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Summary:

Alcohol, a muscle relaxant, can potentially worsen obstructive sleep apnea (OSA) but the
literature on the effects of alcohol on OSA is conflicting. This systematic review and meta-
analysis of randomized controlled trials examined the impact of alcohol on breathing parameters
during sleep. Ovid Medline, Embase and PsycINFO databases were queried through November

1, 2017 for studies that reported objective measures of breathing during sleep, prior to and

after alcohol administration. Weighted mean differences (WMD) and 95% confidence intervals
(CI) were calculated for apnea-hypopnea index (AHI) and mean oxyhemoglobin saturation
(Sp0O2). Secondary outcome measures were examined where available. The meta-analysis of

14 eligible studies (n=422; 71.9% male) found that AHI increased significantly after alcohol
administration (WMD=2.33; 95%Cl=1.41 to 3.25, #=62%) and mean SpO2 was significantly
reduced (WMD=-0.60; 95% CI=-0.72 to —0.49, 2=0%). The increase in AHI was greater in
snorers (WMD = 4.20; 95% CI = 1.19 to 6.50, £ = 0%) and those with a diagnosis of OSA (WMD
=7.10; 95% CI = 3.59 to 10.61, 22 = 0%). Additionally, a significant increase in respiratory event
duration (WMD=0.86; 95% CI1=0.18 to 1.55, 2=19%) and decrease in nadir SpO2 (WMD=-1.25;
95% CI=-2.00 to —0.50, ~2=25%) were noted. Alcohol is a modifiable risk factor that can result in
the development or worsening of OSA.
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Introduction:

Methods:

Obstructive sleep apnea (OSA) is characterized by repeated, partial or complete closure of
the upper airway occurring during sleep. It is a highly prevalent condition that is associated
with multiple adverse neuropsychological and cardiovascular complications (1). OSA has
been shown to increase the risk of incident hypertension, cardiac arrhythmias, ischemic heart
disease and heart failure (2-5). While smoking is a recognized modifiable risk factor for
OSA, the impact of alcohol on OSA is not as clear, with studies yielding conflicting results
on the effect of alcohol consumption on sleep disordered breathing parameters (6-10).
Alcohol, a central nervous system depressant with peripheral muscle relaxant effects, could
theoretically exert an important moderating effect on the incidence and severity of OSA.
Current American Academy of Sleep Medicine (AASM) guidelines recommend educating
patients about the possible deleterious effects of alcohol on OSA (11).

Alcohol consumption is common in the United States with up to 56% of individuals = 18
years of age reporting alcohol use within the past month according to the 2015 National
Survey on Drug use and Health (12). A recent study demonstrated that there has been a
significant rise in the proportion of adults consuming alcohol in the general population (13).
There is some evidence to suggest that moderate alcohol use, defined as up to one drink

per day for women and up to two drinks per day for men, is associated with a reduced risk
of heart disease and ischemic stroke (14, 15). However, alcohol has been shown to reduce
genioglossal muscle activity; this may in turn worsen sleep apnea and conceivably lead to
heightened morbidity and mortality risks (16).

While current guidelines recommend against use of alcohol in patients with OSA, the
extent of its effect on sleep-related breathing parameters in subjects with OSA is unclear.
Furthermore, the impact of alcohol on sleep-related breathing parameters in those without
OSA is uncertain. We performed a systematic review and meta-analysis of randomized
controlled trials to examine the impact of alcohol consumption on respiratory parameters
during sleep in all subjects regardless of comorbidity. The primary outcomes of interest
were the apnea-hypopnea index (AHI) and mean oxyhemoglobin saturation (SpO2) in sleep.
Subgroup analyses based on the presence of OSA and snoring status were also performed to
examine the differential impact of alcohol on sleep-related breathing parameters in normal
subjects and high-risk groups.

The reporting of this manuscript follows the preferred reporting items for systematic reviews
and meta-analyses (PRISMA) guidelines (Record ID: 84086) (17).

