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Effect of Paroxetine or Quetiapine Combined With Oxycodone
vs Oxycodone Alone on Ventilation During Hypercapnia
A Randomized Clinical Trial
Jeffry Florian, PhD; Rutger van der Schrier, MD; Victoria Gershuny, PhD; Michael C. Davis, MD, PhD;
Celine Wang, PharmD; Xiaomei Han, MD; Keith Burkhart, MD; Kristin Prentice, MS; Aanchal Shah, MS;
Rebecca Racz, PharmD; Vikram Patel, PhD; Murali Matta, PhD; Omnia A. Ismaiel, PhD; James Weaver, PhD;
Rodney Boughner, BS; Kevin Ford, PhD; Rodney Rouse, PhD, DVM, MBA; Marc Stone, MD; Carlos Sanabria, MD;
Albert Dahan, MD, PhD; David G. Strauss, MD, PhD

IMPORTANCE Opioids can cause severe respiratory depression by suppressing feedback
mechanisms that increase ventilation in response to hypercapnia. Following the addition of
boxed warnings to benzodiazepine and opioid products about increased respiratory depression
risk with simultaneous use, the US Food and Drug Administration evaluated whether other drugs
that might be used in place of benzodiazepines may cause similar effects.

OBJECTIVE To study whether combining paroxetine or quetiapine with oxycodone, compared
with oxycodone alone, decreases the ventilatory response to hypercapnia.

DESIGN, SETTING, AND PARTICIPANTS Randomized, double-blind, crossover clinical trial at
a clinical pharmacology unit (West Bend, Wisconsin) with 25 healthy participants from
January 2021 through May 25, 2021.

INTERVENTIONS Oxycodone 10 mg on days 1 and 5 and the following in a randomized order
for 5 days: paroxetine 40 mg daily, quetiapine twice daily (increasing daily doses from 100 mg
to 400 mg), or placebo.

MAIN OUTCOMES AND MEASURES Ventilation at end-tidal carbon dioxide of 55 mm Hg
(hypercapnic ventilation) using rebreathing methodology assessed for paroxetine or quetiapine
with oxycodone, compared with placebo and oxycodone, on days 1 and 5 (primary) and for
paroxetine or quetiapine alone compared with placebo on day 4 (secondary).

RESULTS Among 25 participants (median age, 35 years [IQR, 30-40 years]; 11 female [44%]),
19 (76%) completed the trial. The mean hypercapnic ventilation was significantly decreased
with paroxetine plus oxycodone vs placebo plus oxycodone on day 1 (29.2 vs 34.1 L/min;
mean difference [MD], −4.9 L/min [1-sided 97.5% CI, −� to −0.6]; P = .01) and day 5
(25.1 vs 35.3 L/min; MD, −10.2 L/min [1-sided 97.5% CI, –� to –6.3]; P < .001) but was not
significantly decreased with quetiapine plus oxycodone vs placebo plus oxycodone on day 1
(33.0 vs 34.1 L/min; MD, −1.2 L/min [1-sided 97.5% CI, −� to 2.8]; P = .28) or on day 5 (34.7 vs
35.3 L/min; MD, −0.6 L/min [1-sided 97.5% CI, −� to 3.2]; P = .37). As a secondary outcome,
mean hypercapnic ventilation was significantly decreased on day 4 with paroxetine alone vs
placebo (32.4 vs 41.7 L/min; MD, −9.3 L/min [1-sided 97.5% CI, −� to −3.9]; P < .001), but not
with quetiapine alone vs placebo (42.8 vs 41.7 L/min; MD, 1.1 L/min [1-sided 97.5% CI,
−� to 6.4]; P = .67). No drug-related serious adverse events were reported.

CONCLUSIONS AND RELEVANCE In this preliminary study involving healthy participants,
paroxetine combined with oxycodone, compared with oxycodone alone, significantly
decreased the ventilatory response to hypercapnia on days 1 and 5, whereas quetiapine
combined with oxycodone did not cause such an effect. Additional investigation is needed to
characterize the effects after longer-term treatment and to determine the clinical relevance
of these findings.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04310579
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V entilation in humans is tightly controlled by feedback
mechanisms involving carbon dioxide.1,2 When chemi-
cal receptors in the brain and the carotid body sense

increased carbon dioxide, ventilation increases to remove car-
bon dioxide from the body.1,2 Opioids decrease this ventila-
tory response to hypercapnia (Figure 1),2-5 which can lead to
severe respiratory depression and death.6 Some other drugs,
such as benzodiazepines, have minimal effects on ventila-
tion on their own at standard doses, but can exacerbate opioid-
induced respiratory depression.7

In 2016, the US Food and Drug Administration (FDA) re-
quired that drug labeling for benzodiazepines and opioids in-
clude boxed warnings about increased potential for respira-
tory depression with their simultaneous use.7 Following this
labeling change, the FDA took proactive steps to review
whether other drugs that might be used in place of benzodi-
azepines (as prescribed or off-label) may exacerbate opioid-
induced respiratory depression and conducted in vivo rat stud-
ies with 14 drugs from diverse pharmacological classes.8 The
selective serotonin reuptake inhibitor (SSRI) paroxetine and
the atypical antipsychotic quetiapine exacerbated oxycodone-
induced respiratory depression.8 To further investigate these
findings, this clinical trial involving healthy participants as-
sessed whether paroxetine-oxycodone or quetiapine-
oxycodone combinations decreased the ventilatory response
to hypercapnia compared with oxycodone alone.

