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Study Objective: Opioids are associated with higher risk for ataxic breathing and sleep apnea. We conducted a systematic literature review and meta-
DQDO\VLV�WR�DVVHVV�WKH�LQÀXHQFH�RI�ORQJ�WHUP�RSLRLG�XVH�RQ�WKH�DSQHD�K\SRSQHD�DQG�FHQWUDO�DSQHD�LQGLFHV��$+,�DQG�&$,��UHVSHFWLYHO\��
Methods:�$�V\VWHPDWLF�UHYLHZ�SURWRFRO��&RFKUDQH�+DQGERRN�JXLGHOLQHV��ZDV�GHYHORSHG�IRU�WKH�VHDUFK�DQG�DQDO\VLV��:H�VHDUFKHG�(PEDVH��0HGOLQH��$&3�
-RXUQDO�&OXE��DQG�&RFKUDQH�'DWDEDVH�XS�WR�1RYHPEHU������IRU�WKUHH�WRSLFV������QDUFRWLFV������VOHHS�DSQHD��DQG�����DSQHD�K\SRSQHD�LQGH[��7KH�RXWFRPH�
RI�LQWHUHVW�ZDV�WKH�YDULDWLRQ�LQ�$+,�DQG�&$,�LQ�RSLRLG�XVHUV�YHUVXV�QRQ�XVHUV��7ZR�UHYLHZHUV�SHUIRUPHG�WKH�GDWD�VHDUFK�DQG�H[WUDFWLRQ��DQG�GLVDJUHHPHQWV�
ZHUH�UHVROYHG�E\�GLVFXVVLRQ��5HVXOWV�ZHUH�FRPELQHG�E\�VWDQGDUGL]HG�PHDQ�GLIIHUHQFH�XVLQJ�D�UDQGRP�HIIHFW�PRGHO��DQG�KHWHURJHQHLW\�ZDV�WHVWHG�E\�Ȥ� and 
SUHVHQWHG�DV�,� statistics.
Results:�6HYHQ�VWXGLHV�PHW�WKH�LQFOXVLRQ�FULWHULD��IRU�D�WRWDO�RI�����SDWLHQWV�ZLWK�REVWUXFWLYH�VOHHS�DSQHD��26$���:H�FRPSDUHG���RXWFRPHV��$+,������RSLRLG�
XVHUV�DQG�����QRQ�XVHUV��DQG�����SDWLHQWV�ZLWK�&$,������RSLRLG�XVHUV�DQG�����QRQ�XVHUV���7KH�DEVROXWH�HIIHFW�VL]H�IRU�RSLRLG�XVH�ZDV�D�VPDOO�LQFUHDVHG�LQ�
DSQHD�PHDVXUHG�E\�$+,� �����������&,������±������DQG�D�PHGLXP�IRU�&$,� �����������&,������±�������(IIHFW�FRQVLVWHQF\�DFURVV�VWXGLHV�ZDV�FDOFXODWHG��
VKRZLQJ�PRGHUDWH�KHWHURJHQHLW\�DW�,�� �����DQG�����IRU�$+,�DQG�&$,��UHVSHFWLYHO\�
Conclusions:�7KH�PHWD�DQDO\VLV�UHVXOWV�VXJJHVW�WKDW�ORQJ�WHUP�RSLRLG�XVH�LQ�26$�SDWLHQWV�KDV�D�PHGLXP�HIIHFW�RQ�FHQWUDO�VOHHS�DSQHD�
Keywords:�RSLRLG��QDUFRWLF��VOHHS�DSQHD��FHQWUDO�VOHHS�DSQHD��DSQHD�K\SRSQHD�LQGH[��V\VWHPDWLF�UHYLHZ��PHWD�DQDO\VLV
Citation:�)LOLDWUDXOW�0/��&KDXQ\�-0��'DRXVW�5��5R\�03��'HQLV�5��/DYLJQH�*��0HGLXP�LQFUHDVHG�ULVN�IRU�FHQWUDO�VOHHS�DSQHD�EXW�QRW�REVWUXFWLYH�VOHHS�DSQHD�
LQ�ORQJ�WHUP�RSLRLG�XVHUV��D�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV��J Clin Sleep Med �����������XXX±XXX.

INTRODUCTION

Rationale
Almost 20% of the North American population reports chronic 
pain, and about 1/5 of these are chronic opioid users.1–3 Opi-
oids (e.g., morphine, methadone, oxycodone, fentanyl) are 
frequently used in postoperative medicine, in addiction and 
chronic pain management.4–7 These drugs have been associ-
ated with higher risk of sleep apnea, particularly central sleep 
apnea (CSA), and they tend to contribute to hypoxemia during 
wakefulness and sleep, and to suppress breathing.4,5,7–13 Dis-
FUHSDQFLHV�LQ�¿QGLQJV�GXH�WR�GLIIHUHQW�UHVHDUFK�PHWKRGRORJLHV�
and study designs preclude comparison between studies and 
FRQVHTXHQWO\��WKH�FDOFXODWLRQ�RI�D�ULVN�WR�EHQH¿W�UDWLR�IRU�RSL-
oid prescriptions.4,8,9,14–19 Given this inconsistency in the sci-
HQWL¿F�OLWHUDWXUH��LW�LV�QRW�VXUSULVLQJ�WKDW�QHLWKHU�WKH�$PHULFDQ�
nor the Canadian guidelines for the safe and effective use of 
chronic opioid therapy in chronic non-cancer pain provide a 
clear answer to clinicians on whether or not opioid use aggra-
vates sleep disordered breathing (SDB) symptoms.20,21

No systematic review or meta-analysis of optimal diagnostic 
data on opioid-induced sleep apnea has been published to date.14 
7KHUH�LV�DQ�XUJHQW�QHHG�WR�¿OO�WKH�JDS�LQ�EHVW�SUDFWLFH�JXLGHOLQHV�
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in order to improve pain management and assist clinicians in 
making informed decisions about prescribing opioids.

