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Key	Points

Question

Is	the	use	of	quetiapine	in	low	doses	associated	with	increased	risk	of	diabetes?

Findings

In	this	nationwide	cohort	study	that	included	57 701	new	users	of	quetiapine	in	low	doses	and
without	severe	mental	illness,	the	incidence	of	diabetes	was	approximately	9	cases	per	1000	per-
son-years,	similar	to	that	of	a	reference	population	treated	with	selective	serotonin	reuptake	in-
hibitors	for	other	psychiatric	disorders.

https://www.ncbi.nlm.nih.gov/pmc/about/copyright/
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Meaning

Quetiapine	used	in	low	doses	was	not	associated	with	an	increased	risk	of	diabetes	among	individ-
uals	with	nonsevere	mental	illness	in	comparison	with	use	of	selective	serotonin	reuptake
inhibitors.

Abstract

Importance

Quetiapine	has	been	associated	with	increased	risk	of	type	2	diabetes	when	used	in	medium	or
high	doses	for	the	treatment	of	severe	mental	disorders.	It	is	not	known	whether	low	doses,	com-
monly	used	off-label	for	sedative-hypnotic	purposes,	are	also	associated	with	increased	risk	of
type	2	diabetes.

Objective

To	investigate	whether	there	is	an	association	between	prescription	of	low-dose	quetiapine	and
the	risk	of	type	2	diabetes.

Design,	Setting,	and	Participants

This	cohort	study	examined	nationwide	Danish	health	registers	for	data	regarding	new	users	of
quetiapine	(n = 185 938)	or	selective	serotonin	reuptake	inhibitors	(SSRIs)	(n = 1 031 920)	who
were	aged	18	years	or	older	between	January	1,	1998,	and	December	31,	2018.	Individuals	with
schizophrenia	or	bipolar	disorder	were	excluded.	Quetiapine-initiators	were	matched	1:1	with	ini-
tiators	of	SSRIs,	using	a	high-dimensional	propensity	score	(hdPS).	Maximum	follow-up	was	5
years.	Association	with	cumulative	dose	was	investigated,	using	a	case-control	approach	nested
among	quetiapine	users.	Data	analysis	was	performed	from	May	to	September	2020.

Exposures

Dispensing	of	quetiapine	or	SSRIs.	Quetiapine	prescriptions	were	limited	to	tablet	strengths	of	25
mg	and	50	mg	to	focus	on	low-dose	use.

Main	Outcomes	and	Measures

Incident	type	2	diabetes	was	de�ined	as	�irst	�illing	of	an	antidiabetic	medication,	�irst	register	di-
agnosis	of	type	2	diabetes	or	�irst	hemoglobin	A 	measurement	greater	than	or	equal	to	6.4%
(≥48	mmol/mol).	Incidence	rates	(IRs),	incidence	rate	ratios	(IRRs),	and	number-needed-to-harm
(NNH)	were	calculated	for	full	and	matched	cohorts	using	as-treated	and	intention-to-treat	ap-
proaches.	Odds	ratios	(ORs)	were	calculated	for	the	association	with	cumulative	quetiapine	dose.
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Results

Altogether,	896 285	patients	were	included	in	the	full	cohort;	538 164	(60%)	were	female	and	the
median	(interquartile	range)	age	was	47	(33-67)	years.	There	were	57 701	low-dose	quetiapine
initiators	and	838 584	SSRI	initiators.	The	matched	cohort	consisted	of	54 616	pairs.	In	as-treated
analyses,	the	incidence	of	type	2	diabetes	during	treatment	with	low-dose	quetiapine	(425	cases)
was	9.59	cases/1000	person-years	(PY)	(95%	CI,	8.72-10.5/1000	PY),	which	was	slightly	higher
than	for	SSRI	users	(8462	cases;	IR,	8.13/1000	PY;	95%	CI,	7.96-8.30/1000	PY),	resulting	in	a	sig-
ni�icant	IRR	of	1.18	(95%	CI,	1.07-1.30)	and	NNH	of	684	(95%	CI,	418-1873).	However,	the	be-
tween-group	difference	was	nonsigni�icant	in	the	hdPS-matched	cohort	(IR,	9.49	vs	IR,	9.58;	IRR,
0.99;	95%	CI,	0.87-1.13).	The	case-control	analysis	found	no	dose-response	association	of	low-
dose	quetiapine	with	diabetes	(OR	for	doubling	of	the	cumulative	dose:	1.02;	95%	CI,	0.95-1.09;	P 
= .54),	but	in	sensitivity	analyses	higher	daily	doses	were	associated	with	diabetes	(all	tablet
strengths:	OR,	1.08;	95%	CI,	1.03-1.13).

Conclusions	and	Relevance

In	this	cohort	study,	use	of	low-dose	quetiapine	was	not	associated	with	excess	risk	of	type	2	dia-
betes	in	comparison	with	SSRIs.

