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Background and objective: Use of certain medications is recognized as a major and modifiable risk factor
for falls. Although the literature on psychotropic drugs is compelling, the literature on cardiovascular
drugs as potential fall-risk-increasing drugs is conflicting. The aim of this systematic review and meta-
analysis is to provide a comprehensive overview of the associations between cardiovascular medica-
tions and fall risk in older adults.
Methods: Design: A systematic review and meta-analysis. Data sources: Medline, Embase, and PsycINFO.
Key search concepts were “fall,” “aged,” “causality,” and “medication.” Studies that investigated cardio-
vascular medications as risk factors for falls in participants �60 years old or participants with a mean age
of 70 or older were included. A meta-analysis was performed using the generic inverse variance method,
pooling unadjusted and adjusted odds ratios (ORs) separately.
Results: In total, 131 studies were included in the qualitative synthesis. Meta-analysis using adjusted ORs
showed significant results (pooled OR [95% confidence interval]) for loop diuretics, OR 1.36 (1.17, 1.57), and
beta-blocking agents, OR 0.88 (0.80, 0.97). Meta-analysis using unadjusted ORs showed significant results
for digitalis, OR 1.60 (1.08, 2.36); digoxin, OR 2.06 (1.56, 2.74); and statins, OR 0.80 (0.65, 0.98). Most of the
meta-analyses resulted in substantial heterogeneity that mostly did not disappear after stratification for
population and setting. In a descriptive synthesis, consistent associations were not observed.
Conclusion: Loop diuretics were significantly associated with increased fall risk, whereas beta-blockers were
significantly associatedwith decreased fall risk. Digitalis and digoxinmay increase the risk of falling, and statins
may reduce it. For themajority of cardiovascularmedication groups, outcomeswere inconsistent. Furthermore,
recent studies indicate that specific drug properties, such as selectivity of beta-blockers, may affect fall risk, and
drug-disease interaction also may play a role. Thus, studies addressing these issues are warranted to obtain a
better understanding of drug-related falls.
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Falls form a significant and growing public health concern. About a
third of the population older than 65 years experience at least 1 fall
annually, and 1 of 55 of these falls is injurious.1 Consequently, falls are
the leading cause of injury-related emergency room visits and injury-
related deaths in older adults.2 Furthermore, falls are associated with
premature institutionalization, decreased quality of life, impaired
mobilization, and a substantial rise in health care costs.3,4

Use of certain medications is recognized as a major risk factor for
falls. Primarily, the association between psychotropic drugs and falls is
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well established. Furthermore, earlier meta-analyses showed an as-
sociation between the use of antihypertensive medication, digoxin,
type I antiarrhythmics, and diuretics and falls.5,6 Although there is
some evidence that other cardiovascular drugs, such as beta-blocking
agents, are fall-risk-increasing drugs (FRIDs), the literature is
contradictory.

Withdrawal of cardiovascular drugs has been shown to be poten-
tially beneficial in decreasing falls risk in older people in a cohort
study, which reported a hazard ratio of 0.35 [95% confidence interval
(CI) 0.15, 0.82] for falling.7 Furthermore, fall prevention guidelines
recommend medication review, with modification or withdrawal of
FRID. However, as cardiovascular drugs are commonly prescribed for
older adults and have potentially beneficial effects, it is important to
know precisely which specific cardiovascular drug classes are associ-
ated with an increased risk of falls. Previous meta-analyses were
restricted to a limited set of mainly broad drug classes, for example,
beta-blocking agents or antihypertensivemedication. However, recent
evidence shows that risk levels may vary among different pharma-
cologic subclasses.8,9 Furthermore, the majority of meta-analyses
pooled unadjusted estimates only, thus being prone to significant
bias. Therefore, the aim of this systematic review and meta-analysis is
to evaluate the associations between falls (any falls, recurrent falls,
injurious falls) and different cardiovascular drug classes as well as
individual cardiovascular drugs in older adults and thereby provide an
extensive overview and a needed update of the available literature.

