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Abstract

Purpose Obstructive sleep apnea (OSA) is a common disease in patients with coronary artery disease (CAD). Approxi-
mately 40-80% of cardiovascular disease patients have obstructive sleep apnea. The manifestation of it can vary signifi-
cantly in different types of CAD patients. This systematic review and meta-analysis investigate the prevalence and severity
of OSA in patients with acute coronary syndrome (ACS).

Methods This systematic review was conducted according to PRISMA guidelines. The first inclusion criteria were that a
reliable sleep study had to be done after treating the patients’ acute coronary incident. All patients in the studies included
were adults suffering from an ACS who underwent either coronary artery bypass grafting surgery (CABG), a percutaneous
coronary intervention (PCI) or had no invasive coronary intervention done. A search was conducted within four valid data-
bases 27.1.2023 and all suitable articles published after 1.1.2010 were included.

Results Eight studies fulfilled the full inclusion criteria. In five of them, a sleep study had been performed after PCI, in two
after no coronary intervention, and in one study after CABG. Mean AHI in no-OSA group after PCI was 9.5 /h (95% CI
5.3-13.7) and in the no intervention group 6.4 /h (95% CI 3.5-9.4). In OSA patients, mean AHI after PCI was 34.9 /h (95%
CI25.9-43.8) vs. 24.1 /h without intervention (95% CI 15.6-32.6).

Conclusions Sleep apnea is very common among ACS patients and should be screened for and addressed after the acute
coronary intervention. Moreover, we found that OSA is more severe in patients in whom PCI for ACS was indicated as
opposed to patients who underwent no coronary intervention.
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Introduction

Untreated obstructive sleep apnea (OSA) is known to cause
various pathophysiological changes in the human body and
increase both morbidity and mortality [1-3]. The world-
wide prevalence of OSA is alarmingly high, and it is esti-
mated that at least 936 million men and women between the
ages 30 and 69 have mild to severe OSA (apnea-hypopnea
index, AHI; measured as events/hour, > 5) [4]. The prev-
alence of sleep apnea has increased over time [5]. Up to
17% of men and 9% of women with 50-70 years of age
suffer from moderate to severe sleep apnea (AHI>15/h),
but are either unaware or aware of their diagnosis [5]. This
subgroup of the OSA population (AHI>15/h) is clinically
important as they are the ones for which treatment would be
recommended even in the absence of associated symptoms
or secondary disorders [6]. Symptomatic sleep apnea with
AHI>5/h and excessive daytime sleepiness is referred to as
OSA syndrome and its prevalence has been estimated to be
6% of all men and 4% of all women [7].

Even though OSA has been shown to be an independent
risk factor for the development of coronary artery disease
(CAD), especially in middle-aged individuals [8, 9], studies
have indicated that up to 37-64% of patients who undergo
coronary artery bypass grafting (CABG) suffer unknow-
ingly from at least of a moderate form of OSA [10-14].
Acute coronary syndrome (ACS) patients undergoing the
less invasive percutaneous coronary intervention (PCI) also
suffer from OSA with an estimated prevalence of 35-62%
[15]. The rate of underdiagnosis in these CAD patients with
OSA is concerning because several studies have linked
OSA to significant postoperative complications after revas-
cularization [16-24] However, it has not been investigated
whether the revascularization technique or the procedure
itself affects the severity or prevalence of OSA.

The aim of this systematic review is to examine what
prior research has established about OSA in ACS patients,
as well as determine the differences between the prevalence
and severity of OSA in different intervention groups (those
undergoing PCI or CABG and those without coronary
intervention).

Methods

This systematic review and meta-analysis followed the
accepted guidelines for reporting of systematic reviews and
meta-analysis (PRISMA). Ethical approval was not required
as the systematic review was based on secondary data. The
review protocol was registered in the PROSPERO database
(registration number: CRD42023418669).

