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Abstract
Beta-	blocker	usage	 is	 inconsistently	associated	with	 increased	fall	risk	 in	the	 litera-
ture.	However,	due	to	age-	related	changes	and	interindividual	heterogeneity	in	phar-
macokinetics	and	dynamics,	it	is	difficult	to	predict	which	older	adults	are	more	at	risk	
for	falls.	Therefore,	we	wanted	to	explore	whether	elevated	plasma	concentrations	of	
selective	and	nonselective	beta-	blockers	are	associated	with	an	increased	risk	of	falls	
in	older	beta-	blocker	users.	To	answer	our	research	question,	we	analyzed	samples	of	
selective	 (metoprolol,	n = 316)	and	nonselective	beta-	blockers	 (sotalol,	 timolol,	pro-
pranolol,	and	carvedilol,	n = 179)	users	from	the	B-	PROOF	cohort.	The	associations	
between	 the	beta-	blocker	 concentration	 and	 time	 to	 first	 fall	were	 assessed	using	
Cox	proportional	hazard	models.	Change	of	concentration	over	time	in	relation	to	fall	
risk	was	assessed	with	logistic	regression	models.	Models	were	adjusted	for	potential	
confounders.	Our	results	showed	that	above	the	median	concentration	of	metoprolol	
was	associated	with	an	increased	fall	risk	(HR	1.55	[1.11–	2.16],	p = .01).	No	association	
was	found	for	nonselective	beta-	blocker	concentrations.	Also,	changes	in	concentra-
tion	over	time	were	not	associated	with	increased	fall	risk.	To	conclude,	metoprolol	
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1  |  INTRODUC TION

Falls	are	a	major	health	problem	in	older	adults.	One	third	of	adults	
over	 65 years,	 and	half	 of	 adults	 over	 80 years	 fall	 at	 least	 once	 a	
year,	often	resulting	in	injury,	hospital	admissions,	and	reduced	qual-
ity	of	life.1,2	The	number	of	older	adults	is	expected	to	increase	in	the	
upcoming	years.	In	2050,	one	in	four	persons	living	in	Western	coun-
tries	 is	expected	 to	be	65 years	or	over,	and	 the	number	of	adults	
over	80 years	will	be	3	times	as	high	compared	with	now.3	Thus,	the	
number	of	older	adults	require	medical	care	due	to	fall	incidents	will	
likely	increase	substantially	in	the	upcoming	decades.

Many	 different	 fall-	risk	 factors	 have	 been	 identified.	 A	 well-	
established	and	potentially	modifiable	risk	factor	for	falling	is	the	use	
of	Fall-	Risk-	Increasing	Drugs	(FRIDs).4	An	important	group	of	FRIDs	
is	 cardiovascular	 drugs	 such	 as	 vasodilators,	 antiarrhythmics,	 and	
antihypertensives.5	 Beta-	blockers	 are	 among	 the	most	 commonly	
used	drugs	in	older	adults.	A	large	cohort	study	(n = 4961)	found	that	
almost	 half	 of	 community-	dwelling	 older	 hypertensive	 individuals	
used	beta-	blockers.6	Beta-	blockers	are	prescribed	for	hypertension,	
angina	pectoris,	arrhythmia,	and	heart	failure	and	have	established	
benefits	in	cardiovascular	outcomes.7	However,	beta-	blockers	have	
also	been	shown	to	have	frequent	negative	side	effects,	especially	
in older adults.8	These	adverse	effects	include	bradycardia	and	hy-
potension,	both	risk	factors	for	falling.	A	meta-	analysis	by	Woolcott	
et	al.	showed	that	beta-	blocker	use	 in	older	adults	was	associated	
with	a	14%	 increase	 in	fall	 risk.9	These	results	were	challenged	by	
a	more	recent	systematic	review,	which	found	beta-	blockers	to	be	
protective	of	 falls.5	However,	 a	 narrative	 synthesis	 showed	 that	 a	
subgroup	 of	 beta-	blockers,	 nonselective	 beta-	blockers	 in	 fact	 in-
creased	fall	risk.10	The	conflicting	results	might	however	also	be	ex-
plained	by	the	fact	that	the	latest	review	performed	meta-	analyses	
of	adjusted	data	but	it	also	included	more	recent	studies	and	studies	
of	 higher	 quality.	 Also,	 prescription	 patterns	 might	 have	 changed	
over	the	past	years	due	to	newly	obtained	knowledge	on	cardiovas-
cular	drug	use	in	older	adults.	Given	the	contradictory	outcomes	in	
the	 available	 literature,	 international	 experts	 on	 geriatric	 pharma-
cology	and	FRIDs	have	not	reached	a	consensus	on	whether	or	not	
beta-	blockers	increase	fall	risk.11

Previous	 studies	 have	 found	 no	 dose–	response	 relation	 for	
beta-	blockers	 in	 older	 fallers.12 Interindividual heterogeneity in 
pharmacokinetics	and	dynamics	might	explain	these	findings.13	For	

example,	individuals	using	metoprolol	with	poor	metabolism	pheno-
type	of	CYP2D6	have	lower	blood	pressures	and	pulse	rates	due	to	a	
prolonged	effect	of	metoprolol.14,15	These	side	effects	can	contrib-
ute	to	an	increased	fall	risk.