In this article, the term “opioid” refers to any substance, ei-
ther natural (i.e., opium) or synthetic (e.g., morphine, metha-
done) that produces morphine-like effects.22

Objectives
In order to assess the impact of long-term opioid use on sleep 
breathing disorders, and more precisely the risk of aggravated 
sleep apnea, we conducted a meta-analysis of studies that ex-
amined the effects of long-term opioid use on the apnea-hy-
popnea index (AHI) and the central apneas index (CAI).

METHODS

We conducted the analysis according to the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines.23

Eligibility Criteria
The inclusion and exclusion criteria (Table 1) were developed 
according to the population, intervention, comparison and 
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outcomes (PICO) model (Table 2). In summary, the apnea-hy-
popnea breathing index was compared between adult patients 
who were long-term opioid users or non-users.

Data Sources
A total of six bibliographic databases were searched (EM-
BASE, MEDLINE, ACP Journal Club, Cochrane Central 
Register of Controlled Trials – CENTRAL, Cochrane Da-
tabase of Systematic Reviews – CDSR, and Database of 
Abstracts of Reviews of Effects – DARE) using Medical 
Subject Headings (MeSH) vocabulary and keywords up to 
November 26, 2014). We also examined the reference lists of 
retrieved articles, relevant reviews, systematic reviews, and 
meta-analyses. The search was performed by one reviewer 
�0�/�)���DQG�YHUL¿HG�E\�D�FHUWL¿HG�OLEUDULDQ��$XWKRUV��Q� ����
mentioned in relevant conference abstracts were contacted 
by email, but neither responded. One author of a recent re-
view was contacted, but the data were unavailable because 
the article was accepted for publication but not yet published. 
2QH�DXWKRU�RI�DQ�LQFOXGHG�VWXG\�FODUL¿HG�VRPH�RI�RXU�TXHV-
tions. An AutoAlert (OvidSP) was posted on the research 
platforms to identify relevant studies published after the 
study was underway.

Search
The three following keywords (MeSH for MEDLINE, EM-
TREE for EMBASE, keywords for Cochrane) were grouped 
and limited to English or French language and published 
within the last 30 years: (1) narcotics, (2) sleep apnea, and (3) 
apnea-hypopnea index. Details on the online search strategy 
for each database are presented in Appendix 1A to 1C (see 
supplemental material for appendices).

Study Selection
Figure 1 depicts the study selection process. A total of seven 
VWXGLHV�ZHUH� LQFOXGHG� LQ� WKH�PHWD�DQDO\VLV�� ¿YH� QHVWHG� FDVH�
control studies, one prospective case-control study, and one 
cross-sectional study that assessed the relationship between 
long-term opioid use and central sleep apneas as a main or sec-
ondary outcome. Two reviewers (M-L.F.& M-P.R.) performed 
WKH�¿QDO�VFUHHQLQJ� LQGHSHQGHQWO\��DQG�RQH�PHGLDWRU��-�0�&���
was designated for cases of disagreement. The team discussed 
whether the studies met the inclusion and exclusion criteria, 
as presented in Table 1, and complied with the PICO ques-
tion, as presented in Table 2. In cases of disagreement, the 
PHGLDWRU�UHYLHZHG�WKH�DUWLFOH�DQG�WKH�FRQÀLFW�ZDV�UHVROYHG�E\�
discussion.

Data Collection and Items
Two reviewers independently extracted data on outcomes and 
characteristics of the study participants (opioid users and non-
users separately) onto standardized forms. Data included the 
apnea-hypopnea index (AHI) and central apnea index (CAI) 
(mean and standard deviation) for opioid users and non-users 
(presented as forest plots, Figures 2 and 3). Both indices were 
reported as events per hour. Study and participant characteris-
tics are presented in Tables 3A and 3B��¿UVW�DXWKRU��SXEOLFDWLRQ�
date, study design, population size, mean age, sex, BMI, rea-
son for opioid use, opioids used, dosage, and comorbid condi-
tions. The reviewers then met to agree on the extracted data.

Risk of Bias in Individual Studies
Two independent reviewers assessed the risk of study bias in 
WKH�LQFOXGHG�VWXGLHV�XVLQJ�PRGL¿HG�6WXG\�4XDOLW\�$VVHVVPHQW�

