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ABSTRACT

Background and aim: Continuous Positive Airway Pressure (CPAP) is the most effective therapy for symp-
tomatic obstructive sleep apnoea (OSA). However, uncertainty remains about the effectiveness of CPAP
in improving OSA-related metabolic dysregulation. This meta-analysis of randomized controlled trials
(RCTs) aimed to investigate whether CPAP, compared to other control treatments, could improve glucose
or lipid metabolism in OSA patients.
Methods: Relevant articles were searched in three different databases (MEDLINE, EMBASE and Web of
Science) from inception to 6th Feb 2022 through specific search terms and selection criteria.
Results: From a total of 5553 articles, 31 RCTs were included. CPAP modestly improved insulin sensitivity
as determined by mean fasting plasma insulin and Homeostasis Model Assessment of Insulin Resistance
reduction of 1.33 mU/Land 0.287, respectively. In subgroup analyses pre-diabetic/type 2 diabetic patients
as well as those with sleepy OSA showed a greater response to CPAP. Regarding lipid metabolism, CPAP
was associated with a mean total cholesterol reduction of 0.064 mmol/L. In subgroup analyses, the benefit
was higher in patients that showed more severe OSA and oxygen desaturations at the baseline sleep
study as well as in younger and obese subjects. Neither glycated haemoglobin nor triglycerides, HDL-
and LDL-cholesterol were reduced by CPAP.
Conclusion: CPAP treatment may improve insulin sensitivity and total cholesterol levels in OSA patients
but with low effect size. Our results suggest that CPAP does not substantially improve metabolic derange-
ments in an unselected OSA population, but the effect may be higher in specific subgroups of OSA
patients.

© 2023 SEPAR. Published by Elsevier Espafia, S.L.U. All rights reserved.

Introduction

flow despite continued inspiratory efforts. An apnoea-hypopnea
index (AHI)>5 events per hour, detected on polysomnography,

Obstructive sleep apnoea (OSA) is characterized by recurrent defines the OSA syndrome when it is accompanied by other sleep-
upper airway obstructions during sleep which lead to intermittent associated features, such as daytime or nocturnal symptoms.!
episodes of cessation (apnoea) or reduction (hypopnea) in airway In recent years, OSA has been recognized as an independent
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risk factor for several cardiovascular diseases such as hyperten-
sion, coronary artery disease, heart failure, atrial fibrillation and
stroke.! Furthermore, OSA might directly impair glucose and lipids
metabolism through several pathophysiological mechanisms such
as intermittent hypoxia and sleep fragmentation leading to (3-cells
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dysfunction, insulin resistance, and dyslipidemia.>~* Moreover, the
relationship between OSA and type 2 diabetes mellitus (T2DM)
seems bidirectional further increasing the complexity of this issue.
In fact, diabetic neuropathy might affect central respiratory con-
trol and upper airway patency leading to obstructive and central
sleep-disordered breathing.’

Continuous Positive Airway Pressure (CPAP) is considered
the first-line treatment for symptomatic OSA.° Several obser-
vational studies and meta-analyses suggest that CPAP therapy
can reduce OSA-related cardiovascular risk factors, especially
hypertension.!7:3 Therefore, in view of the above, it is reasonable
to assume that CPAP might also improve OSA-related metabolic
abnormalities. Nevertheless, a great deal of uncertainty remains
on this issue, mainly because clinical studies (both observational
studies and randomized controlled trials [RCTs]) revealed conflict-
ing results. Martinez-Cerén and colleagues showed that in patients
with OSA and uncontrolled T2DM, CPAP improved insulin sen-
sitivity and glycaemic control.” Similarly, a study limited to a
population of patients with OSA and prediabetes came to the same
conclusions.!? In contrast, other RCTs showed no change in lipid or
glucose levels in the CPAP intervention group as compared to the
control arm.'" 2 Therefore, in the last few years, several systematic
reviews and meta-analyses tried to shed light on these inconclu-
sive results with a general agreement on a favourable effect of CPAP
both on insulin resistance and total cholesterol (TC) levels.!3-23
Only one meta-analysis showed that CPAP did not have a statis-
tically significant effect on fasting plasma insulin (FPI).2* However,
it is noteworthy that almost all studies, except for one,!® concluded
that CPAP did not reduce fasting plasma glucose (FPG), glycosylated
haemoglobin (HbA1c), triglycerides (TG), HDL- and LDL-cholesterol
levels. Furthermore, due to the insufficient number of included
studies, most of these meta-analyses were unable to perform a
meaningful subgroup analysis to elucidate if the impact of CPAP
could be higher in specific subsets of patients. Furthermore, all
of them were restricted to a predetermined patient’s population
(i.e., nondiabetic/prediabetic/diabetic subjects) and limited to the
evaluation of either glucose-insulin or lipids levels.

Hence, we performed a larger systematic review and meta-
analysis in unselected OSA patients to explore whether CPAP could
contribute to restore glucose and lipid homeostasis in these sub-
jects. Furthermore, the present study tried to identify if there were
specific subgroups or phenotypes of patients that could predict a
better response to CPAP.

Study design and methods

The systematic review and meta-analysis were performed
according to PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analysis) guidelines.>> The meta-analysis
was conducted in conformity with the general recommenda-
tions of the Cochrane Handbook for Systematic Reviews of
Interventions?>26 and was registered at PROSPERO with identifier
number CRD42018093961.

