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Abstract
Background: Androgen	 deprivation	 therapy	 (ADT),	 used	 increasingly	 in	 the	
treatment	of	prostate	cancer	(PCa),	negatively	influences	glycemic	control	in	dia-
betes	and	 is	associated	with	an	 increased	risk	of	diabetes	complications	where	
hospitalization	commonly	ensues.	Metformin	could	decrease	the	metabolic	con-
sequences	of	ADT	and	enhance	 its	effect.	This	study	examined	the	association	
of	metformin	use	with	healthcare	resources	utilization	among	diabetic,	PCa	pa-
tients	receiving	ADT.
Methods: Diabetic	adults	with	PCa	on	ADT	in	Hong	Kong	between	December	
1999	 and	 March	 2021	 were	 identified.	 Patients	 with	 <6  months	 of	 concurrent	
metformin	and	ADT	use	were	excluded.	All	included	patients	were	followed	up	
until	September	2021.	The	outcomes	were	hospital	attendances	and	related	costs.
Results: In	total,	1,284	metformin	users	and	687	non-	users	were	studied.	Over	
8,045	person-	years,	9,049	accident	and	emergency	(A&E),	and	21,262	inpatient	
attendances,	with	11,2781	days	of	hospitalization	were	observed.	Metformin	users	
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In	 prostate	 cancer	 (PCa)	 patients,	 androgen	 deprivation	
therapy	(ADT)	 is	 the	 landmark	treatment	and	is	usually	
continued	 until	 evidence	 of	 treatment	 resistance	 in	 ad-
vanced	and	metastatic	disease.1	While	the	use	of	ADT	has	
been	 on	 the	 rise	 in	 recent	 years,	 evidence	 shows	 that	 it	
may	 increase	 the	 risk	 of	 adverse	 events	 where	 hospital-
ization	commonly	ensues.2,3	Nonetheless,	most	 cost	and	
healthcare	resources	analyses	in	PCa	are	related	to	other	
primary	treatments	of	PCa.4

In	diabetic	patients	with	PCa,	metformin	may	reduce	
the	metabolic	side	effects	incurred	by	ADT	as	well	as	pro-
mote	its	efficacy.5	Therefore,	metformin	used	in	conjunc-
tion	with	ADT	may	lower	the	rate	of	hospitalization	and	
its	related	costs.	This	may	help	alleviate	the	economic	bur-
den	of	PCa,	which	 is	an	 increasingly	 important	concern	
in	Asia	where	its	incidence	is	rising.6	We	have	previously	
shown	that	metformin	use	in	patients	with	PCa	receiving	
ADT	was	associated	with	significantly	lower	risks	of	all-	
cause	 and	 PCa-	related	 mortality,7	 but	 the	 healthcare	 re-
sources	 and	 economic	 implications	 of	 such	 associations	
has	 remained	 unknown.	 This	 study	 thus	 compared	 the	
rates	of	hospital	attendances	and	the	associated	costs	be-
tween	metformin	users	and	non-	users	among	Asian,	dia-
betic	adults	with	PCa	receiving	ADT.

This	study	has	been	ethically	approved	by	the	relevant	
institutional	review	board.	Patients	≥18	years	old	with	PCa	
and	diabetes	mellitus	(DM)	receiving	ADT	in	Hong	Kong	
between	 1	 December	 1999	 and	 31	 March	 2021	 were	 in-
cluded.	Diagnosis	of	PCa	was	identified	by	International 
Classification of Diseases, Ninth Revision	 (ICD-	9)	 codes	
(Table S1),	while	that	of	DM	was	determined	by	the	cor-
responding	ICD-	9	codes,	use	of	antidiabetic	medications	
at	baseline,	or	HbA1c	level	>6.5%	prior	to	ADT	initiation.	
ADT	included	bilateral	orchidectomy	(BO)	and	chemical	
castration	 (gonadotropin	 releasing	 hormone	 agonists	 or	
gonadotropin	releasing	hormone	antagonists).

Patients	with	<6 months	of	chemical	castration	without	
subsequent	BO,	<6 months	of	concurrent	metformin	and	

ADT	use,	or	missing	baseline	HbA1c	value	were	excluded.	
Metformin	users	had	≥6 months	of	concurrent	metformin	
and	ADT	usage,	while	non-	users	had	no	concurrent	usage	
of	metformin	and	ADT	or	never	used	metformin.

