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Abstract

Objective

A systematic review and meta-analysis of the association between alcohol consumption and risk of
sleep apnoea in adults.

Methods

We searched Medline, EMBASE and Web of Science databases from 1985 to 2015 for comparative
epidemiological studies assessing the relation between alcohol consumption and sleep apnoea.
Two authors independently screened and extracted data. Random effects meta-analysis was used

= Feedback

to estimate pooled effect sizes with 95% confidence intervals (CI). Heterogeneity was quantified
using I? and explored using subgroup analyses based on study exposure and outcome measures,
quality, design, adjustment for confounders and geographical location. Publication bias was as-
sessed using a funnel plot and Egger's test.

Results

We identified 21 studies from which estimates of relative risk could be obtained. Meta-analysis of
these estimates demonstrated that higher levels of alcohol consumption increased the risk of
sleep apnoea by 25% (RR 1.25, 95%CI 1.13-1.38, I? = 82%, p < 0.0001). This estimate's differ-
ences were robust in alcohol consumption and sleep apnoea definitions, study design, and quality
but was greater in Low and Middle Income Country locations. We detected evidence of publication
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bias (p = 0.001). A further eight included studies reported average alcohol consumption in people
with and without sleep apnoea. Meta-analysis revealed that mean alcohol intake was two
units/week higher in those with sleep apnoea, but this difference was not statistically significant

(p =0.41).

Conclusion

These findings suggest that alcohol consumption is associated with a higher risk of sleep apnoea,
further supporting evidence that reducing alcohol intake is of potential therapeutic and preventive
value in this condition.
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Highlights

Alcohol consumption increased the risk of sleep apnoea by 25%.

Findings were robust to differences in definitions of alcohol consumption and sleep apnoea.
Association appeared stronger low and middle income countries.

Timing and regularity of alcohol consumption likely to be important to its effect on OSA.
Recommend advising against alcohol in people with, or at risk of, OSA.

1. Introduction

Obstructive sleep apnoea (OSA) is a disorder characterised by repeated episodes of partial or
complete upper airway collapse or obstruction resulting in hypopnoea or apnoea during sleep
[1], [2]. A diagnosis of OSA is confirmed by demonstration of apnoea's (10-s interruptions of
breathing) on overnight polysomnography [3], [4], or of apnoea or hypopnoea resulting in a 3%
reduction in oxygen saturation on overnight oximetry [1], - occurring five or more times per hour
[1], [5]. The frequency of these events [the apnoea index (Al) or apnoea/hypopnoea index (AHI)]
is also used to grade the severity of OSA: AHI = 5 to <15 episodes being graded as mild, AHI = 15

The prevalence of OSA in the USA has been estimated at around 15% in men and 5% in women
for people aged 30-70 years [7]. OSA is present in the 41% patients with a body mass index
greater than 28 [3]. OSA is also more common in older aged people, current smokers, and in those
with coronary artery disease, stroke, hypertension, and diabetes mellitus [4]. OSA is thought to be
more common among people who consume alcohol, possibly because alcohol increases upper air-
way collapsibility [4], [8], [2] and also because alcohol intake can contribute to a higher body
mass index. However, evidence on the effect of alcohol consumption on the risk of OSA remains
mixed, with some studies reporting an increased risk in those who consume alcohol [5], [10],
[11], and others finding a decreased risk [12], [13].
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To clarify and quantify the association between alcohol consumption and the risk of OSA we have
therefore carried out a systematic review and meta-analysis of comparative epidemiological stud-
ies including data on alcohol consumption affects and OSA in adults.

2. Methods

The systematic review and meta-analysis was conducted in adherence with the PRISMA [14] and
MOOSE [15] guidelines. The protocol was published in the National Institute for Health Research
International prospective register of systematic reviews (PROSPERO) under the registration num-
ber: 42015029910.