Methods

Identification of Studies

A systematic search was performed in Medline, Embase, and Psy-
cINFO to search for literature published from onset until September
28, 2016. A customized search strategy was conducted for each
database with the help of a clinical librarian (J.D.). The search con-
tained the following key search concepts: “fall,” “aged,” “causality,”
and “medication.” The key search concept “medication” contained all
known FRIDs.5,6,10e13 Vosviewer was used to identify other possible
drug classes to be added to the “drugs” concept of the search.14 The full
search strategy is provided as supplementary data (Appendix 1).

Selection of Studies

One author (L.S.) screened all the titles and abstracts. A second
reviewer (M.V.) screened a random subselection of 40% of the articles.
In case of disagreement, they consulted a third party (N.V.). After this
initial screening, 2 authors (L.S. and M.V./A.W.) independently
screened full texts. N.V. was consulted when discrepancies were
observed. Furthermore, we performed reference checking to search
for potentially eligible studies from original and review articles.

We included RCTs, observational studies including cohort, case-
control, cross-sectional, and case-crossover studies that investigated
the association between cardiovascular medications and falling, recur-
rent falling, or injurious falling.We classifiedmedicines according to the
Anatomical Therapeutic Chemical (ATC) classification system recom-
mended by the World Health Organization (WHO).15 However, beta-
blocking agent eye drops and alpha-adrenoceptor antagonists used
for benign prostate hypertrophy were also considered as the studied
medication exposure. Only studies with participants�60 years, cohorts
with a mean age �70 years, and studies that reported results for older
adults separately were included. We included studies from all settings
(population-based, community dwellers, hospital wards, long-term
care institutions, and outpatient clinics).

Articles were excluded if they were not written in English and if
they were case reports, reviews, conference abstracts, letters, or arti-
cles concerning the withdrawal of medications. In case of different
studies using the same population twice, the priority was given to the
study with adjusted analysis or the biggest sample size. Articles were
also excluded if they used nonspecific medication terms.

Data Extraction

Two authors (L.S. and M.V./K.P.) independently extracted data from
each article using a structured data collection form. In case of
disagreement, a third party was consulted (N.V.). The following infor-
mation was collected: study design, number and mean age of partici-
pants, setting, definition of falls, medication classification, type and
method of medication and fall ascertainment, the effect of medication
use duration and/or medication dose on fall risk, the outcome [odds
ratios (ORs), relative risk (RR), incidence rate ratio (IRRs), hazard ratios
(HRs), 95% Cl, P values], and possible confounders. Definitions of a fall by
Prevention of Falls Network Europe (PROFANE), Tinetti et al., and the
Kellogg Group were compared with definitions in articles.16e18

Quality Assessment

Two reviewers (L.S. and M.V./K.P.) scored the quality of the
included studies. We used the Newcastle-Ottawa Scale (NOS) to assess
the risk of bias in the observational studies.19 The NOS was slightly
adjusted to fit the review topic and optimize the quality assessment of
falls (Appendix 2). In case of disagreement, a third party (N.V.) was
consulted. A score of 0 to 3 was considered low quality, 4 to 6 inter-
mediate, and 7 or more high quality.

Data Synthesis and Analysis

Study characteristics and outcomes of the included studies were
summarized in an evidence table, categorized per drug class
(Appendix 3), and the results were additionally summarized with a
descriptive approach (Appendix 3). A meta-analysis was conducted if
there were 3 or more high- or intermediate-quality studies providing
OR for a particular medication class and fall risk or if the OR could be
calculated. The random effects method of generic inverse variancewas
used to pool unadjusted and adjusted estimates separately. Random
effects methods allowed the meta-analysis to take between-study
variation into consideration. Statistical heterogeneity between
studies was assessed by using I2 statistics and chi-square test.20,21 In
accordance with the Cochrane handbook, I2 values 30% to 60% were
used to represent moderate heterogeneity, with 50% to 90% and 75% to
100% used to represent considerable heterogeneity.21 In case of sub-
stantial heterogeneity, features suspected to be potential sources of
heterogeneity, type of fall and setting, were explored using subgroup
analyses. All statistical tests were carried out with the Review Man-
ager (RevMan) software suite (version 5.3, The Cochrane Collabora-
tion, The Nordic Cochrane Centre, Copenhagen, Denmark). Statistical
significance was defined as a P value <.05.