@ Springer

Search strategy

The search was conducted within four different reli-
able databases (Pubmed, Google Scholar, ScienceDirect
and Cochrane) on January 27, 2023. The search strategy,
including the terms used, was formulated with a committed
research librarian as well as a colleague experienced in sys-
tematic meta-analysis. The period set for the timing of pub-
lication was between 1.1.2010 and 1.12.2023. The records
were limited to include the form of randomized controlled
trials. The search terms used were “coronary artery disease”,
“percutaneous coronary intervention”, “coronary artery
bypass grafting surgery”, “obstructive sleep apnea” and
different versions of these terms (Appendix A). Additional
searches were performed on September 7th, 2023, and on
May 26th, 2024 and they verified that no new articles on the
topic had been published. All the results were uploaded onto
the Zotero platform. The screening of all titles, abstracts,
and full texts was performed by two reviewers (MA and SS)
and this screening process was documented utilizing the
Google Forms Sheets platform.

Inclusion and exclusion criteria

The inclusion and exclusion criteria were defined before the
searches were conducted. The Inclusion criteria were as fol-
lows: (1) adult patients with ACS who underwent either a
CABG, a PCI or no invasive coronary intervention, (2) the
revascularization procedure was performed because of the
CAD, (3) a reliable sleep investigation was performed on
the patients (for example polysomnography (PSG) or reli-
able sleep monitoring at home) after the revascularization.

Exclusion criteria were: (1) the patient population in the
study was under the age of 18, (2) the study was published
in a language other than English, (3) the indication for a
revascularization intervention was peripheral arteriosclero-
sis and not CAD, (4) pathophysiological studies, (5) drug
trials, and (6) animal studies. For a detailed list of all exclu-
sion criteria see Fig. 1 and Appendix B.

Screening

In the first step of study selection, all duplicates were
removed. Then, articles where it was obvious from the title
alone that an exclusion criterium was met were excluded.
The studies remaining after these steps were distributed
equally to two reviewers (MA and SS) for independent
screening. Any potential ambiguities regarding the inclu-
sion were reviewed and discussed with the second author,
and disagreements were presented to a third reviewer (JT).
Once an undisputed selection of included studies was estab-
lished, both reviewers screened all the full texts of those
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Identification

Screening

Identification of studies via databases and registers

Records (n = 551) identified
from:
Databases (n = 4)
- PubMed (n = 131)
- Google Scholar (n = 88)
- ScienceDirect (n = 180)
- Cochrane database
(n=152)

A4

Records removed before
screening by titles (n= 363):
- Duplicate records removed
- Records published in another
language than English
- Records with study population
age under 18-years-old
- Pathophysiological studies
- Drug trials
- Studies on animals

Records reviewed by title and
abstract screening (n = 188)

A 4

Reports reviewed by full text
screening (n = 54)

!

Reports sought for retrieval

(n=62)
:

Records excluded (n = 134)

- Full text of the record was not
available

- Records with patients having the
revascularization for something else
than coronary artery disease

- Exclusion as studies focusing on:
1) mental illnesses

2) valerian effects

3) obesity

4) biomarkers

5) measurement techniques

6) pure heart failure

7) intractable hypertension

8) peripheral atherosclerosis

9) gynecology or sexual health

Reports assessed for eligibility
by both of the reviewers
(n=58)

Possible including reports found
from the reference lists (n = 8)

Studies included in review

(n=8)
'

Studies included in quantitative
synthesis (meta-analysis)
(n=7)

Reports excluded (n = 50):

- Reports didn’t include no-OSA-patients in
the data or the cutoff between OSA- and
no-OSA-patients was too low (AHI < 5/h)
(n=14)

- Sleep monitoring was done before
intervention (n = 11)

- Sleep monitoring was done but not
reported (n = 3)

- There was no reliable sleep monitoring
done to diagnose OSA f.ex. only
Questionnaire Scale was used (n = 9)

- No report of which intervention was done
(PCI/CABG) (n=7)

- Both of the PCI and CABG was done but
not separated from the data (n = 5)

- Missing data was not received from the
first author (n=1)

Fig. 1 PRISMA flow diagram. OSA, obstructive sleep apnea; AHI, apnea-hypopnea index; PCI, percutaneous coronary intervention; CABG,
coronary artery bypass grafting surgery. Meta-analysis, Lowest oxygen saturation level in obstructive sleep apnea

articles to survey whether additional exclusion criteria were
met.

At this stage, records were excluded if a reliable sleep
study was performed but not reported or it was not stated
whether it was done before or after intervention. A study was
also excluded if it could not be established which interven-
tion was performed (this missing data was requested from
the first author and if no reply was received, the study was

rejected), both PCI and CABG were performed. A detailed
list of excluded articles can be found in Appendix B.