Table 1²,QFOXVLRQ�DQG�H[FOXVLRQ�FULWHULD�
Inclusion criteria
• $UWLFOH�PXVW�KDYH�EHHQ�SXEOLVKHG�LQ�(QJOLVK�RU�)UHQFK�
• $UWLFOH�PXVW�KDYH�EHHQ�SXEOLVKHG�LQ�WKH�ODVW����\HDUV��LQ�SURFHVV�DQG�QRQ�LQGH[HG�FLWDWLRQV�LQFOXGHG��
• $UWLFOH�PXVW�EH�UHOHYDQW�WR�WKH�3,&2�TXHVWLRQ��UHIHU�WR�7DEOH����
• $UWLFOH�PXVW�KDYH�HQUROOHG�DGXOW�PDOHV�RU�IHPDOHV�������\��
• $UWLFOH�PXVW�GHVFULEH�D�VWXG\�WKDW�LQFOXGHG���GLVWLQFW�JURXSV��D�FRQWURO�JURXS��PHGLFDWLRQ�IUHH��DQG�D�FDVH�JURXS��ORQJ�WHUP�RSLRLG�XVHUV��
• 6WXG\�PXVW�LQFOXGH�SUHFLVH�PHDVXUHV�RI�WKH�FHQWUDO�DSQHD�LQGH[��&$,��IRU�ERWK�WKH�FDVH�DQG�FRQWURO�JURXSV�DVVHVVHG�E\�LQ�ODERUDWRU\�
SRO\VRPQRJUDSK\��36*���KRPH�WHVWLQJ�ZLWK�SRUWDEOH�PRQLWRUV��30���RU�DQ\�RWKHU�YDOLGDWHG�VFUHHQLQJ�GHYLFH�IRU�VOHHS�GLVRUGHUHG�EUHDWKLQJ��H�J���
SRUWDEOH�YHQWLODWLRQ�HIIRUW�UHFRUGHU��LQ�DFFRUGDQFH�ZLWK�WKH�UHFRPPHQGDWLRQV�RI�WKH�$PHULFDQ�$FDGHP\�RI�6OHHS�0HGLFLQH�

Exclusion criteria
• &DVH�UHSRUW��FDVH�VHULHV��V\VWHPDWLF�UHYLHZ�RU�UHYLHZ��PHWD�DQDO\VLV��RU�H[SHUW�RSLQLRQ�
• Study presenting preliminary data.
• 6WXG\�QRW�SURYLGLQJ�SUHFLVH�RXWFRPH�PHDVXUHV��H�J���&$,������QR�PHDQ�RU�VWDQGDUG�GHYLDWLRQ�DYDLODEOH��
• 6WXG\�LQFOXGLQJ�RSLRLG�DQWDJRQLVW��H�J���QDOR[RQH��RU�DQHVWKHWLF�GUXJ�XVH�
• )RU�GXSOLFDWH�VWXGLHV�LQ�VHDUFKHG�GDWDEDVHV��RQO\�WKH�PRVW�FRPSOHWH�VWXGLHV�ZLOO�EH�LQFOXGHG�

 
Table 2²3,&2�TXHVWLRQ�

PICO Question
,Q�DGXOW�������\���PDOHV�RU�IHPDOHV�ZLWK�ORQJ�WHUP�RSLRLG�XVH�
FRPSDUHG�WR�QR�WUHDWPHQW��FOHDQ�VXEMHFWV���ZKDW�LV�WKH�HIIHFW�RQ�ERWK�
WKH�DSQHD�K\SRSQHD�LQGH[��$+,��DQG�WKH�FHQWUDO�DSQHD�LQGH[��&$,��IRU�
ERWK�JURXSV�DVVHVVHG�E\�LQ�ODERUDWRU\�SRO\VRPQRJUDSK\��36*���KRPH�
WHVWLQJ�ZLWK�SRUWDEOH�PRQLWRUV��30���RU�DQ\�RWKHU�YDOLGDWHG�VFUHHQLQJ�
GHYLFH�IRU�VOHHS�GLVRUGHUHG�EUHDWKLQJ��H�J���SRUWDEOH�YHQWLODWLRQ�HIIRUW�
UHFRUGHU��LQ�DFFRUGDQFH�ZLWK�WKH�UHFRPPHQGDWLRQV�RI�WKH�$PHULFDQ�
$FDGHP\�RI�6OHHS�0HGLFLQH"
3��$GXOW�PDOHV�RU�IHPDOHV�������\��
,��/RQJ�WHUP�RSLRLG�XVH
&��1R�WUHDWPHQW��FOHDQ�VXEMHFWV�
2��(IIHFW�RQ�WKH�$+,�DQG�&$,
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Tools for case-control and observational cohort and cross-sec-
tional studies by the National Heart, Lung and Blood Institute, 
as presented in Appendix 3A and 3B.24 Results were summa-
UL]HG�LQ�D�PRGL¿HG�&RFKUDQH�YHUVLRQ�RI�D�ULVN�RI�ELDV�VXPPDU\�
¿JXUH�� SUHVHQWHG� LQ�Appendices 3C and 3D.25 The gathered 
data are discussed below.

Summary Measures and Synthesis of Results
Results were combined using standardized mean difference 
with a random effect model, and heterogeneity was tested with 
WKH� Ȥ2 test and presented as I2 statistics. The absolute effect 
RI� ORQJ�WHUP�RSLRLG�XVH�RQ� WKH�$+,�DQG�&$,�ZDV�TXDQWL¿HG�
by estimating the standardized mean difference (SMD) of the 
means and standard deviations (SD) of both indices between 
opioid users and non-users. We estimated the effect size and 
����FRQ¿GHQFH�LQWHUYDOV��&,��E\�SRROLQJ�H[WUDFWHG�GDWD�XVLQJ�
RevMan 5.3 Public Beta software. Results are presented as for-
est plots in Figures 2 and 3.

Risk of Publication Bias
We conducted funnel plots of standard error and difference in 
means, as presented in Appendix 2A and 2B, to assess for po-
tential publication bias, as described below.26

RESULTS

Study Selection
A total of 196 potential studies were reviewed, of which 189 did 
QRW�PHHW�WKH�LQFOXVLRQ�FULWHULD��ÀRZFKDUW��Figure 1) and were 
rejected. Seven studies met the inclusion criteria, for a total of 
803 patients with AHI (320 opioid users, 483 non-users) and 
790 patients with CAI (315 opioid users, 475 opioid non-users).