Results

Search Result

A total of 8927 articles was identified by the performed searches
and hand-searching after removing duplicates (Figure 1). Of these
articles, 1156 full texts were read, and 131 studies were included in the
qualitative synthesis.

Characteristics of Included Studies

Appendix 3 shows the characteristics of the 131 included studies.
All the studies were observational, of which 61were cohort studies, 33
case-control, 32 cross-sectional, and 5 case-crossover studies. Of the
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Fig. 1. Flow chart of study screening and inclusion.
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131 articles, 49 studies included community-dwelling subjects, 37
institutionalized persons, 24 hospitalized patients, and the remaining
studies were conducted in various setting or included participants
from other settings. One hundred four studies reported any fall as the
Table 1
Meta-Analysis of Unadjusted ORs

Medication Classes No. of Articles No. of Subjects

Antiarrhythmic 10 44,934
Digitalis 5 1906
Digoxin 4 1123
Vasodilator 12 48,957
Nitrate 5 1966
Antihypertensive 28 33,333
Diuretics 35 54,963
Loop diuretics 3 331,424
Thiazide diuretics 5 75,073
Beta-blocking agents 16 435,065
Calcium channel blocker 15 113,480
Agents acting on renin-angiotensin system 4 2118
ACE inhibitor 12 430,776
Angiotensin II antagonist 9 429,847
Alpha-adrenoceptor antagonist 7 46,448
Statin 3 1617

ACE, angiotensin-converting enzyme.
outcome, whereas 25 studies had recurrent falls and 20 studies had
injurious falls as the outcome.Medication classificationwas used in 34
articles, of which 16 used the ATC. The medication ascertainment at
the time of occurrence of the fall was performed in 27 articles.
Included Pooled OR (95% CI) Heterogeneity,
I2 Value, %

c2 Test, P Value

1.27 (0.79, 2.06) 79 <.001
1.60 (1.08, 2.36) 51 .08
2.06 (1.56, 2.74) 0 .59
1.03 (0.77, 1.37) 84 <.001
1.24 (0.79, 1.95) 71 .007
1.38 (1.19, 1.56) 61 <.001
1.02 (0.90, 1.15) 64 <.001
1.58 (1.52, 1.65) 18 .30
1.16 (0.87, 1.55) 92 <.001
0.96 (0.87, 1.06) 76 <.001
0.98 (0.85, 1.14) 83 <.001
0.89 (0.66, 1.20) 65 .05
1.03 (0.90, 1.19) 88 <.001
0.91 (0.77, 1.08) 83 <.001
1.20 (0.89, 1.61) 65 .008
0.80 (0.65, 0.98) 0 .65
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Antiarrhythmics

Fourteen studies assessed antiarrhythmics as an exposure
(Appendix 3, Table S2). Ten studies were included in themeta-analysis
of unadjusted data, which resulted in a pooled OR of 1.27 (95% CI 0.79,
2.06) with substantial heterogeneity, I2 ¼ 79%, P < .001 (Table 1).

Cardiac Glycosides

Six studies assessed digitalis as an exposure (Appendix 3, Table S5).
Five studies were included in the meta-analysis of unadjusted data,
which resulted in pooled OR of 1.60 (1.08, 2.36) with substantial
heterogeneity, I2 ¼ 51%, P ¼ .08 (Table 1).

Ten studies investigated digoxin as an exposure (Appendix 3,
Table S6). Four studies were included in the meta-analysis of unad-
justed data, which resulted in pooled OR of 2.06 (1.56, 2.74) with low
heterogeneity, I2 ¼ 0%, P ¼ .59 (Table 1).

