lower level executives: teachers, qualified tech-
nicians and nurses) and “low” (low qualified non-manuals and manu-
als: sales-assistants, clerks and manual workers). Participants who
were not currently working were assigned their past occupational
position. Participants who had never worked (students and house-
wives) were not included in the analysis. Education is another stan-
dard marker of SES, which is acquired in early life and reflects an
individual's intellectual resources, as well as future employment and
income (Galobardes et al., 2006). The highest level of attained edu-
cation was self-reported and further classified into three categories:
“high” (university education), “middle” (higher secondary education)

and “low” (lower secondary education or lower).

2.2.2 | Sleep-disordered breathing

During a visit to the Center for Investigation and Research in Sleep
(Lausanne University Hospital, Switzerland), certified technicians
equipped the participants with a PSG recorder (Titanium, Embla®
Flaga, Reykyavik, Iceland). The recorder was set between 17:00 and
20:00 hours before the participants returned home. All sleep record-
ings took place in the patients’ home environment and included a
total of 18 channels: six for electroencephalography (F3/M2, F4/M1,
C3/M2, C4/M1, O1/M2 and 0O2/M1), two for electrooculography,
three for surface electromyography (one submental region and two
anterior tibialis muscle), and one for electrocardiogram, nasal pres-
sure, thoracic and abdominal belts, body position, oxygen saturation
and pulse rate, in accordance with the set-up recommended by the
American Association of Sleep Medicine (AASM) (Berry et al., 2012).
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All PSG recordings were manually scored by two trained sleep tech-
nicians using Somnologica software (Version 5.1.1 by Embla® Flaga)
and reviewed by an expert sleep physician. Random quality checks
were performed by a second sleep physician. Sleep stages and arou-
sals were scored according to the AASM recommendations from
2012 (Berry et al., 2012; Stringhini et al., 2015).

We defined apnea as a drop of at least 90% of airflow from
baseline lasting 10 s or longer, whereas hypopnea was defined as
>30% drop of airflow lasting at least 10 s with either an arousal or
>3% oxygen saturation drop, following the 2.4 AASM criteria 1A
(Berry et al., 2012; Heinzer et al., 2015). In the present analyses, we
used the apnea-hypopnea index (AHI) and the >3% oxygen desatu-
ration index (ODI) as outcome variables. The AHI represents the
number of apneas and hypopneas per hour of sleep, including both
obstructive and central events (Heinzer et al., 2015; Punjabi, 2008).
AHI was dichotomised into >15 events/hr versus less (AHI15), and
into >30 events/hr versus less (AHI30), following the definition of
moderate and severe SDB in the ICSDIIl manual (American Academy
of Sleep Medicine, 2014). The ODI represents the number of desatu-
ration events per hour of sleep, which are defined as >3% decrease
in oxygen saturation (SpO,) (Heinzer et al., 2015). The ODI was also
dichotomised into >15 events/hr versus less (ODI15) and >30
events/hr versus less (ODI30), following the definition of moderate
and severe SDB in the ICSDIIl manual (American Academy of Sleep
Medicine, 2014).

2.2.3 | Other factors

Socio-demographic covariates included in the present analyses were
age, sex, marital status (married or cohabiting/living alone) and place
of birth (Switzerland/other). Lifestyle-related factors included smok-
ing, alcohol intake, sedentary behaviour and BMI, and were assessed
through questionnaire and medical examination. Smoking status was
categorised as current and non-current smokers, the latter category
including former smokers. Alcohol intake was assessed using ques-
tions on the number of alcoholic drinks usually consumed within a
week, then categorised as hazardous intake (>3 daily alcoholic drinks
for men; >2 daily alcoholic drinks for women) versus non-hazardous
intake. Sedentary behaviour was defined as lower tertile versus
higher tertiles of total weekly energy expenditure in kcal/week,
based on a validated physical activity frequency questionnaire, which
establishes the amount of energy spent according to standard activi-
ties or groups of activities (Bernstein et al., 1998). Body mass index
(BMI) was defined as weight in kg divided by the square of height in
metres.