In	 general,	 plasma	 concentrations	 can	 be	 viewed	 as	 the	 re-
sult	 of	 pharmacokinetic	 processes	 in	 an	 individual	 patient.	 The	
plasma concentration dictates the pharmacological treatment 
effect	 (pharmacodynamics)	 but	 also	 the	 risk	 of	 adverse	 drug	 ef-
fects.	 Since	 the	 beta-	blocker	 dosage	 is	 a	 poor	 predictor	 of	 falls	
-	because	 it	 does	 not	 take	CYP2D6	polymorphism	 and	other	 po-
tential	factors	into	account-		quantification	of	beta-	blocker	plasma	
concentrations	might	have	the	potential	to	guide	clinical	decision-	
making.	However,	whether	the	beta-	blocker	plasma	concentration	
is	 indeed	 related	 to	 fall	 risk	 in	older	adults	has	not	been	studied	
before.	 Therefore,	 we	 explored	 whether	 there	 is	 an	 association	
between	beta-	blocker	plasma	concentration	and	fall	 risk	 in	beta-	
blocker	users.	As	 it	has	been	shown	previously	that	nonselective	
beta-	blockers	 are	 particularly	 associated	with	 increased	 fall	 risk,	
we	 studied	 also	 concentrations	 of	 nonselective	 beta-	blockers	 in	
relation	to	fall	risk.

2  |  METHODS

2.1  |  Trial design and participants

For	this	study,	a	subgroup	of	beta-	blocker	users	from	the	multicenter	
B-	PROOF	(B-	Vitamins	for	the	PRevention	of	Osteoporotic	Fractures)	
study	 was	 used.	 A	 detailed	 description	 of	 the	 B-	PROOF	 trial	 was	
published previously.16	 In	 short,	 this	 was	 a	 randomized,	 placebo-	
controlled,	double-	blind	trial	that	studied	the	effect	of	vitamins	B12,	
D,	and	folic	acid	supplementation	on	osteoporotic	fractures	in	2919	
community-	dwelling	 participants	 aged	 ≥65 years,	 having	 mildly	 el-
evated	serum	homocysteine	levels	(12–	50 μmol/L).	Fall	risk	between	
the	intervention	and	placebo	groups	did	not	differ.17	Therefore,	for	the	
current	analyses,	the	data	set	was	treated	as	cohort	data.	Participants	
were	recruited	from	August	2008	until	March	2011,	for	a	follow-	up	
period	of	2–	3 years.	The	study	protocol	was	approved	by	the	Medical	
Ethical	 Committee	 of	 Wageningen	 University,	 The	 Netherlands.	
All	 participants	 gave	 their	written	 informed	 consent	 prior	 to	 study	
participation.

plasma	concentrations	were	associated	with	an	 increased	risk	of	falls	 in	metoprolol	
users	while	 no	 associations	were	 found	 for	 nonselective	 beta-	blockers	 users.	 This	
might be caused by a decreased β1-	selectivity	in	high	plasma	concentrations.	In	the	
future,	beta-	blocker	concentrations	could	potentially	help	clinicians	estimate	fall	risk	
in	older	beta-	blockers	users	and	personalize	treatment.

K E Y W O R D S
accidental	falls,	adrenergic	beta-	antagonists,	metoprolol,	risk	assessment
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2.2  |  Beta- blocker users

Beta-	blocker	 usage	 was	 based	 on	 pharmacy	 dispensing	 records	
obtained	from	the	Dutch	Foundation	for	Pharmaceutical	Statistics	
(SFK),	containing	data	from	~95%	of	all	Dutch	community	pharma-
cies	 and	 self-	reported	 usage	 data.	 Beta-	blocker	 use	was	 defined	
according	 to	 the	Anatomical	 Therapeutical	 Chemical	 (ATC)	 code.	
Metoprolol	 (C07AB02	 or	 C07BB02)	 is	 the	 most	 commonly	 used	
selective	beta-	blocker	 in	 the	Netherlands	 in	general18 and in this 
cohort	in	particular.	Therefore,	the	analyses	were	restricted	to	this	
subgroup	of	selective	beta-	blockers.	In	the	B-	PROOF	data	set,	we	
identified	683	metoprolol	users	and	we	aimed	to	include	a	randomly	
selected	sample	of	approximately	300	metoprolol	users.	 In	terms	
of	nonselective	beta-	blockers,	the	B-	PROOF	data	set	did	not	con-
tain	300	users	of	a	single	nonselective	beta-	blocker,	so	therefore,	
we	included	all	sotalol	(C07AA07),	timolol	(S01ED01	or	S01ED51),	
propranolol	(C07AA05),	and	carvedilol	(C07AG02)	users.

Participants	 having	 prescriptions	 up	 to	 30 days	 prior	 to	 blood	
withdrawal	 at	 baseline	 and/or	 follow-	up	 visits	 were	 selected.	 To	
capture	more	potential	users,	participants	with	a	prescription	of	up	
to	30 days	after	the	withdrawal	date	were	selected	as	some	partic-
ipants	might	not	had	a	refill	in	the	30 days	before.	We	also	included	
participants	 that	 self-	reported	 using	 a	 nonselective	 beta-	blocker	
both	at	baseline	and/or	follow-	up	blood	sampling.

2.3  |  Beta- blocker concentration

Blood	 samples	 were	 obtained	 from	 participants	 in	 the	 morning	 at	
baseline	and	follow-	up	2 years	later.	Participants	were	in	a	fasted	state	
or	had	had	a	light	breakfast.	Venous	blood	was	drawn	in	an	EDTA	tube	
at	baseline	and	at	follow-	up	visits	and	stored	at	−80°C	until	analysis.