Search strategy and selection criteria:

A systematic search of the literature was performed by an independent librarian who verified
the strategy prior to conducting the search. OVID Medline (1946 to July 31, 2016), Embase
(1988 to July 31, 2016) and PsycINFO (1967 to July 31, 2016) databases were queried
utilizing search terms of alcohol/ethanol and sleep apnea/disturbance/polysomnogram
(further details of search terms and results are provided in the Supplement). The
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literature search was subsequently updated to November 1, 2017 to ensure that no recent
articles were missed. Additionally, references of research articles and review articles were
manually reviewed. Any study of human subjects that reported objective measurement(s) of
breathing parameters (AHI, apnea index (Al), hypopnea index (HI), mean and/or minimum
oxyhemoglobin saturation) and provided data on the same subjects, both prior to and
following the consumption of alcohol i.e., reported at least one alcohol challenge night

and one placebo night, were eligible for inclusion.

Study selection and data extraction:

Outcomes:

All titles and abstracts were initially reviewed to identify articles of interest by two of the
authors independently (MF and FS). Any discrepancy was resolved by discussion with a
third author (BPK). Following this initial review, full texts of the included abstracts were
examined to assess for eligibility. The data from the articles that met full inclusion criteria
were extracted by authors MF and FS. For studies where the methodology indicated that
details regarding breathing parameters were likely captured, authors were contacted and
requested to share any unpublished data if possible.

The primary outcomes of interest were AHI and/or mean SpO2 in sleep. Secondary
outcomes were assessed when available, and included obstructive apnea index, central
apnea index, oxyhemoglobin desaturation index, lowest (nadir) SpO2 and respiratory event
duration.

Risk of bias assessment:

The Cochrane Collaboration Risk of Bias tool was used to assess the risk of bias within and
between the individual studies. Bias was assessed based on subject selection, randomization
to placebo/alcohol, blinding of personnel and subjects, and incomplete reporting.

Statistical Analysis:

Since both primary outcomes and secondary outcomes were continuous measures, weighted
mean differences (WMD) and 95% confidence intervals were calculated. In studies

where subjects received varying quantities of alcohol on different nights and/or included
different patient subgroups, a single combined mean and standard deviation for breathing
parameters was computed using the formulae provided in the Cochrane Handbook for
Systematic Reviews of Interventions (18). The D-L random effects model was utilized to
pool WMDs of the included studies. Additional analyses where results were expressed

in terms of standard mean differences (SMD) were also performed. Additional data to
allow for subgroup analysis was only available for categorization based on the participants’
snoring status. Sensitivity analyses were performed using the “trim-and-fill” method which
included trimming and filling the studies that exclusively recruited subjects with chronic
obstructive pulmonary disease (COPD) and/or OSA. Publication bias was assessed by
visually inspecting a funnel plot. Heterogeneity was assessed using £ statistic. All statistical
analyses were performed utilizing the RevMan™ version 5.3.
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Results:

Search results:

The initial literature search yielded 1463 articles (Fig. 1). After review of the abstracts, full
texts of 45 articles were considered. Of these, 14 articles met full inclusion criteria; eight
studies provided data on both AHI and mean SpO2, and three studies each provided data on
either AHI or mean SpO2 alone (9, 10, 19-29). Detailed review of references did not yield
any further articles. An updated search contributed 114 new articles, none of which met
inclusion criteria. Additional data was made available by the authors of one study, which
were incorporated in the meta-analysis (30).