2.3 | Statistical analyses

The associations between SES indicators, lifestyle-related factors and
AHI/ODI were analysed using linear and logistic regression models.
First, the association between SES and AHI/ODI was analysed, by
adjusting for age, sex, birth place and marital status, and without
including lifestyle-related factors. Second, the associations between
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models: a model adjusted for age, sex, birth place and marital status,
and a model additionally adjusted for all lifestyle-related factors
simultaneously. Third, the associations between lifestyle-related fac-
tors and AHI/ODI were also assessed using the least and the fully
adjusted regression models. Finally, the lifestyle-related factors that
were simultaneously associated with SES indicators and AHI/ODI
were then tested as mediators of the association between SES and
AHI/ODI. The associations between SES and AHI/ODI, and the medi-
ating effect of selected lifestyle-related factors, were assessed by
applying the counterfactual mediation method (Valeri & Van-
derWeele, 2013). This method is based on the computation of natu-
ral direct effects (NDE [odds ratio]: effect of exposure on outcome
via pathways that do not involve the mediator), natural indirect
effects (NIE [odds ratio]: effect of exposure on the outcome operat-
ing through the mediator), the marginal total effect (MTE = NDE +
NIE: total effect of the exposure on the outcome), and the propor-
tion of the association between the exposure and the outcome that
is mediated by the mediator of interest (proportion mediated, PM).
When compared with other mediation approaches, the counterfac-
tual method is valid in the presence of interaction between the
exposure and the mediator, which is not the case for other com-
monly used methods for assessing mediation, such as the “difference
method” (Jiang & VanderWeele, 2015; Valeri & VanderWeele, 2013;
VanderWeele & Vansteelandt, 2010). Confidence intervals for MTE,
NDE, NIE and PM parameters were computed by applying the boot-
strap procedure (10,000 simulations). All statistical analyses were
conducted using Stata software v.14 (Stata Corp, College Station,
TX, USA). Statistical significances were set at p < 0.05.

3 | RESULTS

In the Colaus|HypnoLaus study, information on occupational posi-
tion was only available for participants who were employed at the
time of study. Thus, of the 2162 participants who underwent the
PSG recording, 850 participants were excluded from analyses using
occupational position. Two participants were excluded from analyses
because of missing information on education. Compared with the
included participants, those excluded were more frequently women
(57% versus 43%, p < 0.05), were older (mean age 65 versus
52 years, p < 0.05), were more frequently Swiss born (72% versus
58%, p < 0.05), had a lower education (17% versus 25% in the high
education group, p < 0.05), had a higher mean BMI (27 versus
26 kg/m?, p < 0.05), were less frequently smokers (15% versus 21%,
p < 0.05), were more sedentary (46% versus 24%, p < 0.05) and had
more apnea-hypopnea events per hour of sleep (mean AHI 19 ver-
sus 14/hr, p < 0.05), as well as more oxygen desaturation events
(mean ODI 18 versus 13/hr, p < 0.05), than included participants.

3.1 | Sample characteristics

The general characteristics of the sample by sex are displayed in
Table 1. A higher proportion of men than women were living with a
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partner, had a higher occupational position, achieved higher educa-
tion, had a higher BMI, were at higher risk of hazardous alcohol
intake and experienced more apnea-hypopnea and oxygen desatura-
tion events per hour of sleep (all p < 0.05).

3.2 | Association between SES indicators and AHI/
oDl

The results for the association between occupational position and
education, and AHI/ODI are presented in Table 2. Generally, there
was an inverse socioeconomic gradient in AHI/ODI, with lower
occupational position being associated with an increased risk of
AHI30 and ODI30 (AHI30, OR = 1.79, 95% CI [1.05; 2.03]; ODI30,
OR =207, 95% Cl [1.14; 3.73]). Weaker associations were
observed between education and AHI/ODI, the only meaningful
association being observed for ODI15 (OR = 1.50, 95% Cl [1.17;
1.93]).