2.1. Inclusion criteria and search strategy

We included all longitudinal, cohort, case control, and cross sectional studies assessing the associ-
ation between alcohol consumption and sleep apnoea in adults aged 18 years and over identified
from comprehensive searches of Medline (accessed via Ovid), EMBASE (accessed via Ovid), and
Web of Science databases between December 1985 and December 2015. We used search filters
for observational study designs [16] and search terms for both outcome and exposure developed
from relevant Cochrane Reviews groups [17]. We also searched the reference lists of included
studies. No language restrictions were imposed; and foreign language papers were translated into
English as necessary. The full search term strategy is presented in Supplementary Table 1. Two au-
thors (ES and JL-B) independently screened the titles and abstracts to identify potentially relevant
studies. The full text of these studies was then screened independently by the same authors. Any
disagreements were resolved through discussion. Studies of populations with HIV, hepatitis B and
hepatitis C viruses were excluded, as these represent selected populations, thus may not be gener-

alizable to the general population.

2.2. Measures of outcome and exposure

Objective measures of OSA severity were assessed using the Respiratory Distress Index (RDI),
where applicable, or Apnoea-Hypopnoea Index (AHI), in which a higher score indicated increased
severity. Where possible, an AHI 2 5 or RDI 2 5 was used to define the presence of OSA, and a
score <5 to define absence of OSA.

For categorical measures of alcohol consumption, where possible we defined these using the di-
chotomy of any alcohol versus no alcohol (reference group). However, for studies which did not
report data for those who consumed no alcohol, we used the lowest exposed group as the refer-
ence group. Continuous measures of alcohol consumption were standardised, into units per week
using recognised definitions: one drink being defined as 0.6 ounces, 14.0 g or 1.2 tablespoons of
pure alcohol [18] or using the UK guidelines we defined one unit as eight grams of ethanol [19].

For additional analyses, categorical measures of alcohol consumption were further defined as lev-
els of consumption: light/moderate /heavy drinking; alcohol dependence; or drinks/grams of
ethanol per day, week or year. For continuous data we standardized alcohol to grams of ethanol
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per week. Where alcohol intake was expressed in daily terms, we multiplied these by seven to ob-
tain a per-week figure. Heavy drinking was defined as weekly consumption of 15 or more drinks
for men, and eight or more for women, whereas binge drinking either as five or more drinks dur-
ing a single occasion for men, and four or more for women. Excessive drinking was defined as the
presence of either binge or heavy drinking [18]. Also, according to Dietary Guidelines for
Americans, moderate alcohol drinking defined as consuming less than one drink to two drinks per
day for men and women respectively [20].

2.3. Data extraction

Data extraction was carried out in duplicate by ES and JL-B using a previously piloted form. Key
data elements extracted included: study design, definition of exposure (alcohol) and outcome
(OSA), geographic location, reference population, setting, number of people recruited, demo-
graphic of study population, finding, and identified limitations.

2.4. Quality assessment

Assessment of methodological quality was carried out using the Newcastle-Ottawa Quality Scale
[21], with separate criteria for longitudinal/cohort, case control, and cross sectional studies. The
maximum attainable score for longitudinal/cohort and case control studies was nine stars, and for
cross sectional studies seven stars. A high quality study was deemed to be identified by a score of
at least six. Methodological quality was independently assessed by ES and JL-B, with any disagree-
ment resolved through discussion. Where the same population was used in multiple publications,
we included the publication with the highest methodological quality. Due to lack of information, we
did not assess the quality of studies published only in abstract forms.

2.5. Statistical analysis

Results were extracted from the individual studies as either adjusted measures of effect, crude
measures of effect, or using raw data. Effect estimates adjusted for smoking and other factors
were used in preference. Binary effect measures were extracted as odds ratios (OR), hazard ratios
(HR) or risk ratios, with 95% confidence intervals (CI). Where effect measures were not presented
in the paper, we estimated crude RRs for cohort and cross sectional studies and ORs for case con-
trol studies. Where exposure to alcohol was reported using quantiles or categories, we extracted
adjusted effect measures relating to a comparison of the highest to the lowest exposure group.
Continuous effect measures were estimated as mean differences (MD) with 95% CI. Where more
than two categories of exposure to alcohol were presented within a study, we combined the cate-
gories using standard formula to estimate pooled means and the pooled standard errors [17].

Pooled measures of effect across studies were estimated using random effects meta-analysis using

the generic inverse variance method to weight the studies. A random effects model was deemed
appropriate due to anticipated differences in effect measures related to the inherent biases within
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the observational study designs included in the review. We pooled ORs and risk ratios together to
estimate pooled Relative Risks (RRs) since the OSA was not assumed to be common (<5%); how-
ever HRs were not pooled with other effect measures.

