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Educational attainment could be a protective factor against
obstructive sleep apnea: a study based on Mendelian
randomization
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Background: Causality between education and obstructive sleep apnea (OSA) is not known.

Methods: Genetic variants, as instrumental variables for years of education, were derived from the Social
Science Genetic Association Consortium. The outcome datasets related to OSA were from the FinnGen
research project (www.finngen.fi/en/). Inverse variance-weighted, weighted-median, and Mendelian
randomization—Egger analysis were used to estimate causal effects. To assess the robustness and horizontal
pleiotropy of significant results, leave-one-out sensitivity analysis and Mendelian randomization-Egger
regression analysis were conducted. The inverse variance-weighted method was undertaken to estimate the
association between years of education and other known risk factors for OSA. Analyses were conducted using
the Two Sample Mendelian Randomization package of R 4-0-3.

Results: Genetic predisposition towards 4.2 years of additional education was associated with a 27.8%
lower risk of OSA [odds ratio (OR) =0.722, 95% confidence interval (CI): 0.566-0.921; P=0.009]. Sensitivity
analyses were consistent with a causal interpretation in which a major bias from genetic pleiotropy was
unlikely. The Mendelian randomization assumptions did not seem to be violated. Genetic predisposition
towards longer education was associated with a lower body mass index, fewer cigarettes smoked per day, and
greater alcohol intake per week.

Conclusions: Our data indicated that education could be a protective factor against OSA. Potential

mechanisms could include body mass index, tobacco smoking, and alcohol intake.
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Introduction

Obstructive sleep apnea (OSA) is characterized by recurrent
episodes of partial or complete collapse of the upper airway
during sleep, which results in intermittent hypoxia and
excessive sleepiness. It affects 17% of women and 34%
of men in the USA, and has a similar prevalence in other
countries (1).

Synchronization of molecular, metabolic, and
cardiovascular circadian oscillations is fundamental to
human health. OSA disrupts such temporal congruence,
and elicits hemodynamic, autonomic, chemical, and
inflammatory disturbances with acute and long-term
consequences for heart, brain, and circulatory and
metabolic functions (2,3). OSA etiology, however, is poorly
understood (3). Hence, it is necessary to identify potential
causal risk factors that will contribute to guiding prevention
efforts.

A study of 3007 South Australians aged 15 years
suggested that a high level of educational attainment (EA)
was associated with a lower risk of OSA (relative risk) (3).
Causal conclusions are rarely justified following meta-
analysis methods, even with strong evidence from clinical
observations. Moreover, a poor level of EA is an important
risk factor of obesity, coronary heart disease, and type-2
diabetes mellitus, which are closely related to OSA (4,5).
However, the potential pathways involved in the association
from EA to OSA have not been studied.

Mendelian randomization (MR) analysis is a novel study
design based on genetic epidemiology. It can be employed
to assess potentially causal relationships using genetic
variants as instrumental variables (IVs) to explore the effect
of modifiable exposures (e.g., education) on outcomes (e.g.,
OSA) (6). Those genetic variants are allocated randomly
before birth and fixed upon conception, so a bias due to
confounding and reverse causation is likely to be avoided (7).

Genome-wide associations studies (GWAS) look for
associations between variations in DNA sequences and
phenotypes of interest by studying individuals with different
phenotypes (e.g., affected or not affected by a common
complex disease) and determining their genotype at the
positions of hundreds of thousands of single nucleotide
polymorphisms (SNPs). More summary-level data from
large GWAS consortia have become readily available in the
public domain. We can implement MR analyses based on
GWAS data, whereby gene-exposure measures are taken
from one GWAS and gene-outcome measures are taken
from another GWAS, which is known as “two-sample MR
analysis”.
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We applied two-sample MR analysis to identify the
potential causal association between EA and OSA risk.
We present the following article in accordance with the
STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-21-945/rc).

Methods
Genetic variants associated with EA

Lee et al. (8) reported a large meta-analysis of GWAS
for EA. The latter was measured as the number of
years of schooling completed in 766,345 people of
European descent. In total, 1,271 independent [linkage
disequilibrium (LD), r’<0.1] SNPs were identified to be
associated robustly with EA in the Social Science Genetic
Association Consortium at a GWAS threshold of P<5x107™,
These SNPs explained 12% of the variation in EA across
individuals (8). The F statistic of that study was 82 (much
larger than the conventional value of 10), which suggested
that the instruments used could predict EA (9). In addition,
we undertook strict LD-clumping restricted to r’<0.001,
clumping distance >10,000 kb, and retained SNPs at a
GWAS threshold of P<5x10™ to eliminate LD and, finally,
310 EA-related SNPs were obtained. available online:
https://cdn.amegroups.cn/static/public/jtd-21-945-01.xlsx
summarizes the SNPs associated with EA.