3.3 | Selection of lifestyle-related factors as
potential mediators

3.3.1 | Association between SES indicators and
lifestyle-related factors

The results for the socioeconomic gradient in lifestyle-related factors
are displayed in Table 3. Both occupational position and education
were strongly associated with BMI, with low SES individuals being at
a higher risk of an increased BMI (occupational position (lowest ver-
sus highest): BMI, Bpq = 1.59, 95% confidence interval [0.94; 2.24];
education (lowest vs. highest): BMI, Bu1 = 1.77, 95% ClI [1.31; 2.23]).
Alternatively, there were few, inconsistent, associations between
both SES indicators and the remaining lifestyle-related factors, with
high occupational position being associated with an increased risk of
hazardous alcohol intake in the least and the fully adjusted models,
whereas low educational level was associated with a higher risk of

smoking.

3.3.2 | Association between lifestyle-related factors
and AHI/ODI

The associations between lifestyle-related factors and AHI/ODI are
shown in Table 4. BMI was consistently associated with all AHI and
ODI, with stronger associations for ODI than AHI (BMI, AHI15:
Bm1 = 1.16, 95% Cl [1.13;1.19]; BMI, AHI30: Bmy = 1.16, 95% Cl
[1.13; 1.20]; BMI, ODI15: pmq = 1.21, 95% CI [1.18; 1.24]; BMI,
ODI30: fmy1 = 1.21, 95% CI [1.18; 1.26]), whereas there were incon-
sistent associations between the remaining lifestyle-related factors
and AHI/ODI. Sedentary behaviour was associated with a lower risk
of experiencing >30 ODI events/hr (ORy; = 0.68, 95% Cl [0.50;
0.92]), but this association was no longer significant upon adjusting
for smoking, hazardous alcohol intake and BMI (ORy, = 0.92, 95%
Cl [0.66; 1.27]). Hazardous alcohol intake was associated with an
increased risk of having >30 AHI events/hr (ORy, = 1.56, 95% ClI

TABLE 1 General characteristics of included participants
(HypnoLaus|ColLaus study)

Men Women
(n=1,055 (n=1106) p-value®®
Age, mean + SD (year) 56.8 (+10.5) 57.6 (x10.6) 0.059
Country of birth, n (%)
Switzerland 677 (64) 697 (63) 0.578
Other 378 (36) 409 (37)
Marital status, n (%)
Living alone 324 (31) 576 (52) <0.001
Living in a couple 731 (69) 530 (48)
Occupational position, n (%)
High 143 (21) 40 (6) <0.001
Middle 282 (41) 222 (36)
Low 263 (38) 361 (58)
Education, n (%)
High 274 (26) 190 (17) <0.001
Middle 273 (26) 316 (29)
Low 507 (48) 600 (54)
Body mass index (BMI), 26.9 (x4) 25.6 (x4.7) <0.001
mean * SD (kg/m?)
Overweight (BMI > 25), 716 (68) 534 (48) <0.001
n (%)
Health behaviours, n (%)
Current smoking 200 (19) 204 (18) 0.760
Hazardous alcohol 85 (8) 56 (5) 0.005
consumption®
Sedentary behaviour 344 (33) 371 (34) 0.643
Apnea-hypopnea index (AHI)
AHI, continuous score, 20.4 (+18.2) 10.9 (x12.7) <0.001
mean + SD (events/hr)
>15 AHI events/hr, n (%) 530 (50) 260 (24) <0.001
>30 AHI events/hr, n (%) 239 (23) 84 (8) <0.001
Oxygen desaturation index (ODI)
ODI, continuous score, 19.1 (x17) 10.6 (x12) <0.001
mean * SD (events/hr)
>15 ODI events/hr, 512 (48) 244 (22) <0.001
n (%)
>30 ODI events/hr, 201 (19) 72 (7) <0.001
n (%)

Data are mean * SD for continuous variables and n (%) for categorical
variables.

®The Mann-Whitney U-test was performed between men and women
for continuous variables.

5The X2 contingency test was performed between men and women for
categorical variables.

“Hazardous alcohol use was defined as having >3 alcoholic drinks per
day for men and >2 alcoholic drinks per day for women.