Heterogeneity between the studies was quantified using I? [22]. As systematic reviews combine
studies that are diverse both clinically and methodologically, and it is likely that the strength of as-
sociation between alcohol and OSA varies by participant characteristics; heterogeneity is antici-
pated [22]. Where high levels of heterogeneity were seen (1>>50%), subgroup analysis was used
according to study quality, study design, adjustment for confounders, ascertainment of alcohol lev-
els (excessive vs low/moderate) and OSA (objective versus subjective) and geographical location
of the study population. We also carried out subgroup analyses of studies in which control groups
comprised individuals who never consumed alcohol, and those in which the controls were individ-
uals with lower alcohol intake. To assess whether the association between alcohol and OSA was in-
dependent of Body Mass Index (BMI), we performed a sensitivity analysis restricted to studies
which provided BMI-adjusted measures of effect. We also performed sensitivity analyses re-
stricted to studies which provided smoking-adjusted measures of effect. Funnel plots were used to
visually assess evidence of publication bias, where at least ten studies were included in the meta-
analysis. Also, Egger's statistical test was used for the assessment of publication bias. Review
Manager (version 5.3) and STATA (version 14) were used to perform analyses. P values < 0.05
were taken to represent statistical significance.

3. Results

3.1. Overview of included studies

From an initial 4378 studies identified from the literature searches, 3639 had potentially eligible
titles and abstracts, and 178 had potentially eligible full texts. After the full text screening and the
exclusion of non-eligible papers, 31 studies met our criteria for inclusion in the systematic review

(Fig. 1).
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Fig. 1

Flow chart of studies.

Twenty of the included studies used a cross sectional design [10], [11], [13], [23], [24], [25], [26],
[27], [28], [29], [30], [31], [32], [33], [34], [35], [36], [37], [38], [39], nine were case controlled
[5], [12], [40], [41], [42], [43], [44], [45], [46], and two were cohort studies [47], [48]. Eleven
were conducted in Asia (five studies in Korea, two studies in India, one study in Israel, one study in
Taiwan, one study in Japan, and one study in Pakistan) [5], [11], [24], [25], [28], [29], [30], [38],
[39], [40], [42]; ten in US [13], [23], [27], [34], [35], [36], [37], [44], [47], [48], four in Australia
[33], [43], [45], [46]; five in Europe (Denmark, United Kingdom, Ireland, Norway, Germany) [10],
[12], [26], [32], [41], and one in Africa [31].

Most studies assessed alcohol consumption by self-report using a standardized questionnaire;
one study measured alcohol dependence used International Classification of Diseases (ICD-9)
codes [13]. Fifteen studies reported the quantity of alcohol as a continuous measure (number of
drinks, units of alcohol or grams of ethanol consumed) and 11 studies used categories [5], [11],
[13], [27], [29], [32], [34], [36], [37], [38], [40] including; current drinking [5], [34], [37]; alcohol
abuse [40]; alcohol dependence [13], harmful alcohol [30], excessive [32], binge drinking [36],
habitual drinking [11], [38], and regular drinking [31]. The remaining five studies did not provide
additional information about how alcohol was quantified [25], [28], [29], [42], [46]. Ten of the 31
included studies reported alcohol consumption as a binary exposure, comparing any intake with
no intake [5], [24], [25], [27], [28], [29], [34], [39], [42], [47]. The results presented in Table 1.
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Table 1

Alcohol and the risk of sleep apnoea: a systematic review and meta-analysis - PMC

Characteristics of the included studies.
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Study& Year Study Geographical Population Alcohol Alcohol Sleep a
design  location ascertainment definition ascerta
Baik, 2014 [5]  Case Asia/Korea General Self-report Current polysor
control population drinkers vs no
drinkers
Coughlin, 2004 Case Europe/United People Self-report Units/week 0- polysor
[12]. control  Kingdom recruited from 4 units vs 4-
clinic and 50 units
general public
Enright, 2001 Cross North Elderly Self-report 225 Self-rep
[23]. sectional America/US population drinks /week questio
Fredheim, 2011 Cross Europe/Norway  Population Self-report Units /week Polysor
[26]. sectional recruited from
Obesity /Centre
Gilat, 2014 [40] Case Asia/lIsrael General Self-report Alcohol abuse  polysor
control population
Heiskel, 2002 Case Europe/ German  Hospital sleep  Self-report 7glasses/week Polysor
[41]. control laboratory vs 8
population to>21glasses/
week
Hussain, 2009  Cross Asia/Pakistan General Self-report Alcohol yes vs  Self-rep
[24]. sectional population no
Hwang, 2010 Cross Asia/Taiwan Hospital Self-report Alcohol yes vs  Polysor
[28]. sectional volunteer alcohol no