Vasodilators

Seventeen studies assessed vasodilators as an exposure (Appendix
3, Table S8). Four studies were included in the meta-analysis of
adjusted data, which resulted in a pooled OR of 1.14 (0.81, 1.63) with a
heterogeneity of I2 ¼ 55% and P ¼ .07 (Table 2 and Figure 2). Twelve
studies were included in the meta-analysis of unadjusted data, which
resulted in a pooled OR of 1.03 (0.77, 1.37) with substantial hetero-
geneity, I2 ¼ 84% (Table 1).

Twelve studies investigated nitrates as an exposure (Appendix 3,
Table S10). Five studies were included in the meta-analysis of unad-
justed data, which resulted in a pooled OR of 1.24 (0.79, 2.06) with
substantial heterogeneity, I2 ¼ 71%, P ¼ .007 (Table 1).

Antihypertensives

Sixty-two studies investigated antihypertensives as an exposure
(Appendix 3, Table S11). Eight studies were included in the meta-
analysis using adjusted data, which resulted in a pooled OR of 0.90
(0.72, 1.12) with substantial heterogeneity, I2 ¼ 71% and P < .001
(Table 2 and Figure 2). Twenty-eight studies were included in the
meta-analysis using unadjusted data, which resulted in a pooled OR of
1.38 (1.19, 1.56) with substantial heterogeneity, I2 ¼ 61% and P < .001
(Table 1).

Diuretics

Seventy-one studies investigated diuretics as an exposure
(Appendix 3, Table S12). Eleven studies were included in a meta-
analysis of adjusted data, which resulted in a pooled OR of 1.00
(0.86, 1.16) with low heterogeneity, I2 ¼ 28%, P ¼ .18 (Table 2 and
Figure 2). Thirty-five studies were included in the meta-analysis using
Table 2
Meta-analysis of Adjusted ORs

Medication Classes No. of Articles No. of Subjects Includ

Vasodilator 4 4750
Antihypertensive 8 24,027
Diuretics 11 10,496
Loop diuretics 3 331,424
Beta-blocking agents 8 391,947
Calcium channel blocker 5 68,560
ACE inhibitor 4 387,323
Angiotensin II antagonist 4 387,323
Alpha-adrenoceptor antagonist 3 4068

ACE, angiotensin-converting enzyme.
unadjusted data, which resulted in pooled OR of 1.04 (0.92, 1.18) with
substantial heterogeneity, I2 ¼ 68% (Table 1).

Five studies assessed loop diuretics as an exposure (Appendix 3,
Table S13). Three studies were included in the meta-analysis using
adjusted ORs which resulted in a pooled OR of 1.36 (1.17, 1.57) with
substantial heterogeneity, I2 ¼ 80%, P ¼ .002 (Table 2 and Figure 2).
Three studies were included in the meta-analysis using unadjusted
ORs, which resulted in a pooled OR of 1.58 (1.52, 1.64) with low het-
erogeneity, I2 ¼ 18% (Table 1).

Eight studies investigated thiazide diuretics as an exposure
(Appendix 3, Table S14). Five studies were included in the meta-
analysis of unadjusted data, which resulted in pooled OR of 1.16
(0.87, 2.55) with substantial heterogeneity, I2 ¼ 92% and P < .001
(Table 1).

Beta-Blocking Agents

Thirty-four studies investigated beta-blocking agents as an expo-
sure (Appendix 3, Table S16). Eight studies were included in a meta-
analysis using adjusted ORs, which resulted in a pooled OR of 0.88
(0.80, 0.97) with substantial heterogeneity, I2 ¼ 65%, P ¼ .004 (Table 2
and Figure 2). Sixteen studies were included in a meta-analysis using
unadjusted ORs, which resulted in a pooled OR of 0.96 (0.87,1.06) with
substantial heterogeneity I2 ¼ 76% (Table 1).