In three selected studies, the sleep monitoring was per-
formed as polysomnography in a sleep laboratory, in three
other studies with portable device at home, and two of the
studies in hospital with portable device (Table 1). The sub-
jects were divided into OSA or no-OSA groups based on
their AHI scores by the sleep studies. American Academy

@ Springer



13

(2025) 29

Page 4 of 11 Sleep and Breathing

13

[z€] 110dar yuaiayip 11oy3 ut 21om Aay3 Inq s3nsax Apnys doafs s, dnoid-ygQ-ou 110dar jou pip ez1ydoS# *[8€ ‘16—67] 10410301 J0u ‘sdnoi8-ySO-0U,, PUL -ySO4 Ul A[uo pariodar []Ng pue o3y

s31nsa1 Apnjs doafs uo paseq uoneInjes udSAX0 JO 2109S 3s9MO[ Y} )samo] 7OdS ‘synsax Apnys doos uo paseq eaude dad[s 9A1IONIISQO 2ABY J0U OP
oym syuedionaed ‘ySQ-ou ‘synsax Apnys doos uo paseq eoude dod[s 9A10nI)sqO WL 1I9yNs oym syuedronted ‘YO ‘synsar Apnys doafs uo paseq sdnoi3-ygO-ou 10 -ySO ul paprarp syuedroned ‘goind [V (xopur esudodAy-eoude
‘IHV ‘oworpuks K1euo10o ainoe ‘gOV ‘AyderSouwosLjod ‘Dgd xopul ssewr Apoq ‘TN IUSAD IB[NOSBA0IGIIO J0/PUE JRIPILD ISIOAPE Jofew ‘GDYIVIA JUSA JRIPIED ISIOAPE Jofew ‘GOV A (UOIIUIAIdIUI A1BUO0IO0O Ou ‘ON ‘A103Ins
Sunyeid ssedAq £19118 £18U0100 ‘DY) UONUIAINUI A1U0I0D snodueindrad ‘1Hd (Apnis feurpniiSuo] ‘7 {[er1) po[[o1juod paziwopuel ‘LY ‘Apnjs 110yod Jeurpniiduo] @andadsord ‘S)Td (Apnis [euonjeAIdsqo aAndadsold ‘SOd

(ary
1000>d @19 (uon  Syuryesudy) (15°¢)
1000>4d (22l 20¢ -ezi[e)  901AdP IqR)  ['9Txx (€200)
(96'7) L8 6L (8'81) -1dsoy -1od (85'¢)  (L6L) (001) 89S« JLES)
(L99) T8 (LoD v'8T 88¢C SI< Surmp) TendsoH  £0°8Cx oLy (8°6) 065« HOOVIN ON 065 iitte] SOd  Sueyz
(€Th)
TeH VSO (z100)
- (€6'1) 6'1# (8°¢9) (g 2211v) (6'9L) (€1)  Joosmos duwn Te e
L¢) S8 (6'9) L'61 8T 01< € 0Sd (6'7) $8T o 8'6S  pue dUd[EAAI] ON 43 202210 ST ®BZIydS
9°¢)
(TeD 81 #'STux uone[[Lqy (zeoo)
(8'8) 598 (cnzee (e s> (enojquy) (6¢) (£98)  (C6) SE94x [eLIE oATE (sasdqpup gns) e
(Ie) e6L (¢91) €T 901 SI< 0EFEL SwoH 8T LOT (8°L) €694 -1odo-1s04 Dgvy Lyl uopamg 10 19d
1000>4d 100°0>4d (¥100)
(SL°6) 0'68 996y (L9 v (enoqug) (8798) (F2pu00-y[nur) e
(SL'L)sc8 (8L8) 0t (£75€) T SI< vl SWoH (8°¢) $°ST 6 (8'8) TS HOOVIN 10d 89 UEISY SOd w007
(ary
juresudy) (62
9100=4d 1000 >d (won 90140 #STuk (zeoo)
9%) 998 €eDsL (96v)6S -ezife) s[qenod (#'€)  (FL8) (TII) £9Gks MY Y JO A30 e
(69) +'C8 (sT'$) L'8T  (+'05) 09 G1 < -dsoy Surmp) ‘[endsoy 6'9Cx YOI (0TI #'SS+  -lotsAyd-oyred 10d 611 BuIy) SOd g
- 1000>d (1102)
- @ vl (89) 19 (eywog) (86) e
- Wenosy (T tvr 0€< SIFSE SwoH (£°€) 64T €01 (86) LTS HOVIN IDd  SO1 arodegurg SO1d 997
(+'92) (61027)
- 1000>d 4! e
- (67¢) I'S1 (9°¢L) (0319p1D) 1) 1oy dy) jo A50 nuered
- e ety 6¢ SI< 09 0sd (Th) $8¢C [37 (9°6) 65 -Io1s&yd-oyred 10d €S souel] SOd -0
(8'81) (%]
0010=4d 1000=4d 0T L'9Txx (zeoo)
() 98 (©)9 (T19) (wshs (rs)  (Fss) (I1) pSes MY Y JO A30 (s1sdjpup-gns) e
() €8 (€D 1€ 1T SI< [Fv 991V)DSd €6« S¢ (01) 9+ -1015&yd-oyred 10d 8% Aueunon SOd  Jeuyong
anfea d anfea d
(as) ueowr (as) ueouwr (uy u
(%) (4/ s1and) (%) u  $)uAAQ) (sAep) (90140p) @as) (wu ozIs (xe0K)
VSO-0u ‘SA VSO VSO-0U 'SAYSO  VSO-ou pomo SOvieye  Suuojuow  uedw ([ X3S (@s) ueow ON oid Joyne
1samo] cods IHV 'SAVSO HY suop DSd dools  BY)TNG OB (s1e0K) o3V awodn)  /HEVD/IDd  -WeS Anuno) ugrsop Apmig sIq