A
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Twenty three studies ascertained sleep apnoea using polysomnography either measuring its pres-
ence and severity using the Apnoea-Hypopnoea Index (AHI) [5], [11], [12], [25], [26], [27], [28],
[29], [32], [35], [37], [38], [39], [40], [41], [43], [44], [45], [46], [47], [48] or the Respiratory dis-

[42] and in the remaining study, sleep apnoea was ascertained using ICD codes [13].

The methodological quality using the Newcastle-Ottawa Assessment Scale (Table 2) showed that
quality of the included studies ranged from two to seven, with only one study deemed to be of
high quality (overall score = 6) [47]. Thirteen studies reported effect estimates adjusted for con-
founders [5], [13], [23], [24], [25], [30], [31], [32], [34], [36], [40], [43], [47]; with six adjusted
for smoking [5], [24], [25], [30], [35], [47]. Lower scores were primarily due to lack of adjustment
for confounding factors, instead using selective populations or a self-report assessment of alcohol
exposure.
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Table 2

Critical appraisal of included studies using Newcastle Ottawa scale.

Study, Year Stars number

A
Selection® Comparability® Exposured
Baik, 2014 [5], 3 1 1
Coughlin, 2004 [12], 2 0 1
Enright, 2001 [23] 2 1 2
Fredheim, 2011 [26]. 1 0 2
Gilat, 2014 [40] 3 1 1
Heiskel, 2002 [41], 2 0 2
Hussain, 2009 [24] 1 1 2
Hwang, 2010 [28] 1 0 1
Jennum, 1994 [10], 2 0 2
K.Kang, 2013 [42], 3 0 2
K.Kang, 2014 [30]. 1 2 2
Kang, 2014 [29], 1 0 2
Kim, 2006 [25] 1 2 1
Marshall, 2008 [33], 2 0 1
McArdle, 2006 [43]. 3 1 1
Mc Cague, 201423[32], - - -
Ngahane, 2010 [31] - - -
Nieto, 2000 [27]
Pan, 2014 [34], 1 1 2
Peppard, 2000 [35]
Peppard, 2006 [47]. 2 2 2
Popovici, 2013 [36],
Shamsuzzaman, 2014 [44] 3 0 1
Sharafkhaneh, 2005 [13], 2 1 2
Sharma, 2006 [11] 2 0 2
Simpson, 2015 [45] 2 0 0
Udwadi, 2003 [38] 1 0 2 —
Wattar 20NA TA1Q1 2 n 1

3Abstract only available-not quality assessment.

bMaximum 4 stars.
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‘Maximum 2 stars.

dMaximum 3 stars.

3.2. Meta-analysis findings

A pooled analysis of the 21 studies from which relative risks could be estimated found the overall
risk of OSA to be increased by 25% in people who consumed alcohol at all, or in higher amounts,
than those who consumed no, or lower amounts of alcohol, respectively (pooled RR 1.25, 95% CI
1.13 to 1.38, I2 = 82%; Fig. 2). A stratified analysis based on the effect measure used found very
similar results for studies reporting ORs (1.26, 95% CI 1.04 to 1.53, [2=79, 14 studies) and those
reported risk ratios (1.27,95% CI 1.08 to 1.49, 12 = 86%, seven studies).