Methods
Study Setting and Dates
A randomized, double-blind, 3-way crossover trial involving
healthy participants at a clinical pharmacology unit (Spauld-
ing Clinical Research, West Bend, Wisconsin) from January to
May 2021 evaluated the effects of paroxetine or quetiapine
combined with oxycodone, compared with oxycodone alone,
on the ventilatory response to hypercapnia (Figure 1). The Ad-
varra Institutional Review Board approved this study (https://
www.advarra.com). All participants provided written informed
consent. The protocol and statistical analysis plan are available
in Supplement 1.

Participants and Randomization
Participants were recruited by standard approaches for healthy
volunteer clinical pharmacology studies (ie, online advertis-
ing and emails or texts to individuals in the site’s database).
Self-identified race and ethnicity were collected in an open-
ended format by clinical staff as recommended by the FDA’s
guidance document Collection of Race and Ethnicity Data in
Clinical Trials.9 Key inclusion criteria were ages 18 to 50 years,
nonsmoking, and negative test results for alcohol or illicit
drugs. Participants were excluded if they had a history of sleep
disorders, panic disorder, panic attacks, generalized anxiety
disorder, hypoventilation syndrome, or sleep apnea; used opi-
oid or psychotropic drug within 60 days of the study start; had
a Mallampati score (predicts difficult tracheal intubation)
greater than 2; or could not tolerate the ventilatory assess-
ment procedure during screening.

Participants were randomized to 1 of 6 treatment se-
quences (Figure 1) using a random number generator in R sta-
tistical software. Randomization was conducted in block sizes
of 6 for the first 18 participants, and the remaining 2 partici-
pants were randomly assigned in 2 of the 6 treatment se-
quences. Replacement participants were assigned to the treat-
ment sequence of the participant they replaced.

Study Procedures and Interventions
Participants checked in to the clinic the day before the study
started, received study drugs on days 1 through 5 (oxycodone
on days 1 and 5, and paroxetine or quetiapine [or matched pla-
cebos] on days 1 through 5), and checked out on day 6. (See
Figure 1 for study drug dosing details.) This was repeated twice
with 7 days of washout between periods. Study drugs were ad-
ministered to align the time of maximum concentration for all
drugs at the 5-hour time point (paroxetine at 0 hours, oxyco-
done at 3 hours, quetiapine at 3 and 14 hours).Each period in-
cluded 16 ventilatory assessments (0 [predose], 4, 5, 6, 8, and
24 hours on days 1 and 5 and 0, 4, 5, and 6 hours on day 4) and
26 blood samples (0 [predose], 3, 4, 5, 6, 8, 9, 12, and 24 hours
on days 1 and 5 and 0, 3, 4, 5, 6, 8, 9, and 12 hours on day 4).
Plasma concentrations of paroxetine, quetiapine, oxyco-
done, and selected metabolites were measured by validated
liquid chromatography and tandem mass spectrometry
(eMethods 1 in Supplement 2).

Participant safety was monitored with clinical laboratory
tests, vital signs, electrocardiograms, and physical examinations.
Continuous pulse oximetry and telemetry were performed on
dayswhenoxycodonewasadministered,andnaloxonewasavail-
able for participants with severe respiratory depression. Crite-
ria for discontinuation of the study drugs included apnea defined
as discontinuation of rhythmic breathing for more than 90 sec-
onds, end-tidal carbon dioxide higher than 67.5 mm Hg, or oxy-
gen saturation less than 85% lasting more than 2 minutes.

Ventilatory Assessments
During each assessment, participants sat in an upright posi-
tion with a fitted mask attached to a pneumotachometer and

Key Points
Question Do specific psychotropic drug–opioid combinations
further decrease the ventilatory response to hypercapnia beyond
the respiratory depression caused by opioids alone?

Findings In this randomized crossover clinical trial that included 25
healthy participants, paroxetine plus oxycodone significantly
decreased mean hypercapnic ventilation compared with placebo
plus oxycodone on day 1 (29.2 vs 34.1 L/min, respectively) and day 5
(25.1 vs 35.3 L/min, respectively), whereas quetiapine plus
oxycodone did not significantly decrease mean hypercapnic
ventilation compared with placebo plus oxycodone on day 1 (33.0 vs
34.1 L/min, respectively) or day 5 (34.7 vs 35.3 L/min, respectively).