Introduction

Quetiapine	is	a	second-generation	antipsychotic	medication	labeled	for	treatment	of	schizophre-
nia,	bipolar	affective	disorder,	and	as	adjunctive	treatment	in	major	depression. 	Its	use	has	in-
creased	worldwide,	with	quetiapine	now	being	the	most	commonly	prescribed	antipsychotic	medi-
cation	among	adults	aged	20	to	64	years	in	10	of	14	countries. 	In	2010,	the	1-year	prevalence	of
quetiapine	use	among	publicly	insured	adults	in	the	US	was	as	high	as	3	users	per	100
inhabitants. 	Furthermore,	several	drug	utilization	studies	have	documented	considerable	use	of
quetiapine	in	conditions	other	than	labeled	indications,	such	as	anxiety	disorders	and
insomnia.

Quetiapine	is	associated	with	a	moderate	risk	of	metabolic	disturbances	in	comparison	with	other
second-generation	antipsychotic	medications, 	and	it	has	been	linked	to	an	increased	risk	of	type
2	diabetes	in	both	adolescents 	and	adults. 	An	observational	study	in	new	users	of	quetiap-
ine	in	relatively	low	doses	(≤200mg/d)	found	signi�icant	increases	in	fasting	blood	glucose	with
long-term	treatment.

Histaminergic	and	serotonergic	antagonism	plays	a	central	role	in	antipsychotic-induced
hyperglycemia, 	and	quetiapine	has	a	considerable	af�inity	for	both	the	H -	and	5-HT -receptors
involved. 	Antipsychotic	medications	with	high	af�inity	of	these	receptors,	including	quetiapine,
have	also	been	associated	with	type	2	diabetes	on	the	basis	of	adverse	drug	reaction	reports.
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As	quetiapine	occupies	H -	and	5-HT -receptors	extensively	at	low	doses,	which	are	typically
used	for	the	treatment	of	anxiety	and	insomnia, 	we	hypothesized	that	even	low	doses	of	queti-
apine	might	induce	metabolic	disturbances	leading	to	type	2	diabetes.	An	association	of	type	2	dia-
betes	with	low	doses	of	quetiapine	would	be	of	particular	concern	given	the	widespread	use	for
nonpsychotic	conditions,	such	as	insomnia.	Our	aim	was	thus	to	investigate	the	association	be-
tween	the	prescription	of	low-dose	quetiapine	and	type	2	diabetes	in	a	controlled	epidemiological
design.

Methods

Study	Design

We	conducted	a	register-based	cohort	study	to	assess	the	association	between	prescription	of
quetiapine	in	low	doses	and	the	risk	of	type	2	diabetes.	Access	to	deidenti�ied	data	was	approved
by	the	Danish	Health	Data	Authority.	According	to	Danish	legislation,	no	ethical	approval	or	in-
formed	consent	is	needed	for	register-based	studies.	This	study	followed	the	Reporting	of	Studies
Conducted	Using	Observational	Routinely	Collected	Data	for	Pharmacoepidemiological	Research
(RECORD-PE)	reporting	guideline 	(eTable	1	in	Supplement),	which	is	an	extension	of	the
Strengthening	the	Reporting	of	Observational	Studies	in	Epidemiology	(STROBE)	reporting
guideline.

As	mental	illness,	or	psychological	distress	in	general,	is	associated	with	type	2	diabetes	through	a
multitude	of	mechanisms, 	we	applied	an	active-comparator	design	to	minimize	confounding-
by-indication.	New	users	of	selective	serotonin	reuptake	inhibitors	(SSRIs)	were	chosen	as	refer-
ence	population,	as	SSRIs	are	frequently	prescribed	in	nonpsychotic	psychiatric	conditions	where
low-dose	quetiapine	might	also	be	used.	Furthermore,	SSRIs	have	not	been	associated	with	type	2
diabetes	to	the	same	extent	as	quetiapine.

Because	the	effect	of	antipsychotics	on	type	2	diabetes	risk	may	be	either	direct	on	pancreatic
beta-cells,	or	mediated	through	weight	gain,	we	analyzed	the	cohort	in	3	ways:	(1)	using	an	as-
treated	(AT)	approach	to	estimate	the	association	with	type	2	diabetes	while	being	treated,	(2)	us-
ing	an	intention-to-treat	(ITT)	approach	to	estimate	the	association	with	type	2	diabetes	among	all
who	initiated	treatment,	but	might	stop	because	of	other	side	effects	(eg,	sedation,	lipid	distur-
bances),	while	still	being	subject	to	weight	gain	or	pancreatic	dysfunction	from	the	drug,	and	(3)
analyzing	the	association	of	cumulative	dose	with	type	2	diabetes,	using	a	nested	case-control	ap-
proach	(eTable	1	in	Supplement).