Study Characteristics
Tables 3A and 3B present the characteristics of the studies in-
cluded in the meta-analysis.8,14–19

Risk of Within-Study Bias
Appendices 3C and 3D summarizes the within-study bias. 
Studies were evaluated on eight criteria for case-control stud-
ies, as presented in Appendix 3C: research question, study 
population, groups recruited from the same population, inclu-
VLRQ�DQG�H[FOXVLRQ�FULWHULD�SUH�VSHFL¿HG�DQG�DSSOLHG�XQLIRUPO\��
FDVH� DQG� FRQWURO� GH¿QLWLRQV�� H[SRVXUH� DVVHVVHG� SULRU� WR� RXW-
come measurement, exposure measures, and assessment and 
statistical analyses.

Studies were also evaluated on eight criteria for observa-
tional cohort/cross-sectional studies, as presented in Appendix 
3D: research question, study population, groups recruited from 
the same population and uniform eligibility criteria, exposure 
DVVHVVHG�SULRU�WR�RXWFRPH�PHDVXUHPHQW��VXI¿FLHQW�WLPHIUDPH�
to see an effect, exposure measures and assessment, follow-up 
rate, and statistical analyses.

The labels low risk, high risk, and unclear in Appendix C 
and D refer to the following responses to the eight criteria in 
Appendix A and B: yes, no, and cannot determine/not appli-
cable/not reported, respectively.

Of 48 possible responses, bias assessment for the six 
case-control studies revealed 40, 5, and 3 low risks, high 
risks, and unclear risks, respectively. Of 8 possible re-
sponses, bias assessment for Junquist et al. (cross-sectional 
study) revealed 5, 2, and 0 low risks, high risks, and unclear 
risks, respectively.

Results on Individual Studies
Figures 2 and 3 present the sleep apnea syndrome outcome 
measures, including the AHI and CAI per hour of sleep for 
opioid users and non-users in the studies. Data are presented as 
mean ± SD, with the following mean range for AHI and CAI: 
AHI 22.7 to 48.4 for users and 19.3 to 42.6 for non-users; CAI 
0.64 to 29.3 for users and 0.3 to 22.8 for non-users. Figures 2 
and 3 present the forest plot for each study, including the stan-
dardized mean difference and 95% CI for the AHI and CAI, 
UHVSHFWLYHO\��60'�IRU�WKH�VHYHQ�VWXGLHV�UDQJHG�IURP�í�����WR�
0.55 for the AHI and 0.09 to 0.74 for the CAI. Three studies 
GHPRQVWUDWHG� D� VLJQL¿FDQW� LPSDFW� RQ� WKH�$+,� �>60'�� ������

Figure 1²)ORZFKDUW�RI�DUWLFOHV�LGHQWL¿HG�DQG�HYDOXDWHG�
during the study selection process.

7KH� ÀRZFKDUW� SUHVHQWV� WKH� NH\� FRQFHSWV� XVHG� WR� VHDUFK� WKH� DUWLFOHV��
WKH�QXPEHU�RI�DUWLFOHV�UHWULHYHG�E\�WKH�VHDUFK��WKH�QXPEHU�RI�DEVWUDFWV�
UHYLHZHG� DQG� UHMHFWHG�� DQG� WKH� UHOHYDQW� VWXGLHV� LQFOXGHG� LQ� WKH�
systematic review and meta-analysis.
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����&,������������@��>60'������������&,������������@��>60'��
0.43; 95% CI: 0.06, 0.79]).8,18,27 Three other studies demon-
VWUDWHG�D�VLJQL¿FDQW�LPSDFW�RQ�WKH�&$,��>60'������������&,��
����������@��>60'������������&,������������@��>60'������������
CI: 0.29, 1.03]).8,18,19

Synthesis of Results
The pooled estimate of the change in means and the corre-
sponding 95% CI for the AHI and CAI from each study were 
small at 0.25 (95% CI: 0.02, 0.49) and medium 0.45 (95% 
CI: 0.27, 0.63) respectively. Data are presented in Figures 
2 and 3.

The consistency of effects across studies was assessed using 
the I2 test. With an I2�LQGH[�RI������S� �������IRU�WKH�$+,�DQG�
�����S� �������IRU�WKH�&$,��WKH�GDWD�LQGLFDWH�KHWHURJHQHLW\�IRU�
the AHI and homogeneity for the CAI, respectively.

Risk of Publication Biais
Appendix 2B presents the AHI data, which show a slightly 
asymmetrical funnel shape, indicating a small risk of pub-
lication bias. Appendix 2B presents the data on the CAI, 
which show a more symmetrical shape, indicating no 
publication bias.

DISCUSSION

Summary of Evidence
7KH�SRROHG�HVWLPDWH�LQGLFDWHG�D�VLJQL¿FDQW�EXW�PRGHVW�LPSDFW�
of long-term opioid use on both the apnea-hypopnea and cen-
tral apnea indices in patients with OSA. However, the risk as-
sociated with long-term opioid use was medium for the central 
apnea index.