Meaning Further research is needed to determine the clinical
relevance of the finding of decreased ventilation during
hypercapnia when paroxetine is combined with oxycodone under
experimental conditions.
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Figure 1. Flow of Participants in Study, Interventions and Overall Study Design

81 Healthy volunteers assessed for eligibility

56 Not randomized
55 Excluded

1 Eligible to be a replacement participantb

36 Did not meet inclusion or exclusion criteriaa

19 Voluntarily withdrew

3 Randomization to
sequence ABC

1 Replacement
4 Received the

intervention

3 Included in the
primary analysis

1 Discontinued
(voluntary
withdrawal
during period 1)

3 Included in the
primary analysis

1 Discontinued
(adverse events
during period 2)

3 Included in the
primary analysis

1 Discontinued
(adverse events
during period 2)

4 Included in the
primary analysisd

1 Discontinued
(tested positive
for COVID-19
during period 2)

4 Included in the
primary analysis

2 Discontinued
(adverse events
during period 2)d

3 Included in the
primary analysis

4 Randomization to
sequence ACB

1 Replacement
5 Received the

intervention

3 Randomization to
sequence BAC
3 Received the

intervention

3 Randomization to
sequence BCA

1 Replacement
4 Received the

intervention

3 Randomization to
sequence CAB

1 Replacement
4 Received the

intervention

4 Randomization to
sequence CBA

1 Replacement
5 Received the

intervention

20 Randomizedc

Flow of participants in the studyA
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A

Study drugse

Day 1 Day 2 Day 3 Day 4

Placebo + oxycodone 10 mg Placebo Placebo Placebo

B Paroxetine 40 mg +
oxycodone 20 mg

Paroxetine 40 mg Paroxetine 40 mg Paroxetine 40 mg 

C Quetiapine 50 mg
2/d + oxycodone 10 mg

Quetiapine 100 mg 2/d Quetiapine 150 mg 2/d Quetiapine 200 mg 2/d 

Day 5

Placebo + oxycodone 1 mg

Paroxetine 40 mg +
oxycodone 20 mg

Quetiapine 200 mg +
oxycodone 10 mg

Study drug interventionsB
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Illustration of the ventilatory response to hypercapnia at baselinefC

a Ten participants had a Mallampati score greater than 2, (predicts difficult tracheal
intubation); 5, deemed unlikely to comply with protocol; 5, tested positive for
alcohol or illicit drugs; 7, abnormal medical history, laboratory results, or physical
examination findings.

b Participant was not needed as a replacement.
c Five participants replaced the 6 who did not complete all treatment periods.

The study design planned for 5 replacements.
d One participant was included in the primary analysis for only day 1, after which

the participant discontinued.

e See the Methods section for timing of study drug administration. Participants
received 4 mg of ondansetron 30 minutes before each dose of oxycodone on
days 1 and 5 only to prevent nausea and vomiting.

f Ventilation increases at an approximately linear rate after carbon dioxide
(PCO2) is higher than the ventilatory recruitment threshold (VRT).
The opioid causes small decreases in ventilation below the VRT, shifts the
VRT to the right, and decreases the rate of rise in ventilation as PCO2

increases further.2-4,6
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went through preparatory steps of relaxed breathing (5 min-
utes of room air then 3 minutes of 100% oxygen), hyperven-
tilation to decrease end-tidal carbon dioxide (1-2 minutes 100%
oxygen), followed by rebreathing.10,11 Upon switching the cir-
cuit to the rebreathing bag (7% carbon dioxide, 93% oxygen),
participants were instructed to take 3 deep breaths and then
breathe normally. This causes approximate equilibration of car-
bon dioxide in mixed venous blood, arterial blood, brain, and
lung with the rebreathing bag.1,11 Subsequently, carbon diox-
ide increases at an approximately linear rate as exhaled car-
bon dioxide is rebreathed through the closed circuit, which in-
creases ventilation above a certain carbon dioxide threshold
(Figure 1).1,12 The procedure continued until end-tidal carbon
dioxide was approximately 55 mm Hg (see eMethods 2 in
Supplement 2 for additional details). Rebreathing data were
reviewed by 2 independent assessors blinded to study treat-
ment and time of assessments to evaluate completeness
of data for study outcomes (statistical analysis plan in
Supplement 1 and eTable 1 in Supplement 2). Deidentified par-
ticipant data are available in Supplement 3 and Supple-
ment 4. The eDictionary in Supplement 2 contains a list of vari-
able names and definitions for the data sets.

Outcomes and Sample Size Calculation
The primary end point was the minute ventilation when end-
tidal carbon dioxide was 55 mm Hg (Figure 1), which has been
used in prior drug-induced respiratory depression studies.4,5

The primary outcome comparisons were performed between
paroxetine or quetiapine combined with oxycodone vs pla-
cebo combined with oxycodone, assessed separately on days
1 and 5. Day 1 was included because quetiapine can cause more
sedation after 1 dose than after 5 days of dosing,13 and it was
not known if a similar pattern would be observed with venti-
lation. Comparisons between paroxetine or quetiapine alone
vs placebo on day 4 were secondary outcomes.