Data	Sources

We	collected	data	from	4	different	Danish	health	care	data	sources	with	nationwide	coverage.
Data	on	prescription	of	quetiapine,	SSRIs,	and	other	medications	were	obtained	from	the	Danish
Register	of	Medicinal	Product	Statistics	(DRMPS). 	Data	on	inpatient	and	outpatient	diagnoses	for
outcome	and	comorbidity	assessment	were	obtained	from	the	Danish	National	Patient	Register.
Glycated	hemoglobin	A 	(HbA )	values	were	obtained	from	the	Danish	Laboratory	Databank,
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which	collects	laboratory	results	from	both	primary	care	clinics	and	hospitals.	Vital	status	and	mi-
gration	data	were	obtained	from	the	Danish	Civil	Register. 	Virtually	all	health	care	in	Denmark	is
tax-funded	and	freely	available	to	all	citizens,	which	results	in	near-complete	coverage	from	these
data	sources. 	In	Denmark,	antipsychotic	medications	are	only	available	via	prescription,	which
means	that	all	prescriptions	from	outpatient	services	and	primary	care	are	captured	in	DRMPS.
Altogether,	99%	of	SSRI	and	92%	of	quetiapine	use	is	accounted	for	by	this	data	source,	the	re-
mainder	being	dispensed	in	hospitals.

Study	Population	and	Exposure

We	identi�ied	prescriptions	of	low-dose	quetiapine	or	SSRIs	in	the	DRMPS	between	January	1,
1998,	and	December	31,	2018,	and	the	date	of	�irst	prescription	was	used	as	the	index	date.	We
pragmatically	de�ined	low-dose	quetiapine	use	as	�illing	of	prescriptions	for	25-mg	or	50-mg
tablets.	These	tablet	strengths	are	typically	used	for	sedative	or	hypnotic	purposes,	and	we	ex-
cluded	individuals	who	�illed	prescriptions	for	higher	tablet	strengths	(≥100	mg)	on	the	index
date	to	focus	on	low-dose	use.

Individuals	who	�illed	prescriptions	for	both	study	drugs	on	the	index	date	were	also	excluded,	to-
gether	with	individuals	without	continuous	register	coverage,	use	of	other	antipsychotic	medica-
tions,	or	use	of	the	other	study	drug	within	365	days	before	the	index	date.	Lastly,	individuals	with
diabetes,	severe	mental	illness,	or	age	younger	than	18	years	at	index	date	were	excluded.	Cohort
selection	is	depicted	in	eFigure	1	in	the	Supplement	and	codes	for	the	inclusion	and	exclusion	cri-
teria	in	eTable	1	in	the	Supplement.

Outcome	Definition

Incident	type	2	diabetes	was	the	de�ined	outcome.	It	was	de�ined	with	onset	as	(1)	�irst	prescrip-
tion	for	an	antidiabetic	medication	(Anatomical	Therapeutic	Chemical	code	[ATC]:	A10),	(2)	�irst
diagnosis	of	type	2	diabetes	in	registers	(E10-14	in	International	Statistical	Classi�ication	of
Diseases	and	Related	Health	Problems,	Tenth	Revision	[ICD-10]),	or	(3)	�irst	HbA 	measurement	of
greater	than	or	equal	to	6.4%	(≥48	mmol/mol).

Statistical	Analysis

Covariates	 We	used	logistic	regression	to	estimate	each	individual’s	propensity	to	�ill	prescrip-
tions	for	low-dose	quetiapine.	The	regression	model	included	age,	sex,	starting	year,	and	the	50
most	in�luential	prescriptions	or	diagnoses	(eTable	2	in	Supplement).	The	latter	was	selected	using
a	high-dimensional	propensity	score	(hdPS)	algorithm 	assessing	all	prescriptions	and	diagnoses
recorded	within	365	days	before	the	index	date.	Hereafter,	individuals	were	matched	1:1	using
nearest-neighbor	matching,	allowing	a	caliper	of	0.02	and	without	trimming	the	propensity	score
distribution	(eFigure	2	in	Supplement).	For	subgroup	analyses,	we	assessed	HbA 	measurements
within	183	days	before	and	7	days	after	the	index	date.	Standardized	mean	differences	(SMD)
were	used	to	assess	covariate	balance,	with	SMD	less	than	or	equal	to	0.1	indicating	adequate
balance.
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Intention-to-Treat	and	As-Treated	Analyses	 In	ITT	analyses,	all	individuals	were	followed	from	�ill-
ing	of	the	�irst	prescription	to	outcome,	death,	or	censoring.	Reasons	for	censoring	were	(1)	use
of	higher	tablet	strengths	of	quetiapine	(≥100	mg),	(2)	use	of	other	antipsychotic	medications,	(3)
use	of	the	other	study	drug,	(4)	diagnosis	of	severe	mental	illness	(eTable	1	in	Supplement),	(5)	di-
agnosis	of	type	1	diabetes,	(6)	emigration,	or	(7)	reaching	5	years	of	follow-up.