Literature search and selection of the trials

A systematic computerized search of three different databases
(MEDLINE, EMBASE and Web of Science) was performed, from
inception to 6th Feb 2022, to detect all RCTs that evaluated the
impact of CPAP treatment on glucose-insulin and lipid levels in
patients suffering from OSA. The search algorithm combined the
categories for “OSAS,” “CPAP therapy,” and “randomized controlled
trials” by the Boolean operator AND (for details please see the sup-
plementary material section “literature search and selection of the
trials”).
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Studies were selected for inclusion if all the following criteria
were met:

1. Adult patients (aged > 18 years) suffering from OSA, defined by
an AHI > 5 events per hour of sleep or with more than 7.5 desat-
urations dips > 4% per hour of sleep?’;

2. A diagnosis of OSA obtained by full polysomnography or car-
diorespiratory polygraphy or home sleep apnea tests;

3. RCTs that compared CPAP therapy with either sham-CPAP (when
CPAP is used at subtherapeutic pressure), oral placebo (e.g. oral
tablets) or conservative measures such as standard care and
counselling;

4. RCTs had to report for both groups of interest the following
information for at least one of the considered outcomes: mean
changes (follow-up - baseline) and between-patient variations
(standard error [SE] or standard deviation [SD] or 95% confi-
dence interval [95% CI]) or sufficient data to their calculation.
The outcomes of interest were: (i) FPG, (ii) HbAT1c, (iii) FPI, (iv)
Homeostasis model assessment of insulin resistance (HOMA-IR),
(v) TC, (vi) HDL-cholesterol, (vii) LDL-cholesterol, (viii) TG, as
indices of glucose-insulin and/or lipid metabolism;

5. Treatment had to last at least two weeks.

A diagnosis of central apnoea syndrome (defined as a cessation
of airway flow without inspiratory effort greater than 50% of total
apnoeic episodes) was considered as an exclusion criterium. We
also excluded withdrawal studies and studies that compared CPAP
treatment with weight loss achieved through either structured
physical activity or nutritional counselling that were considered
as active therapies.

Two independent investigators (FC and MP) retrieved all rele-
vant publication according to the above-mentioned criteria. In the
event of disagreements, a final consensus was reach after discussion
with CF.

Data extraction

Two independent investigators (FC and AG) retrieved the data of
interest from the included studies. Inconsistencies were resolved
after discussion with CF. For details, please see the supplementary
material, section “Data extraction”.

Quality assessment

The methodological quality of included study was evaluated
using the JADAD scale>! and through a self-made score already used
by our group.” For details, please see please see the supplementary
material, section “Quality assessment”.

Statistical analysis

The pooled differences of changes (FU-baseline) between
CPAP and controls groups were the main measure of interest
(A =((FU — baseline)cpap — (FU — baseline)conero1 - When the SDs of
the changes were not available we calculated them by the fol-
lowing formula SD = square root [(SDcpap)? + (SDeontrol )? — (2*rho*
SDcpap*SDcontrol )], Where the value of correlation (rho) was fixed
at 0.5. The pooled mean differences and corresponding 95% confi-
dence interval of FPG, FPI, HbAlc, HOMA-IR, TC, LDL-cholesterol
was calculated implementing Der Simonian and Laird random-
effects method.?® All tests were 2-sided, and p-values < 0.05 were
considered statistically significant. All statistical analyses were
performed with Comprehensive Meta Analysis, version 2.2.064
(Biostat, Inc) software. For details about methods used to assess
heterogeneity and bias across studies as well as on how subgroups
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analyses were performed, please see the supplementary material,
section “Statistical analysis”.

Results
Study selection

From a total of 5553 articles, 31 RCTs met the inclusion cri-
teria and were included in the meta-analysis. The k statistic
indicated a strong agreement between the extracting investiga-
tors (kappa=0.8340.04; p<0.001). Fig. 1 provides details of the
results of literature search. The characteristics of the primary stud-
ies are summarized in Table S1. In brief, the baseline mean age and
body mass index (BMI) were 55.03 years and 32.20 kg/m? respec-
tively, whereas the 75.77% of the included patients were males. The
median follow-up duration was 12 weeks (minimum to maximum:
2-48 weeks) and the median CPAP adherence was 4.05 h/night
(minimum to maximum: 2.22-8.00 h/night).

Impact of CPAP treatment on glucose-insulin levels

Twenty-seven trials for a total of 2453 patients provided data
of FPG levels before and after treatment with CPAP and con-
trols. Random-effects meta-analysis showed that CPAP therapy was
associated with a decrease in FPG levels (MD = —0.057 mmol/L, 95%
CI=-0.107 to —0.008, I? =0.0%, Fig. S1). The funnel plot (Fig. S6a)
showed low risk of publication bias (p = 0.8 in modified Egger test)
whereas the influence analysis revealed that the significant effect
was driven by a single study conducted in a population of nei-
ther diabetic nor prediabetic patients3 and after its removal the
statistical significance disappeared (Fig. S8a).

Data about FPI levels and HOMA IR were available in 12
and 11 trials for a total of 832 and 1058 OSA patients, respec-
tively. In random-effect meta-analysis, CPAP reduced both FPI
(MD =-1.330 mU/L, 95% Cl = —2.582 to —0.079, I> =38.4, Fig. 2) and
HOMA IR (MD =-0.287, 95% Cl=—0.519 to —0.055, I? =25.7, Fig. 3)
without significant risk of publication bias (funnel plots: Fig. S6b-
c; p=0.6 and p=0.2 in modified Egger test for FPI and HOMA IR,
respectively).