Additional secondary outcomes included the maximum
plasma concentration and area under the curve (AUC) for
plasma concentration vs time of oxycodone when combined
with paroxetine or quetiapine compared with oxycodone with
placebo. Multiple exploratory outcomes (eTable 2 in Supple-
ment 2) were assessed as specified in the protocol and statis-
tical analysis plan, including pharmacokinetic parameters for
paroxetine and quetiapine, additional respiratory measure-
ments including during relaxed room-air breathing, sedation
assessments, and pharmacokinetic-pharmacodynamic
(concentration-response) modeling. Although reporting sum-
mary statistics for exploratory outcomes was prespecified,
comparisons between study treatments for the exploratory out-
comes were a post hoc assessment. In addition, study drug
maximum plasma concentration and AUC were compared
based on cytochrome-P450 2D6 (CYP2D6) metabolizer phe-
notype status as a post hoc assessment.

Sample size requirements were calculated based on 2 pri-
mary outcomes (day 1 and day 5) and adjusted for multiplic-
ity (α = .025). The assessments with paroxetine or quetiapine
were considered as separate experiments. A sample size of 20
participants was determined to have 90% power at a 1-sided
significance level to detect a 4-L/min decrease in the primary

end point (ventilation at 55 mm Hg end-tidal carbon dioxide)
assuming a standard deviation of 5 L/min, based on prior opi-
oid ventilatory studies.4,5 A 4-L/min decrease was the esti-
mated approximate effect size from 10 mg of oxycodone and
would indicate that paroxetine or quetiapine was further de-
creasing hypercapnic ventilation by a similar amount.4,5 The
protocol allowed for enrollment of up to 5 replacement par-
ticipants to account for discontinuations.

Statistical Analysis
All participants who completed paired rebreathing assess-
ments with placebo plus oxycodone and at least 1 of the other
2 study treatments (paroxetine plus oxycodone or quetiapine
plus oxycodone) for day 1 or day 5 were included in the pri-
mary analysis without imputation of missing data. Study treat-
ments were compared using a linear mixed-effects model with
baseline ventilation at an end-tidal carbon dioxide of 55 mm Hg
as a continuous variable; treatment, sequence, and period as cat-
egorical variables; and participant as a random effect. A simi-
lar analysis was performed on day 4 as a secondary outcome.
For pharmacokinetic analyses, all concentrations less than the
lower limit of quantitation were considered 0. Maximum oxy-
codone concentration and AUC were log-transformed and the
values between study treatments were compared using a lin-
ear mixed-effects model on days 1 and 5 with treatment as a cat-
egorical variable and participant as a random effect. Pharma-
cokinetic-pharmacodynamic modeling included drug
concentration as a continuous variable and random effects by
participant on the intercept and concentration variable
(eMethods 3 in Supplement 2). Demographics are reported with
standard descriptive statistics.

A 1-sided P value was used to assess the primary out-
comes because the study aim was to evaluate whether the
study drugs decreased ventilation, and a value <.025 was con-
sidered significant based on Bonferroni correction for 2 pri-
mary outcomes. A 1-sided P value <.025 was also considered
significant for the secondary ventilation outcome, and these
outcomes are reported with 1-sided upper 97.5% CIs. For sec-
ondary and exploratory outcomes assessing pharmacokinet-
ics, a difference in exposure was concluded if the 2-sided 90%
CI of the geometric mean ratio [GMR] excluded 1, which is stan-
dard in pharmacokinetic studies.14 Post hoc comparisons are
reported with 2-sided 95% CIs and a difference was reported
if the CIs excluded 0. Secondary and exploratory CIs are not
adjusted for multiplicity, and all analyses except for primary
outcomes should be interpreted as exploratory because of
the potential for type I error due to multiple comparisons.
Statistical analyses were performed in R (version 4.1.2; The
R Project for Statistical Computing).

Results
Study Participants
Twenty-five participants (20 originally randomized and 5 re-
placement participants; Figure 1) were enrolled (median age,
35 years [IQR, 30 to 40 years]; 11 female [44%]). Table 1 con-
tains additional participant characteristics, including resting
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respiratory measurements and CYP3A4 and CYP2D6 metabo-
lizer phenotypes. Nineteen participants completed the trial and
1 additional participant completed through day 1 of period 2
and had placebo plus oxycodone data available (Figure 1). Pri-
mary outcomes data were available for 20 participants on day
1 and 19 participants on day 5.