Seven studies assessed the impact of long-term opioid use on 
the apnea-hypopnea and central apnea indices. Except for one 
study (opium addiction), the reason for opioid use was chronic 
pain management.18 Overall, increased opioid use, evidenced 
by an increase in both diagnostic indexes, and particularly the 
FHQWUDO�DSQHD�LQGH[��DSSHDUV�WR�JHQHUDWH�VLJQL¿FDQW�ULVNV�RI�DJ-
JUDYDWHG�VOHHS�DSQHD��2XU�¿QGLQJV�FRQFXU�ZLWK�D�UHFHQW�VWXG\�
by Rose and collaborators, where 46% of chronic opioid users 
had severe sleep apnea and 71% had moderate sleep apnea.14 In 
DGGLWLRQ������RI�FKURQLF�RSLRLG�XVHUV�KDG�D�&$,�����14 However, 
in the study by Javaheri et al., 80% of chronic opioid users 
KDG�&6$� �&$,�����K� RI� VOHHS��28 These differences could be 
explained by other factors, including variations in opioid type, 
dosage, and use duration, as well as pain type, individual sen-
sitivity to opioids, and concomitant medications used.29 Both 

Figure 2²)RUHVW�SORW�IRU�PHDQ�GLIIHUHQFH�LQ�DSQHD�K\SRSQHD�LQGH[��$+,��DQG�FRUUHVSRQGLQJ�����&,�

)RUHVW�SORW�IRU�PHDQ�GLIIHUHQFH�LQ�$+,�XVLQJ�D�UDQGRP�HIIHFW�PRGHO��,QFOXGHV�PHDQV��VWDQGDUG�GHYLDWLRQV��DQG�VDPSOH�VL]H�IRU�RSLRLG�XVHUV�DQG�QRQ�XVHUV��
&RUUHVSRQGLQJ�ZHLJKWV��VWDQGDUG�PHDQ�GLIIHUHQFH��DQG�FRUUHVSRQGLQJ�����FRQ¿GHQFH�LQWHUYDOV�DUH�SUHVHQWHG�IRU�HDFK�VWXG\�LQFOXGHG�LQ�WKH�PHWD�DQDO\VLV��
&KL���FKL�VTXDUH�WHVW��GI��GHJUHHV�RI�IUHHGRP�,9��LQYHUVH�YDULDQFH��6'��VWDQGDUG�GHYLDWLRQ��0LG�SRLQW�GLDPRQG�UHSUHVHQWV�WKH�RYHUDOO�HIIHFW�RI�WKH�WUHDWPHQW�

Figure 3²)RUHVW�SORW�IRU�PHDQ�GLIIHUHQFH�LQ�FHQWUDO�DSQHD�LQGH[��&$,��DQG�FRUUHVSRQGLQJ�����&,�

)RUHVW�SORWV�IRU�PHDQ�GLIIHUHQFH�LQ�&$,�XVLQJ�D�UDQGRP�HIIHFW�PRGHO��,QFOXGHV�PHDQV��VWDQGDUG�GHYLDWLRQV��DQG�VDPSOH�VL]H�IRU�RSLRLG�XVHUV�DQG�QRQ�XVHUV��
&RUUHVSRQGLQJ�ZHLJKWV��VWDQGDUG�PHDQ�GLIIHUHQFH��DQG�FRUUHVSRQGLQJ�����FRQ¿GHQFH�LQWHUYDOV�DUH�SUHVHQWHG�IRU�HDFK�VWXG\�LQFOXGHG�LQ�WKH�PHWD�DQDO\VLV��
&KL���FKL�VTXDUH�WHVW��GI��GHJUHHV�RI�IUHHGRP�,9��LQYHUVH�YDULDQFH��6'��VWDQGDUG�GHYLDWLRQ��0LG�SRLQW�GLDPRQG�UHSUHVHQWV�WKH�RYHUDOO�HIIHFW�RI�WKH�WUHDWPHQW�
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opioid users and non-users had a mean body mass index (BMI) 
FODVVL¿HG�DV�REHVH�W\SH���DQG�ZHUH�IURP����WR����\HDUV�ROG�RQ�
average. However, these differences cannot be explained by 
BMI or age. Diagnostic measures also varied widely across 
the seven studies, as discussed below in the limitations section.
7KH� ,QWHUQDWLRQDO�&ODVVL¿FDWLRQ�RI�6OHHS�'LVRUGHUV� �,&6'��

KDV� LGHQWL¿HG� VL[� W\SHV� RI� FHQWUDO� VOHHS� DSQHD� V\QGURPH�
(CSAS).30 Those are characterized by SDB that is correlated 
with absent or decreasing breathing effort combined with 
symptoms such as excessive daytime sleepiness and recurrent 
nocturnal awakenings.30 Untreated SDB is associated with seri-
ous health problems such as obesity as well as cardiovascular, 
metabolic, and neurocognitive diseases.31,32 The present meta-
analysis focuses on CSA due to chronic drug or substance use.30

This meta-analysis is particularly relevant for healthcare 
providers because the prevalence of opioid-induced sleep ap-
nea is growing rapidly.33 The exact mechanisms of CSAS due 
to opioid use remain unclear.30 The appropriate treatment is 
also unclear, but the emerging evidence suggests that treat-
PHQW�ZLWK�DGDSWLYH�VHUYRYHQWLODWLRQ��$69��LV�EHQH¿FLDO�16,28,34,35 
1RQHWKHOHVV��D� UHFHQW� V\VWHPDWLF� UHYLHZ�IRXQG�FRQÀLFWLQJ� UH-
sults on this treatment.6 Given the suboptimal compliance to 
positive airway pressure (PAP) treatment, it is urgent to pro-
vide guidance to physicians.36 Moreover, according to recent 
articles, not only are opioid medications increasingly pre-
scribed for chronic pain management, rates of other opioid use 
disorders (e.g., abuse, overdose, and dependence) are rising as 
well.37,38 The effectiveness of long-term opioid therapy remains 
XQFOHDU��DQG�WKH�EHQH¿WV�DQG�KDUPV�PXVW�EH�ZHLJKHG�38

Clinical Relevance
From a clinical perspective, these data suggest that chronic 
opioid use might increases the risk of sleep disordered breath-
ing in patients with OSA, with a medium effect on the CAI. 