CPAP therapy did not modify HbA1c levels (MD = —0.010%, 95%
CI=-0.053 to 0.034, I2=15.1%, Fig. S2, 15 trials for a total of 1783
patients) even omitting the study of Comondore and colleagues,?°
the only one in which follow-up duration (4 weeks) would not allow
to observe a meaningful change in HbAlc levels. The funnel plot
(Fig. S6d) showed no risk of publication bias (p=0.7 in modified
Egger test).

Impact of CPAP treatment on lipids levels

Data about TC levels were available in 19 studies for a total
of 1943 OSA patients. In random-effects meta-analysis CPAP
treatment was associated with a mean TC levels reduction of
0.064 mmol/L (95% Cl=-0.125 to —0.004, I? =0.0%, Fig. 4). Funnel
plot inspection and the other tests suggested a possible risk of pub-
lication bias (Fig. S6e; p=0.06 in modified Egger test). The trim and
fill analysis indicated 5 potential missing trials favouring control
therapies and after symmetrically filling the funnel plot the statisti-
cal significance disappeared (MD = —0.047 mmol/L, 95% CI=-0.111
to 0.014, Fig. S7).

CPAP treatment did not increase HDL-cholesterol
(MD=-0.001 mmol/L, 95% CI=-0.018 to 0.017, Z=0.0%,
Fig. S3, 19 studies for 1750 patients) or reduced LDL-cholesterol
(MD =—-0.025 mmol/L, 95% CI=-0.082 to 0.031, I?=0.0%, Fig. 54,
17 studies for 1621 patients), and TG (MD =-0.013 mmol/L, 95%
CI=-0.063 to 0.036, I2=0.0%, Fig. S5, 21 studies for 1954 patients)
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levels as compared with other treatments. Funnel plots for HDL-
cholesterol, LDL-cholesterol and TG did not show any significant
asymmetry (Figs. S6f-h).

Subgroup analysis

Sleepy patients (Epworth Sleepiness Scale [ESS]>10) bene-
fited the most from CPAP therapy in terms of FPI levels reduction
(Fig. S9a) whereas the favourable effects of CPAP on HOMA IR lev-
els were maintained only in patients with pre-diabetes or T2DM
(Fig. S9b), albeit the two groups were not significantly different
(p=0.4 for the comparison between ESS<10 vs ESS> 10 and p=0.1
for the comparison between pre-diabetes/T2DM vs. nondiabetic
patients). Regarding OSA severity, the results remained significant
in patients with an AHI> 30events/h; however, due to the inad-
equate number of studies with non-severe OSA (only 2 and 1 for
FPI and HOMA IR, respectively) the subgroups analysis was not
performed. No differences in the treatment effect were observed
dividing the studies according to the following baseline charac-
teristics: patients’ age or BMI, median FPI or HOMA IR baseline
levels, CPAP usage (<4 h/nights vs >4 h/nights), length of CPAP
treatments (<12 weeks vs >12 weeks) and methodological quality
of the included trial (JADAD <4 vs >4; self-made score<5 vs >5).
The subgroups analysis according to the oxygen saturation param-
eters (SpO,-nadir<77% vs >77%; time spent with SpO, <90% of
total sleep time < 7% vs >7%) was not performed to the insufficient
number of studies.

The effect of CPAP treatment in term of TC levels reduction
was maintained in patients with severe OSA (AHI>30events/h)
(Fig. S9c) and in those who presented more severe nocturnal
hypoxia at baseline (SpO,-nadir<77%) (Fig. S9d), although there
was no difference between the groups (p=0.3 for the comparison
between AHI <30 events/h vs AHI > 30 events/h and p=0.2 for the
comparison between SpO,-nadir < 77% vs SpO,-nadir > 77%). Fur-
thermore, dividing the primary studies according to the baseline
median age and BMI (median age = 55.5; median BMI =32 kg/m?),
younger patients (Fig. S9e) (p=0.005 for the comparison between
age<55.5 years vs age >55.5 years) and those with higher BMI
(Fig. S9f) (p=0.05 for the comparison between BMI< 32 kg/m? vs
BMI > 32 kg/m?2) showed a greater TC levels reduction in response
to CPAP treatment. No differences in the treatment effect were
observed dividing the studies according to the following base-
line characteristics: median TC levels, CPAP usage (<4 h/nights vs
>4 h/nights), length of CPAP treatments (<12 weeks vs >12 weeks),
time spent with Sp0O2 <90% of total sleep time (<7% vs >7%) and
methodological quality of the included trial (JADAD <4 vs >4; self-
made score<5 vs >5).

Stratified analyses, according to the above-mentioned criteria,
for HbA1c, HLD-cholesterol, LDL-cholesterol or TG levels reduction
yielded no significant findings.

Discussion

This meta-analysis showed a statistically significant positive
effect of CPAP treatment on FPG levels, insulin sensitivity and TC
levels in an unselected OSA population but with a very low effect
size. The benefits of CPAP on insulin resistance were greater in
patients with pre-diabetes or T2DM and in those with sleepy OSA.
Regarding TC, more severe OSA and severe baseline oxygen desat-
urations, as well as younger age and obesity, were associated with
a greater CPAP effectiveness.