Metoprolol,	 sotalol,	 propranolol,	 carvedilol,	 and	 timolol	 plasma	
concentrations	 were	 analyzed	 using	 liquid	 chromatography	 with	
mass	 spectrometric	 detection.	The	method	was	 validated	over	 the	
following	 concentration	 ranges:	 100–	50 000 ng/mL	 (metoprolol),	
100–	5000 ng/mL	(sotalol),	10–	5000 ng/mL	(propranolol),	1–	5000 ng/
mL	(carvedilol),	and	0.075–	2500 ng/mL	(timolol).	In	these	concentra-
tion	ranges,	accuracy	ranged	from	96%	to	110%,	intraday	imprecision	
was	≤4.3%	and	interday	imprecision	was	≤7.2%	for	all	compounds.

If	 use	 of	 a	 beta-	blocker	 was	 reported	 (self-	reported	 and/or	
pharmacy-	based),	 and	 no	 beta-	blocker	 concentration	 was	 detect-
able,	the	respective	concentration	was	set	at	half	of	the	lower	limit	
of	 detection:	0.5 ng/mL	 (metoprolol),	 50 ng/mL	 (sotalol),	 5.0 ng/mL	
(propranolol),	0.5 ng/mL	(carvedilol),	and	0.0145 ng/mL	(timolol).

In	 addition,	 we	 calculated	 delta	 concentrations	 by	 subtracting	
the	concentration	at	follow-	up	minus	the	concentration	at	baseline.

2.4  |  Primary and secondary outcomes

The	 primary	 outcome	was	 time	 to	 first	 fall.	 Falls	were	 defined	 as	
“an unintentional change in position resulting in coming to rest at a 

lower	level	or	on	the	ground”	as	advised	by	the	Prevention	of	Falls	
Network	Europe.19	Falls	were	reported	prospectively	using	fall	cal-
endars,	which	were	 filled	 in	on	a	weekly	basis	by	participants	and	
returned	to	the	research	team	every	3 months.	In	case	of	missing	or	
unclear	data,	participants	were	contacted	via	telephone.	The	study	
had	a	follow-	up	duration	of	2	to	3 years.	Participants	were	followed	
until	 their	drop-	out	date	or	 the	date	of	 their	 last	calendar,	date	of	
death,	or	the	end	of	the	study,	whatever	came	first.16	The	secondary	
outcome	was	the	occurrence	of	fall	during	follow-	up	 in	relation	to	
the change in plasma concentration over time.

2.5  |  Covariables

During	 the	 B-	PROOF	 trial,	 participant	 characteristics	 were	 as-
sessed	 at	 baseline	 using	 a	 questionnaire	 (including	 age,	 gender,	
use	of	a	walking	aid,	alcohol	consumption,	smoking,	and	medical	
history),	 and	 measurements	 were	 performed	 (including	 height,	
weight,	 blood	 pressure,	 estimated	 Glomerular	 Filtration	 Rate	
(eGFR),	hand	grip	strength,	cognitive	performance,	and	depressive	
symptoms).	Cognitive	performance	was	assessed	using	the	Mini-	
Mental	 State	 Examination	 (MMSE).	 Depressive	 symptoms	 were	
assessed	with	 the	Geriatric	Depression	 Scale	 (GDS-	15).	 Physical	
performance	 was	 measured	 using	 a	 walking	 test,	 a	 chair	 stand	
test,	 and	 a	 balance	 test.	 Participants	 could	 score	 a	maximum	of	
12	 points	with	 a	maximum	 of	 4	 points	 per	 item.	 Cardiovascular	
disease	 was	 defined	 as	 having	 self-	reported	 arrhythmia,	 angina	
pectoris,	 myocardial	 infarction,	 heart	 failure,	 valve	 dysfunction,	
atrial	septum	defect,	pericarditis,	aneurysm,	or	pulmonary	hyper-
tension.	Participants	were	asked	if	they	had	a	history	of	hyperten-
sion.	Polypharmacy	was	defined	as	using	five	or	more	medications.	
Other	 FRIDs	 included:	 psychotropic	 drugs	 (antidepressants,	
benzodiazepines	 or	 benzodiazepine-	like	 drugs,	 antiepileptics,	
Parkinson	 drugs,	 antipsychotics,	 opioids,	 and/or	 anticholiner-
gics);	 and	cardiovascular	drugs	 (cardiac	glycosides,	 class	 I	 and	 III	
antiarrhythmics,	 nitrates,	 calcium	 channel	 blockers,	 angiotensin	
converting	enzyme	(ACE)	inhibitors,	angiotensin	2	receptor	(AT2)	
antagonists,	and/or	diuretics).

2.6  |  Statistical analyses

Baseline	 characteristics	 were	 calculated	 for	 fallers	 and	 nonfallers	
using	Chi-	square	tests,	Mann–	Whitney	U-	tests,	and	t-	tests	for	cat-
egorical,	continuous	nonnormally	distributed,	and	normally	distrib-
uted	data,	respectively.

Plasma	 concentration	 levels	 were	 analyzed	 continuously	 and	
categorically.	For	the	categorical	analysis,	the	plasma	concentrations	
were divided into concentrations above and below the median and 
in	quartiles.	The	category	below	the	median	and	the	lowest	quartile	
category	were	set	as	references.