Characteristics of included studies:

The characteristics of the included studies are outlined in Table 1. All studies were cross-
over randomized controlled trials of alcohol versus placebo. A total of 422 subjects were
included, 71.9% were male. The overall risk of bias was considered to be moderate. The
majority of investigations recruited asymptomatic healthy male volunteers. Two studies
exclusively recruited patients with COPD (9, 21). Two other studies recruited patients

with a prior diagnosis of OSA (22, 29). One of these studies examined the impact of

alcohol on continuous positive airway pressure (CPAP) requirements. In this study, only data
comparing breathing parameters during sleep on the control night to the night when alcohol
was consumed without the use of CPAP were included in the analyses (29). The estimated
number of standard drinks consumed per subject, assuming a body weight of 70 kg and 14 g
of alcohol per standard drink, varied between 1.5 and six per night, with the majority of the
studies utilizing two to three standard drinks per night (31). Expressed in terms of grams per
kilogram (g/kg) of body weight, this ranged from 0.325 g/kg to 1.2 g/kg with a median dose
of 0.5 g/kg.

In two of the 14 studies, both subjects and investigators were blinded to alcohol status (10,
30). One group attempted to blind subjects and investigators to alcohol status but reported
that the blinding was easily broken (28). Another study reported that only the investigators
were blinded to alcohol status (29). The remainder of the studies either did not attempt to
blind subjects/investigators or did not provide any information regarding blinding. The order
in which subjects received alcohol/placebo was a random in all studies except one, where
subjects received alcohol on the second night of recording (22).

Eight out of the 14 studies reported total sleep times on alcohol and placebo nights (9, 19,
20, 22, 25, 27, 29, 30). Only two studies found a significant difference in the sleep duration
with subjects obtaining more sleep on the nights that they received alcohol (20, 22). One
study reported differences in breathing parameters between rapid eye movement (REM) and
non-REM sleep (10). In this study, the number of disordered breathing events per hour of
REM and non-REM sleep was similar following the administration of alcohol and placebo.
Four studies reported differences based on the time of the night (21, 22, 24, 29). Two studies
reported that mean SpO2 following alcohol consumption was lower in the initial part of the
night compared to placebo (21, 24). There was no difference in mean SpO2 between the two
conditions in the latter part of the night. The findings with regard to the differences in AHI
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based on the time of the night were conflicting. One study reported a significant difference
following alcohol administration in the initial 3 h of sleep while another reported differences
only in the latter part of the night (22, 24). A third study reported no differences in AHI
between alcohol and placebo nights in the initial 2 h of sleep (29) (Table 2).

A funnel plot indicated potential publication bias with fewer small negative studies (Fig.
2a,b). Overall, risk of bias of the included investigations was moderate. There was moderate
heterogeneity among the studies that reported data on AHI (/2 =62%). Evaluation of the
heterogeneity among the articles that reported data on mean SpO2 was not possible (#=0%).

Impact of alcohol on AHI and oxygenation status:

A total of 11 studies provided data regarding the change in AHI as well as mean SpO2

in sleep following the consumption of alcohol versus placebo. Alcohol intake resulted in
significant increase in AHI (WMD=2.33 events/hour; 95% Cl=1.41 to 3.25, /%=62%). The
use of alcohol also resulted in significant decrease in mean SpO2 in sleep (WMD=-0.60;
95% CI=-0.72 to —0.49, /2=0%) (Figs 3 and 4). Additional analyses were performed after
excluding subjects with a diagnosis of COPD and those with COPD and OSA,; alcohol

use continued to be associated with significant worsening of AHI and mean SpO2 in sleep
(Figures S1-4 in the Supplement). Analyses reporting results in terms of SMD are presented
in the online supplement (Figures S5 and 6 in the Supplement).

Effects of alcohol on AHI and oxygenation by snoring status:

Three studies reported on the effect of alcohol on respiratory parameters in snorers versus
non-snorers (10, 23, 26). Subgroup analysis examining the impact of alcohol on breathing
parameters in subjects divided by snoring status indicated that the AHI (WMD=4.20 events/
hour; 95% C1=1.19 to 6.50, /2=0%) and mean SpO2 in sleep (WMD=-0.92; 95% Cl=-1.07
to —0.78, #=0%) worsened with alcohol consumption compared to placebo in subjects who
snored. This effect on the AHI was not noted in subjects without a history of snoring
(WMD=0.45 events/hour; 95%C1=-0.22 to 1.12, =91%). However, a significant reduction
in mean SpO?2 in sleep was seen after alcohol consumption even in the non-snoring group
(WMD=-0.45; 95% Cl= —0.49 to —0.41, 2=0%) (Figures S7 and 8 in the Supplement).