sonswjoeIeyd Apmyg | 3|qel

pringer

As



Sleep and Breathing (2025) 29:13

Page 5 of 11 13

of Sleep Medicine (AASM) has published the International
Classification of Sleep Disorders (3rd Edition) where the
cutoffs for mild, moderate and severe OSA presents AHI
being 5.0-14.9 /h; AHI 15.0-29.9 /h, and AHI>30 /h [25].
Most of the included studies classified OSA-patients as hav-
ing an AHI>15 /h and no-OSA as AHI<15 /h. Exceptions
included a study conducted by Lee [16] where the cutoff
in AHI was >30 /h and a study by Schiza [26] AHI>10 /h.

Data extraction

All data was stored and sorted into an Microsoft Office
Excel file, where the extraction and final inclusion were
performed. Two independent researchers (MA and SS)
conducted initial data collection on the outcomes of each
article. These records were listed using a standardized chart
to extract data and assess study quality. Extracted informa-
tion included publication title, first author, publication year,
study design, study population, age and gender distribution,
PCI/CABG/no (coronary) intervention, PSG findings (AHI
and lowest oxygen saturation level (SpO,) value during
night), observation time, outcomes and possible confound-
ing factors, as well as factors reducing the quality of the
research. Any missing relevant data was requested from the
first author of the studies. Additional data was received from
M.D. PhD Y. Peker of the CABG population.

Quality assessment

The quality of the published studies was evaluated on the
principles and procedural guidelines of systematic reviews
presented by Egger [27]. The Newcastle-Ottawa scale was
used to assess the methodological quality of the selected
studies. Both reviewers screened independently all included
records using this 8-criteria checklist classifying the stud-
ies from low (7-9 points) to moderate (4—6 p.) or high risk
(0-3 p.) of bias. The strength of the epidemiological evi-
dence for the data in each record was rated as high when
the p value was <0.001. The evidence was rated moderate
when the p value was <0.05 but >0.001, and weak with p
values above 0.05. The reference lists of all included studies
were manually evaluated, and the reliability was evaluated
individually.

Statistical analysis

The data from all included records was separately evaluated.
The study characteristics for continuous variables, which
followed normal distribution, were summarized with mean
and standard deviation (SD), whereas non-normally distrib-
uted variables as median and interquartile range (IQR) or
range. Categorical variables were summarized with counts

(n) and percentages. The standard deviations (SD) and stan-
dard errors (SE) were calculated with an established method
from the range or the interquartile range when they were not
directly reported in the articles with the supposition that the
data follows normal distribution [28].