We	 combined	 continuous	 nonselective	 beta-	blocker	 concen-
trations	 of	 different	 agents	 using	 z-	scores.	 Second,	 the	 median	
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of	 sotalol,	 timolol,	 propranolol,	 and	 carvedilol	 were	 calculated	
individually	 after	which	participants	were	grouped	 into	 two	cat-
egories	 (below	 and	 above	 median).	 Also,	 concentrations	 were	
categorized	 into	 quartiles.	 If	 more	 than	 25%	 of	 the	 users	 of	 an	
individual	beta-	blocker	had	a	nondetectable	concentration,	these	
individuals with nondetectable concentrations were grouped into 
the	lowest	percentile.	The	remaining	concentrations	were	divided	
equally	 over	 the	 remaining	 three	 percentiles	 (25th–	50th,	 50th–	
75th,	 and	 highest	 percentile,	 respectively).	 If	 a	 participant	 used	
two	or	more	nonselective	beta-	blockers,	the	highest	plasma	con-
centration	value	was	used	in	the	analysis.	This	concerned	in	total	
one	participant	at	baseline	and	two	participants	at	follow-	up.	In	all	
three	cases,	timolol	was	the	analyzed	concentration.	If	the	number	
of	users	of	a	specific	drug	group	exceeded	50,	subgroup	analyses	
were	performed.

For	the	delta	concentration,	all	participants	with	a	negative	delta	
or	a	delta	equal	to	zero	were	given	the	value	0,	which	was	set	as	the	
reference	category.	All	participants	with	a	positive	delta	were	given	
the value 1.

Cox	 regression	models	 were	 used	 to	 calculate	 hazard	 ratios	
(HRs)	 for	 time	 to	 first	 fall	 based	 on	 beta-	blocker	 concentration	
at	baseline.	To	analyze	the	association	between	the	delta	plasma	
concentration	and	fall	occurrence	during	follow-	up	logistic	regres-
sion	models	were	 used	 to	 calculate	 odds	 ratios	 (ORs).	 In	model	
1,	 beta-	blocker	 concentration	was	 adjusted	 for	 age	 and	 gender.	
Potential	confounders	were	added	to	model	2	if	they	changed	the	
effect	size	by	10%	or	more.	Potential	confounders	were	selected	
based	 on	 a	 Directed	 Acyclic	 Graph	 (DAG)	 and	 included	 region,	
alcohol	 use,	 smoking,	 body	 mass	 index	 (BMI),	 walking	 aid	 use,	
performance,	 polypharmacy,	 number	 of	medications,	 experienc-
ing	pain,	 eGFR,	hand	grip	 strength,	GDS,	MMSE,	 cardiovascular	
disease,	arrhythmia's,	cardiovascular	medication	use	(minus	beta-	
blockers),	 and	 psychotropic	 medication	 use.	 If	 covariates	 could	
not	 be	 added,	 due	 to	 the	 lack	 of	 10	 fall	 events	 per	 covariate,20 
only	model	 1	 is	 presented.	 If	 there	were	 not	 10	 fall	 events	 per	
covariate	in	the	final	model,	we	chose	the	most	clinically	relevant	
covariates.

If	we	 found	an	association	between	plasma	concentration	and	
fall	 risk,	we	 explored	whether	 this	 could	 potentially	 be	 related	 to	
blood pressure levels by plotting the mean systolic or diastolic blood 
pressure against plasma concentrations.

P-	values	of	≤.05	were	considered	statistically	significant.	All	sta-
tistical	analyses	were	performed	using	SPSS	for	Windows,	version	
26.0.0.1	(IBM	Corp.).

3  |  RESULTS

3.1  |  Study population

Baseline	 samples	 of	 316	 metoprolol	 and	 179	 nonselective	 beta-	
blocker	 users	 (sotalol,	 timolol,	 propranolol,	 and	 carvedilol)	 were	
analyzed.	After	the	exclusion	of	incomplete	cases,	we	calculated	the	

delta	concentrations	in	302	metoprolol	and	124	nonselective	beta-	
blocker	users.

Baseline characteristics are shown in Tables 1 and 2.	Metoprolol	
users	 who	 experienced	 a	 fall	 during	 follow-	up	 were	 significantly	
older	and	had	a	lower	hand	grip	strength	and	estimated	Glomerular	
Filtration	Rate	(eGFR)	compared	with	metoprolol	users	who	did	not	
fall	during	the	follow-	up.	Also,	more	fallers	had	a	history	of	falls	and	
the	use	of	walking	aids	was	more	prevalent	in	this	group	compared	
with	the	nonfallers	(Table 1).	In	the	nonselective	beta-	blocker	users,	
fallers	had	a	significantly	lower	body	mass	index	(BMI)	and	reported	
more	often	experiencing	a	fall	in	the	12 months	prior	to	study	enroll-
ment (Table 2).

3.2  |  Association between metoprolol 
concentration and fall risk

In the metoprolol group (n = 316),	154	users	(49%)	experienced	a	fall	
during	 the	 follow-	up.	Cox	 regression	 analyses	 showed	 that	within	
users	of	metoprolol,	a	higher	plasma	concentration	was	associated	
with	an	increased	fall	risk	per	ng/mL	(HR:	1.003,	[1.00–	1.01]	per	ng/
mL,	p = .004,	model	1).	Also,	when	dividing	 the	concentration	 into	
two	groups,	 above	and	below	 the	median	concentration,	 a	 signifi-
cant	association	was	 found	 (HR:	1.550,	 [1.11–	2.16],	p = .01).	When	
dividing	the	concentrations	into	quartiles,	no	significant	associations	
were	found	(Table 3).