For	as-treated	(AT)	analyses,	follow-up	was	con�ined	to	the	�irst	treatment	episode	or	censoring
as	described	above,	whichever	occurred	�irst.	Treatment	episodes	were	constructed	by	assigning
a	duration	to	each	prescription	equivalent	of	the	number	of	tablets	�illed	(assuming	use	of	1
tablet/d),	adding	a	grace	period	of	90	days	between	prescriptions	to	account	for	irregular	use.
Gaps	exceeding	90	days	were	considered	a	gap	in	treatment.	Furthermore,	we	added	90	days	of
observation	to	the	last	prescription	to	capture	development	of	type	2	diabetes	occurring	shortly
after	treatment	cessation	and	to	avoid	immortal	time	bias.

We	calculated	crude	incidence	rate	ratios	(IRR)	and	incidence	rate	differences	(IRD)	with	95%	CIs
for	both	full	and	hdPS-matched	cohorts	from	the	number	of	events	per	1000	person-years	of	fol-
low-up	in	each	group.	Furthermore,	we	calculated	the	number-needed-to-harm	(NNH)	for	low-
dose	quetiapine-initiation	as	the	inverse	of	the	IRD.

Case-Control	Analysis	 To	investigate	the	association	between	cumulative	quetiapine	dose	and	type
2	diabetes,	we	conducted	a	case-control	analysis	nested	among	all	low-dose	quetiapine	users.	See
eMethods	in	the	Supplement.

Subgroup	and	Sensitivity	Analyses	 We	conducted	subgroup	analyses	strati�ied	on	sex,	age	group
(<65	years	or	≥65	years),	and	presence	of	prediabetes	at	baseline	(as	de�ined	in	eTable	1	in	the
Supplement).

To	test	the	impact	of	the	analytical	choices	on	the	results,	we	conducted	a	number	of	sensitivity
and	supplementary	analyses:	(1)	varying	the	grace	period	in	AT	analyses,	(2)	extending	the
washout	window,	(3)	extending	the	maximum	follow-up	time,	(4)	excluding	individuals	with	recur-
rent	depression,	(5)	using	inverse	probability	of	censoring	weights,	(6)	using	standardized	mortal-
ity	ratio	weights	as	an	alternative	to	hdPS-matching,	(8)	inclusion	of	100-mg	quetiapine	tablets,	(9)
inclusion	of	all	strengths	of	quetiapine	tablets,	(10)	using	Z-drugs	as	a	comparator,	and	(11)	using
olanzapine	as	an	active	assay	sensitivity	control	exposure.	For	further	description	and	rationale
for	these	analyses,	see	eMethods	in	the	Supplement.

The	signi�icance	threshold	was	set	at	P < .05.	Statistical	analyses	were	performed	using	Stata/MP
version	16.1	(StataCorp)	from	May	to	September	2020.

Results

The	full	cohort	included	896 285	patients;	538 164	were	female	(60%),	and	the	median	(in-
terquartile	range	[IQR])	age	was	47	(33-67)	years.	We	identi�ied	57 701	eligible	new	users	of	low-
dose	quetiapine	(median	[IQR]	age,	45	[30-64]	years;	29 141	female	patients	[51%])	and	838 584
eligible	new	users	of	SSRIs	(median	[IQR]	age,	47	[33-67]	years;	509 023	female	patients	[61%])
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in	the	DRMPS	between	January	1,	1998,	and	December	31,	2018	(Figure	1).	The	matched	cohort
consisted	of	54 616	pairs	with	covariate	balance	(SMD < 0.1)	on	relevant	characteristics,	except
for	alcohol-related	disorders	and	depression	(Table	1).	The	unmatched	low-dose	quetiapine	users
were	more	likely	to	be	diagnosed	with	depression,	have	alcohol-related	disorders,	and	use	mir-
tazapine	concurrently	(eTable	3	in	Supplement).

Median	(IQR)	follow-up	time	in	the	full	cohort	was	1.3	(0.3-3.3)	years	for	low-dose	quetiapine
users	and	5.0	(2.4-5.0)	years	for	SSRI	users.	For	AT	analyses,	the	median	(IQR)	follow-up	time	was
0.5	(0.3-0.8)	years	for	low-dose	quetiapine	users	and	0.7	(0.4-1.5)	years	for	SSRI	users.	The	me-
dian	(IQR)	number	of	prescriptions	was	1	(1-3)	for	low-dose	quetiapine	users	and	3	(1-8)	for
SSRI	users.	Among	low-dose	quetiapine	users,	20%	�illed	5	or	more	prescriptions	during	their
�irst	treatment	episode,	and	most	(99%)	used	quantities	corresponding	to	less	than	0.25	de�ined
daily	dose	(DDD)	per	day	as	calculated	by	the	World	Health	Organization	(eTable	4	in	the
Supplement).	For	further	details	on	follow-up,	censoring,	and	outcome	assessment,	see	eTable	4,
eTable	5,	and	eTable	6	in	the	Supplement.

Cumulative	incidence	of	type	2	diabetes	was	relatively	stable	in	both	the	full	and	matched	cohorts
during	the	follow-up	period	(Figure	2).	Use	of	low-dose	quetiapine	was	associated	with	a	slightly
elevated	risk	of	type	2	diabetes	compared	with	SSRIs	(IRR	for	AT,	1.18;	95%	CI,	1.07-1.30;	IRR	for
ITT,	1.13;	95%	CI,	1.06-1.21)	(Table	2).	However,	this	increased	risk	of	type	2	diabetes	was	not
present	in	the	hdPS-matched	cohort	(IRR	for	AT,	0.99;	95%	CI,	0.87-1.13;	IRR	for	ITT,	0.92;	95%	CI,
0.84-1.00)	(Table	2).