GWAS summary data on OSA
The GWAS summary data for OSA, determined by

International Statistical Classification of Diseases and
Related Health Problems 10th Revision, were obtained
from the FinnGen research project (www.finngen.fi/en/).
A total of 5,263 patients with OSA and 83,167 controls
were included. All participants were of European ancestry.
Then, 237 SNPs were selected as IVs for MR analysis after
removing the SNPs which lacked the required information,
were palindromic, or had incompatible alleles.

GWAS summary data for the risk factors for OSA

We wished to investigate the potential mechanisms from
education to OSA. We employed an inverse variance
weighted (IVW) method to assess the potential causal
relationship between EA and other common risk factors
for OSA. Well-known risk factors include body mass index
(BMI), tobacco smoking, and alcohol consumption (4).
GWAS summary data for these phenotypes were extracted
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Table 1 Details of datasets included in analyses.

Song et al. Education: a protective factor against sleep apnoea

Reference

Trait Sample size Consortium

Years of schooling 766,345

Sleep apnoea 88,430  FinnGen research project website
Body mass index 681,275 A meta-analysis of GWAS
Cigarettes per Day 337,334

Alcoholic drinks per week 335,394

The Social Science Genetic Association Consortium (SSGAC)

GWAS and Sequencing Consortium of Alcohol and Nicotine use

GWAS and Sequencing Consortium of Alcohol and Nicotine use

Lee et al. (8)
https://www.finngen.fi/en
Yengo et al. (10)

Liu et al. (11)

Liuetal (11)

GWAS, genome-wide association studies.

Table 2 Mendelian randomization estimates of the causality between EA and sleep apnoea

Exposure Outcome nSNPs Method OR (95% CI) P
Years of schooling Sleep apnoea 237 IVW 0.722 (0.566-0.921) 0.009
MR-Egger 0.627 (0.243-1.623) 0.337
Weighted median 0.701 (0.499-0.985) 0.041

EA, educational attainment; SNP, single-nucleotide polymorphism; OR, odds ratio; Cl, confidence interval; IVW, inverse variance weighted.

from GWAS and the Sequencing Consortium of Alcohol
and Nicotine Use, and a meta-analysis of GWAS. Details of
the risk factor-related GWAS included in MR analysis are
given in Table 1 (10,11).

Statistical analyses

We used several MR approaches to determine MR estimates
of EA for OSA. We conducted a random-effects IVW-
based meta-analysis of the Wald ratio for individual SNPs.
We also estimated the effects using other statistical tests
(weighted median and MR-Egger regression). The results
are presented as odds ratios (OR) and 95% confidence
intervals (CIs), which provided an estimate of relative risk
caused by each standard deviation (SD) (4.2 years) increase
in the years of schooling. Power calculations on MR
analysis were carried out according to the method described
by Brion and colleagues (12) if this value was greater than
the conventional value of 80%. Hence, the sample provided
sufficient statistical power to detect a causal effect of EA
upon OSA.

Moreover, MR analysis is relevant only if it employs IVs
that are: (I) associated with the exposure; (II) independent
of factors confounding the association of the exposure and
outcome; (III) associated with the outcome only through
exposure (13). To assess potential violation of these
assumptions, we evaluated directional pleiotropy based on
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the intercept obtained from the MR-Egger analysis (14).
We also carried out a leave-one-out sensitivity analysis
in which we sequentially omitted one SNP at a time to
evaluate if the MR estimate was driven or biased by a single
SNP. All analyses were conducted in R 4.0.3 (R Institute
for Statistical Computing, Vienna, Austria) using the Two
Sample Mendelian Randomization package (15).

Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Patients were
not involved in the design, recruitment, or conduct of the
study. Hence, ethical approval was not needed for our study.

Results
Causal effect from EA to OSA

Genetically predicted higher EA was associated with a
significantly lower odd of OSA (7zble 2). Using conventional
MR analysis, one SD-longer education (4.2 years) was
associated with a 27.8% lower risk of OSA (OR =0.722;
95% CI: 0.566-0.921; P=0.009) by the IVW method.
Similar results were obtained using the weighted-median
method. Although MR-Egger analysis failed to determine
an association, the direction of the association was consistent
and the OR was similar (forest plot in Figure S1).
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Table 3 Power for conventional Mendelian randomization analysis (two-sided 0=0.05)
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R-§quar§d Actual n Proportion of cases  Observational No. of required for Power at
Exposure (of variance in EA ) )
(FinnGen) (FinnGen) OR 80% power actual n
phenotype)
237 SNPs 0.12 88,430 0.0595 0.722 14,563 1.00

EA, educational attainment (measured as number of years of schooling completed); OR, odds ratio.