Relative Risk Relative Risk
Study or Subgroup log[Relative Risk] SE_Woeight IV, Random, 95% CI 1V, Random, 95% CI
1.1.1 alcohol vs no alcohol
Baik 2014 03083 01728 4.9% 1.36 [0.897, 1.91] M
Hussain 2009 0.0953 0.3289 1.9% 1.10 [0.58, 2.10] -
Hwang 2010 13137 03283 2.0% 3.72[1.95, 7.08] -
K.Kang 2013 0.1655 04479 1.1% 1.18 [0.49, 2.84] —
Kang 2014 00677 D.0482 10.5% 1.07 [0.97, 1.18] r
Kim 2006 03148 0244 3.1% 1.37 [0.85, 2.21] T
Nieto 2008 0002 0.0279 11.2% 1.00 [0.94, 1.05)
Peppard 2006 females -0.1863 0.5266 0.8% 0.83 [0.30, 2.33] ——
Peppard 2006 males 08627 02375 32% 1.94 [1.22, 3.09) o
Yue 2014 04187 D956 4.2% 1.52 [1.04, 2.23] e
Zenda 2014 0.0677 0.2021 4.0% 1.07[0.72, 1.59] -
Subtotal (85% CI) 47.1% 1.25[1.08, 1.45] *

Heterogeneity: Tau® = 0.03; Chi* = 32.24, df = 10 (P = 0.0004); ' = 69%
Test for averall effect: Z = 2.2 (P = 0.004)

1.1.2 alcohol vs lowest category of exposure

Cague 2014 05652 D2887  2.3% 1.76 (0.98, 3.16] s
Coughlin 2004 08965 0444  12% 041[0.17,0.97] —_—

Envight 2001 04637 0237  3.2% 1.59[1.00, 2.53] [
Gllat 2014 05276 0325 20% 0.59[0.31, 1.12] —

Heiskel 2002 00731 01415  6.1% 1.08 (0,82, 1.42] -

K Kang 2014 04447 DOSE3  8.1% 1.6 [1.29, 1.88] -~
Ngahan 2010 13324 05126 09%  3.76(1.39,10.35) —
Sharafkhaneh 2008 -0.0305 0.0104 11.5% 0.97 [0.95, 0.98]

Sharma 2006 10102 0.3137 2.1% 2?&[1.45,505' ——
Udwadi 2003 06842 01654  5.1% 1.98(1.43, 2.74] e
Yaggi 2005 00677 0.0489 10.4% 1.07 (0.97, 1.18] *

Subtotal (95% CI) 529%  1.29[1.07,1.55] *

Heterogeneity: Tau® = 0.05; Chi® = 77.88, df = 10 (P < 0.00001); I = 87%
Test for overail effect: Z = 2.73 (P = 0.008)

Total (95% CI) 100.0% 1.25[1.13, 1.38) 1]
Helerogeneity: Tau® = 0.02; Chi* = 115.53, df = 21 (P < 0.00001); I = 82%
Test for overall effect: Z = 4.39 (P < 0.0001)

Test for subaroun differences: Chi* = 0.07. df = 1(P = 0.79). = 0%

"
001 0.1

10 100
decreased risk for OSA  increased risk for OSA

Fig. 2

Forest plot of the association between alcohol consumption versus non-alcohol /lower alcohol consumption and
the risk of OSA. *A pooled analysis of 22 comparisons from 21 studies; one study reported estimates separately

for men and women [13].

A further eight studies presented average levels of consumption of alcohol in people with and
without OSA [10], [26], [33], [35], [43], [44], [45], [48]. A meta-analysis of these studies found

that people with OSA consumed, on average, approximately two units alcohol per week more than
people without OSA (pooled mean difference 1.93, 95% CI -2.62 to 6.49, I2 = 66%, Fig. 3); however,
the effect was not significant (p = 0.41). Data from the remaining two studies [36], [46] were re-

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5840512/
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ported in insufficient detail for inclusion in either of the above meta-analyses: one of these studies
found a 9% increased risk of OSA in those who consumed alcohol compared to those with no alco-
hol consumption [36] while the other reported no significant association (p = 0.82) [46].