Clearly, in the decision to maintain the use of opioids for a 
SDWLHQW�ZLWK� 6%'�� WKH� ULVNV� DQG� EHQH¿WV�PXVW� EH� WDNHQ� LQWR�
account. It appears implicit that in the presence of SDB, the 
use of a breathing device is probably safer.7 Since most studies 
analyzed in the present meta-analysis are from patients with 
OSA as a comorbid condition, it is to be determined if the same 
effect can be observed in opioid user without SDB.

Both obstructive and central sleep apnea have been associ-
ated with higher risks of mortality and adverse cardiovascular 
events.39 In fact, sleep apnea may increase the mortality risk 
by conferring greater risk of arrhythmias, myocardial isch-
emia/infarction, and stroke.39 In another very recent study, a 
greater risk of higher cardiovascular event rate was observed 
in an older population under opioids.40 The more frequent pres-
ence of sleep apnea and oxygen desaturation observed in opi-
oid users could explain the opioid-associated cardiovascular 
morbidity.40

Moreover, as mentioned above, our data indicated a more 
profound effect on the CAI than the AHI. Mogri and collabo-
UDWRUV�UHSRUWHG�QR�VLJQL¿FDQW�FRUUHODWLRQ�EHWZHHQ�WKH�$+,�DQG�
the amount of daily ingested opioids.41 These authors suggested 
that the AHI might not be the best metric for estimating the se-
verity of opioid-associated SDB, unlike routine OSA. Finally, 
chronic opioid users had a high prevalence of sleep apnea and 
nocturnal hypoxemia.41 It remains to be determined in future 
studies whether hypoxemia and/or opioid-associated sleep ap-
nea are predictive marker of sudden death in this population.41

Limitations
This study has certain limitations. All the included studies 
were observational studies, and none were randomized control 
trials (RCTs). Therefore, potential confounding factors may 
have affected our results. Five of the seven studies were nested 
case-control studies, and the two others were a prospective 

Table 3A²2YHUYLHZ�RI�WKH���LQFOXGHG�VWXGLHV�DQG�FKDUDFWHULVWLFV�RI�RSLRLG�QRQ�XVHUV�

First Author, Year Study Design n Age (SD) Sex (M/F) BMI (SD) Comorbid Conditions

*XLOOHPLQDXOW������ 1HVWHG�FDVH�
control study

�� ���������� ����� ���������� 6$6�������

-XQJTXLVW������ &URVV�VHFWLRQDO�
study

��� ��������� ������ ���������� 6$6���������&9��

V\VWHPV��SXOPRQDU\�
�LQFOXGLQJ�VPRNLQJ���QHXURPXVFXODU��'S��

5DPDU������ 1HVWHG�FDVH�
control study

�� ���������� ���� ���������� 6$6���������6&+)������

5RVH������ 1HVWHG�FDVH�
control study

�� ���������� ���� ���������� 6$6�������

5RVWDPL������ 3URVSHFWLYH�FDVH�
control study

�� ��������� ���� �������� 26$���������+71��'0��REHVLW\��+&

7URLWLQR������ 1HVWHG�FDVH�
control study

�� ����������� 
$OO������ ���������� 6$6�&6$��LGLRSDWKLF��������'0��������+71�
�������&$'��������'S��������$OFRKROLVP������

:DONHU������ 1HVWHG�FDVH�
control study

�� ����������� ����� ���������� 6$6���������+71����������$5����������*(5'�
���������+7����������'S����������'0������

$5�� DUUK\WKPLDV��&9�� FDUGLRYDVFXODU��'S�� GHSUHVVLRQ��*(5'�� JDVWURHVRSKDJHDO� UHÀX[� GLVHDVH��+&�� K\SHUFKROHVWHUROHPLD��+7�� K\SRWK\URLGLVP��26$��
REVWUXFWLYH�VOHHS�DSQHD��6$6��VOHHS�DSQHD�V\QGURPH��6&+)��V\VWROLF�FRQJHVWLYH�KHDUW�IDLOXUH��
,QFOXGHV�FRQWUROV�DQG�FDVHV��

5HSRUWHG�DV�QXPEHU�RI�
systems affected by comorbid diagnoses.

https://www.researchgate.net/publication/45289014_Obstructive_Sleep_Apnea_and_Chronic_Opioid_Use?el=1_x_8&enrichId=rgreq-bfcfd404-da97-47b6-a79b-fd9828b77f49&enrichSource=Y292ZXJQYWdlOzI5NzYzOTQ5MjtBUzozMzg3MDY4MTc5MjkyMTZAMTQ1Nzc2NTQwNjA2OA==
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case-control and a cross-sectional study. Five studies were 
from the United States (Guilleminault, Jungquist, Ramar, Troi-
tino, Walker), one was from Australia (Rose), and the remain-
ing study was from Iran (Rostami).

The results on the effects of long-term opioid use on both 
the AHI and CAI could have been affected by clinical hetero-
geneity related to patient characteristics in terms of age, sex, 
BMI, and comorbidities. However, it is worth mentioning that 
the majority of OSA patients, both opioid users and non-users, 
were from 50 to 60 years old on average. The total ratio of 
males to females was consistent for both opioid users and non-
XVHUV��$OO�SDWLHQWV�KDG�D�%0,�FODVVL¿HG�DV�RYHUZHLJKW�RU�REHVH��

ZLWK�WKH�PDMRULW\�FODVVL¿HG�DV�REHVH�W\SH����%0,������±������42 
All patients had sleep apnea syndrome at baseline. Unsurpris-
ingly, in the studies that provided details on comorbid condi-
tions, most patients suffered from coronary heart disease. The 
study settings were sleep clinics at either academic hospitals or 
research centers. Outcome data were gathered by in-laboratory 
polysomnography (PSG) in six studies and home testing with 
portable monitors (PM) in one study (Rose), in accordance 
with recommendations by the American Academy of Sleep 
Medecine.43