Continuous	variables	were	expressed	as	mean	±	stan-
dard	deviation.	To	balance	covariates	between	metformin	
users	 and	 non-	users,	 inverse	 treatment	 probability	
weighting	 (IPTW)	 using	 demographics,	 comorbidities,	
medications	 use,	 type	 of	 ADT,	 and	 PCa	 treatment	 was	
performed	 with	 a	 generalized	 boosted	 model	 with	 a	
maximum	 of	 10,000	 regression	 trees,	 with	 an	 iteration	
stopping	 point	 that	 minimized	 the	 maximal	 absolute	
standardized	 mean	 difference	 in	 effect	 size	 between	
groups.	Standardized	mean	difference	(SMD)	was	used	
to	 reflect	 inter-	group	 balance	 of	 covariates,	 with	 SMD	
values	≤0.1	considered	to	reflect	good	balance.	Negative	
binomial	 regression	 with	 IPTW	 using	 follow-	up	 du-
ration	 as	 an	 exposure	 variable	 was	 applied	 to	 estimate	
incidence	 rates	 (IR)	 of	 each	 group	 and	 incidence	 rate	
ratios	(IRR)	between	groups	for	accident	and	emergency	
(A&E)	and	inpatient	attendances,	with	95%	confidence	
intervals	(CI).	The	annualized	length	of	hospitalization	
and	 its	 between-	group	 ratio	 was	 also	 estimated	 using	
negative	binomial	regression	as	detailed	above.	A&E	and	
inpatient	attendance	costs	were	calculated	by	multiply-
ing	the	number	of	attendances	with	the	per-	attendance	
cost	(€148.7),	and	the	length	of	hospitalization	with	the	
daily	 hospitalization	 cost	 (€616.5)	 as	 published	 by	 the	
Hong	Kong	Hospital	Authority	 in	2020.8	The	total	cost	
related	to	hospital	attendances	was	defined	as	the	sum	
of	A&E	and	inpatient	attendance	costs.	A	cost	ratio	with	
95%	 CI	 was	 estimated	 for	 the	 total	 cost	 related	 to	 hos-
pital	 attendances	 by	 using	 a	 generalized	 linear	 model	
with	 IPTW,	 log	 link,	 gamma	 distribution,	 and	 robust	
standard	errors.	The	annual	cost	related	to	hospital	at-
tendances	was	also	estimated	for	each	group	using	the	
same	 generalized	 linear	 model	 as	 above.	 A	 sensitivity	
analysis	was	performed	where	all	comparative	analyses	

had	significantly	fewer	A&E	attendances	(incidence	rate	ratio	(IRR):	0.61	[95%	
confidence	interval	0.54–	0.69],	p	<	0.001),	inpatient	attendances	(IRR:	0.57	[0.48–	
0.67],	 p	<	0.001),	 and	 days	 of	 hospitalization	 (IRR:	 0.55	 [0.42–	0.72],	 p	<	0.001).	
Annual	attendance	costs	were	 lower	 for	metformin	users	 than	non-	users	 (cost	
ratio:	0.28	[0.10–	0.80],	p = 0.017).
Conclusions: Metformin	 use	 was	 associated	 with	 decreased	 hospital	 attend-
ances,	 days	 of	 hospitalization,	 and	 associated	 costs,	 which	 could	 help	 reduce	
healthcare	resource	utilization	following	ADT	in	the	treatment	of	PCa.

K E Y W O R D S

androgen	deprivation	therapy,	diabetes,	medical	costs,	metformin,	prostate	cancer
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were	 performed	 using	 multivariable	 adjustments	 in-
stead	of	IPTW.	All	p	values	were	two-	sided,	and	p	<	0.05	
was	considered	as	statistically	significant.	The	statistical	
analyses	were	done	using	Stata	v16.1.

In	 total,	 2,886	 patients	 were	 identified	 as	 eligible	 for	
inclusion.	 After	 applying	 the	 exclusion	 criteria,	 1,971	
patients	 (age	 76.2	±	7.8	years	 and	 follow-	up	 duration	
4.1	±	3.2	years)	were	analyzed	(Figure S1),	of	whom	1,284	

were	 metformin	 users,	 and	 687	 were	 metformin	 non-	
users.	 The	 baseline	 characteristics	 of	 included	 patients	
were	summarized	(Table 1),	and	IPTW	achieved	satisfac-
tory	balance	of	covariates	between	groups	(all	SMD	≤0.1).

Over	 a	 total	 of	 8,045	 person-	years,	 9,049	 A&E	 atten-
dances,	 21,262	 inpatient	 attendances,	 and	 112,781	days	
of	 hospitalization	 were	 observed.	 The	 IR	 and	 IRR	 for	
each	 group,	 with	 metformin	 non-	users	 as	 reference,	

T A B L E  1 	 Baseline	characteristics	with	standardized	mean	differences	(SMD)	before	and	after	inverse	probability	treatment	weighting	
(IPTW).