Calcium Channel Blocker

Twenty-six studies investigated calcium channel blockers as an
exposure (Appendix 3, Table S18). Five studies were included in a
meta-analysis of adjusted data, which resulted in a pooled OR of 1.00
(0.80, 1.24) with substantial heterogeneity, I2 ¼ 67%, P ¼ .02 (Table 2
and Figure 2). Fifteen studies were included in a meta-analysis of
unadjusted data, which resulted in a pooled OR of 0.99 (0.85, 1.05)
with substantial heterogeneity, I2 ¼ 83%, P < .001 (Table 2).

Agents Acting on the Renin-Angiotensin System

Ten studies investigated agents acting on the renin-angiotensin
system as an exposure (Appendix 3, Table S19). Four studies were
included in a meta-analysis using unadjusted data, which resulted in a
pooled OR of 0.89 (0.66, 1.20) with a heterogeneity of I2 ¼ 65% and
P ¼ .05 (Table 1).

Twenty studies investigated angiotensin-converting enzyme in-
hibitors as an exposure (Appendix 3, Table S20). Four studies were
included in the meta-analysis of adjusted data, which resulted in a
pooled OR of 0.91 (0.78, 1.08), with substantial to considerable het-
erogeneity, I2¼ 85% and P< .001 (Table 2 and Figure 2). Twelve studies
were included in themeta-analysis of unadjusted data, which resulted
in a pooled OR of 1.03 (0.90, 1.19), with substantial to considerable
heterogeneity, I2 ¼ 88%, P < .001 (Table 1).
ed Pooled OR (95% CI) Heterogeneity,
I2 Value, %

c2 Test, P Value

1.14 (0.81, 1.63) 55 .07
0.90 (0.72, 1.12) 71 <.001
1.00 (0.86, 1.16) 28 .18
1.36 (1.17, 1.57) 80 .002
0.88 (0.80, 0.97) 65 .004
1.00 (0.80, 1.24) 67 .02
0.91 (0.78, 1.08) 85 <.001
0.87 (0.72, 1.06) 76 .002
1.62 (0.76, 3.45) 73 .02
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Ten studies described the use of angiotensin II antagonists as an
exposure (Appendix 3, Table S21). Four studies were included in a
meta-analysis of adjusted data, which resulted in a pooled OR of 0.87
(0.72, 1.06), with substantial heterogeneity, I2 ¼ 76%, P ¼ .002 (Table 2
and Figure 2). Nine studies were included in a meta-analysis of un-
adjusted data, which resulted in a pooled OR of 0.98 (0.88, 1.08), with
substantial to considerable heterogeneity, I2 ¼ 83%, P < .001 (Table 1).

Alpha-Adrenoceptor Antagonists

Nine studies investigated alpha-adrenoceptor antagonists as an
exposure (Appendix 3, Table S22). Four studies were included in a
meta-analysis using adjusted OR, which resulted in a pooled OR of 1.62
(0.76, 3.45) with substantial heterogeneity, I2 ¼ 73%, P ¼ .02 (Table 2
and Figure 2). Seven studies were included in a meta-analysis using
unadjusted OR, which resulted in pooled OR of 1.20 (0.89, 1.61), with
substantial heterogeneity, I2 ¼ 65% (Table 1).

Lipid Modifying Agents

Seven studies assessed statins as an exposure (Appendix 3,
Table S23). Three studies were included in the meta-analysis using
unadjusted ORs, which resulted in a pooled OR of 0.80 (0.65, 0.98),
with low heterogeneity, I2 ¼ 0% and P ¼ .65 (Table 1).

Subgroup Analysis

Subgroup analysis did not explain a source of heterogeneity in the
meta-analyses (data not shown).

Other Cardiovascular Medication Classes and Medications

The following medication classes are summarized with a descrip-
tive approach in Appendix 3: cardiac therapy, amiodarone, cardiac
glycosides, inotropes, droxidopa, peripheral vasodilators, isosorbide,
nitroglycerin, furosemide, hydrochlorothiazide, nonselective beta-
blocking agents, selective beta-blocking agents, atenolol, propranolol,
beta-blocking agent eye drops, selective calcium channel blockers with
mainly vascular effects, nondihydropyridines, verapamil, nifedipine,
captopril, methyldopa, prazosin, central anti-adrenergic drugs, tamsu-
losin, alfuzosin, silodosin and lipid-modifying drugs.