In	AT	analysis	of	the	full	cohort,	the	IR	of	type	2	diabetes	was	9.59/1000	person-years	(95%	CI,
8.72/1000	person-years	to	10.5/1000	person-years)	for	those	treated	with	low-dose	quetiapine
(n = 425)	and	8.13/1000	person-years	(95%	CI,	7.96/1000	person-years	to	8.30/1000	person-
years)	for	those	treated	with	SSRIs	(n = 8462),	resulting	in	an	IRD	of	1.46	(95%	CI,	0.53-2.39).	In
the	matched	cohort,	there	were	no	differences	in	IRs	for	low-dose	quetiapine	users	compared
with	SSRI	users	(IR = 9.49	vs	9.58,	respectively).	NNH	for	use	of	low-dose	quetiapine	was	high	in
both	AT	and	ITT	analyses	(NNH	for	AT	of	full	cohort = 684	[95%	CI,	418-1873];	NNH	for	ITT	of	full
cohort = 1038	[95%	CI,	664-2378])	(Table	2).

There	was	no	clear	association	between	cumulative	dose	of	quetiapine	(as	low-dose	treatment)
and	risk	of	type	2	diabetes.	The	OR	for	each	doubling	of	the	cumulative	dose	was	1.02	(95%	CI,
0.95-1.09;	P = .54).	Furthermore,	a	posthoc	analyses	of	clinically	relevant	dose	strata	found	no	sig-
ni�icant	increases	in	type	2	diabetes	risk	with	increasing	cumulative	doses,	and	con�idence	inter-
vals	were	overlapping	for	all	strata	(eTable	7	in	Supplement).

The	IR	of	type	2	diabetes	among	individuals	treated	with	low-dose	quetiapine	varied	considerably
across	subgroups.	In	subgroup	analyses	of	the	matched	cohort,	female	sex,	age	between	18	and
64	years,	and	prediabetes	at	baseline	were	each	associated	with	higher	IRs	of	type	2	diabetes	than
for	the	entire	sample	(Figure	3).	A	similar	pattern	was	observed	for	SSRI	users.	Prediabetes	at
baseline	was	associated	with	the	highest	IRs	observed	for	both	users	of	low-dose	quetiapine
(33.8-34.5	cases/1000	person-years)	and	SSRIs	(32.8-33.2	cases/1000	person-years).

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8105749/figure/zoi210113f1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8105749/table/zoi210113t1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8105749/figure/zoi210113f2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8105749/table/zoi210113t2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8105749/table/zoi210113t2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8105749/table/zoi210113t2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8105749/figure/zoi210113f3/
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Including	higher	tablet	strengths	in	the	exposure	de�inition	for	quetiapine	increased	the	associa-
tion	with	type	2	diabetes,	although	most	markedly	when	including	tablets	up	to	400	mg	(eFigure	3
in	the	Supplement).	A	similar	association	was	also	found	in	supplementary	case-control	analyses
including	higher	tablet	strengths	(doubling	of	dose:	OR,	1.08;	95%	CI,	1.03-1.13)	(eTable	7	in
Supplement).	Varying	the	grace	period	in	AT	analyses,	extending	washout	period	or	maximum	fol-
low-up,	or	excluding	individuals	with	recurrent	depression	was	not	associated	with	different	re-
sults	from	the	main	analysis	(eFigure	4	in	the	Supplement).	Application	of	inverse	probability	of
censoring	weights	and	standardized	mortality	ratio	weights	in	the	main	analysis	did	not	suggest	a
considerable	impact	on	the	results	from	informative	censoring	or	unmatched	individuals,	respec-
tively	(eTable	8	and	eTable	9	in	Supplement).	Using	Z-drugs	as	an	alternative	comparator	did	not
prove	useful,	as	individuals	treated	with	Z-drugs	were	found	to	have	an	unexpectedly	high	rate	of
type	2	diabetes	(eFigure	5	in	Supplement).	Finally,	the	use	of	olanzapine	as	an	active	control	expo-
sure	was	associated	with	assay	sensitivity	by	detecting	increased	risk	of	diabetes	among	olanzap-
ine	users	compared	with	SSRI	users	(eFigure	6	in	the	Supplement).

Discussion

In	this	nationwide	cohort	study,	we	did	not	�ind	an	increased	risk	of	developing	type	2	diabetes
with	prescription	of	low-dose	quetiapine	compared	with	a	psychiatrically	ill	reference	population
being	prescribed	SSRIs.