Primary Outcomes
The mean ventilation at 55 mm Hg end-tidal carbon dioxide
with the paroxetine plus oxycodone combination on day 1 was
29.2 L/min (95% CI, 25.7 to 32.7); with quetiapine plus oxyco-
done, 33.0 L/min (95% CI, 30.0 to 36.0); with placebo plus oxy-
codone, 34.1 L/min (95% CI, 31.1 to 37.2). The day 5 values were
25.1 L/min (95% CI, 21.2 to 29.0) with paroxetine plus oxyco-
done; 34.7 L/min (95% CI, 30.9 to 38.5) with quetiapine plus
oxycodone, and 35.3 L/min (95% CI, 31.4 to 39.2) with pla-
cebo plus oxycodone (Table 2).

Compared with placebo plus oxycodone, paroxetine plus
oxycodone significantly decreased ventilation on day 1 (mean
difference [MD], −4.9 L/min [1-sided 97.5% CI, −� to −0.6];
P = .01) and on day 5 (MD, −10.2 L/min [1-sided 97.5% CI,
−� to −6.3]; P < .001), while quetiapine plus oxycodone did not
significantly decrease ventilation on day 1 (MD, −1.2 L/min
[1-sided 97.5% CI, −� to 2.8]; P = .28) or day 5 (MD, −0.6 L/min
[1-sided 97.5% CI, −� to 3.2]; P = .37).

Secondary Outcomes
Figure 2 and eFigure 1 in Supplement 2 show pharmacody-
namic and pharmacokinetic data across days 1, 4, and 5 (for in-
dividual pharmacodynamic data, see eFigures 2 and 3 in Supple-
ment 2). On day 4, the oxycodone administered on day 1 had
washed out, allowing for a comparison between effects of par-
oxetine and quetiapine alone and placebo. Mean ventilation at
55 mm Hg end-tidal carbon dioxide on day 4 was 32.4 L/min
(95% CI, 28.2 to 36.5) with paroxetine alone, 42.8 L/min (95%
CI, 38.7 to 46.8) with quetiapine alone, and 41.7 L/min (95% CI,
37.7 to 45.6) with placebo (Table 2). Compared with placebo,
paroxetine alone significantly decreased ventilation (MD,
−9.3 L/min [1-sided 97.5% CI, −� to −3.9]; P < .001), whereas
quetiapine alone did not significantly decrease ventilation (MD,
1.1 L/min [1-sided 97.5% CI, −� to 6.4]; P = .67).

Paroxetine did not significantly increase oxycodone maxi-
mum plasma concentration (GMR, 1.06 [90% CI, 0.96 to 1.17])
or AUC (GMR, 1.03 (90% CI, 0.91 to 1.17) on day 1 but did sig-
nificantly increase oxycodone maximum plasma concentra-
tion (GMR, 1.30 [90% CI, 1.19 to 1.43]) and AUC (GMR, 1.10 [90%
CI, 1.02 to 1.19]) on day 5 (Table 2). Quetiapine did not signifi-
cantly increase oxycodone AUC on day 1 (GMR, 1.06 [90% CI,
0.98 to 1.15]) but did significantly increase oxycodone maxi-
mum plasma concentrations on days 1 (GMR, 1.25 [90% CI, 1.14
to 1.37]) and 5 (GMR, 1.39 [90% CI, 1.22 to 1.57]) and AUC on
day 5 (GMR, 1.27 [90% CI, 1.19 to 1.36]).

Exploratory Outcomes
Figure 3 displays the oxycodone-alone concentration-
response model and the day 5 primary end point observed data
for the drug combinations. Multidrug concentration-
response analysis (eTable 3 in Supplement 2) showed that in-

creasing concentrations of paroxetine and oxycodone were
each associated with decreased hypercapnic ventilation (par-
oxetine slope, −0.13 L/min per ng/mL [95% CI, −0.17 to −0.09];
oxycodone slope, −0.24 L/min per ng/mL [95% CI, −0.35 to
−0.12]), whereas an increasing concentration of quetiapine or
its metabolite norquetiapine was not associated with de-
creased hypercapnic ventilation (quetiapine slope, 0.015 L/min
per ng/mL [95% CI, 0.007 to 0.022]; norquetiapine slope,
−0.015 L/min per ng/mL [95% CI, −0.038 to 0.001]; oxyco-
done slope, −0.25 L/min per ng/mL [95% CI, −0.34 to −0.16]).

eFigure 4 in Supplement 2 displays respiratory outcomes
when participants were breathing room air at rest (ventila-
tion, respiratory rate, end-tidal carbon dioxide, and oxygen
saturation), participant-reported sedation, and slope of the hy-
percapnic ventilatory response curve on day 5. Comparisons
between treatment groups for these outcomes are described
in the Post Hoc Assessments section below. Additional explor-
atory pharmacokinetic (eFigure 5 and eTables 4 and 5) and
pharmacodynamic outcomes (eFigure 6, eTables 6 and 7) are
displayed in Supplement 2.