Mean Difference Mean Difference

Study or Subgroup __ Mean Difference __ SE_Weight IV, Random, 95% CI IV, Random, 95% C|
Fredheim 2011 24 2448 238%  240[-2.40,7.20 : -

Jennum 1994 250 16928 1.8% 25.90[.7.28, 59.08)

Marshall 2008 171 13528 27% 17.10[-9.41,4361)

MeArdie 2006 2 22449 249%  2.00([-2.40, 6.40) —t
Peppard 2000 B4 749 T74%  B.40[-6.28, 23.08)

Shamsuzzaman 2014 -1.68 18285 1.5% -1.68[-37.52 34.16] *

Simpson 2015 34 0219 323%  -3.40(-383,.297) -

Welter 2004 784 B929  56%  7.84[9.66, 2534)

Total (95% CI) 100.0%  1.93[-2.62, 6.49] -—-l_--—
Heterogeneity: Tau® = 16.72; Chi® = 20.45, df = 7 (P = 0.005); I = 66% L + +
Test for overall effect: Z = 0.83 (P = 0.41)

L 4
-10 10

-5 0 5
decreased risk of 0SA increased risk of OSA
Fig. 3

Forest plot of the association between levels of alcohol consumption in people with and without OSA.

Among the 21 studies included in the pooled analysis of relative risks a sensitivity analysis showed
that relative to people who did not consume any alcohol, those who consumed alcohol had 25%
higher risk in OSA (pooled RR 1.25, 95%CI 1.08 to 1.45, I* = 69%, 10 studies). However, in studies
comparing any alcohol intake to low intake the risk of OSA was increased by 29% (pooled RR 1.29,
95%CI 1.07 to 1.55, I = 87%, 11 studies) (Fig. 2). A further sensitivity analysis restricted to the
four studies which provided BMI-adjusted estimates [5], [24], [25], [47] found similar results to
the main analysis, with a 41% increased risk of OSA in people who consume alcohol at all or in
higher amounts (pooled RR 1.41, 95% CI 1.13 to 1.75, I = 0%, four studies). Moreover, studies
which provided smoking-adjusted estimates [5], [24], [25], [47] found a marginally larger magni-
tude of effect compared to the main analysis (pooled RR 1.56,95% CI 1.38 to 1.76, I> = 0%, four
studies).

Subgroup analyses of the 21 studies found that methodological quality (high versus low; p = 0.69),
study design (cross-sectional, case-control, longitudinal/cohort; p = 0.25), adjustment for con-
founders (p = 0.40), level of alcohol consumption (excessive vs moderate/low; p = 0.65) and as-
certainment of sleep apnoea (subjective vs objective; p = 0.26) did not explain high level of hetero-
geneity (Supplementary Table 2). Furthermore, the geographic location of the study was found to
explain heterogeneity between the studies, with a quantitative interaction seen between High and

Low/Middle Income Countries (p-value for subgroup differences = 0.01, Fig. 4) relating to a larger
effect size in Low/Middle Income Countries (pooled RR 1.47,95% CI: 1.17-1.85) compared to
High Income Countries (pooled RR 1.07, 95% CI: 0.98-1.17). Evidence of publication bias was de-
tected in the meta-analysis of 21 studies (Egger's test, p = 0.001).
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8/16/24, 4:56 PM Alcohol and the risk of sleep apnoea: a systematic review and meta-analysis - PMC

Relative risk Relative risk
Study or Subgroup nsk] SE Weight IV, Random, 95% CI IV, Random, 95% C1
4.1.1 high income countries
Cague 2014 05652 02967 23%  176(0.98,3.16] =
Coughlin 2004 -08865 0444 1.2% 0.41 [0.17,0.97] —
Enright 2001 04837 03237 32% 159[1.00,2.53 (=
Heiskel 2002 00731 01415 6.1% 1.08[0.82,1.42 5o
Nieto 2005 -0.002 D.0278 11.2% 1.00[0.94, 1.05]
Peppard 2006 females -0.1863 05266 0.B% 0.83[0.30,2.33] 1
Peppard 2006 males 06627 02375 3.2% 1.94[1.22,3.09] E—
Sharafikhaneh 2005 -0.0305 00104 115% 0.97 [0.85, 0.99]
‘aggi 2005 0.0B77 0.0429 10.4% 107 [0.87,1.18] i
Yue 2014 0.4187 01956  42% 1.52[1.04,2.23 =
Subtotal (95% CI) 54.7% 1.07 [0.98,1.17]

Heterogeneity: Tau®= 0.01, Chi*= 3025, df= 9 (P =0.0004), F=70%
Testfor overall effect Z=1.48 (P=014)

4.1.3 lowimiddie income studies

Balk 2014 0.3083 01729 49% 1.36 [0.87,1.91] ==

Gilat 2014 -05376 0325 20% 0:59(0.31,1.12] s

Hussain 2009 0.0953 03299 1.9% 1.10[0.58, 2.10 —T
Hevang 2010 1.3137 03283  2.0% 3.72[1.95, 7.08 —
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Fig. 4

Forest plot of alcohol consumption and the risk of OSA; subgroup analysis based on high vs low/middle income

countries.