Considering	all	low-dose	quetiapine	users,	we	found	an	increased	risk	of	type	2	diabetes	associ-
ated	with	use	of	low-dose	quetiapine	compared	with	use	of	SSRIs	(IRR = 1.18).	However,	this	asso-
ciation	was	not	present	in	analyses	of	the	hdPS-matched	cohort	(IRR = 0.99).	This	difference	in	re-
sults	likely	represents	an	increased	risk	for	developing	type	2	diabetes	among	the	subgroup	of
quetiapine	users,	who	could	not	be	matched	to	the	reference	population,	and	was	unlikely	attrib-
utable	to	the	use	of	low-dose	quetiapine	itself.	Individuals	in	this	group	were	more	likely	to	have	a
history	of	major	depression,	recurrent	depression,	obesity,	or	use	of	mirtazapine	or	antihis-
tamines,	each	characteristics	that	are	likely	to	increase	the	risk	for	type	2	diabetes.

Incidence	rates	of	type	2	diabetes	were	higher	among	both	low-dose	quetiapine	and	SSRI	users
than	in	the	general	Danish	population.	Here	the	incidence	rate	was	6.1/1000	inhabitants/y	among
those	aged	45	to	54	years	in	2011 	in	comparison	with	the	IR	of	approximately	9/1000	PY	ob-
served	for	both	low-dose	quetiapine	and	SSRIs.	There	are	several	explanations	for	this	increased
incidence,	First,	the	risk	of	developing	type	2	diabetes	might	be	higher	among	individuals	with
psychiatric	morbidity,	such	as	depression,	in	which	both	quetiapine	and	SSRIs	are	used.	Second,
both	medications	might	carry	a	similar,	increased	risk	of	inducing	type	2	diabetes.	The	�irst	expla-
nation	is	supported	by	an	increased	incidence	of	type	2	diabetes	in	individuals	with	depression.
Regarding	the	second	explanation,	both	SSRIs	and	quetiapine	have	been	associated	with	develop-
ment	of	type	2	diabetes,	but	the	evidence	for	SSRIs	is	con�licting	and	the	association	is	probably
modest. 	In	direct	comparison	with	antidepressant	use,	quetiapine	(regardless	of	dosage)
was	associated	with	a	moderately	increased	risk	of	type	2	diabetes	(HR = 1.36).
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Prediabetes	at	baseline	was	associated	with	the	highest	IRs	observed	for	both	users	of	low-dose
quetiapine	(33.8-34.5	cases/1000	PY)	and	SSRIs	(32.8-33.2	cases/1000	PY).	This	�inding	must	be
interpreted	cautiously	as	the	number	of	individuals	with	HbA 	measurements	at	baseline	was
low	in	both	groups.	Furthermore,	there	was	no	clear	difference	between	users	of	low-dose	queti-
apine	and	SSRIs	and	the	high	IR	more	likely	re�lects	a	natural	progression	from	prediabetes	to
type	2	diabetes, 	regardless	of	exposure	to	medications.

We	found	no	association	of	increased	type	2	diabetes	risk	with	increasing	cumulative	dose,	when
exposure	was	con�ined	to	use	of	small	tablets	alone.	However,	there	was	a	clear	association	be-
tween	use	of	higher	cumulative	doses	and	risk	of	diabetes,	when	considering	higher	tablet
strengths	as	proxy	for	higher	daily	doses	(OR,	1.44;	95%	CI,	1.13-1.84).	Therefore,	the	daily	dose
is	likely	to	be	a	more	important	risk	factor	than	cumulative	dose	alone.

This	study	bene�its	from	several	design	characteristics:	The	high	number	of	individuals	allowed	us
to	perform	appropriate	propensity-score	matching	and	yield	results	with	reasonably	high	con�i-
dence.	Furthermore,	the	application	of	an	empirically	driven	matching	procedure,	using	all	pre-
scriptions	and	hospital	contacts,	ensured	a	high	degree	of	confounder	control,	which	is	a	major	is-
sue	in	observational	studies	of	diseases	with	multifactorial	etiology,	such	as	type	2	diabetes.	The
outcome	de�inition	was	improved	by	including	HbA 	measurements,	when	available.	Lastly,	we
conducted	multiple	supplementary	and	sensitivity	analyses	to	test	the	in�luence	of	critical	analytic
decisions	on	the	results	and	the	robustness	of	our	primary	data	analysis	strategy.