The finding of a reduction in FPG levels after CPAP should be
interpreted with caution. In fact, the effect size was extremely
low questioning, apart from the borderline statistical signifi-
cance, its real clinical relevance. Furthermore, and probably more
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Records identified through database
searching (Medline 1,398, Embase 2,667,
Web of Science 1,488)

Full-text articles assessed for eligibility
(n=373)

v

Studies included in the final analysis (n=31)

. 27 assessed the impact of CPAP on
fasting plasma glucose

. 15 assessed the impact of CPAP on
glycated hemoglobin

. 12 assessed the impact of CPAP on
fasting plasma insulin

. 11 assessed the impact of CPAP on
HOMA IR

. 19 assessed the impact of CPAP on
total cholesterol

. 19 assessed the impact of CPAP on
HDL-cholesterol

. 17 assessed the impact of CPAP on
LDL-cholesterol

. 21 assessed the impact of CPAP on
triglycerides

S Duplicate records removed
(n=5,553) (n=1,735)
Records identified through other sources
(n=0)
Records excluded according to selection
criteria (n=3,445)
. 194 were not RCTs
. 503 other comparators
. 48 no CPAP
Records screened _— . 858 meta-analyses, reviews,
(n=3,818) case reports, letter to editor
. 1,609 unrelated
. 71 did not consider OSA
. 53 in patients aged < 18 years
. 109 used CPAP for < 2 weeks or
CPAP withdrawal
v

—>| (n=342)
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Full-text articles excluded, with reasons

. 12 partial or total overlapping of
samples

. 11 used CPAP for < 2 weeks or
CPAP withdrawal

. 275 no complete data about
FPG, HbAlc, FPI, HOMA IR, TC,
LDL or HDL cholesterol,
triglycerides

. 44 excluded articles according to
other selection criteria

Fig. 1. Prisma flow diagram.

importantly, the decrease in FPG levels was driven by a sin-
gle study and not maintained in the sensitivity analysis after its
removal.

Regarding insulin metabolism, even the reduction of FPI and
HOMA IR levels needs to be carefully interpreted given the small
effect size. However, the subgroups analysis provided some inter-
esting insights. The finding that patients with pre-diabetes or T2DM
benefited most from CPAP could be of clinically relevance since sev-
eral longitudinal studies demonstrated that OSA was significantly

associated with worsening T2DM during follow-up.?%3! We can
speculate that CPAP might contribute to reduce insulin resistance
and may improve the metabolic control of prediabetic and diabetic
patients with long-term potential to reduce the burden of micro and
macrovascular complications. However, further studies are needed
to confirm this hypothesis. We observed a trend towards a greater
improvement in insulin resistance in sleepy patients and in those
with greater AHI at baseline, albeit we were unable to perform a
meaningful comparison according to OSA severity due to the lack
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Study name | | Year | | A | | 95% Cl | | P-value | | Differences of changes — A

Comondore VRet al. 2009 4140 -10635 2355 0,212
Coughiin SRetal. 2007 2600 -587 0627 0114 L
Craig SE etal. 2012 0950 -3050 1,150 0375 ——
e SivaLOetal. 2021 1,700 4228 7628 0574
GampaSetal. 2022 0000 -7,038 7,038 1,000
Hoyos CMet al. 2012 4020 -7493 0547 0,023 I S—
JoyeauxFaue Metal. 2018 1,770 7,732 4192 0561 =
Lu MMSetal. 2019 2190 2825 7205 0392 o
MartinezCeronE etal. 2016 5,700 -11,288 0,112 0,046 =
Pamidi Setal. 2015 2690 -5280 0,100 0,042 —
Salord Netal. 2016 1300 0522 312 0,162 -+
Weinstock TG et al. 2012 1400 -3301 0501 0,149 —

1,330 2582 0079 0037 S g

8,00 -4,00 0,00 4,00 8,00
CPAP Controls

Fig. 2. Effect of CPAP as compared to other treatments (differences of changes - A) in fasting plasma insulin level in 12 randomized controlled trials.

| Study name | I Year | ’ a I | 95% Cl | | P-value | | Differences of changes— A

Campos-RodriguezF etal. 2017 0,050 0,857 0,757 0903 .
Comondore VR et al. 2009 1,110 2077 0,143 0,024 ——
Coughiin SRetal. 2007 0600 -1274 0074 0,081 —
Craig SE etal. 2012 0,090 0399 0219 0568 E 3
Gampa Setal. 2022 0,100 -1,890 1690 0913
Hoyos CMet al. 2012 0810 -1694 0074 0073 —
Kritikou letal. 2014 0,180 0,344 -0,016 0,032 [ |
Lu MMS etal. 2019 059 -0,781 191 0399
MartinezCéronE et al. 2016 2,580 4695 0465 0,017
Salord Netal. 2016 0270 2066 1526 0,768
Weinstock TG et al. 2012 0370 -1541 0801 0536

-0,287 0519 0055 0,015 L 4

4,00 -2,00 0,00 200 4,00
CPAP Controls
Fig. 3. Effect of CPAP as compared to other treatments (differences of changes - A) in Homeostasis Model Assessment of Insulin Resistance in 11 randomized controlled
trials.
Study name | | Year | | a | | 95% Cl | | P-value | | Differences of changes — A |