Table 4 Causal effects from 4.2 years of education to common risk factors by IVW method

Risk factors nSNPs OR (95% Cl)

Body mass index 237 0.762 (0.720-0.807) <0.001
Cigarettes per day 294 0.702 (0.650-0.758) <0.001
Alcoholic drinks per week 293 1.042 (1.011-1.074)

IVW, inverse variance weighted; SNP, single-nucleotide polymorphism; OR, odds ratio; Cl, confidence interval.

In addition, power calculations were based on a sample
size of 88,430 (5,263 OSA cases and 83,167 controls)
in the outcome datasets and a prevalence of type-1
error of 0.05. The number required for 80% power was
>14,563 participants. With a sample size of 88,430, the
outcome datasets provided sufficient statistical power
(>80%) to detect a causal effect of EA upon OSA (Table 3).

MR-Egger regression analysis did not reveal significant
interception (intercept f=0.002; SE =0.007; P=0.764)
and the funnel plot (Figure S2) was symmetrical, which
indicated no evidence supporting the existence of pleiotropy.
Regardless of SNP removal, there was no fundamental
impact upon OSA (all lines were on the left side of 0) in the
leave-one-out sensitivity analysis, which meant that the MR
result was robust (Figure S3).

Causal effect from EA on the potential risk factors of OSA

To identify risk factors that could mediate the association
between EA and OSA, we investigated if higher EA was
associated with several potential risk factors for OSA.
Table 4 shows that 4.2 years-longer education years was
associated with lower odds of body mass index (OR =0.762,
95% CI: 0.720-0.807; P<0.001), lower odds of cigarettes
per day (OR =0.702, 95% CI: 0.650-0.758; P<0.001) and
higher odds of alcoholic drinks per week (OR =1.042, 95%
CI: 1.011-1.074; P=0.008).

Discussion

Using an MR study design, we found that higher EA was
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strongly associated with a lower risk of OSA, whereby
4.2 years of additional education predicted a reduction in
OSA risk of 27.8%. These results demonstrated the cause-
and-effect relationship between EA and OSA.

A few observational studies focusing on the relationship
between education and OSA have been conducted (3), but
their conclusions are not reliable for various reasons: small
cohorts, measurement error, and methodical limitations.
Our results may offer some of the strongest evidence to
evaluate the causal role of EA in OSA because the questions
mentioned before can be partly or completely avoided
through a two-sample MR approach. By selecting summary
statistics from the largest GWAS studies for education
(n=766,345) and OSA (up to n=5,263 cases and 83,167
controls), our data have enhanced statistical reliability.

Our results can denote the lifetime risk of OSA due
to education because of the stability of genetic variants
(9,12-14). It has been reported that there may be a negative
causal effect of education on BMI (B=-0.84; 95% CI:
-1.77-0.09) (16), which suggests that education could
be a protective factor against obesity. Given that obesity
is an established cause of OSA and is clearly related to
education (1,5,16), it may be a key intermediate factor on
the education—-OSA pathway. Inhalation of the contents
of cigarette smoke causes irritation to the throat and
subsequent local edema of the mucosa of the upper airways,
which may be one of the contributing factors to upper-
airway obstruction and an increased risk of OSA (17). We
showed that 4.2 years-longer education years was associated
with 29.8% lower odds of cigarettes per day, which might
be the reason why education could reduce OSA risk.
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Alcohol consumption has been shown to increase nasal
and pharyngeal resistance acutely, and may be detrimental
to sleep, affect sleep stages, and worsen insomnia and
breathing disturbances during sleep (4). However, we
showed that 4.2 years-longer education years was associated
with 4.2% higher odds of alcoholic drinks per week. This
finding appears to be contrary to the conclusion that
education is a protective factor against OSA. However, this
result focused only on the amount of alcohol consumed
and ignored the type of alcohol consumed, which shows
different effects on the human body. People with higher EA
prefer the intake of more total alcohol (especially red wine),
and less beer/cider and spirits, more frequent drinking,
and consuming alcohol with meals (18), which may explain
our findings. All those studies (including our study) do not
specifically contribute to the debate on the mechanisms by
which education impacts OSA.

This was the first MR study to investigate the causality
between EA and OSA. The MR design can improve
understanding of the causal effect of EA on OSA by
reducing reverse causation and a potential bias from
confounding. Our study had two main limitations. First, the
MR analysis needs to be validated in more datasets related
to OSA. Second, all GWAS data were from European
populations, and whether our findings can be generalized to
other populations is not known.

Conclusions

Our MR study supplied reliable evidence to demonstrate
that education could be a protective factor against OSA.
Future investigation is needed to elucidate the potential
mechanisms that mediate the association between education

and OSA.
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