Post Hoc Assessments
Compared with placebo plus oxycodone at the 5-hour time
point on day 5, paroxetine plus oxycodone increased resting
end-tidal carbon dioxide (41.4 vs 37.4 mm Hg; MD, 4.0 mm Hg
[95% CI, 2.4 to 5.6 mm Hg]), decreased resting oxygen satu-
ration (95.5% vs 96.6%; MD, −1.1% [95% CI, −2.1% to −0.1%],

Table 1. Study Participant Demographics and Baseline Characteristics

Characteristic No. (%) (N = 25)
Age, median (IQR), y 35 (30-40)

Sex

Male 14 (56)

Female 11 (44)

Race, No. (%)a

Asian 2 (8)

Black or African American 12 (48)

White 11 (44)

Hispanic or Latino ethnicity 5 (20)

Body weight, median (IQR), kg 68 (61-81)

BMI, median (IQR) 24.8 (22.0-26.1)

Resting respiratory measurements, median (IQR) n = 24

Minute ventilation, L/min 7.8 (7.3-9.0)

Respiratory rate, breaths/min 15 (12-17)

Tidal volume, L 0.61 (0.54-0.68)

End-tidal carbon dioxide, mm Hg 37.1 (35.6-39.0)

Oxygen saturation, % 97.1 (95.9-98.0)

CYP3A4 metabolizer phenotype

Extensive metabolizers 25 (100)

CYP2D6 metabolizer phenotype

Extensive metabolizers 19 (76)

Intermediate metabolizers 6 (24)

Abbreviations: BMI, body mass index, calculated as weight in kilograms divided
by height in meters squared; CYP, cytochrome P450.
a Self-identified race and ethnicity were reported by participants in an

open-ended format.

Effect of Paroxetine or Quetiapine With Oxycodone vs Oxycodone Alone on Ventilation During Hypercapnia Preliminary Communication Research

jama.com (Reprinted) JAMA October 11, 2022 Volume 328, Number 14 1409

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Leiden University Libraries User  on 04/04/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.17735?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.17735
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.17735?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.17735
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.17735?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.17735
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.17735?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.17735
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.17735?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.17735
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.17735?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.17735
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.17735


and decreased the slope of the hypercapnic ventilatory re-
sponse curve (1.00 vs 1.44 L/min per mm Hg; MD, −0.44 L/min
per mm Hg [95% CI, −0.85 to −0.03]); quetiapine plus oxyco-
done increased resting end-tidal carbon dioxide (40.4 vs
37.4 mm Hg; MD, 3.0 mm Hg [95% CI, 1.4 to 4.6]), decreased rest-
ing oxygen saturation (95.2% vs 96.6%; MD, −1.4% [95% CI,
−2.4% to −0.4%]), and increased participant-reported seda-
tion (40 vs 25 mm; MD, 15 mm [95% CI, 3 to 28]). Additional post
hoc comparisons for exploratory outcomes are shown in
eTables 4 through 7 in Supplement 2. eTable 8 in Supplement 2
shows paroxetine, quetiapine, and oxycodone maximum plasma
concentration and AUC by CYP2D6 metabolizer phenotype. The
95% CIs of the GMR crossed 1 for all comparisons of CYP2D6
extensive vs intermediate metabolizer status.

Adverse Events
No serious adverse events occurred. Twenty-two partici-
pants (88%) experienced 1 or more adverse events. The most
commons adverse events were nausea (64%), dizziness (52%),
headache (48%), somnolence (32%), and fatigue (32%).
eTable 9 in Supplement 2 contains the incidence and number
of adverse events by treatment group.

Discussion

In this randomized, double-blind, crossover clinical trial in-
volving healthy participants, paroxetine (40 mg daily for 5 days)
combined with oxycodone (10 mg on days 1 and 5) compared
with oxycodone alone decreased ventilation when end-tidal
carbon dioxide was 55 mm Hg. In contrast, quetiapine (in-
creasing daily doses from 100 mg to 400 mg) combined with
oxycodone did not decrease ventilation when end-tidal car-
bon dioxide was 55 mm Hg.

The finding that paroxetine combined with oxycodone,
compared with oxycodone alone, decreased the ventilatory re-
sponse to hypercapnia is concerning because this is the pri-
mary feedback mechanism for the body to rescue itself from
opioid-induced respiratory depression.2,6 The secondary out-
comes supported that paroxetine decreased the ventilatory re-
sponse to hypercapnia through a direct pharmacodynamic ef-
fect rather than by a pharmacokinetic interaction because
paroxetine had a similar effect on its own compared with pla-
cebo on day 4. Furthermore, exploratory concentration-
response modeling supported that the increase in oxycodone

Table 2. Primary and Secondary Outcomes

No. of
participants

Mean
(2-sided 95% CI)

Mean difference
(1-sided 97.5% CI) P valuea

Primary outcomes

Ventilation at 55 mm Hg end-tidal PCO2, L/min Paroxetine + oxycodone Placebo + oxycodone