The heterogeneity of the studies was estimated by the I>-
test, where I>50% was considered to signify high hetero-
geneity. The Cochran’s Q test was used to examine statistical
heterogeneity between subgroups (significant at p<0.05).
Assessment of publication bias was performed with visual
evaluation of the funnel plots. A sensitivity analysis was
conducted using a leave-one-out approach. All the statis-
tical analyses were performed using IBM SPSS Statistics
(version 29.0.2.0, IBM Corp., Armonk, NY). Only reported
data was analyzed and no data was imputed except from the
timing of performing the sleep monitoring after revascular-
ization. Studies that reported sleep monitoring timing to be
“during the hospital stay” were assumed to be done approxi-
mately on the 7th day after the revascularization [29, 30].

Results
Search results

The flow chart of study selection is shown in Fig. 1. Alto-
gether, 551 articles were identified in the initial searches,
out of which a total of 8 articles were included in the sys-
tematic review and 7 in the meta-analysis.

Study characteristics

All in all, the selected studies contained a pool of 1 175
subjects with a weighted age average of 57.7 years (SD
2.8) and a weighted BMI average of 26.8 kg/m? (SD 0.75).
The total number of males was 961 (81.8%). Because their
sleep monitoring findings had not been reported, twenty-
five subjects were excluded from the review. In the report
of CABG participants (n=23) with AHI between 5 and 15
/h were excluded from meta- analysis, because there were
OSA-patients with graded AHI being >15 /h and no-OSA
with AHI<5 /h [31]. Two participants (n=2) were excluded
from the no-OSA group in the study by Schiza [32]. In the
end, a total of 1 150 subjects were included in the final
analysis.

The characteristics of the included studies are presented
in Table 1. Sleep monitoring was performed after PCI in
5 studies (with a total of 386 participants), after no coro-
nary intervention in two (642 participants) and after CABG
for unstable CAD in only one (147 participants) [31]. ACS
was defined as ST-segment elevation myocardial infarc-
tion (STEMI), non-STEMI (NSTEMI) or unstable angina

@ Springer
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pectoris (UAP) following the current standard clinical
guidelines [33]. Studies where there was no coronary inter-
vention were either designed to compare the prevalence of
OSA after revascularization intervention and non-revascu-
larization [30] or after acute myocardial infarction before
revascularization [26, 32].

OSA after ACS

The selected studies contained a total of 610 (53.0%) par-
ticipants who had OSA (OSA group) and 540 (47.0%) par-
ticipants without OSA (no-OSA group). The mean AHI in
the no-OSA group after PCI was 9.5 /h (95% CI 5.3-13.7)
and in the no intervention group 6.4 /h (95% CI 3.5-9.4).
The pooled effect size for AHI from all of the OSA groups
was 31.7 /h (95% CI 24.2-39.3) and for the no-OSA groups
7.9 /h (95% CI 4.9-10.9). OSA prevalence after PCI was
48.7% and the OSA patients’ mean AHI was 34.9 /h (95%
CI 25.943.8) in median 7 days (range 3.5-60). In the no
intervention group 49.2% had OSA, and their mean AHI
was 24.1 /h (95% CI 15.6-32.6) in median 5 days (range
3-7). In the only study where the sleep investigation had
been performed after CABG, 83% of the patient pool had
OSA and the mean AHI of OSA patients was 32.3 /h after an
average of 73 days.

In the group of patients with sleep apnea, bypass surgery
patients were older (mean age 65.3 years; SD 7.8) and had
a higher BMI (mean 28.5 kg/m?; SD 3.9) than the patients
who either underwent a PCI or had no coronary interven-
tion. In the PCI group, the mean age was 55.4 years (SD
1.8) and mean BMI 26.6 kg/m? (95% CI 25.0- 28.2). The
mean age of the study subjects in the no intervention group

Table 2 Sleep monitoring results in different intervention groups

mean was 59 (SD 0.3) and mean BMI 27.4 kg/m? (95% CI
23.2-31.6).