[1.00; 2.44]; ORpmp = 1.64, 95% Cl [1.02; 2.64]) and tended to be
associated with an increased risk of having >15 ODI events/hr
(ORm1 = 145, 95% CI [0.99; 2.13]; ORm2 = 1.52, 95% CI [1.01;
2.30]).
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TABLE 2 Association between socioeconomic status indicators
(occupational position, educational attainment) and apnea-hypopnea
index/oxygen desaturation index

M1: OR [95% CII*  p-value® n

Occupational position

>15 AHI events/hr 1.31 [0.91; 1.90] 0.149 1,311

>30 AHI events/hr 1.79 [1.05; 3.03] 0.032 1,311

>15 ODI events/hr 1.40 [0.96; 2.04] 0.080 1,311

>30 ODI events/hr 2.07 [1.14; 3.73] 0.016 1,311
Education

>15 AHI events/hr 1.20 [0.94; 1.53] 0.147 2,160

>30 AHI events/hr 1.20 [0.87; 1.65] 0.270 2,160

>15 ODI events/hr 1.50 [1.17; 1.93] 0.001 2,160

>30 ODI events/hr 1.31 [0.92; 1.85] 0.132 2,160

OR, odds ratio; SES, socioeconomic status; AHI, apnea-hypopnea index;
ODI, oxygen desaturation index.

?Regression coefficients for the association between SES indicator (pre-
dictor, lowest versus highest) and AHI/ODI, adjusted for age, sex, country
of birth and marital status.

bSignificance threshold for the association of SES indicators and AHI/ODI
was set at p < 0.0125 (0.05/4) because of multiple comparisons.

3.4 | The contribution of BMI to the socioeconomic
gradient in AHI/ODI

Figure 1 displays the associations between SES indicators and AHI/
ODI, and the mediating effect of BMI, which was the only lifestyle-
related factor to be simultaneously associated with SES and AHI/
ODI. Individuals with a lower occupational position were more likely
to have a higher risk of AHI and ODI events (occupational position:
AHI15, MTE (odds ratio) = 1.40, 95% Cl [0.89; 2.16]; AHI30, MTE
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(odds ratio) = 1.88, 95% Cl [1.07; 3.32]; ODI15, MTE = 1.66, 95% ClI
[1.02; 2.69]; ODI30, MTE = 2.29, 95% CI [1.19; 4.39]). BMI medi-
ated 43% (95% Cl [19%; 168%]) and 47% (95% Cl [27%; 134%]) of
the associations between occupational position and AHI30 and
ODI30, respectively. Education was associated with ODI15 (MTE =
1.59, 95% CI [1.14; 2.21]), and BMI explained 78% (95% CI [50%;
236%]) of this association.

Sleep ESRS
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3.5 | Stratification of analyses by sex

We performed sensitivity analyses by stratifying all associations by
sex. In men, low occupational position tended to be associated
with an increased risk of ODI30, but failed to reach the Bonferroni
threshold. In women, occupational position tended to be associated
with an increased risk of AHI30, whereas education was associated
with an increased risk of ODI15 (Supporting Information Table S1).
Low occupational position and low educational level were associ-
ated with a higher risk of having an increased BMI in men,
whereas low educational level was also associated with an
increased risk of smoking. In women, low occupational position and
low educational level were associated with a lower risk of haz-
ardous alcohol intake and a higher risk of an increased BMI, with
stronger associations in women than in men. In both men and
women, BMI was associated with an increased risk of AHI/ODI,
whereas there were no meaningful associations between smoking,
sedentary behaviour and hazardous alcohol intake, and AHI/ODI
(Supporting Information Table S2). Low occupational position was
associated with a higher risk of ODI30 in men, with a mediating
effect of 49% by BMI (Supporting Information Figure S1). In
women, low occupational position was strongly associated with a
higher risk of having >30 AHI events/hr and >30 ODI events/hr,

TABLE 3 Association between socioeconomic status indicators (occupational position and education) and lifestyle-related factors (smoking,
sedentary behaviour, hazardous alcohol intake and body mass index)