Day 1 20 29.2 (25.7 to 32.7) 34.1 (31.1 to 37.2) −4.9 (−� to −0.6) .01

Day 5 19 25.1 (21.2 to 29.0) 35.3 (31.4 to 39.2) −10.2 (−� to −6.3) <.001

Quetiapine + oxycodone Placebo + oxycodone

Day 1 20 33.0 (30.0 to 36.0) 34.1 (31.1 to 37.2) −1.2 (−� to 2.8) .28

Day 5 19 34.7 (30.9 to 38.5) 35.3 (31.4 to 39.2) −0.6 (−� to 3.2) .37

Secondary outcomes

Ventilation at 55 mm Hg end-tidal PCO2, L/min Paroxetine Placebo

Day 4 19 32.4 (28.2 to 36.5) 41.7 (37.7 to 45.6) −9.3 (−� to −3.9) <.001

Quetiapine Placebo

Day 4 19 42.8 (38.7 to 46.8) 41.7 (37.7 to 45.6) 1.1 (−� to 6.4) .67

GM (CV %) GMR (2-sided 90% CI) P valueb

Oxycodone maximum plasma concentration, ng/mL Paroxetine + oxycodone Oxycodone + placebo

Day 1 19 19.1 (25) 18.0 (30) 1.06 (0.96 to 1.17) .33

Day 5 19 23.4 (26) 18.0 (26) 1.30 (1.19 to 1.43) <.001

Quetiapine + oxycodone Oxycodone

Day 1 20 22.9 (28) 18.3 (30) 1.25 (1.14 to 1.37) <.001

Day 5 19 24.9 (26) 18.0 (26) 1.39 (1.22 to 1.57) <.001

Oxycodone AUC, ng/mL × h Paroxetine + oxycodone Oxycodone

Day 1 20 107 (29) 104 (20) 1.03 (0.91 to 1.17) .64

Day 5 19 112 (30) 102 (24) 1.10 (1.02 to 1.19) .05

Quetiapine + oxycodone Oxycodone

Day 1 20 113 (25) 107 (25) 1.06 (0.98 to 1.15) .24

Day 5 19 129 (23) 102 (24) 1.27 (1.19 to 1.36) <.001

Abbreviations: AUC, area under the curve; CV, coefficient of variation;
GM, geometric mean; GMR, geometric mean ratio; PCO2, end-tidal partial
pressure of carbon dioxide.
a A 1-sided P value <.025 was considered significant for the primary and

secondary ventilation outcomes.

b A difference in exposure was concluded if the 2-sided 90% CI of the geometric
mean ratio excluded 1 (2-sided P < .1).
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Figure 2. Minute Ventilation at End-Tidal Carbon Dioxide of 55 mm Hg
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concentration with paroxetine did not explain the observed
effect of paroxetine on the primary outcome (Figure 3 and
eTable 3 in Supplement 2). This study included exploratory out-
comes of resting respiratory measures while participants
breathed room air for 5 minutes prior to the rebreathing pro-
cedure. When performing post hoc comparisons at the pri-
mary end point time on day 5, neither drug combination sig-
nificantly decreased resting minute ventilation; however, both
drug combinations significantly increased resting end-tidal car-
bon dioxide (by ≈ 3-4 mm Hg) and decreased resting oxygen
saturation (by ≈ 1.1%-1.4%).

In the nonclinical study that motivated this clinical trial,8

quetiapine caused a substantially larger increase in oxyco-
done maximum plasma concentration than what was ob-
served in this clinical trial, likely explaining the different respi-
ratory effects observed with the quetiapine-oxycodone
combination in the nonclinical study vs this clinical trial. This
was likely due to interspecies differences in pharmacokinetics
and that substantially higher doses of each drug were admin-
istered. The nonclinical study findings with paroxetine were
similar to those observed in this trial. Review of older litera-
ture identified additional nonclinical studies supporting a re-
lationship between certain systemically administered drugs that
affect serotonin and ventilatory depression.15-20 Inhibition of
serotonin synthesis increased baseline ventilation and the ven-
tilatory response to carbon dioxide, which was reversed by ad-
ministering a serotonin precursor.18-20 Furthermore, morphine-
induced respiratory depression was enhanced by drugs that
increase serotonin, including monoamine oxidase inhibitors and
the SSRI fluoxetine.18,19 Other studies identified a relationship
between paroxetine or fluoxetine alone and decreased
ventilation.21-24 Additional studies have shown that specific

types of serotonin neurons increase their firing rate in re-
sponse to hypercapnia and that activation of specific seroto-
nin receptor subtypes stimulates ventilation.25 However, par-
oxetine does not bind to serotonin receptors at clinically relevant
concentrations but rather is highly selective for inhibiting the
serotonin transporter, leading to its SSRI properties.26