The Effect of Initiation of Cardiovascular Medication and Dosage on
Fall Risk

The effect of duration of drug use and drug dosage are summarized
with a descriptive approach per medication class in Appendix 3.

Discussion

This comprehensive systematic review andmeta-analysis provides
a broad overview of the association between 45 different cardiovas-
cular drug classes or individual cardiovascular drugs and fall risk. The
qualitative synthesis included 131 articles, and 16 drug classes were
subjected to meta-analyses. Meta-analyses of adjusted ORs showed
that loop diuretics were significantly associated with increased fall
risk, whereas beta-blocking agents were significantly associated with
decreased risk. Meta-analyses of unadjusted ORs showed that digitalis
and digoxin may increase the risk of falls whereas statins may reduce
the risk. In the qualitative synthesis, we observed inconsistent
associations for antiarrhythmics (4/12), digitalis (2/5), digoxin (3/6),
antihypertensives (12/37), diuretics (3/42), and loop diuretics (2/4).
Lipid-modifying drugs (2/4), beta-blocking agents (6/18), and angio-
tensin II antagonist (3/9) showed inconsistent protective associations
with falls. The majority of the remaining medication classes were
investigated in few or single studies, and the quality of some of these
studies was low. Therefore, the actual list of cardiovascular FRID may
potentially be longer.

Although we found no association between the use of antihyper-
tensivemedication and fall risk in themeta-analysis of adjusteddata, the
meta-analysis of unadjusted data showed an association between anti-
hypertensive use and fall risk. Our findings on antihypertensives and fall
risk in the meta-analysis of unadjusted studies are in line with those of
Woolcott et al.6 The different results between the meta-analysis of
adjusted and unadjusted data could be explained by including some-
what different studies, and these studies may differ in quality. Because
antihypertensives is a broad group, the actual exposure to antihyper-
tensive medicationmay vary between the studies. Also, a meta-analysis
of unadjusted data does not account for confounders. Common adverse
effects caused by antihypertensives, such as, balance and gait impair-
ment, dizziness, and postural hypotension are known risk factors for
falling22; thus, causal association is plausible.

Loop diuretics were the only pharmacologic subgroup of diuretics
that were significantly associated with increased risk of falling. Our
meta-analyses of the loop diuretics pharmacologic subgroup showed
that addressing overarching drug groups can mask actual risk. The
significant association between loop diuretics and increased fall risk is
in contrast with the meta-analysis using unadjusted data by Leipzig
et al., probably because different studies were included.5 Loop di-
uretics have a rapid and powerful diuretic effect compared to other
diuretics, causing more rapid changes in extracellular fluid, which
could explain its association with fall risk. Residual confounding by
indication cannot be ruled out for this association as this was only
partly addressed in the included studies.

Our meta-analysis of adjusted data for beta-blocking agents
showed a protective effect on fall risk. This association might be
causal, potentially through cardioprotective effects. Furthermore,
beta-blocking agents attenuate the raised levels of catecholamine
preceding syncope.23 This could have a possible protective effect on
vasovagal syncope and, therefore, falls. However, in a single study
included in the descriptive synthesis, nonselective beta-blocking
agents were associated with increased risk of falling.9 A recently
published study that combined 2 large-cohort studies also found a
positive association between nonselective beta-blocking agents and
falls, whereas selective beta-blocking agents and the pharmacologic
group beta-blocking agents were not associated with increased fall
risk.8 These dissimilarities in fall risk may be explained by differences
in pharmacokinetics, but further studies are needed to assess this.

Statins showed a protective association, which is remarkable
because statins have been associated with decreased muscle strength
and impaired balance.24,25 The protective effect on fall risk might be
due to the cardioprotective effects of statin use.26 Another possible
explanation is the effect of statin use on white matter lesions, which
are an identified risk factor for falls in older adults.27 It is suggested
that statins might reduce white matter lesion progression.28

Furthermore, preferential prescribing cannot be excluded. Frailer
older adults may be less likely to receive a statin prescription.