The lowest SpO, value was not included in the Lee [16],
Schiza [26, 32] and Calcaianu [34] studies, but where that
lowest value in the OSA group was reported, it was 82.3%
(95% CI 80.5-84.1) and 87.0% (95% CI 85.6-88.5%) in
the non-OSA group. The variation of registered sleep reg-
istration timing after ACS was high (from a few days to 3
months). The mean lowest saturation level (SpO,) in the
OSA group after PCI was 82.7% (95% CI 81.8-83.4). In
group no coronary intervention OSA was median 83.2%
(95% CI 80.7-85.6%) and after CABG was 79.3%. Table 2
compares sleep monitoring results in the three patient
groups.

Meta-analysis

Appendix C contains the funnel plots, and appendix D con-
tains a summary of the Newcastle-Ottawa risk of bias scor-
ing for each article. Based on the funnel plots, publication
bias was significant in both the PCI and the no coronary
intervention groups. The main reason for this appeared to
be the difference of the AHI cutoff between the no-OSA and
OSA subgroups. High heterogeneity between studies likely
arises from the differing timing of the sleep study, varying
from a median of 7 days (range 3.5 to 60 days) after PCI
to a median of 5 days (range 3 to 7 days) after no coronary
intervention.

Sufficient data for meta-analysis was reported for the
lowest SpO, and AHI levels in OSA patients after PCI and
in the no intervention subgroup. CABG patients were not
included in the meta-analysis because there only one such

Intervention PCI CABG No coronary intervention
(PCI/CABG/no)

Sample size, n 386 147 642

OSA group

n (%) 188 (48.7) 106 (72.1) 316 (49.2)

age (years) 552+1.8 653+7.8 59.0+0.3

BMI (kg/m?) 26.6+3.6 28.5+3.9 274+42

AHI (events /h) 349+4.6 323+16.3 24.1 (19.7-28.4)
lowest SpO, (%) 82.5(82.4-83.0) 79.3+£9.1 83.3 (82.0-84.5)
no-OSA group

n (%) 198 (51.3) 18 (12.2) 324 (50.4)

age (years) 54.0+9.9 63.5+9.5 574+ 11.0
BMI (kg/m?) 25.5+3.1 254+3.6 26.6+3.8

AHI (events /h) 9.6+4.8 32+1.3 6.4 (4.9-7.9)
lowest SpO, (%) 86.6 (86.0-89.0) 86.5+ 8.8 87.0%

Results presented with categorical variables as counts (n) and percentages, continuous variables as mean (SD) and non-normally distributed

variables as median (interquartile range; IQR)

PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting surgery; OSA, participants who suffer from obstructive sleep
apnea based on the sleep study result; no-OSA, participants who do not have obstructive sleep apnea based on sleep study results; AHI, apnea-
hypopnea index; lowest SpO,, the lowest score of oxygen saturation based on sleep study results
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study was found. The effect sizes for SpO, were 84.9 (SD
0.6) for the after PCI group and 84.5 (SD 0.0) for the no
intervention group.

Meta-analysis, AHI in OSA patients

Heterogeneity was tested with a Q-test, which was statis-
tically insignificant (»p=0.09) in the no intervention group
unlike in the group that underwent PCI. Meta-analysis of
OSA patients revealed that, after ACS, the AHI was lower
in patients with no intervention than in patients who under-
went PCI: 24.1/h (95% CI 15.6-32.6; 1=98.6%) vs. 34.9 /h
(95% CI 25.9-43.8; I’=97.4%), (Fig. 2).

Meta-analysis, lowest Sp0O2 in OSA patients

Among OSA patients, only five studies reported the lowest
SpO, from a performed sleep study. In OSA patients who
underwent PCI, the lowest SpO, was 82.6% (95% CI 81.8—
83.4%; 1°=0) vs. 83.2% (95% CI 80.8-85.6; 1°=90.7%) in
OSA patients with no coronary intervention. Heterogene-
ity between these subgroups was not significant (p=0.71).

(Fig. 3).

Discussion

This systematic review and meta-analysis shows that
approximately half of ACS patients have OSA, and the
severity of OSA varies between different patient groups.
OSA patients who had no coronary intervention as a treat-
ment for their ACS had lower AHI. The lowest saturation

[ Effect size of each study Confidence interval of effect size
<@ Estimated overall effect size

I Estimated overall confidence interval

level in PCI group was higher than in the no intervention
group, although pertinent data was available only for three
studies, and the significance was not statistically relevant.
Both groups are, however, suffering from low saturation
levels during nighttime.