M1: OR [95% CIJ* p-value® M2: OR [95% CI]° p-value® n

Occupational position

Smoking 1.28 [0.86; 1.91] 0.229 1.44 [0.96; 2.16] 0.082 1,311

Sedentary behaviour 0.86 [0.58; 1.25] 0.420 1.04 [0.70; 1.53] 0.850 1,311

Hazardous alcohol intake 0.53 [0.29; 0.96] 0.036 0.51 [0.28; 0.94] 0.030 1,311

BMI® 1.59 [0.94; 2.24] <0.001 1.56 [0.92; 2.20] <0.001 1,311
Education

Smoking 1.55 [1.16; 2.06] 0.003 1.71 [1.28; 2.28] <0.001 2,160

Sedentary behaviour 0.79 [0.62; 1.01] 0.063 0.95 [0.74; 1.23] 0.713 2,160

Hazardous alcohol intake 0.68 [0.45; 1.03] 0.070 0.62 [0.40; 0.95] 0.028 2,160

BMI® 1.77 [1.31; 2.23] <0.001 1.75 [1.30; 2.20] <0.001 2,160

OR, odds ratio; Cl, confidence interval; BMI, body mass index.

?Regression coefficients for the association between socioeconomic status (SES) indicator (predictor, lowest versus highest) and lifestyle-related factor,
adjusted for age, sex, country of birth and marital status.

bRegression coefficients for the association between SES indicator (predictor, lowest versus highest) and lifestyle-related factor, adjusted for age, sex,
country of birth, marital status and the three remaining lifestyle-related factors.

A linear regression model was used for the association between SES indicator and BMI, and logistic regression models for associations using smoking,
sedentary behaviour and hazardous alcohol intake.

dSignificance threshold was set at p < 0.0125 (0.05/4) because of multiple comparisons.
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TABLE 4 Association between lifestyle-related behaviours and apnea-hypopnea/oxygen desaturation indexes

M1: OR [95% CI]? p-value® M2: OR [95% CI]® p-value® N

Smoking

>15 AHI events/hr 0.98 [0.76; 1.26] 0.859 1.06 [0.81; 1.38] 0.676 2,161

>30 AHI events/hr 0.75 [0.52; 1.08] 0.120 0.78 [0.54; 1.14] 0.200 2,161

>15 ODI events/hr 0.93 [0.72; 1.20] 0.552 1.01 [0.76; 1.32] 0.966 2,161

>30 ODI events/hr 0.81 [0.55; 1.19] 0.283 0.88 [0.59; 1.33] 0.549 2,161
Sedentary behaviour

>15 AHI events/hr 0.81 [0.66; 1.01] 0.064 1.03 [0.82; 1.29] 0.825 2,161

>30 AHI events/hr 0.81 [0.61; 1.08] 0.150 1.03 [0.77; 1.39] 0.832 2,161

>15 ODI events/hr 0.88 [0.71; 1.09] 0.245 1.18 [0.93; 1.50] 0.164 2,161

>30 ODI events/hr 0.68 [0.50; 0.92] 0.013 0.92 [0.66; 1.27] 0.597 2,161
Hazardous alcohol intake

>15 AHI events/hr 1.29 [0.88; 1.88] 0.194 1.31 [0.88; 1.96] 0.187 2,161

>30 AHI events/hr 1.56 [1.00; 2.44] 0.049 1.64 [1.02; 2.64] 0.040 2,161

>15 ODI events/hr 1.45 [0.99; 2.13] 0.054 1.52 [1.01; 2.30] 0.047 2,161

>30 ODI events/hr 1.45 [0.90; 2.34] 0.129 1.49 [0.88; 2.52] 0.133 2,161
BMI

>15 AHI events/hr 1.16 [1.13; 1.19] <0.001 1.16 [1.13; 1.19] <0.001 2161

>30 AHI events/hr 1.16 [1.13; 1.20] <0.001 1.16 [1.13; 1.20] <0.001 2161

>15 ODI events/hr 1.21 [1.18; 1.24] <0.001 1.22 [1.18; 1.25] <0.001 2161

>30 ODI events/hr 1.21 [1.18; 1.2¢] <0.001 1.21 [1.17; 1.25] <0.001 2161

OR, odds ratio; Cl, confidence interval; AHI, apnea-hypopnea index; ODI, oxygen desaturation index.