Regarding clinical data, a retrospective analysis of pa-
tients referred to a sleep clinic found that SSRIs, compared with
a norepinephrine-dopamine reuptake inhibitor, were associ-
ated with impaired breathing and worse nocturnal oxygen
saturation.27 Several previous studies involving patients with
panic disorder used inhalation of carbon dioxide as a trigger for
anxiety and panic symptoms. In addition to finding that mul-
tiple SSRIs28-31 and certain tricyclic antidepressants28,29 de-
creased hypercapnia-induced anxiety, a subset of studies using
the carbon dioxide rebreathing method found that chronic treat-
ment with SSRIs or certain tricyclic antidepressants decreased
the ventilatory response to hypercapnia in this population.32,33

In overdose, paroxetine and other SSRIs are not known to cause
severe respiratory depression or death on their own,34 suggest-
ing that ventilatory depressant effects may plateau after ex-
ceeding a certain exposure, which is consistent with the find-
ings from the nonclinical study with paroxetine alone.8

Sound data regarding concomitant medications can be dif-
ficult to obtain on patients who overdose while taking opioids
because information often relies on death certificates, which
vary by death investigation practice (eg, performing compre-
hensive postmortem drug testing) and reporting practice
(eg, focusing on a single lethal drug or listing multiple drugs).35

Retrospective analyses of administrative health care data that
grouped all antidepressants together identified prior anti-
depressant prescription as a predictor of opioid overdose or

Figure 3. Oxycodone Concentration-Response Model and Observed Data for Drug Combinations
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mean ventilation at 55 mm Hg carbon dioxide (values in Table 2) and geometric
mean oxycodone plasma concentration with placebo plus oxycodone was
14.7 ng/mL (coefficient of variation [CV], 31%); oxycodone concentration with
paroxetine, 18.2 ng/mL (CV, 21%); and oxycodone concentration with
quetiapine, 19.6 ng/mL (CV, 21%).
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serious opioid-induced respiratory depression, and antidepres-
sant use was included in a developed risk index.36,37 However,
these studies36,37 did not evaluate the causal link between an-
tidepressants and overdose and were limited by potential treat-
ment and outcome misclassification. An additional recent ret-
rospective analysis with similar limitations and the potential for
unmeasured confounding variables found that use of SSRIs that
inhibit oxycodone metabolism (paroxetine or fluoxetine; in-
hibit CYP2D6) at the time of oxycodone initiation was associ-
ated with a small but significantly higher risk of opioid over-
dose compared with the use of other SSRIs.38 The results from
this clinical trial confirmed that paroxetine caused a relatively
small increase in oxycodone concentration; however, quetiap-
ine, which inhibits CYP3A4, also increased oxycodone plasma
concentration without affecting the primary outcome.

This clinical trial is a part of the FDA’s proactive work to ad-
dress the opioid crisis and help reduce opioid overdoses and
deaths and more specifically to determine whether drugs that
might be used in place of benzodiazepines may also exacer-
bate opioid-induced respiratory depression.8 The findings may
have important clinical implications for patients taking par-
oxetine, or potentially other SSRIs, who concomitantly use opi-
oids, but further research is needed to determine this. SSRIs take
approximately 3 weeks to reach maximal therapeutic effect,
which correlates with the time required for presynaptic inhibi-
tory serotonergic receptors to densensitize.39,40 Some prior non-
clinical studies suggest different effects of SSRIs on respira-
tion over a similar time frame.21 Further clarifying the potential
time-dependent risks of SSRIs when combined with opioids will
be important because treating co-occurring mental health con-
ditions is a critical part of addressing the opioid crisis.

Limitations
This study has several limitations. First, it is not known if the
findings with paroxetine will extend to other SSRIs; however,
as reviewed in this article, the effects may be due to par-
oxetine’s primary mechanism of action common among SSRIs.
Second, the study was conducted in a controlled setting with
procedures to increase end-tidal carbon dioxide. Although this
differs from what patients would experience, the method al-
lows testing drug combinations at doses that do not lead to se-
vere respiratory depression when breathing room air while still
assessing ventilatory effects as carbon dioxide increases, which
reflects the physiology of severe respiratory depression seen
with opioid overdoses.2,6 Third, the study involved healthy
participants with 5 days of dosing; thus, it is not known if the
paroxetine effect on ventilation would persist with longer-
term treatment. However, clinical studies discussed earlier
that involved patients referred to a sleep clinic and with panic
disorder suggest that SSRIs affect ventilation after longer-
term treatment.27,33

Conclusions
In this preliminary study that involved healthy participants,
paroxetine combined with oxycodone, compared with oxyco-
done alone, significantly decreased the ventilatory response
to hypercapnia on days 1 and 5, whereas quetiapine com-
bined with oxycodone did not cause such an effect. Addi-
tional investigation is needed to characterize the effects after
longer-term treatment and to determine the clinical rel-
evance of these findings.
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