Campos-Rodriguez F etal. 2017 0,008 -0,145 0,161 0918 1
Celik Yetal. 2022 0,052 -0,105 0,209 0,517
Comondore VR et al. 2009 0,120 -0,348 0,588 0,615
Coughlin SR et al. 2007 -0,200 -0489 0,089 0,175
Craig SE etal. 2012 -0,100 0,357 0,157 0,445 —
Drager LF etal. 2007 -0,130 -0,906 0,646 0,743
e SilvaLOetal. 2021 0643 -1412 0,126 0,101
Gampa Setal. 2022 -0,233 0,903 0437 0,496
Huang Zet al. 2016 -0,010 -0,402 0,382 0,960 —_—
p MSMet al. 2004 -0,500 -1,062 0,062 0,081
Joyeaux-Faure Met al 2018 0,000 -0,188 0,188 1,000 I
Julian-Desayes | et al. 2015 -0,040 -0,246 0,166 0,704
LamJCMet al. 2017 -0,700 -0,530 0,330 0,649
Martinez-Cerén E et al. 2016 -0,259 0,840 0,322 0,382
McMillan A et al. 2014 -0,100 -0,289 0,099 0,324 ———
Pascual Met al. 2018 -0,310 0,780 0,170 0,205
Pedrosa RP et al. 2013 0259 -0,121 0,639 0,182
Phillips Craig L etal 2011 -0,188 -0,404 0,028 0,088 ——
Robinson GV et al. 2004 0,210 -0421 0,001 0,051 ——

-0,064 -0,125 -0,004 0,038 L

-1,00 -0,50 0,00 0,50 1,00
CPAP Controls

Fig. 4. Effect of CPAP as compared to other treatments (differences of changes - A) in total cholesterol level in 19 randomized controlled trials.

of primary studies that enrolled patients with AHI<30 events/h.
However, these findings might be of interest since they support
the well-known association between OSA severity and metabolic
derangements.>”

Although it is reasonable to assume that CPAP could improve
glycemic status in OSA patients, HbA1c levels were not significantly
reduced by CPAP treatment both in the overall and stratified anal-
ysis. These findings seem in contradiction to data about insulin
sensitivity but can also reflect the high clinical heterogeneity in
terms of the selected populations, adherence to CPAP therapy,
follow-up duration, sample size. Furthermore, it is very difficult to
interpret the results of these studies due to the confounding effect
and influence of hypoglycemic medication (both insulin and oral

drugs) in T2DM patients. Martinez-Cerén and colleagues showed
that CPAP treatment was effective in reducing HbAlc, as com-
pared to placebo, in a population of OSA patients with uncontrolled
T2DM on stable antidiabetic therapy.>? In another study, in the
per-protocol analysis, after excluding patients who changed their
anti-diabetic drugs, CPAP therapy was effective in improving HbAlc
by 0.4% as compared to the control group.? By the contrary, in a
third study, while there were no changes in anti-diabetic medi-
cations during the trial, the number of patients using insulin at
baseline was higher in the control group. When the analysis was
limited to non-insulin users, patients treated with CPAP had a sig-
nificant increase in HbA1c with respect to patients in the control
arm.>4
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Regarding lipids metabolism, the significant difference in total
cholesterol levels between CPAP-treated patients and controls
should be critically considered due to the low effect size and the
result of the trim and fill analysis. Anyhow, in the stratified analy-
sis, we found that a more severe oxygen desaturations, as well as
severe OSA, predicted a better response to CPAP treatment. In fact,
a minimum nocturnal SpO, <77% and an AHI > 30events/h were
associated with a greater TC reduction in the CPAP intervention
group. This finding is consistent with the currently available evi-
dence that identifies chronic intermittent hypoxia as one of the
cardinal mechanisms behind the metabolic abnormalities observed
in OSA patients?~> and is in line with our recent meta-analysis about
the impact of CPAP on blood pressure.” Of note, we observed that
other predictors of TC reduction in treated OSA were younger age
and greater BMI of the enrolled patients. These findings are coher-
ent with the recent hypothesis that OSA has a different clinical
expression between young and middle-age or older individuals. In
fact, in older patients, it seems that OSA is not so heavily associ-
ated with cardiometabolic comorbidities and metabolic syndrome
contrary to what observed in younger ones.>” This could be of con-
siderable clinical relevance in terms of cardiovascular prevention.
Lowering TC levels in patients of younger age and greater BMI,
CPAP might reduce the burden of cardiovascular disease in high-
risk OSA patients. However, further studies are needed to confirm
this hypothesis. By the contrary, LDL-cholesterol and triglycerides
levels were not reduced by CPAP questioning the real clinical
effect of this treatment on lipids metabolism. Again, the high clin-
ical heterogeneity in terms of CPAP compliance, study design and
follow-up duration of available RCTs may at least partially explain
these apparently contradictory results. Furthermore, dyslipidemia
could be challenging to assess as an outcome since depending
on several factors such as feeding state, dietary habits, physical
activities, medications (insulin, lipid-lowering drugs, alpha- and
beta-blockers), sleep quality and duration.® Notably, there was high
heterogeneity in terms of statin use between the primary studies
blurring the interpretation of the results of the meta-analysis. Some
trials did not allow chronic use of any medication,?5-38 whereas
others enrolled OSA patients in secondary cardiovascular preven-
tion and consider the effect of CPAP treatment on top of that of
lipid-lowering drugs.>?:40

To the best of our knowledge, this is the first and largest
meta-analysis that explored the effects of CPAP treatment both on
glucose-insulin and lipid levels; moreover, it was not restricted,
unlike previous ones,'3-1624 to non-diabetic or prediabetic/type
2 diabetic populations further enhancing its comprehensiveness.
As opposed to several previous meta-analyses,?! the decision to
include only RCTs adds to data quality and results reliability. Finally,
due to the adequate number of included studies we could perform
a meaningful stratified analysis to investigate which subgroups or
phenotypes of patients predict a better response to CPAP treatment.