?Logistic regression (OR) for the association between lifestyle-related factors and AHI/ODI, adjusted for age, sex, country of birth and marital status.
bLogistic regression (OR) for the association between lifestyle-related factors and AHI/ODI, adjusted for age, sex, country of birth, marital status and the
remaining lifestyle-related factors.

“Significance threshold was set at p < 0.0125 (0.05/4) because of multiple comparisons.

Mediation of the association between SES indicators and sleep-related
breathing disorders by BMI

5.0
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FIGURE 1 Counterfactual mediation by body mass index (BMI) for the association between two socioeconomic status (SES) indicators, and
apnea-hypopnea (AHI) and oxygen desaturation index (ODI). MTE, marginal total effect (odds ratio [OR], 95% confidence interval [Cl]); NDE,
natural direct effect (OR, 95% Cl); NIE, natural indirect effect (OR, 95% Cl); PM, proportion of the association between SES indicators and AHI
and ODI that is mediated by continuous or dichotomised BMI (*significant mediation). Lower and upper arrows indicate that Cls extend
beyond the limits of the graph

with a mediating effect of 22% by BMI (AHI30), whereas low edu- dichotomised BMI (<25 kg/m?, >25 kg/m?) to the association
cational level was associated with a higher risk of ODI15 (PM by between SES and AHI/ODI and found similar results to the mediat-
BMI, 76%). Finally, we also assessed the mediating effect by ing effect by continuous BMI (results available from the authors).
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4 | DISCUSSION

In this study, we found that individuals with a low occupational posi-
tion and low educational level were at a higher risk of SDB as mea-
sured by AHI and ODI. As BMI was also strongly related to AHI/ODI
and SES, a substantial part (43-78%) of the associations between
SES indicators and sleep-disordered breathing was explained by the
higher BMI of individuals with low SES.

The inverse associations between occupational position and edu-
cation and AHI/ODI tend to be in line with the existing literature (Li
et al., 2008; Spilsbury et al., 2006; Tufik et al., 2010). In a Swedish
study investigating the occupational and educational determinants of
sleep health, men with low educational level and those occupying
specific manual jobs were found to be at an increased risk of hospi-
talisation for obstructive sleep apnea, whereas no meaningful associ-
ations were observed in women (Li et al., 2008). Further, another
study conducted in the USA has shown that neighbourhood disad-
vantage was strongly related to obstructive sleep apnea (Spilsbury et
al.,, 2006). A study conducted in Brazil found that women with low
income were at a higher risk of obstructive sleep apnea, but that this
association was reversed in men (Tufik et al., 2010). Given the
important mediating role of BMI in shaping social differences in
sleep-disordered breathing, our results suggest that inconsistencies
across studies may be related to the different social patterning of
BMI and obesity in different countries (Petrovic et al., 2018; Wilkin-
son, 1994).

We also observed a strong association between BMI and fre-
quent AHI and ODI events. This association is in line with previous
research and is related to the fact that fat deposition on the airway
anatomy alters the upper respiratory function and increases the col-
lapsibility of the airway, eventually resulting in cessation of breathing
during sleep (Benumof, 2004; Wolk, Shamsuzzaman, & Somers,
2003; Young et al., 2004). Another mechanism linking obesity to
SDB may be related to leptin, a hormone that is produced by the
adipose tissue, and which was found to play an important role in
central respiratory control mechanisms (O'Donnell, Tankersley, Polot-
sky, Schwartz, & Smith, 2000; Wolk et al., 2003).

Furthermore, we observed that smoking, sedentary behaviour
and hazardous alcohol intake were not strongly related to AHI and
ODI. The lack of association between adverse lifestyle behaviours
and sleep-disordered breathing is inconsistent with former research,
which suggested that smoking, physical inactivity and heavy drinking
are possible risk factors for obstructive sleep apnea (Hong & Dims-
dale, 2003; Punjabi, 2008; Young, Peppard, & Gottlieb, 2002). How-
ever, our results may be explained by the lack of statistical power
and the small sample size of this study.