Effects of alcohol on AHI and oxygenation by sleep apnea status:

Two studies reported the effects of alcohol on AHI in subjects with a prior diagnosis of
OSA. One study included subjects with mild OSA (mean AHI = 7.3 £ 1.7) (22). The severity
of OSA in individual subjects was not categorized in the other study (mean AHI = 44.1

+ 7.2) (29). Subgroup analysis examining the impact of alcohol on breathing parameters
indicated that AHI (WMD=7.10 events/hour; 95% CI=3.59 to 10.61, A=0%) worsened
significantly in subjects with OSA (Fig. 5). This increase in AHI was much more substantial
when compared to those without a diagnosis of OSA (WMD = 1.97 events/hour; 95% CI =
1.18 to0 2.76, = 53%). A subanalysis of the impact on alcohol on SpO2 in subjects with
OSA could not be conducted as one of the two studies did not report data on the effect of
alcohol on SpO2. The overall impact of alcohol on oxygenation status was unchanged after
excluding the single study of subjects with OSA that reported changes in SpO2 (WMD=
-0.62; 95% Cl= —0.74 to —0.50, /= 0%) (Figures S9-10 in the Supplement).
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Effects of alcohol on other breathing parameters during sleep:

Overall, alcohol use did not appear to worsen the apnea index (WMD=0.60 events/hour;
95% Cl= -1.54 to 2.75, /2=5%) or hypopnea index (WMD=1.30 events/hour; 95% Cl=
-0.06 to 2.67, 12=0%), where this was reported separately. Alcohol consumption was
associated with a significant lowering of the nadir SpO2 (WMD= -1.25; 95% Cl=-2.00

to —0.50, /=25%) as well as an increase in respiratory event duration (WMD=0.86 s; 95%
Cl=0.18 to 1.55, /2=19%) and oxyhemoglobin desaturation index (WMD=1.08 events/hour;
95% CI1=0.69 to 1.48, =0%) versus placebo (Figures S11-15 in the Supplement).

Discussion:

This systematic review and meta-analysis identified 14 crossover randomized controlled
trials that examined the impact of alcohol versus placebo on AHI and/or mean SpO2 during
sleep. Consumption of alcohol prior to sleep onset resulted in a significant increase in AHI.
Sub-group analysis indicated that this effect was particularly evident in patients with OSA
and those with a history of snoring. In addition, a reduction in the mean SpO2 with alcohol
compared to placebo was noted, however, the clinical relevance of this reduction is likely
minimal.

Previous cross-sectional and epidemiological surveys have shown an association between
OSA and alcohol consumption (32). This investigation is the first systematic review

and meta-analysis of randomized controlled trials reporting objective measures of sleep
disordered breathing in subjects prior to and following the consumption of alcohol.

The results clearly demonstrate that alcohol consumption worsens sleep-related breathing
parameters, particularly in those with a prior diagnosis of OSA and a history of snoring.

OSA is associated with significant cardiovascular risk and the prevalence of OSA has

been steadily increasing (2, 3, 33). Lifestyle measures such as weight loss and avoiding
smoking are routinely recommended to patients with OSA. Data from the current systematic
review and meta-analysis indicate that alcohol consumption can also significantly exacerbate
OSA.. The changes noted in mean SpO2, although statistically significant, are unlikely to

be of much clinical significance. While overall increases in AHI were also small (2.33
events/hour), alcohol consumption in subjects with a history of snoring or a diagnosis of
OSA resulted in a change in AHI that was much more substantial (4.2 and 7.1 events/hour
respectively).