To	our	knowledge,	this	is	the	�irst	study	to	examine	the	risk	of	type	2	diabetes	with	low-dose	que-
tiapine	treatment,	speci�ically,	using	a	large,	nationwide	cohort	and	sophisticated	data	analytic
methods.	Using	this	design,	we	found	that	the	risk	of	type	2	diabetes	with	use	of	low-dose	quetiap-
ine	is	not	higher	than	among	SSRI-treated	controls,	although	it	is	higher	than	in	the	general	popu-
lation.	The	exclusion	of	a	substantial	type	2	diabetes	risk	with	low-dose	quetiapine	is	important,
given	the	increasing	number	of	low-dose	quetiapine	users	worldwide. 	Many	years	of	critical	at-
tention	to	the	long-term	use	of	benzodiazepines	and	hypnotics	is	a	possible	driver	of	this	increase,
and	could	have	created	a	new	public	health	problem,	if	low-dose	quetiapine	were	associated	with
considerable	type	2	diabetes	risk.	However,	the	high	NNH	(684)	suggests	that	this	risk	is	likely	not
important	for	the	individual	user	or	from	a	public	health	perspective,	as	it	will	not	result	in	a	sub-
stantial	number	of	new	type	2	diabetes	cases.	This	�inding	does	not	mean	that	metabolic	monitor-
ing	is	not	important	with	antipsychotic	treatment	at	any	dose,	as	some	individuals	will	develop
type	2	diabetes	during	treatment	and	as	type	2	diabetes	is	more	prevalent	in	the	psychiatric	popu-
lation	than	in	the	general	population.	It	is	also	important	to	note	that	our	results	and	conclusion
pertain	to	use	of	low-dose	quetiapine	alone	and	cannot	be	generalized,	such	as	to	higher	daily
doses	or	concomitant	use	with	other	antipsychotics	or	antidepressants.	These	populations	should
be	the	aim	of	future	studies	and	continuous	monitoring	of	metabolic	risk	factors,	such	as	body
mass	index,	blood	glucose,	blood	pressure	and	lipids,	should	apply	to	all	individuals	treated	with
antipsychotics	regardless	of	dose	or	indication	to	identify	and	intervene	in	patients	with	metabolic
disturbances.	The	high	proportion	of	new	users	without	HbA 	measurements	at	the	treatment
initiation	indicates	that	this	screening	has	been	insuf�icient,	as	described	before. 	Moreover,
it	is	unclear	to	what	degree	data	from	this	study	generalize	to	other	countries	and	cultures,	which
is	why	these	results	should	be	tested	in	other	samples.
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Limitations

Some	important	limitations	must	be	acknowledged.	There	is	no	obvious	comparator	with	low-
dose	quetiapine.	Other	antipsychotic	medications	commonly	used	in	low	doses,	such	as	olanzapine
or	risperidone,	are	also	associated	with	metabolic	disturbances, 	and	not	used	off-label	to	the
same	extent	as	quetiapine. 	SSRIs	are	not	an	ideal	comparator	because	of	their	association	with
weight	gain 	and	metabolic	disturbances. 	However,	these	associations	are	likely	to	be	in�lated
from	population-based	comparisons	and	not	solely	represent	the	potential	obesogenic	or	diabeto-
genic	effect	of	SSRIs. 	A	recent	study 	on	type	2	diabetes	risk	in	children	and	adolescents	who
initiated	SSRIs	compared	with	psychotherapy	found	only	small	increases	in	type	2	diabetes	risk,
which	adds	to	the	acceptability	of	SSRI	as	a	useful	and	valid	comparator	in	an	adult	population,	as
children	and	adolescents	have	a	higher	risk	of	drug-induced	type	2	diabetes	compared	with
adults. 	Furthermore,	we	tested	the	use	of	Z-drugs	as	an	alternative	comparator	but	found	it
to	be	unfeasible	because	of	increased	type	2	diabetes	risk	results.	Overall,	using	SSRIs	as	a	com-
parator	allowed	us	to	investigate	the	risk	of	quetiapine	in	a	population	with	nonsevere	mental	ill-
ness,	and	to	some	degree	separate	the	association	with	type	2	diabetes	risk	from	psychiatric
disorder/lifestyle	and	that	of	the	medication.	Another	limitation	is	the	low	number	of	HbA 	mea-
surements	at	baseline,	which	limits	the	value	of	this	subgroup	analysis	and	a	cautious	interpreta-
tion	of	these	results	are	needed.	Also,	information	on	body	mass	index	was	not	available	in	the
data	sources.	Inpatient	or	outpatient	diagnoses	of	obesity	were	included	in	the	propensity	score
model	to	take	this	important	risk	factor	into	account.	Finally,	the	overall	median	exposure	and	fol-
low-up	time	was	still	modest	and	longer-term	observations	would	have	further	increased	the	con-
�idence	in	our	�indings.

Conclusions

The	results	of	this	cohort	study	suggest	that	there	is	not	a	signi�icant	excess	risk	of	type	2	diabetes
with	use	of	low-dose	quetiapine	in	comparison	with	SSRIs.	As	this	study	focused	on	low-dose	que-
tiapine	alone,	future	studies	should	focus	on	higher	doses	or	concomitant	use	with	other	antipsy-
chotics	or	antidepressants.
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Figures	and	Tables

Figure	1.

Flow	Diagram	of	Cohort	Selection

SSRI	indicates	selective	serotonin	reuptake	inhibitor.

Within	1	year	of	cohort	entry.

Severe	mental	illness	includes	schizophrenia,	schizoaffective	disorder,	and	bipolar	affective	disorder.

a

b
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Table	1.