Metformin non- users 
(N = 687)

Metformin users 
(N = 1284)

Unweighted 
SMD

SMD with 
IPTW

Age,	years 78.3	±	7.8 75.1	±	7.7 0.42 0.08

Use	of	GnRH	agonist	or	antagonist,	n	(%) 452	(65.8) 867	(67.5) 0.04 <0.01

Bilateral	orchidectomy,	n	(%) 321	(46.7) 561	(43.7) 0.06 0.06

Hypertension,	n	(%) 415	(60.4) 580	(45.1) 0.31 0.09

Ischemic	heart	disease,	n	(%) 194	(28.2) 222	(17.3) 0.26 0.08

Myocardial	infarction,	n	(%) 75	(10.9) 47	(3.7) 0.28 0.07

Heart	failure,	n	(%) 108	(15.7) 84	(6.5) 0.29 0.09

Stroke	or	transient	ischemic	attack,	n	(%) 144	(21.0) 152	(11.8) 0.25 0.08

Chronic	kidney	disease,	n	(%) 109	(15.9) 35	(2.7) 0.46 0.12

Anemia,	n	(%) 108	(15.7) 111	(8.6) 0.22 0.07

Atrial	fibrillation,	n	(%) 61	(8.9) 72	(5.6) 0.13 0.03

Chronic	liver	disease,	n	(%) 15	(2.2) 29	(2.3) <0.01 0.02

Chronic	obstructive	pulmonary	disease,	n	
(%)

39	(5.7) 58	(4.5) 0.05 0.03

Hyperlipidemia,	n	(%) 170	(24.7) 267	(20.8) 0.09 0.02

Ever	underwent	radiotherapy,	n	(%) 116	(16.9) 238	(18.5) 0.04 0.02

Ever	underwent	radical	prostatectomy,	n	
(%)

233	(33.9) 405	(31.5) 0.05 <0.01

Any	other	malignancy,	n	(%) 104	(15.1) 151	(11.8) 0.10 0.03

ACEI/ARB	use,	n	(%) 402	(58.5) 821	(63.9) 0.11 0.06

Beta-	blocker	use,	n	(%) 403	(58.7) 571	(44.4) 0.29 0.08

Dihydropyridine	calcium	channel	blocker	
use,	n	(%)

492	(71.6) 796	(61.9) 0.21 0.07

Non-	metformin	anti-	diabetic	medications,	
n	(%)

449	(65.4) 919	(71.6) 0.14 0.04

Insulin	use,	n	(%) 222	(32.3) 279	(21.7) 0.24 0.08

Statin	use,	n	(%) 419	(61.0) 763	(59.4) 0.03 <0.01

Corticosteroid	use,	n	(%) 153	(22.3) 23	(15.8) 0.17 0.06

Antiplatelet	use,	n	(%) 335	(48.8) 442	(34.4) 0.30 0.07

Anticoagulant	use,	n	(%) 50	(7.3) 65	(5.1) 0.09 0.02

Androgen	receptor	antagonist	use,	n	(%) 257	(37.4) 579	(45.1) 0.15 0.10

Prior	chemotherapy,	n	(%) 3	(0.4) 8	(0.6) 0.03 0.02

Chemotherapy	concurrent	with	ADT,	n	(%) 36	(5.2) 129	(10.0) 0.18 0.06

HbA1c,	% 6.7	±	1.2 7.2	±	1.3 0.34 0.08

Note:	Mean	±	standard	deviation	or	frequency	(count).
Abbreviations:	ACEI,	angiotensin	converting	enzyme	inhibitor;	ADT,	androgen	deprivation	therapy;	ARB,	angiotensin	receptor	blocker;	GnRH,	gonadotropin	
hormone-	releasing	hormone.
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were	 summarized	 in	 Table  2.	 Metformin	 users	 had	 sig-
nificantly	fewer	A&E	attendances	(IRR:	0.61	[0.54–	0.69],	
p	<	0.001),	 inpatient	 attendances	 (IRR:	 0.57	 [0.48–	0.67],	
p	<	0.001),	 and	 days	 of	 hospitalization	 (IRR:	 0.55	 [0.42–	
0.72],	 p	<	0.001).	 These	 translated	 to	 lower	 annualized	
per-	patient	 A&E	 attendances-	related	 cost	 among	 met-
formin	 users	 (€193.21	 [€180.64–	€206.66]	 for	 metformin	
users,	 versus	 €314.70	 [€283.58–	€349.23]	 for	 metformin	
non-	users)	as	well	as	 lower	annualized	per-	patient	 inpa-
tient	 attendances-	related	 cost	 (€11,311.69	 [€10,433.76–	
€12,263.49]	 for	 metformin	 users,	 versus	 €20,329.34	
[€15,772.88–	€26,202.07]	 for	 metformin	 non-	users).	
Overall,	 the	 estimated	 annualized	 per-	patient	 hospital	
attendances-	related	 cost	 was	 €12,111	 [€11,235–	€13,055]	
for	 metformin	 users	 and	 €42,952	 [€15,184–	€121,501]	 for	
non-	users,	with	a	cost	ratio	of	0.28	[0.10–	0.80]	(p = 0.017),	
indicating	 that	 metformin	 users	 had	 lower	 hospital	
attendances-	related	 costs	 when	 compared	 to	 metformin	
non-	users.	 The	 sensitivity	 analysis	 using	 multivariable	
adjustments	showed	consistent	results,	where	patients	on	
metformin	 have	 significantly	 fewer	 hospital	 attendances	
and	days	of	hospitalization	compared	to	those	not	on	met-
formin	(all	p	<	0.001),	with	a	cost	ratio	of	0.57	[0.50–	0.66]	
(p	<	0.001).	These	are	summarized	in	Table S2.