The present meta-analysis has several limitations. Although sys-
tematic research was performed through a highly sensitive search
strategy, we cannot guarantee that all the potentially eligible pri-
mary studies were included. Some of the applied inclusion or
exclusion criteria might be questionable; for example, the decision
to include only RCTs with a minimum follow-up of 2 weeks could be
interpreted as to limit our study inclusion. However, the decision
was taken believing that there is a minimum time required to detect
a stable positive metabolic effect in response to CPAP treatment.
Finally, due to the low number of primary studies we could compare
nondiabetic to prediabetic along with diabetic patients. The choice
may be controversial because of the high clinical heterogeneity of
these populations.

In conclusion, our results align with the currently available liter-
ature suggesting that CPAP may exert a favourable effect on insulin
homeostasis and TC levels in OSA patients, but with a very low
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effect size suggesting modest clinical significance. Subgroup anal-
yses showed that OSA severity and nocturnal hypoxaemia could
be predictors of a more favourable response to CPAP treatment.
Furthermore, the effect of CPAP could partially depend on the
magnitude of the metabolic derangements as indicated by the
fact that prediabetic/type 2 diabetic patients benefited the most
in terms of insulin resistance reduction. However, the metabolic
consequences of OSA treatment, especially on lipid metabolism,
remains poorly characterized. Further well-designed RCTs with
adequate CPAP adherence, and especially on at-risk populations,
such prediabetic/diabetic and dyslipidemic patients or in those
with greater hypoxaemic burden, severe and/or sleepy OSA, are
needed to clearly establish whether CPAP could have a clinically rel-
evant and independent effect on metabolic derangements observed
in these patients.

Funding

None to declare.
Conflict of interest

None to declare.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.arbres.2023.03.012.

References

1. Bauters F, Rietzschel ER, Hertegonne KBC, Chirinos JA. The link between
obstructive sleep apnea and cardiovascular disease. Curr Atheroscler Rep.
2016;18:1-11.

2. Aurora RN, Punjabi NM. Obstructive sleep apnoea and type 2 diabetes
mellitus: a bidirectional association. Lancet Respir Med. 2013;1:329-38,
http://dx.doi.org/10.1016/52213-2600(13)70039-0.

3. Barros D, Garcia-Rio F. Obstructive sleep apnea and dyslipidemia: from animal
models to clinical evidence. Sleep. 2019;42.

4. Adedayo AM, Olafiranye O, Smith D, Hill A, Zizi F, Brown C, et al. Obstructive sleep
apnea and dyslipidemia: evidence and underlying mechanism. Sleep Breath.
2014;18:13-8.

5. Reutrakul S, Mokhlesi B. Obstructive sleep apnea and diabetes: a state of the art
review. Chest. 2017;152:1070-86.

6. Patil SP, Ayappa IA, Caples SM, John Kimoff R, Patel SR, Harrod CG. Treatment
of adult obstructive sleep apnea with positive airway pressure: an Ameri-
can academy of sleep medicine systematic review, meta-analysis, and GRADE
assessment. ] Clin Sleep Med. 2019;15:301-34.

7. Pengo MF, Soranna D, Giontella A, Perger E, Mattaliano P, Schwarz El, et al.
Obstructive sleep apnoea treatment and blood pressure: which phenotypes pre-
dict a response? A systematic review and meta-analysis. Eur Respir J. 2020;55,
http://dx.doi.org/10.1183/13993003.01945-2019.

8. Fava C, Dorigoni S, Dalle Vedove F, Danese E, Montagnana M, Guidi GC,
et al. Effect of CPAP on blood pressure in patients with OSA/hypopnea. Chest.
2013;145:762-71.

9. Martinez-CeronE, Barquiel B, Bezos AM, Casitas R, Galera R, Garcia-Benito C, et al.
Effect of continuous positive airway pressure on glycemic control in patients
with obstructive sleep apnea and type 2 diabetes a randomized clinical trial.
Am ] Respir Crit Care Med. 2016;194:476-85.

10. Pamidi S, Wroblewski K, Stepien M, Sharif-Sidi K, Kilkus ], Whitmore H, et al.
Eight hours of nightly continuous positive airway pressure treatment of obstruc-
tive sleep apnea improves glucose metabolism in patients with prediabetes: a
randomized controlled trial. Am ] Respir Crit Care Med. 2015;192:96-105.

11. Craig SE, Kohler M, Nicoll D, Bratton DJ, Nunn A, Davies R, et al. Continuous
positive airway pressure improves sleepiness but not calculated vascular risk
in patients with minimally symptomatic obstructive sleep apnoea: the MOSAIC
randomised controlled trial. Thorax. 2012;67:1090-6.

12. Campos-Rodriguez F, Gonzalez-Martinez M, Sanchez-Armengol A, Jurado-
Gamez B, Cordero-Guevara ], Reyes-Nuiiez N, et al. Effect of continuous positive
airway pressure on blood pressure and metabolic profile in women with sleep
apnoea. EurRespir].2017;50, http://dx.doi.org/10.1183/13993003.00257-2017.