No	 correlation	 was	 observed	 between	 systolic	 and	 diastolic	
blood	 pressures	 and	 the	 plasma	 concentration	 of	 metoprolol	
(Figures S1 and S2).

3.3  |  Association between nonselective 
beta- blocker concentration and fall risk

We	 analyzed	 baseline	 samples	 of	 179	 nonselective	 beta-	blocker	
users	of	whom	104	 (58%)	experienced	a	 fall	during	 the	 follow-	up.	
Analyzing	 the	 nonselective	 beta-	blocker	 plasma	 concentrations	
continuously,	divided	on	the	median	or	on	quartiles,	no	associations	
with	fall	risk	were	observed	(Table 4).

Seventy	 participants	 (43	 fallers	 and	 27	 nonfallers)	 used	 timo-
lol	eye	drops	and	in	32	participants	(45%),	we	detected	a	systemic	
timolol	concentration.	We	included	73	sotalol	users	in	our	analyses	
of	whom	44	experienced	a	fall.	No	significant	association	between	
baseline	timolol	or	sotalol	plasma	concentration	and	fall	risk	was	ob-
served (Table 4).

3.4  |  Plasma concentration changes over time

We	calculated	 the	delta	 concentration	 for	302	metoprolol	users	
of	whom	194	had	a	positive	delta	concentration,	indicating	an	in-
crease in the plasma concentration over time. In the nonselective 
beta-	blocker	group	(n = 124),	58	participants	had	a	positive	delta.	
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    |  5 of 9PLOEGMAKERS et al.

Also,	 we	 performed	 a	 subgroup	 analysis	 for	 timolol	 (n = 56)	 and	
sotalol (n = 45)	where,	respectively,	19	and	22	positive	deltas	were	
found.

In	the	analyses	of	both	metoprolol	and	nonselective	beta-	blocker	
users	and	subgroup	analysis	of	timolol	and	sotalol	users,	no	associ-
ation	between	plasma	concentration	change	over	time	and	fall	risk	
was observed (Table S1).

4  |  DISCUSSION

Our	results	showed	that	the	plasma	concentration	of	the	selective	
beta-	blocker	 metoprolol	 at	 baseline	 was	 significantly	 associated	
with	an	increased	fall	risk	during	follow-	up	in	users.	In	contrast,	no	
association	with	falls	was	found	for	plasma	concentrations	of	non-
selective	 beta-	blockers,	 nor	 for	 the	 individual	 agents	 timolol	 and	

TA B L E  1 Patient	characteristics	of	metoprolol	users.

N 
overall

Nonfallers 
(n = 162) Fallers (n = 154)

Age	(years)a 316 73	(69–	77) 74	(70–	80)*

Genderb 316

Male 83	(51.2%) 70	(45.5%)

Female 79	(48.8%) 84(54.6%)

BMI	(kg/m2)c 315 28.5	(4.3) 27.8	(4.4)

Alcohol	use	(yes)b 316 162	(87.7%) 154	(82.5%)

Smokingb 316

Never 52	(32.1%) 52	(33.8%)

Current 12	(7.4%) 6	(3.9%)

Former 98	(60.5%) 98	(62.3%)

Fall	in	the	past	
12 months	prior	to	
study enrollment 
(yes)b

248 29	(22.7%) 55	(45.8%)*

Using	a	walking	aid	
(yes)b

315 16	(9.9%) 27	(17.5%)*

Hand	grip	strength	(kg)c 312 31.8	(25.1–	40.9) 28.9	(23.1–	37.5)*

Physical	performancea 312 9	(6–	10) 8	(4–	10)

Polypharmacy	(yes)b 315 83	(51.6%) 81	(52.6%)

Number	of	
medicationsa

315 5	(3–	6) 5	(3–	7)

Psychotropic	
medication use 
(yes)b

315 17	(10.6%) 25	(16.2%)

MMSEa 316 28	(27–	29) 29	(28–	29)

GDS-	15a 314 1	(0–	2) 1	(0–	2)

History	hypertension	
(yes)b

248 86	(67.2%) 84	(70.0%)

Cardiovascular	disease	
(yes)b

245 72	(57.0%) 55	(46.6%)

Systolic	blood	pressure	
(in	mmHg)c

258 149	(20.8) 150	(20.5)

Diastolic blood 
pressure	(in	mmHg)c

258 80	(12.0) 80	(10.4)

eGFR	(mL/
min/1.73 m2)c

314 75.5	(23.2) 68.0	(20.0)*

Abbreviations:	BMI,	body	mass	index;	eGFR,	estimated	glomerular	
filtration	rate;	GDS,	geriatric	depression	scale;	MMSE,	mini-	mental	
state	examination.
aPresented	as	median	(range).
bPresented	as	n	(%).
cPresented	as	mean	(standard	deviation	[SD]).
*p-	value	≤.05	(comparison	of	nonfallers	to	fallers).

TA B L E  2 Patient	characteristics	nonselective	beta-	blocker	
users.