These	associations	may	be	related	to	metformin's	pro-
tective	effects	 such	 that	metformin	was	 shown	 to	 lessen	
the	development	of	ADT-	associated	metabolic	syndrome	
by	 decreasing	 systolic	 blood	 pressure	 and	 body	 mass	
index.9	 Cost	 of	 management	 of	 cardiovascular	 events	 is	
often	 significantly	 higher	 than	 the	 cost	 of	 ADT	 itself.10	
Our	 observations	 may	 therefore	 have	 been	 mediated	 by	
metformin	preventing	adverse	cardiac	events.

In	addition	to	metformin's	potential	role	in	inhibiting	
the	 survival	of	PCa	cells	by	androgen	receptor	 signaling	
suppression,11	it	may	also	delay	metastatic	disease	mainly	
through	 adenosine	 monophosphate-	activated	 protein	
kinase-	dependent	 mechanisms.12	 Since	 more	 hospital	
admissions,	particularly	inpatient,	were	observed	among	
PCa	 patients	 with	 metastases,13	 metformin	 use	 may	 be	
conducive	in	reducing	needs	for	healthcare	resources	re-
lated	to	metastatic	PCa.	Future	studies	may	investigate	the	
potential	effects	of	metformin	 in	patients	with	PCa	who	
did	not	receive	ADT.

This	 study	 used	 a	 large,	 representative	 population-	
based	 cohort	 with	 a	 long	 follow-	up	 period.	 Therefore,	
our	results	are	likely	widely	applicable	and	reflect	real-	
world	clinical	practice.	However,	this	study	has	a	num-
ber	of	 limitations,	and	should	 therefore	be	viewed	as	a	
hypothesis-	generating	 study	 which	 requires	 further,	
confirmatory	 work.	 Owing	 to	 its	 observational	 nature,	
unmeasured,	or	residual	confounding	may	exist	but	was	
partly	addressed	by	 IPTW.	Also,	cancer	 staging	 is	 lack-
ing;	nonetheless,	PCa	treatments	which	may	at	least	par-
tially	reflect	disease	severity	were	included	as	covariates	
in	 IPTW.	 In	 addition,	 patients	 whose	 diabetes	 is	 well	
controlled	 with	 metformin	 may	 have	 improved	 health	
maintenance	and/or	 lower	 rates	of	diabetic	comorbidi-
ties	compared	to	non-	users;	however,	IPTW	allowed	for	
balancing	and	adjustment	of	these	possible	confounders.	
In	addition,	the	data	available	could	not	be	individually	
adjudicated;	however,	none	of	the	authors	had	influence	
over	data	input.

Concurrent	metformin	use	and	ADT	in	Asian,	diabetic	
adults	with	PCa	was	associated	with	decreased	hospital	at-
tendances	and	the	associated	costs,	regardless	of	the	type	
of	attendance.
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T A B L E  2 	 Annual	incidence	rates	(IR)	and	ratios	(IRR)	of	hospital	attendances	and	days	of	hospitalization.	IRRs	were	referenced	against	
metformin	non-	users.

IR [95% confidence interval] 
of metformin users

IR [95% confidence interval] 
of metformin non- users

IRR [95% confidence 
interval] p Value

A&E 1.3	[1.2–	1.4] 2.2	[2.0–	2.4] 0.61	[0.54–	0.69] <0.001

Inpatient 3.0	[2.8–	3.2] 5.4	[4.5–	6.5] 0.57	[0.48–	0.67] <0.001

Days	of	hospitalization 18.4	[17.0–	19.9] 33.8	[25.4–	45.0] 0.55	[0.42–	0.72] <0.001

Abbreviation:	A&E,	accident	and	emergency.
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