Baseline	Characteristics	of	Incident	Users	of	Low-Dose	Quetiapine	and	Selective	Serotonin	Reuptake-Inhibitors	in

Denmark	From	January	1998	to	December	2018

Full	cohort hdPS-matched	cohort

Participants,	No.	(%) SMD Participants,	No.	(%) SMD

Low-dose
quetiapine

SSRI Low-dose
quetiapine

SSRI

All 57 701 838 584 54 616 54 616

Sex

Female 29 141	(51) 509 023

(61)
0.21

27 383	(50) 26 237

(48)
0.04

Male 28 560	(49) 329 561
(39)

27 233	(50) 28 379
(52)

Age,	y

Median	(IQR) 45	(30-64) 47	(33-67) <0.01 45	(29-65) 46	(29-68) <0.01

18-64 43 349	(75) 610 368
(73)

0.05 40 898	(75) 39 357
(72)

0.06

65-79 7626	(13) 135 632

(16)

0.08 7226	(13) 8492	(16) 0.07

≥80 6726	(12) 92 584	(11) 0.02 6492	(12) 6767	(12) 0.02

Year	of	cohort	entry

1998-2002 83	(<1) 228 019
(27)

0.86 83	(<1) 260	(<1) 0.06

2003-2007 3622	(6) 249 081
(30)

0.64 3616	(7) 3430	(6) 0.01

2008-2012 12 820	(22) 219 460

(26)

0.09 12 622	(23) 12 358

(23)

0.01

2013-2018 41 176	(71) 142 460

(17)

1.31 38 295	(70) 38 568

(71)

0.01

Comorbidities

Hypertension 11 835	(21) 163 686

(20)

0.02 11 095	(20) 11 981

(22)

0.04

COPD 7701	(13) 100 860
(12)

0.04 7183	(13) 6801	(12) 0.02

Heart	failure 1369	(2) 22 458	(3) 0.02 1300	(2) 1482	(3) 0.02

Abbreviations:	COPD,	chronic	obstructive	pulmonary	disease;	hdPS,	high-dimensional	propensity	score;	IQR,	interquartile
range;	SMD,	standardized	mean	difference;	SSRI,	selective	serotonin	reuptake	inhibitor.
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Figure	2.

Cumulative	Incidence	of	Diabetes	After	Initiation	of	Treatment	With	Low-Dose	Antipsychotic	or	Selective
Serotonin	Reuptake	Inhibitors	(SSRIs)
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Table	2.

Risk	of	Diabetes	Associated	With	Use	of	Low-Dose	Quetiapine	Compared	With	SSRIs

Exposed,
No.

Follow-
up,	1000
PY

Diabetes,
No.

Incidence	rate,
cases/1000	PY
(95%	CI)

Incidence
rate	ratio
(95%	CI)

Incidence	rate
difference
(95%	CI)

NNH
(95%	CI)

As-treated
analysis

Full	cohort

Low-dose
quetiapine

57 701 44 425 9.59	(8.72	to
10.54)

1.18	(1.07	to
1.30)

1.46	(0.53	to
2.39)

684	(418
to	1873)

SSRI 838 584 1041 8462 8.13	(7.96	to	8.30) NA NA NA

PS	matched

Low-dose

quetiapine

54 616 42 397 9.49	(8.60	to

10.47)

0.99	(0.87	to

1.13)

−0.09	(−1.32	to

1.14)

−11537

(−760	to
876)

SSRI 54 616 58 553 9.58	(8.81	to

10.41)

NA NA NA

Intention-to-

treat	analysis

Full	cohort

Low-dose

quetiapine

57 701 110 895 8.16	(7.64	to	8.71) 1.13	(1.06	to

1.21)

0.96	(0.42	to

1.51)

1038	(664

to	2378)

SSRI 838 584 3158 22 718 7.19	(7.10	to	7.29) NA NA NA

PS	matched

Low-dose
quetiapine

54 616 105 837 7.97	(7.45	to	8.53) 0.92	(0.84	to
1.00)

−0.70	(−1.43	to
0.02)

−1423
(−700	to

41600)

SSRI 54 616 141 1223 8.67	(8.20	to	9.17) NA NA NA

Abbreviations:	NA,	not	applicable;	NNH,	number	needed	to	harm;	PS,	propensity	score;	PY,	person-years;	SSRI,	selective

serotonin	reuptake	inhibitor.
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Figure	3.

Subgroup	Analysis	of	Association	Between	Diabetes	and	Use	of	Low-Dose	Quetiapine	or	Selective	Serotonin
Reuptake	Inhibitors	(SSRIs)

Prediabetes	at	baseline	is	de�ined	as	one	glycated	hemoglobin	measurement	of	5.7%	to	6.3%	(39-47	mmol/mol)	within	6
months	before	and	7	days	after	cohort	entry	(only	available	for	9419	low-dose	quetiapine	users	[16%]	and	38 340	SSRI

users	[5%]	in	the	full	cohort	and	for	8648	low-dose	quetiapine	users	[16%]	and	10 656	SSRI	users	[20%]	in	the	hdPS-
matched	cohort).	hdPS	denotes	high-dimensional	propensity	score.