In subjects with OSA, an increase in AHI by 7.1 events/hour could result in a change from
the mild to moderate sleep apnea category. Mild OSA has not been found to be associated
with significant cardiovascular risk, and therefore, treatment decisions in this group of
patients are generally based on the presence of symptoms such as sleepiness (34). Increasing
AHI has been associated with adverse cardiovascular outcomes and neurocognitive effects
(3, 4, 35, 36). In regular drinkers with mild OSA, this increase in AHI following alcohol
consumption could result in reclassification to moderate OSA and potentially impact long-
term risk requiring reassessment of treatment options (37). Patients with OSA should be
counseled appropriately about these risks (6, 11). This discussion is particularly important
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in light of the increasing rates of alcohol consumption in the general population and the
perception that moderate alcohol use is associated with cardiovascular benefits (13).

Snoring is a significant risk factor for OSA. There is evidence to suggest that an increase

in snoring intensity is associated with a greater severity of sleep disordered breathing (38).
Two studies examined the impact of alcohol use on snoring intensity. In one study, the use
of alcohol resulted in a rise in the frequency and loudness of snoring in subjects with a
prior history of snoring but did not influence either outcome in non-snorers (26). In contrast,
another study of habitual snorers showed no effect of alcohol on the intensity of snoring
(27). Our sub-group analysis comparing the impact of alcohol in snorers versus non-snorers
indicated that although the mean SpO2 in sleep was reduced in both groups, alcohol use
worsened the AHI in snorers alone. These results appear to indicate that subjects who

snore may be particularly vulnerable to the impact of alcohol and should also be counseled
accordingly.

The vast majority of studies included in the meta-analyses utilized between 2 and 3 standard
drinks; importantly, this is within the current recommended limits for alcohol consumption
(39, 40). Three studies examined the impact of varying amounts of alcohol on breathing
parameters during sleep. In one study, increasing levels of alcohol consumption were
associated with lower nadir SpO2, particularly in snorers, but not with AHI (10). Another
study reported that higher doses of alcohol were associated with an increase in AHI and
reduction in mean SpO2 in both snorers and nonsnorers (23). The third study reported

that higher alcohol doses were associated with a rise in AHI in snorers and a decrease

in mean SpO2 in non-snorers (26). Overall, these findings appear to suggest that higher
doses of alcohol may result in an increase in the severity of sleep disordered breathing in a
dose-response fashion, particularly in snorers.

Our initial review identified three studies that examined the impact of alcohol consumption
on continuous positive airway pressure (CPAP) requirements; only one of these studies
was eligible for inclusion in the current meta-analysis (29). In this study as well as

the two remaining studies that examined the effect of alcohol in patients with a prior
diagnosis of OSA utilizing CPAP, the use of alcohol did not appear to change the required
effective pressure to control sleep disordered breathing events (29, 41, 42). Only pressures
required to control snoring in the first 2 h following sleep onset appeared to be increased
following alcohol consumption (41). One study speculated that the upper airway was already
collapsible in patients with OSA and the addition of alcohol did not significantly alter this
in patients receiving CPAP therapy to maintain airway patency (42). Thus, the results of
these studies with a total of 30 subjects imply that patients with OSA already on CPAP are
unlikely to require pressure adjustment following alcohol consumption.

Two studies included in this review comprised of patients with COPD (9, 21). In both of
these investigations, a moderate amount of alcohol was consumed and did not influence

the mean SpO2 in sleep overall, although, in one of these studies, the mean spO2 was
significantly reduced in the initial 2 h following sleep onset (21). Taken together, these
results of these studies appear to indicate that moderate alcohol consumption in patients with
stable COPD does not significantly affect mean SpO2 in sleep, but it should be noted that
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only a limited number of patients with COPD were assessed. Sensitivity analysis performed
after excluding these two studies indicated that alcohol use resulted in an increase in AHI
and a drop in mean SpO2 during sleep in subjects without COPD.