13. Abud R, Salgueiro M, Drake L, Reyes T, Jorquera ], Labarca G. Efficacy of con-
tinuous positive airway pressure (CPAP) preventing type 2 diabetes mellitus in
patients with obstructive sleep apnea hypopnea syndrome (OSAHS) and insulin
resistance: a systematic review and meta-analysis. Sleep Med. 2019;62:14-21,
http://dx.doi.org/10.1016/j.sleep.2018.12.017.

375


http://dx.doi.org/10.1016/j.arbres.2023.03.012
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0205
dx.doi.org/10.1016/S2213-2600(13)70039-0
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0215
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0215
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0215
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0215
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0215
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0215
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0215
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0215
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0215
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0215
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0215
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0215
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0215
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0215
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0215
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0215
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0215
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0220
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0225
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0230
dx.doi.org/10.1183/13993003.01945-2019
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0240
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0245
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0250
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0255
dx.doi.org/10.1183/13993003.00257-2017
dx.doi.org/10.1016/j.sleep.2018.12.017

F. Cattazzo, ML.F. Pengo, A. Giontella et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Iftikhar [H, Khan MF, Das A, Magalang UJ. Meta-analysis: continuous positive air-
way pressure improves insulin resistance in patients with sleep apnea without
diabetes. Ann Am Thorac Soc. 2013;10:115-20.

Labarca G, Reyes T, Jorquera ], Dreyse J, Drake L. CPAP in patients with obstructive
sleep apnea and type 2 diabetes mellitus: systematic review and meta-analysis.
Clin Respir J. 2018;12:2361-8.

Shang W, Zhang Y, Wang G, Han D. Benefits of continuous positive airway
pressure on glycaemic control and insulin resistance in patients with type 2
diabetes and obstructive sleep apnoea: a meta-analysis. Diabetes Obes Metab.
2021;23:540-8.

Xu H, Yi H, Guan ], Yin S. Effect of continuous positive airway pressure
on lipid profile in patients with obstructive sleep apnea syndrome: a meta-
analysis of randomized controlled trials. Atherosclerosis. 2014;234:446-53,
http://dx.doi.org/10.1016/j.atherosclerosis.2014.03.034.

Lin MT, Lin HH, Lee PL, Weng PH, Lee CC, Lai TC, et al. Beneficial effect of con-
tinuous positive airway pressure on lipid profiles in obstructive sleep apnea: a
meta-analysis. Sleep Breath. 2015;19:809-17.

Nadeem R, Singh M, Nida M, Kwon S, Sajid H, Witkowski ], et al. Effect of CPAP
treatment for obstructive sleep apnea hypopnea syndrome on lipid profile: a
meta-regression analysis. ] Clin Sleep Med. 2014;10:1295-302.

Feng Y, Zhang Z, Zhou DZ. Effects of continuous positive airway pressure
therapy on glycaemic control, insulin sensitivity and body mass index in
patients with obstructive sleep apnoea and type 2 diabetes: a systematic
review and meta-analysis. Prim Care Respir Med. 2015;25(December 2014):1-7,
http://dx.doi.org/10.1038/npjpcrm.2015.5.

Chen L, Kuang ], Pei JH, Chen HM, Chen Z, Li ZW, et al. Continu-
ous positive airway pressure and diabetes risk in sleep apnea patients:
a systemic review and meta-analysis. Eur J Intern Med. 2017;39:39-50,
http://dx.doi.org/10.1016/j.ejim.2016.11.010.

Yang D, Liu Z, Yang H, Luo Q. Effects of continuous positive airway pressure on
glycemic control and insulin resistance in patients with obstructive sleep. Sleep
Breath. 2013;17:33-8.

Chen B, Guo M, Peker Y, Salord N, Drager LF, Lorenzi-Filho G, et al. Effect
of continuous positive airway pressure on lipid profiles in obstruc-
tive sleep apnea: a meta-analysis. ] Clin Med. 2022;11. Available from:
https://[www.embase.com/search/results?subaction=viewrecord&id=L2015415
440&from=export2022

Zhu B, Ma C, Chaiard ], Shi C. Effect of continuous positive airway pressure on
glucose metabolism in adults with type 2 diabetes: a systematic review and
meta-analysis of randomized controlled trials. Sleep Breath. 2018;22:287-95.
Liberati A, Altman DG, Tetzlaff ], Mulrow C, Getzsche PC, loannidis JPA, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses of
studies that evaluate health care interventions: explanation and elaboration.
PLoS Med. 2009;6. Public Library of Science.

Cochrane Handbook for Systematic Reviews of Interventions | Cochrane Train-
ing [Internet]. Available from: https://training.cochrane.org/handbook/current
[cited 23.2.20].

Martinez G, Faber P. Obstructive sleep apnoea. Contin Educ Anaesth
Crit Care Pain. 2011;11:5-8. Available from: https://academic.oup.com/
bjaed/article/11/1/5/285540 [cited 21.10.22].

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

376

Archivos de Bronconeumologia 59 (2023) 370-376

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
1986;7:177-88. Available from: https://pubmed.ncbi.nlm.nih.gov/3802833/
[cited 1.7.22].

Comondore VR, Cheema R, Fox ], Butt A, John Mancini GB, Fleetham JA, et al.
The impact of CPAP on cardiovascular biomarkers in minimally symptomatic
patients with obstructive sleep apnea: a pilot feasibility randomized crossover
trial. Lung. 2009;187:17-22.