Potential confounders for the results on opioid users would 
include opioid type, use period, administration route, use 

Table 3B²2YHUYLHZ�RI�WKH���LQFOXGHG�VWXGLHV�DQG�FKDUDFWHULVWLFV�RI�RSLRLG�XVHUV�

First Author, 
Year

Study 
Design n

Age 
(SD)

Sex 
(M/F)

BMI 
(SD)

Rationale 
for Opioids 
Use Opioids Used Opioid Dosage

Comorbid 
Conditions

*XLOOHPLQDXOW��
����

1HVWHG�
case-
control 
study

�� �����
�����

����� �����
�����

&KURQLF�
pain

PRUSKLQH��R[\FRGRQH�
PHWKDGRQH��
K\GURPRUSKRQH��
fentanyl

PRUSKLQH��Q�D��IHQWDQ\O��
��±���PFJ�7,'��
R[\FRGRQH���±���PJ�GD\��
K\GURPRUSKRQH���±��PJ�GD\��
PHWKDGRQH����±���PJ�GD\

6$6�������

-XQJTXLVW��
����

&URVV�
sectional 
study

�� �����
����

����� �����
���

&KURQLF�
pain

PHWKDGRQH��
R[\FRGRQH��PRUSKLQH�
IHQWDQ\O��K\GURFRGRQH��
SURSR[\SKHQH��
hydromorphone

1�$ 6$6���������
&9��

V\VWHPV�
�SXOPRQDU\�
�LQFOXGLQJ�
VPRNLQJ���
QHXURPXVFXODU��
'S��

5DPDU������ 1HVWHG�
case-
control 
study

�� �����
������

����� �����
�����

&KURQLF�
pain

1�$ 1�$ 6$6�&$6�RU�
&RPS6$6�
������

5RVH������ 1HVWHG�
case-
control 
study

�� �����
�����

����� �����
�����

&KURQLF�
pain

PRUSKLQH��R[\FRGRQH��
methadone

0(4������PJ���K 6$6�������

5RVWDPL��
����

1HVWHG�
case-
control 
study

�� �����
����

���� ������
���

Opium 
addiction

opium 1�$ 26$��������
+71��'0��+&��
Obesity

7URLWLQR������ 1HVWHG�
case-
control 
study

�� �����
�����


$OO�
����

�����
�����

&KURQLF�
pain

K\GURFRGRQH��
IHQWDQ\O��R[\FRGRQH��
PRUSKLQH��PHWKDGRQH��
EXSUHQRUSKLQH��
tramadol

0(4������PJ���K 6$6�&6$��RSLRLG�
UHODWHG����������
'0��������+71�
�������&$'�
�������'S�������
$OFRKROLVP�������

:DONHU������ 1HVWHG�
case-
control 
study

�� �����
������

����� �����
�����

&KURQLF�
pain

K\GURFRGRQH��
PHWKDGRQH��
R[\FRGRQH��
PRUSKLQH��IHQWDQ\O��
propoxyphene

0(4��������PJ���K 6$6���������
+71���������$5�
���������*(5'�
���������
+7����������
'S���������
'0�������

$5�� DUUWK\WKPLDV�� &$'�� FRURQDU\� DUWHU\� GLVHDVH�� &6$�� FHQWUDO� VOHHS� DSQHD�� &9�� FDUGLRYDVFXODU�� '0�� GLDEHWHV� PHOOLWXV�� 'S�� GHSUHVVLRQ�� *(5'��
JDVWURHVRSKDJHDO� UHÀX[�GLVHDVH��+&��K\SHUFKROHVWHUROHPLD��+71��K\SHUWHQVLRQ��+7��K\SRWK\URLGLVP��0(4��PRUSKLQH�HTXLYDOHQFH��1�$��QRW�DYDLODEOH��
26$��REVWUXFWLYH�VOHHS�DSQHD��6$6��VOHHS�DSQHD�V\QGURPH��7,'�� WKUHH� WLPHV�D�GD\�� 
,QFOXGHV�FRQWUROV�DQG�FDVHV�� 

5HSRUWHG�DV�QXPEHU�RI�V\VWHPV�
affected by comorbid diagnoses.
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duration, and dosage. For example, short- versus long-acting 
opioids have different action onset times and durations of an-
algesic activity.44 The opioid use period ranged from over one 
month to 15 years across studies, and data were unavailable in 
one study.18 Moreover, data on concomitant medications and 
opioid use on the day of sleep assessment were missing in most 
cases. One study clearly indicated that 14% of opioid users re-
ported taking a dose on the day of diagnostic PSG (Jungquist), 
DQG�DQRWKHU�VWXG\�FRQ¿UPHG�RSLRLG�LQWDNH�RQ�WKH�GD\�RI�36*�
(Guilleminault). We speculate that opioid use was also main-
tained in the 5 other studies included in the present analysis. 
Discontinuation of regular use of prescribed pain medications 
is not a common practice in clinical sleep studies.45 Note that 
the reported dosage might also differ from the actual dosage 
ingested on the day of the PSG. In fact, chronic pain patients 
tend to adjust their day-to-day dosage based on pain intensity.41