N 
overall

Nonfallers 
(n = 75)

Fallers 
(n = 104)

Age	(years)a 179 75.0	(71–	80) 75.0	(69–	82)

Genderb 179

Male 46	(61.3%) 51	(49.0%)

Female 29(38.7%) 53	(51.0%)

BMI	(kg/m2)c 178 28.3	(4.4) 26.6	(3.9)*

Alcohol	use	(yes)b 179 57	(76.0%) 88	(84.6%)

Smokingb 179

Never 29	(38.7%) 39	(37.5%)

Current 7	(9.3%) 11	(10.6%)

Former 39	(52.0%) 54	(51.9%)

Fall	in	the	past	
12 months	prior	to	
study enrollment 
(yes)b

138 11	(21.2%) 42	(48.8%)*

Using	a	walking	aid	
(yes)b

177 16	(21.6%) 16	(15.5%)

Hand	grip	strength	(kg)c 176 32.4	(10.4) 30.9	(10.9)

Physical	performancea 179 8	(4–	10) 7.5	(5–	10)

Polypharmacy	(yes)b 179 47	(62.7%) 62	(59.6%)

Number	of	medicationsa 179 5	(3–	6) 5	(3–	7)

Psychotropic	
medication use 
(yes)b

179 11	(14.7%) 22	(21.1%)

MMSEa 178 28	(27–	29) 29	(27–	29)

GDS-	15a 179 1	(0–	3) 1	(0–	2)

Elevated	blood	pressure	
(yes)b

139 20	(37.7%) 37	(43.0%)

Cardiovascular	disease	
(yes)b

138 31	(58.5%) 46	(54.1%)

Systolic	blood	pressure	
(in	mmHg)c

148 142	(15.0) 144	(23.9)

Diastolic blood pressure 
(in	mmHg)c

148 78	(9.2) 78	(11.9)

eGFR	(mL/min/1.73 m2)c 178 71.6	(22.9) 68.6	(19.9)

Abbreviations:	BMI,	body	mass	index;	eGFR,	estimated	glomerular	
filtration	rate;	GDS,	geriatric	depression	scale;	MMSE,	mini-	mental	
state	examination.
aPresented	as	median	(range),
bPresented	as	n	(%),
cPresented	as	mean	(standard	deviation	[SD]).
*p-	value	≤.05	(comparison	of	nonfallers	to	fallers).
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6 of 9  |     PLOEGMAKERS et al.

sotalol.	 Furthermore,	 a	 changing	 plasma	 concentration	 over	 time	
(delta	concentration)	was	not	associated	with	falls	among	metopro-
lol	or	nonselective	beta-	blocker	users	or	timolol	or	sotalol	users.

To	our	knowledge,	 this	 is	 the	first	study	to	address	the	role	of	
beta-	blocker	 plasma	 concentrations	 in	 fall	 risk.	 Previous	 studies	
have	only	assessed	the	characteristics	of	different	beta-	blockers	in	
relation	to	their	role	in	beta-	blocker-	related	fall	risk.

Previous	 analyses	 of	 the	B-	PROOF	 cohort	 showed	 that	 selec-
tive	beta-	blocker	use	was	not	associated	with	an	increased	fall	risk	
while	the	use	of	a	nonselective	beta-	blocker	did	increase	fall	risk.10 
This	was	attributed	to	the	receptor	binding	profile	and	the	negative	
effects	caused	by	beta-	2-	antagonism	for	example	on	muscle	func-
tion.	However,	when	comparing	the	results	between	these	studies,	
it	 should	 be	 remembered	 that	 we	 analyzed	 fall	 risk	 among	 users	
and	Ham	et	al.	investigated	risk	related	to	the	use	of	beta-	blockers.	
Moreover,	we	 analyzed	only	metoprolol	 users	 from	 the	B-	PROOF	
study	whereas	Ham	et	al.	included	also	other	selective	beta-	blocker	
users.

Nonselective	beta-	blocker	users	are	thus	most	likely	more	at	risk	
for	falls	because	they	use	a	nonselective	beta-	blocker	but	based	on	
our	results	having	a	higher	concentration	does	not	further	increase	
fall	risk	compared	to	users	with	a	lower	concentration.	Our	results	
indicate	that	within	users,	metoprolol	users	with	higher	plasma	con-
centrations	had	an	 increased	fall	risk	compared	to	 individuals	with	
lower	concentrations.	In	general,	it	is	known	that	the	risk	of	adverse	
effects	 of	 selective	 beta-	blockers	 increases	when	plasma	 concen-
tration increases.21	 In	a	previous	analysis	of	the	B-	PROOF	cohort,	
no	 dose–	response	was	 found.	We	 also	 did	 not	 observe	 a	 correla-
tion	between	plasma	concentration	and	blood	pressure.	Thus,	other	
pathways	might	have	played	a	role,	such	as	heartrate	(bradycardia)	
or orthostatic hypotension. Orthostatic hypotension is consistently 
associated	with	 an	 increased	 risk	 of	 falling.22	 The	 sudden	 drop	 in	
blood pressure when standing up is normally corrected by increasing 

the	heart	rate	and	subsequently,	the	cardiac	output.	Selective	beta-	
blockers	inhibit	the	increase	in	heart	rate	resulting	in	an	uncorrected	
low	 blood	 pressure	 and	 therefore,	 potentially	 increase	 the	 risk	 of	
falling.	A	lower	heart	rate	and	a	higher	risk	of	orthostatic	hypoten-
sion	due	to	the	high	concentration	of	metoprolol	might	explain	why	
we	found	an	association	between	fall	risk	and	a	high	concentration	
of	metoprolol.	 Also,	 importantly,	 at	 higher	 plasma	 concentrations,	
metoprolol	 is	 less	 cardio-	selective.23	 This	 could	 explain	 why	 we	
found	the	fall	risk	increased	in	persons	with	higher	concentrations	
as it is in line with previous research which demonstrated the impor-
tance	of	selectivity.