Health behaviours and BMI were patterned by SES, the associa-
tion being particularly strong for BMI, confirming previous research
reporting a negative socioeconomic gradient in BMI in high-income
countries (Stringhini et al., 2012). This is generally explained by the
fact that low SES individuals eat unhealthier diets and are less physi-
cally active than their more advantaged counterparts (Mclaren,

2007; Pampel, Krueger, & Denney, 2010), as a result of lack of
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resources, knowledge and the motivation to follow a healthy life-
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style, and are also more exposed to obesogenic environments (World
Health Organization, 2003; Adam & Epel, 2014; Pampel et al., 2016;
Stringhini et al., 2010).

As a result of strong associations between SES indicators and
BMI, and between BMI and AHI/ODI, BMI explained a large propor-
tion of the association between both SES indicators and sleep apnea
and oxygen desaturation. To our knowledge, this is the first study to
explore potential underlying mechanisms for the socioeconomic gra-
dient in SDB (sleep apnea and oxygen desaturation) and to demon-
strate that an important part of the SES effect on sleep-disordered
breathing occurs through BMI.

In sex-stratified analyses, we observed a stronger socioeconomic
gradient in sleep-disordered breathing in women. These results are
explained by the fact that there was a stronger association between
SES and BMI in women when compared with men, and may be
related to the epidemiologic transition of chronic diseases and life-
style-related risk factors, in particular obesity and obstructive sleep
apnea (Gaziano, 2010; Stringhini et al., 2012; Wilkinson, 1994).
Another explanation may be that low SES women often have to com-
bine the psychosocial strain of unqualified lower-paid jobs with the
strain of household responsibilities, resulting in higher stress and obe-
sogenic behaviours, such as overeating and energy-dense diets (Artaz-
coz, Borrell, Benach, Cortes, & Rohlfs, 2004; Petrovic et al., 2016).

Our findings have important research and clinical implications.
First, this study provides a comprehensive understanding of the
underlying mechanisms of socioeconomic inequalities in sleep-disor-
dered breathing. Further, this study will also help improve clinical
practices that aim to identify high-risk SDB profiles, by encouraging
health professionals to focus on the socioeconomic background of

patients in addition to other risk factors.

4.1 | Strengths and limitations

Our study has several strengths. To our knowledge, this is the first
study to assess the socioeconomic gradient in obstructive sleep
apnea and oxygen desaturation, objectively measured by
polysomnography, and to explore the potential underlying mecha-
nisms of this association. Another strength is the richness of the
sociodemographic, lifestyle, physiological and health-related data of
this population-based study. Our study also has some limitations.
First, this study is based on cross-sectional data, which does not
allow determination of the causal direction of associations, which
can be a particular issue for the associations between BMI and
sleep-disordered breathing. Second, the proportion-mediated param-
eter (PM) that was used to compute mediation was initially devel-
oped for rare outcomes and may thus not be valid for lower
thresholds of AHI and ODI (i.e. <15 events/hr versus >15 events/hr),
which have prevalence estimates that are higher than more severe
indexes (i.e. <30 events/hr versus >30 events/hr) in the studied pop-
ulation. Finally, the participation rate of this study was relatively low
and the objective measurements of sleep were performed in less

than half of participants who were enrolled in the first follow-up,
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which implies that this study may not be representative of the gen-

eral population.

4.2 | Conclusion and perspectives

In conclusion, this Swiss population-based study suggests that BMl is a
potential mechanism explaining the inverse association between SES
and sleep-disordered breathing. Additional longitudinal analyses
should be conducted to examine the causal direction between SES,
BMI, sleep apnea and oxygen desaturation. Moreover, further research
should assess the role of other potential mediators of the socioeco-
nomic gradient in sleep health, such as job characteristics, exposure to

industrial pollutants, psychosocial factors and house allergens.
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