Four of the studies selected for our analysis reported patient 
use of centrally acting medications such as antidepressants or 
benzodiazepines.8,14,15,19 Control for the use of illicit drugs and 
over-the-counter medications is challenging in research. Like 
centrally acting medications, these substances potentially con-
tribute to SDB, interfere with sleep patterns, and can provoke 
drug interactions.14,15 The impact of concomitant medications 
was not assessed due to lack of information. Details on the 
administration route for long-term opioid use were missing, as 
well as opioid doses in some cases.16,18,19 CSA events appear to 
be positively correlated with the morphine-equivalent opioid 
dose (MED).19 Moreover, the wide interindividual variability 
in sensitivity to opioids could be attributed to environmental 
and genetic factors (i.e., genes encoding metabolic enzymes, 
opioid transporters, opioid system signal transduction me-
diators, or genes involved in opioid pharmacokinetics and 
pharmacodynamics).29,46

In the bias assessment for case-control studies, most crite-
ria showed low risk bias. The most problematic criterion was 

“Groups recruited from the same population,” with one article 
graded as high risk (Rose) and two articles graded as unclear 
risk (Rostami, Walker).

For the assessment of bias in Jungquist (cross-sectional 
study), the criteria “Exposure assessed prior to outcome mea-
VXUHPHQW´� DQG� ³6XI¿FLHQW� WLPHIUDPH� WR� VHH� DQ� HIIHFW´�ZHUH�
graded as high risk.

A slightly higher possibility of publication bias was found 
for AHI than CAI data, as presented in Appendix 2A and 2B.
$OWKRXJK� WKH�VHDUFK�VWUDWHJ\�ZDV�YHUL¿HG�E\�D�FHUWL¿HG� OL-

brarian, multiple search terms were used, and multiple data-
bases were searched, it remains possible that not all relevant 
articles were retrieved. Six of the seven studies advocated in-
tervention, indicating that long-term opioids have a deleterious 
effect on the AHI (Figure 2). The largest sample size study in 
our meta-analysis, Jungquist, demonstrated that chronic pain 
SDWLHQWV�ZLWKRXW�RSLRLG�WUHDWPHQW��Q� ������KDG�D�KLJKHU�$+,�
������ >6'�� ��@�� WKDQ� FKURQLF� SDLQ� SDWLHQWV� ZLWK� RSLRLG� WUHDW-
PHQW��Q� ������$+,������>6'����@���%HFDXVH�WKH�$+,�LV�GH¿QHG�
as the number of apneas and hypopneas per hour of sleep and 
takes into account obstructive, central, and mixed events, this 
discrepancy could be explained by the higher severity of ob-
structive sleep apnea syndrome (OSAS) in opioid non-users 

�REVWUXFWLYH�DSQHD�LQGH[�>2$,@��SDLQ�QR�RSLRLGV������>6'����@��
2$,� SDLQ�RSLRLGV�� ���� >6'�� �@��47� 7KH� VWDWLVWLFDOO\� VLJQL¿FDQW�
difference in average BMI between users and non-users (BMI 
SDLQ�QR� RSLRLGV�� ����� >6'�� �@� NJ�P2; BMI pain/opioids: 32.8 
>6'���@�NJ�P2) could be an aggravating factor for OSAS sever-
ity.48 In fact, Young and collaborators demonstrated that the 
RGGV�UDWLR�IRU�6'%��GH¿QHG�DV�$+,������IRU�D���6'�LQFUHPHQW�
in BMI was 4,17,49

)XUWKHUPRUH��LW�UHPDLQV�WR�EH�FODUL¿HG�ZKHWKHU�SDWLHQWV�ZKR�
are long-term opioid users feel greater pain intensity. First, opi-
oid non-users were prescribed antidepressants in 30% versus 
18% of opioid users, with 13% and 10% for anticonvulsants, 
respectively. These drugs, which are used as adjuvant therapy 
to manage chronic noncancer pain, could also contribute to 
SDB and sleep architecture alterations.1,12,14,50 Second, as men-
tioned in Jungquist’s study, each 1 increment in pain intensity 
increases central apnea events by 0.288 and decreases obstruc-
tive apneic events by 0.599 per hour. Accordingly, it is unclear 
why pain/non-opioid users have higher average OAI than pain/
opioid users.

All seven studies indicated a more pronounced deleterious 
effect on the CAI in OSA patients, as illustrated in Figure 3. 
In addition, Jungquist demonstrated that group membership 
(no pain, pain without opioid therapy, and pain with opioid 
therapy) was related to CSA and predicted an additional 6% 
of the variance besides risk factors in the CAI. No mean dif-
ference in central apnea was found between subjects with and 
ZLWKRXW�SDLQ��+RZHYHU��ORQJ�WHUP�RSLRLG�XVH�ZDV�VLJQL¿FDQWO\�
positively correlated with the mean CAI.

CONCLUSIONS

7KH�¿QGLQJV�RI�RXU�PHWD�DQDO\VLV�VXJJHVW� WKDW� ORQJ�WHUP�RSL-
oid use has a medium risk to increases CSA in OSA patients. 
However, the risk factors and mechanisms need to be further 
investigated in these SDB and non SDB patients using opioid 
over the long term. It would also be useful to verify the over-
all impact of long-term opioid use on sleep apnea diagnostic 
measures per category of morphine equivalent dose. In addi-
tion, the different phenotypes of breathing disturbances should 
be characterized, as suggested by Randerath and George.33 A 
recent review by Correa et al. found a roughly 24% prevalence 
of central sleep apnea in chronic opioid users. This alarming 
situation underscores the need for further prospective studies 
on the perioperative risks and management in this particular 
population.51�)LQDOO\��JLYHQ�WKH�VLJQL¿FDQW�ODFN�RI�UHOHYDQW�GDWD�
in 2014, the overall impact of opioid use for acute pain on sleep 
should be investigated using before-after study designs.
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