Strengths and Limitations

We performed a first systematic review comprehensively sum-
marizing the literature on cardiovascular drugs and falls in older
adults. Thus, cohorts of participants 50 and older are beyond the scope
of this review. Multiple databases without restriction on publication
date were used for the search. However, including only English-
language studies could have caused us to miss relevant papers in
other languages. Furthermore, evaluating syncope as an outcome was
not feasible in this review, though there is considerable overlap.29

By reporting pooled ORs of adjusted and unadjusted data, we
present all available evidence on this topic. Adjusted ORs account for
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potential confounding, and unadjusted data prevent overestimation
of the association. Until now, only Woolcott et al. had performed a
meta-analysis using adjusted data, but they restrained themselves
to diuretics of cardiovascular drug groups in adjusted analysis.6

Furthermore, we only included intermediate- to high-quality
studies, which improved the quality of the evidence.

All the included studies were observational studies. Even in the
adjusted analysis, confounding by indication cannot fully be ruled out.
However, studies addressing initiation of antihypertensive therapy
and reporting increased risk after initiation showed that causal rela-
tionship might be plausible. Furthermore, most of the observational
studies have serious quality issues. A majority of the studies did not
use a drug classification system, making it often impossible to deter-
mine the exact medications included. Furthermore, a vast majority of
the studies collected data on medication at baseline, which could lead
tomisclassification because of changes inmedication in the follow-up.
Moreover, polypharmacy is frequent among older adults, which could
result in bias. Although the studies should have included other FRIDs
in the multivariate model, the possible drug-drug interactions were
not studied.

Additionally, substantial heterogeneity was observed in most
meta-analyses, which did not disappear after stratification. There are
remaining differences in the studies. These differences might be frailty
status, medication dosage, and the indication for the drugs. Moreover,
the heterogeneity could well reflect differences in the prevalence of
specific drugs, as studies often evaluate broad medication groups.

Future Implications and Clinical Perspectives

This systematic review and meta-analysis updated the evidence
related to different cardiovascular drugs and fall risk. Withdrawal of
FRID has previously been proven to be effective.7,30,31 Nevertheless,
deprescribing has been shown to be difficult both in clinical practice
and in research settings, and noncompliance in deprescribing is
common. Greater compliance could be achieved by a stronger doctor-
patient relationship32 and also by providing more precise risk
estimates.

Studies that described the initiation of cardiovascular drugs often
showed an association with increased risk of falling after initiation.
This finding indicates that more attention should be given to initiation
of antihypertensives in older patients, for example, starting with a
smaller dose and increasing the dose slowly. In addition, more studies
focusing on the effect of initiating therapy are necessary.

To reach a better understanding of cardiovascular drugs as FRID,
more intervention studies are needed. It remains difficult to attribute
causation to an individual medication group based on observational
studies. Observational studies could be improved by using a medica-
tion classification system to ascertain medication use at the moment
of a fall, by using fall calendars, and by adjusting for confounding
factors. Furthermore, this systematic review and meta-analysis found
that pharmacologic subgroups could lead to increased risk of falling
whereas the broader pharmacologic group did not. Thus, it is essential
to investigate pharmacologic subgroups and individual cardiovascular
drugs in the future.

Conclusion

This systematic review and meta-analysis showed that several
cardiovascular drugs are associated with fall risk. Loop diuretics were
consistently associated with increased risk. Additionally, digitalis
usersmay have an increased fall risk, whereas statins usersmay have a
reduced risk. Also, beta-blocking agents seem to be protective, but
there is recent evidence that a subgroup of beta-blocking agents, that
is, nonselective, increase a risk of falling. Pharmacologic subgroups
and individual cardiovascular drugs need to be investigated in
high-quality studies. RCTs should assess falls as adverse events when
new drugs are developed.
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