Aronsohn RS, Whitmore H, Van Cauter E, Tasali E. Impact of
untreated obstructive sleep apnea on glucose control in type 2 dia-
betes. Am ] Respir Crit Care Med. 2010;181:507-13. Available from:
https://pubmed.ncbi.nlm.nih.gov/20019340/ [cited 9.6.22].

Priou P, Le Vaillant M, Meslier N, Chollet S, Pigeanne T, Masson P, et al. Associ-
ation between obstructive sleep apnea severity and glucose control in patients
with untreated versus treated diabetes. ] Sleep Res. 2015;24:425-31. Available
from: https://onlinelibrary.wiley.com/doi/full/10.1111/jsr.12278 [cited 9.6.22].
Martinez-Ceron E, Fernandez-Navarro I, Garcia-Rio F. Effects of continuous
positive airway pressure treatment on glucose metabolism in patients with
obstructive sleep apnea. Sleep Med Rev. 2016;25:121-30.

Lam JCM, Lai AYK, Tam TCC, Yuen MMA, Lam KSL, Ip MSM. CPAP therapy for
patients with sleep apnea and type 2 diabetes mellitus improves control of blood
pressure. Sleep Breath. 2017;21:377-86.

Loffler KA, Heeley E, Freed R, Meng R, Bittencourt LR, Gonzaga Carvalho
CC, et al. Continuous positive airway pressure treatment, glycemia,
and diabetes risk in obstructive sleep apnea and comorbid cardio-
vascular disease. Diabetes Care. 2020;43:1859-67. Available from:
https://www.embase.com/search/results?subaction=viewrecord&id=L2004935
825&from=export

Gaines ], Vgontzas AN, Fernandez-Mendoza ], Bixler EO. Obstructive sleep
apnea and the metabolic syndrome: the road to clinically-meaningful phe-
notyping, improved prognosis, and personalized treatment. Sleep Med Rev.
2018;42:211-9.

Giampa SQC, Furlan SF, Freitas LS, Macedo TA, Lebkuchen A, Cardozo KHM, et al.
Effects of CPAP on metabolic syndrome in patients with OSA: a randomized trial.
Chest. 2022;161:1370-81.

Drager LF, Bortolotto LA, Figueiredo AC, Krieger EM, Lorenzi-Filho G. Effects of
continuous positive airway pressure on early signs of atherosclerosis in obstruc-
tive sleep apnea. Am ] Respir Crit Care Med. 2007;176:706-12.

Robinson GV, Pepperell JCT, Segal HC, Davies RJO, Stradling JR. Circulating car-
diovascular risk factors in obstructive sleep apnoea: data from randomised
controlled trials. Thorax. 2004;59:777-82.

Celik Y, Thunstrom E, Strollo P], Peker Y. Continuous positive airway
pressure treatment and anxiety in adults with coronary artery dis-
ease and nonsleepy obstructive sleep apnea in the RICCADSA trial.
Sleep Med. 2021;77:96-103. Available from: https://www.embase.
com/search/results?subaction=viewrecord&id=L2010387260&from=export
Huang Z, Liu Z, Zhao Z, Zhao Q, Luo Q, Tang Y. Effects of continuous positive
airway pressure on lipidaemia and high-sensitivity C-reactive protein levels in
non-obese patients with coronary artery disease and obstructive sleep apnoea.
Hear Lung Circ. 2016;25:576-83, http://dx.doi.org/10.1016/j.hlc.2015.10.021.


http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0270
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0275
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0280
dx.doi.org/10.1016/j.atherosclerosis.2014.03.034
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0290
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0295
dx.doi.org/10.1038/npjpcrm.2015.5
dx.doi.org/10.1016/j.ejim.2016.11.010
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0310
https://www.embase.com/search/results?subaction=viewrecord&id=L2015415440&from=export2022
https://www.embase.com/search/results?subaction=viewrecord&id=L2015415440&from=export2022
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0320
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0325
https://training.cochrane.org/handbook/current
https://academic.oup.com/bjaed/article/11/1/5/285540
https://academic.oup.com/bjaed/article/11/1/5/285540
https://pubmed.ncbi.nlm.nih.gov/3802833/
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0345
https://pubmed.ncbi.nlm.nih.gov/20019340/
https://onlinelibrary.wiley.com/doi/full/10.1111/jsr.12278
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0360
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0365
https://www.embase.com/search/results?subaction=viewrecord&id=L2004935825&from=export
https://www.embase.com/search/results?subaction=viewrecord&id=L2004935825&from=export
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0375
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0380
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0385
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
http://refhub.elsevier.com/S0300-2896(23)00111-4/sbref0390
https://www.embase.com/search/results?subaction=viewrecord&id=L2010387260&from=export
https://www.embase.com/search/results?subaction=viewrecord&id=L2010387260&from=export
dx.doi.org/10.1016/j.hlc.2015.10.021

	Effect of Continuous Positive Airway Pressure on Glucose and Lipid Profiles in Patients With Obstructive Sleep Apnoea: A S...
	Introduction
	Study design and methods
	Literature search and selection of the trials
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Study selection
	Impact of CPAP treatment on glucose-insulin levels
	Impact of CPAP treatment on lipids levels
	Subgroup analysis

	Discussion
	Funding
	Conflict of interest
	Appendix A Supplementary data
	References