There were insufficient data to combine study results in an exposure-response analysis, although

one study estimated that for every drink consumed per day there was a 25% increased odds of at
least mild sleep disordered breathing in men (p for trend = 0.006) [47]. In contrast, there was no

significant exposure-response relation in women (p for trend = 0.73).

4. Discussion

Alcohol consumption is associated with a range of important health consequences, and a history
of alcohol consumption is common among people with OSA. It is plausible that alcohol increases
the risk of OSA because alcohol consumption reduces genioglossal muscle tone, predisposing pa-
tients to upper airway collapse [49] and generally increasing upper airway resistance [50]. High
alcohol intakes also contribute to dietary energy intake, and hence in some cases a high body
mass index, which is itself a risk factor for OSA [4]. However the extensive scientific literature of
studies of the association between OSA and alcohol intake provides mixed evidence on the qualita-
tive and quantitative nature of this association, making systematic review and meta-analysis likely
to be particularly helpful in this context.

To our knowledge, this paper reports the first meta-analysis combining all available worldwide lit-
erature assessing the association between alcohol consumption and the risk of OSA, and demon-
strates that people who consume alcohol, either in relation to no exposure or in those with rela-

tively high intakes compared to those with low intakes, are approximately 25% more likely to have
OSA.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5840512/
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Inevitably, our review findings are limited by publication bias and the low methodologic quality of
the included studies, but they at least provide a comprehensive and systematic overview and syn-
thesis of the available worldwide evidence. Another limitation of our study is the fact that only 13
of the 31 included studies adjusted for confounders; however, no appreciable difference was seen
between studies which did and did not adjust for confounders. Our analysis also highlighted a high
level of heterogeneity between study findings, which subgroup analysis indicated was related to
economic development, with the association between alcohol and OSA appearing to be stronger in
countries of low or middle income. The explanation for this finding is not clear, but confounding
by obesity or other lifestyle factors is a potential factor since alcohol consumption is more likely to
be limited to the most affluent in low and middle income settings. Although we expected the asso-
ciation between alcohol and OSA to be confounded by obesity, our restricted analysis of studies
presenting BMI-adjusted estimates confirmed an independent effect of alcohol which was in fact
slightly stronger than the unadjusted estimate, indicating that obesity is not the main mechanism
responsible for the higher risk of OSA among those who consume alcohol.

A previous narrative review published in 2005 also found that sleep disordered breathing was
likely to be more common in relation to alcohol consumption, with heavy drinkers being at partic-
ularly high risk of OSA [51]. However that study also highlighted that whilst two or three drinks
before bedtime can promote sleep, this effect is not sustained after a few days of regular con-
sumption. With more sustained regular alcohol intake, and with alcohol intake earlier in the day,
alcohol consumption can be associated with insomnia [51]. It therefore appears likely that the tim-
ing and regularity of alcohol consumption are both important to the effect of alcohol on OSA, since
airway muscle relaxation and reduced sensitivity to apnoea are both likely to be greatest when al-
cohol levels are rising, as for example after bedtime consumption [52], [53]. Our data do not en-
able us to estimate the nature of the exposure-response relation for either alcohol at bedtime, or
alcohol in general (data being limited to single study [47]), on the occurrence or severity of OSA,
however, these questions could in principle be resolved by randomised trials. We also searched
for randomised controlled trials on alcohol and sleep apnoea but found none. Therefore, there is
a need for the conduction of future clinical trials in order to address this important question.

Our findings thus provide confirmation that alcohol consumption may cause or exacerbate OSA,
and the wider literature suggests that this may especially be the case with alcohol consumed
shortly before bedtime. Whilst our findings do not confirm or refute the causality of this associa-
tion, health care professionals might consider advising against bedtime alcohol among people
with, or at risk of, OSA.
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