Thus,	 in	 summary,	 nonselectivity	 of	 beta-	blockers	 (or	 loss	 of	
selectivity	 in	 higher	 blood	 concentrations)	may	 be	 the	 underlying	
pathway	for	fall	risk.	On	the	other	hand,	confounding	by	indication	
cannot	 fully	be	 ruled	out	 regarding	 the	 risk	difference	of	 the	sub-
groups.	For	example,	nonselective	beta-	blockers	such	as	sotalol	are	
predominantly	used	for	the	treatment	of	arrhythmia's.

4.1  |  Strengths and limitations

The	major	 strength	of	our	 study	was	 that	data	on	 falls	was	docu-
mented	using	prospective	fall	calendars	that	participants	had	to	fill	
in	weekly,	reducing	the	chance	of	recall	bias.

Our study also had some limitations. Blood was drawn during 
baseline	 and	 follow-	up	 measurements	 while	 participants	 fell	
somewhere	in	the	2-		to	3-	year	follow-	up	period.	During	follow-	up	
period,	dosage	changes	or	gaps	in	usage	might	have	occurred	that	
could	have	influenced	plasma	concentration	and	subsequently,	fall	
risk.	Baseline	or	follow-	up	plasma	concentrations	give	an	indication	
but	might	not	be	a	representative	estimate	of	the	plasma	concen-
tration	at	 the	 time	of	 the	 fall.	Also,	 the	sample	size	of	nonselec-
tive	beta-	blocker	users	was	relatively	small.	Therefore,	we	had	to	

TA B L E  3 Baseline	metoprolol	concentration	and	time	to	first	fall.

N Model 1c HR (95%CI) p- value N Model 2d HR (95%CI) p- value

Continuous	concentration 316 1.003	(1.00–	1.01) .004*

Concentration	divided	on	
mediana

316 1.550*	(1.11–	2.16) .01*

Concentrations	divided	in	four	quartilesb

Lowest	quartile 316 Ref. 243 Ref.

Second	quartile 0.767	(0.47–	1.27) .300 0.645	(0.37–	1.13) .127

Third	quartile 1.271	(0.81–	2.00) .299 1.099	(0.66–	1.84) .720

Highest	quartile 1.470	(0.93–	2.32) .097 1.073	(0.63–	1.84) .798

Note:	Data	presented	as	hazard	ratio	with	a	95%	confidence	interval.	Number	of	events	model	1:	n = 154.	Number	of	events	model	2:	n = 118.
Abbreviations:	N,	number	of	analyzed	plasma	concentrations;	CI,	confidence	interval.
aMedian	concentration	selective	beta-	blocker:	16.95 ng/mL.
bConcentration	selective	beta-	blocker	25th	percentile:	8.61 ng/mL;	75th	percentile:	46.5 ng/mL.
cModel	1	was	adjusted	for	age	and	gender.
dModel	2	was	adjusted	for	age,	gender,	eGFR,	and	CV	disease.	No	model	2	was	constructed	for	the	continuous	and	binary	metoprolol	concentration	
because	none	of	the	added	variables	changed	the	outcome	more	than	10%.
*p-	value	≤.05.
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combine	data	 of	 four	 nonselective	 beta-	blockers	 concentrations	
and	we	were	only	able	to	perform	subgroup	analysis	of	sotalol	and	
timolol.	 Although	we	 corrected	 the	 analysis	 for	multiple	 cardio-
vascular	diseases,	we	cannot	fully	rule	out	bias	by	indication	in	the	
analysis	of	nonselective	beta-	blocker	concentrations.	Propranolol	
can	be	prescribed	for	essential	tremor	and	tremor	 in	Parkinson's	
disease.	The	latter	is	a	risk	factor	for	falls,24,25	the	B-	PROOF	data	
set	did	not	contain	 information	on	these	diseases	and	therefore,	
we	could	not	test	this	as	a	possible	confounder	in	our	models.	In	
addition,	 we	 had	 no	 data	 on	 heart	 rate	 or	 orthostatic	 hypoten-
sion,	so	we	could	not	investigate	whether	the	association	between	
metoprolol	concentration	and	falls	is	related	to	these	factors.	We	

also	did	not	know	the	time	a	patient	took	their	medication	or	the	
time	blood	was	drawn.	Therefore,	we	cannot	estimate	if	concen-
trations	have	reached	a	steady	state	or	not.	However,	all	partici-
pants	were	instructed	to	take	their	medication	according	to	their	
normal	schedule	with	a	 light	breakfast	and	all	blood	withdrawals	
took	 place	 in	 the	 morning,	 making	 it	 likely	 that	 concentrations	
reached	a	steady	state	though	variations	are	possible.	Moreover,	
we	were	able	to	measure	systemic	concentrations	only	in	45%	of	
our	timolol	users.	The	systemic	absorption	of	timolol	is	dependent	
on	the	technical	ability	of	the	patient	to	administer	the	eye	drops	
but	also	on	the	time	between	the	administration	of	the	eye	drops	
and	 the	blood	withdrawal.	Also,	 gellanous	 timolol	 eye	drops	 are	

TA B L E  4 Baseline	nonselective	beta-	blocker	concentration	and	time	to	first	fall.