The average metabolic rate of alcohol is about 7 g per hour which translates to about half

a drink per hour (43). Subjects in this review, on average, consumed 2-3 standard drinks
which could take 4-6 h to be completely eliminated. In addition, alcohol concentrations
would be higher in the initial part of the night. Thus there is the potential for alcohol to have
a greater impact on breathing parameters in the early part of the night. While two studies did
show that the SpO2 was lower only in the early part of the night after alcohol consumption,
the results with regard to the change in AHI were conflicting (21, 24). When alcohol and
placebo nights were compared; one study demonstrated a reduction in AHI in the early part
of the night, another, a reduction in the latter part of the night, while a third showed no
change (22, 24, 29). These studies were inconsistent in terms of time of the night that was
evaluated. Finally, low to moderate doses of alcohol, as consumed by a majority of subjects
in this study, can result in a reduction in REM sleep percentage and delay onset to REM
sleep but the differential impact of alcohol consumption on AHI in REM sleep compared

to non-REM sleep needs further study (44). In the one study included in this review that
reported these differences, the number of disordered breathing events was similar between
alcohol and placebo nights in both REM and non-REM sleep.

This systematic review and meta-analysis should be considered in light of some limitations.
Based on the funnel plot, there was evidence of possible publication bias, with fewer

small negative studies. A moderate degree of heterogeneity of studies reporting AHI data
was noted but we attempted to account for this by performing subgroup and sensitivity
analyses. Studies included in this meta-analysis were published between 1981 and 2017,
during this time there have been significant changes in equipment and scoring criteria which
may contribute to heterogeneity of results. Furthermore, the majority of subjects recruited
healthy male adults, limiting the ability to generalize these findings to women. The subgroup
analysis demonstrating a difference between snorers and non-snorers should be treated as
hypothesis-generating and further studies to confirm these findings are warranted. Finally,
only a limited number of studies reported additional sleep-related breathing variables such
as nadir SpO2, respiratory event duration and oxyhemoglobin desaturation indices, hence,
exploratory analyses examining these outcomes should be considered preliminary in nature.

Conclusions:

Consumption of alcohol resulted in significant worsening of the AHI and mean SpO2 in
sleep. This was especially notable in subjects with a history of OSA and snoring. Alcohol
also appeared to result in prolongation of respiratory event duration and lowering of the
minimum SpO2 in sleep. Patients with a diagnosis of OSA and those at risk for this
condition, particularly snorers, should be made aware of the potential impact of alcohol on
breathing in sleep. Alcohol use should be considered a modifiable risk factor for OSA.
Among patients with OSA on CPAP treatment, alcohol consumption did not seem to
influence the effective pressure required to control disordered breathing events.
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Practice Points

1 Consumption of alcohol prior to falling asleep results in significant increase
in AHI

2. Alcohol intake prior to sleep also results in reduction of the mean SpO2 but
the clinical relevance of this change is likely to be minimal

3. Subjects with OSA and those with a history of snoring are particularly
vulnerable to these effects of alcohol

4. Alcohol consumption does not appear to influence CPAP pressures required
to maintain airway patency
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Research Agenda

1 Future research must examine the modulating effect of the timing of alcohol
consumption prior to sleep onset on sleep-related breathing parameters

2. Sex differences in the effect of alcohol on breathing parameters during sleep
need be evaluated

3. The amount of alcohol consumed must be measured in a standardized fashion
in future studies examining the impact of alcohol on breathing parameters

Sleep Med Rev. Author manuscript; available in PMC 2021 October 16.
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a. Funnel plot of studies comparing AHI
Figure 2 b. Funnel plot of studies comparing mean SpO2
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Figureb.

Forest plot of mean difference in apnea-hypopnea index on alcohol-exposed nights versus
placebo nights in subjects with OSA.
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