The combination of repetitive apneas, arousals from
sleep, and intermittent hypoxia are referred to as sleep dis-
ordered breathing (SDB), of which OSA is a subtype, and
these patients are particularly vulnerable after acute myo-
cardial infarction. The increased cardiac workload and
endothelial dysfunction may ultimately result in a mismatch
of SDB patients’ oxygen supply and oxygen demand after
revascularization. A study done by Arzt et al. [35] showed
that, despite successful revascularization, patients with
acute myocardial infarction who have sleep-disordered
breathing had predisposing factors for heart failure such as
a bigger likelihood of prolonged myocardial ischemia than
those without sleep-disordered breathing [35].

Sleep apnea can be of either obstructive or central type.
In OSA the airway is obstructed, while in central sleep
apnea (CSA), there is an arrest of breathing with no respira-
tory efforts caused by a halt at the central respiratory drive
[36]. Due to the different pathophysiological mechanism,
these sleep apnea types possibly differ in terms of the com-
plications they cause after ACS. Previous research done by
Tafelmeier et al. shows that observed CSA before elective
CABG can cause more major pulmonary complications,
such as respiratory failure or pneumonia after surgery [37].
CSA increased also the length of ICU or intermediate care
stay, and prolonged stay at hospital [37]. In this review, most
of the included studies used CSA as an exclusion criterion
for study participants. However, one study that also reported

Forest Plot
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Model: Random-effects model
Test of between-subgroup homogeneity: Q = 2.91, df = 1, p-value = 0.09

Fig. 2 Forest plot comparing obstructive sleep apnea patients’ apnea-
hypopnea-index (AHI, events/h) between percutaneous coronary
intervention (PCI; intervention 1) and no intervention (intervention 3)

groups. AHI in PCI group was more severe (mean 34,9 /h) than in no
intervention group (mean 24.1 /h). Meta-analysis, apnea-hypopnea-
index (AHI) in obstructive sleep apnea
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M Effect size of each study
@ Estimated overall effect size

T Estimated overall confidence interval

Confidence interval of effect size

Forest Plot

Model: Random-effects model
Test of between-subgroup homogeneity: Q = 0.14, df = 1, p-value = 0.71

Fig. 3 Forest plot comparing obstructive sleep apnea patients’ lowest
oxygen saturation level (SpO,, %) during study night between per-
cutaneous coronary intervention (PCI; intervention 1) and no inter-
vention (intervention 3) groups. Lowest saturation during nighttime in

central AHI, showed that obstructive but not central respira-
tory events, were associated with diastolic dysfunction after
myocardial infarction [38].

OSA patients are more likely are more likely to be treated
with CABG than PCI [39]. However, when AHI>30 /h and
the OSA is classified as severe, OSA participants are more
likely to be treated with CABG [40]. Patients with OSA
had more comorbidities, an increased risk of postoperative
pneumonia and their hospital stays were longer than those
of coronary patients without OSA [39]. CABG is usually
done in the acute phase of unstable CAD and PSG is there-
fore difficult to schedule before the intervention. One study
showed that the easy and fast STOP-BANG questionnaire
could predict pulmonary complications after CABG, identi-
fying up to 36.1% of at-risk patients [41]. The STOP-BANG
questionnaire has five-point questions on snoring, tiredness,
observations by others of breathing problems during night-
time, high blood pressure and whether the subject’s BMI is
over 35 kg/m?.

In the randomized, controlled RICCADSA-trial [31],
the prevalence of OSA was higher than that previously
reported, and majority of the participants did not report day-
time sleepiness. Worryingly, two-thirds of these patients had
OSA, a higher incidence than other known risk indicators in
this cohort for CAD such as hypertension, diabetes, or cur-
rent smoking [11]. This reveals the importance of screening
for OSA after revascularization — it should be considered
as a part of secondary prevention.