N Model 1c HR (95%CI) p- value N Model 2d HR (95%CI) p- value

Continuous	concentration

Nonselective	
beta-	blockera

179 0.936	(0.76–	1.15) .523

Timolol 70 1.006	(0.69–	1.47) .974 54 1.075	(0.71–	1.62) .729

Sotalol 73 1.000	(0.99–	1.00) .948

Concentration	divided	on	medianb

Nonselective	
beta-	blockera

179 0.953	(0.65–	1.40) .809

Timolol 70 1.131	(0.61–	2.08) .692 54 1.247	(0.63–	2.48) .530

Sotalol 73 1.042	(0.56–	1.95) .896

Concentrations	are	divided	into	four	quartiles

Nonselective	
beta-	blockera

179 138

First	quartile Ref. Ref.

Second	quartile 1.020	(0.60–	1.73) .941 1.183	(0.64–	2.19) .593

Third	quartile 1.319	(0.80–	2.17) .278 1.413	(0.80–	2.49) .233

Fourth	quartile 0.725	(0.41–	1.29) .275 0.779	(0.40–	1.50) .455

Timolol 70

First	quartile Ref.

Second	quartile 0.904	(0.37–	2.23) .827

Third	quartile 1.616	(0.69–	3.80) .271

Fourth	quartile 0.996	(0.38–	2.62) .994

Sotalol 73

First	quartile Ref.

Second	quartile 1.398	(0.45–	4.31) .560

Third	quartile 1.384	(0.45–	4.22) .568

Fourth	quartile 0.793	(0.24–	2.58) .700

Note:	Data	presented	as	hazard	ratio	with	a	95%	confidence	interval.	Nonselective	beta-	blockers:	timolol,	sotalol,	propranolol,	carvedilol.
Abbreviations:	N,	number	of	analyzed	plasma	concentrations;	CI,	confidence	interval.
aNumber	of	events	model:	nonselective	beta-	blockers = 104;	timolol = 43;	sotalol = 44.	Number	of	events	model	2:	timolol = 35;	nonselective	beta-	
blockers = 85.	A	systemic	timolol	concentration	was	measured	in	45%	of	our	timolol	users.
bMedian	timolol:	0.0145 ng/mL.	Median	sotalol:	704.00 ng/mL.
cModel	1	was	adjusted	for	age	and	gender.
dModel	2	was	adjusted	for	age,	gender,	and:	timolol	continue	and	median:	cardiovascular	(CV)	disease;	nonselective	beta-	blockers	quartiles:	CV	
disease.	No	model	2	was	constructed	for	nonselective	beta-	blockers	and	sotalol	continuous	and	median	concentrations	or	for	timolol	and	sotalol	
quartiles	because	either	none	of	the	variables	changed	the	outcome	more	than	10%,	or	the	number	of	events	was	too	low	to	add	covariates	to	the	
model.
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8 of 9  |     PLOEGMAKERS et al.

less	absorbed	systemically	than	aqueous	eye	drops,	though	most	
of	our	participants	used	aqueous	eye	drops.

4.2  |  Clinical implications and future perspectives

Ideally,	beta-	blocker	monitoring	will	take	place	based	on	clinical	pa-
rameters	such	as	heart	rate	and	blood	pressure.	However,	 in	com-
plex	 cases	 in	 which	 clinical	 parameters	 do	 not	 provide	 sufficient	
knowledge	 to	 adjust	 beta-	blocker	 treatment,	 analyzing	 plasma	
concentration	of	metoprolol	may	potentially	help	clinicians	predict	
which	 individual	 metoprolol	 user	 has	 an	 increased	 risk	 of	 falling.	
Based	on	 the	plasma	 concentration,	 dosage	 can	be	 altered	or	 the	
medication	can	 switched	 to	a	 safer	alternative.	Plasma	concentra-
tions	of	nonselective	beta-	blocker	do	not	seem	good	markers	for	fall	
risk.	However,	our	findings	should	be	confirmed	in	studies	with	more	
frequent	blood	measurements	to	obtain	representative	blood	con-
centrations	around	the	time	of	the	fall.	Furthermore,	future	studies	
might	further	look	into	the	pathogenesis	of	falls	due	to	a	high	plasma	
concentration	 of	 metoprolol	 including,	 for	 example,	 the	 influence	
on	heart	rate,	rhythm	control,	orthostatic	hypotension.	Also,	other	
individual	selective	and	nonselective	beta-	blockers	should	be	inves-
tigated	 to	understand	 if	 these	medications	 increase	 fall	 risk	when	
present in high concentrations.

5  |  CONCLUSION

To	conclude,	our	study	has	shown	that	metoprolol	concentration	is	
associated	with	an	 increased	risk	of	falling	 in	users.	 In	contrast,	for	
nonselective	beta-	blocker	plasma	concentrations,	no	association	was	
found	among	users	nor	was	an	association	 found	 for	 the	changing	
concentration over time among both metoprolol and nonselective 
beta-	blocker	users.	We	showed	 that	plasma	concentrations	of	me-
toprolol	could	be	potentially	used	as	a	predictor	of	fall	risk.	However,	
our	 findings	 should	 be	 confirmed	 in	 studies	 with	 more	 frequent	
plasma	concentration	measurements	surrounding	the	time	of	the	fall.
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