When comparing these three groups — especially the
PCI and no coronary intervention groups — it is impossible
to say unequivocally whether OSA patients who undergo
revascularization are more multimorbid than patients who
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PCI group (mean 82,7%) is lower than in no intervention group (mean
83,2%). Meta-analysis, Lowest oxygen saturation level in obstructive
sleep apnea

receive no invasive intervention and thus have more severe
apnea. It can be assumed, however, that their disease patho-
physiology differs in some way from the non-revascular-
ization group. Patients with severe CAD are the likeliest to
be recommended revascularization and PCI is the modality
of choice for myocardial reperfusion [42]. CABG is usu-
ally offered to hospitalized patients with ACS and a higher
comorbidity burden [43]. In the Zhang [30] study, revascu-
larization was not considered in patients without significant
coronary artery stenosis (<70% diameter stenosis) but they
highlighted that this did not mean an absence of lesions in
coronary arteries. Their data showed that, in the non-revas-
cularization group, OSA patients had significantly higher
incidence of atherosclerotic coronary vessels, and OSA was
associated with higher risk of subsequent cardiovascular
events in patients without revascularization. In this review,
OSA patients who had a PCI were younger and had lower
BMI values than those who did not undergo revasculariza-
tion, but there was no significant difference between these
characteristics. However, such a finding suggests that the
higher incidence of OSA in these patients is not only related
to traditional OSA risk factors (BMI and age), but also to
the severity and type of CAD. Further investigations on
whether OSA patients have more apneic episodes during the
night after revascularization are needed.

The difficulty in diagnosing CAD patients with OSA
stems from most of suffering from non-sleepy type apnea
and thus many of them have not been diagnosed [44]. This
is worrisome because when OSA patients’ AHI is over 30,
this elevates the risk of cardiovascular disease and their all-
cause mortality is 46% higher than for healthy individuals
[45]. A meta-analysis done by Yu [46] showed that even
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when patients are using a continuous positive airway pres-
sure (PAP) machine, the occurrence of MACCE’s (major
adverse cardiac and/or cerebrovascular event) did not
decrease later in life in OSA patients. Although there are
other benefits of treatment with a PAP machine for sleep
apnea, Yu et al.s findings did not support the notion that
death or the prevention of cardiovascular outcomes should
be adopted as an indication for such treatment [46].

This review and meta-analysis demonstrates a large
degree of heterogeneity in currently published studies with
varying criteria of timing to perform sleep monitoring and
diagnosing OSA in ACS patients. In the studies meeting the
inclusion criteria, all except one explored OSA less than
two weeks after ACS. Schiza [26] showed in their study that
there is a high prevalence of OSA in the acute phase of ACS,
but this did not persist, and AHI was significantly lower six
months later, indicating that OSA may be transient. They
suspected that a stunned myocardium and progressing heart
failure after ACS could be causing tissue swelling in the
upper airways, worsening the obstruction. A need exists for
further well-designed prospective studies with a long-term
follow-up after ACS to fully answer this question.

Many studies have shown how OSA affects the progress
of cardiovascular disease, quality of life and mortality. Still,
there are many open questions, such as the causal relation-
ships between OSA and CAD and the effect of coronary
interventions on the prognosis of OSA patients in later life.
To our knowledge, there have been no previous systematic
reviews investigating the prevalence and severity of OSA
after ACS and potential differences between patients in
these intervention groups. More research is needed to reveal
how ACS and its treatment is affecting patients’ sleep disor-
ders and apnea tendency later in life.

Strengths and limitations

The strength of our study is the accurate screening: we only
included articles that reported the results of reliable sleep
monitoring after ACS. Many articles were excluded because
sleep monitoring was performed before ACS. A significant
limitation in our study was the small number of reliable
studies found, and the fact that only one study of the CABG
patients fulfilled the inclusion criteria. The main challenge
of this meta-analysis arose from the significant heterogene-
ity between studies and how the timing of sleep monitoring
was not always reported clearly. We tested removing one
significantly longer follow-up [34] study from the meta-
analysis, and the results did not differ from our original
analysis.

Conclusion

As many as 53% of ACS patients in the included studies
had OSA, and the mean AHI in all OSA groups was 31.9
/h, indicating severe sleep apnea. We thus conclude that the
possibility of OSA should be evaluated as a part of a CAD
patient’s treatment process. The severity of OSA appears to
vary in different patient groups, and a particularly signifi-
cant number of patients who have undergone PCI or CABG
suffer from severe OSA. More studies are needed to deter-
mine how the two different types of sleep apnea, central or
obstructive, affect comorbidities and complications after
ACS.
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