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Abstract

Background Polypharmacy, and specifically the use of

multiple fall-risk-increasing drugs (FRID), have been

associated with increased risk of falling in older age.

However, it is not yet clear whether the known set of

FRIDs can be extrapolated to recurrent fallers, since they

form a distinct group of more vulnerable older persons with

different characteristics.

Objectives We aim to investigate which classes of med-

ications are associated with recurrent falls in elderly

patients visiting the Emergency Department (ED) after a

fall.

Methods This study had a cross-sectional design and was

conducted in the ED of an academic medical center.

Patients who sustained a fall, 65 years or older, and who

visited the ED between 2004 and 2010 were invited to fill

in a validated fall questionnaire designed to assess patient

and fall characteristics (CAREFALL Triage Instrument

[CTI]). We translated self-reported medications to ana-

tomical therapeutic chemical (ATC) codes (at the second

level). Univariate logistic regression analysis was per-

formed to explore the association between medication

classes and the outcome parameter (recurrent fall). Multi-

variate logistic regression was used to assess the associa-

tions after adjustment to potential confounders.

Results In total 2,258 patients participated in our study,

of whom 39 % (873) had sustained two or more falls

within the previous year. After adjustment for the potential

confounders, drugs for acid-related disorders (adjusted

odds ratio [aOR] 1.29; 95 % CI 1.03–1.60), analgesics

(aOR 1.22; 95 % CI 1.06–1.41), anti-Parkinson drugs (aOR

1.59; 95 % CI 1.02–2.46), nasal preparations (aOR 1.49;

95 % CI 1.07–2.08), ophthalmologicals (aOR 1.51; 95 %

CI 1.10–2.09); antipsychotics (aOR 2.21; 95 % CI

1.08–4.52), and antidepressants (aOR 1.64; 95 % CI

1.13–2.37) remained statistically significantly associated

with an ED visit due to a recurrent fall.

Conclusions Known FRIDs, such as psychotropic drugs,

also increase the risk of recurrent falls. However, we found

four relatively new classes that showed significant associ-

ation with recurrent falls. In part, these classes may act as

markers of frailty and comorbidity, or they may reflect

differences in the risk factors affecting the older, frailer

population that tends to sustain recurrent falls. Further

investigation is needed to elucidate causes and ways to

prevent recurrent falls.

1 Introduction

About 30 % of people aged 65 years or older living in the

community fall at least once annually, and up to 20 % fall

twice or more [1–6]. Although not all falls lead to injury,

approximately 20 % require medical attention and around

5 % result in (serious) injuries, such as fractures, disloca-

tion of joints or other serious injuries [2, 4, 5, 7, 8]. Falls

have been shown to lead to substantial loss of quality of
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life, mobility problems, loss of independence, and even

mortality in the elderly population [4, 9–11]. In The

Netherlands, between 2003 and 2007 annual healthcare

costs due to falls were estimated at €474.4 million, which

represents 21 % of total healthcare expenses due to injuries

[4]. Falls therefore form a major health concern.

Falling in older age is often multifactorial [2, 12, 13].

Besides a history of previous falls, major risk factors

include age, mobility and balance problems, and use of

certain drugs. A recent meta-analysis again confirmed a

significant association between falls and the use of seda-

tives and hypnotics, especially benzodiazepines, and also

antidepressants in older individuals [14]. Furthermore, fall

risk has been shown to be dependent on both number of

fall-risk-increasing drugs (FRIDs) [16] and dose [15]. In

patients with recurrent falls, a stronger association between

medication use and falls may be hypothesized [16].

Although having history of falls is an important risk factor

for recurrent falling [17], a first fall is often accidental.

Nevertheless, only a minority of studies focused on a

possible association between use of certain medications

and recurrent falls [16–18]. This is of interest, since the

underlying mechanisms may differ between single and

multiple falls. First, some drugs may only increase initial

fall risk, for example, medications that cause a transient

orthostasis [19] that subsides after prolonged use. Fur-

thermore, recurrent fallers are often older and frailer due to

comorbidity and/or other risk factors, and therefore have a

higher risk of sustaining further falls and fall-related inju-

ries [20, 21]. Finally, in recurrent fallers, additive effects

and interactions with other fall-risk factors like comor-

bidity and mobility may change the effect of individual

drugs on fall risk. Since recurrent fallers are less likely to

have sustained an accidental fall [22], they can benefit from

targeted treatment and are in need of more stringent follow-

up. This has important implications for fall-prevention

programs/assessment. In the case of FRIDs, for example,

potential beneficial effects have to be carefully weighed

against expected adverse drug reactions, e.g. recurrent

falls. Our aim in this study was therefore to investigate

potential associations of medication and recurrent falls

based on the anatomical therapeutic chemical (ATC)

classes of medications.

2 Methods

2.1 Study Design and Patient Population

For the current study, we conducted a cross-sectional

analysis of data from an observational cohort study among

patients who were 65 years or older and presented after a

fall to the Emergency Department (ED) of the academic

medical center (AMC) in Amsterdam, The Netherlands, a

1,024-bed Tertiary University-Teaching Hospital. All

patients gave informed consent for the use of the data for

research purposes and the study was approved by the

medical ethics committee of the AMC.

2.2 Source of Data

For this study, we used data that were gathered using the

combined Amsterdam and Rotterdam evaluation of falls

(CAREFALL) triage instrument (CTI) in our ED from July

2004 until July 2010. The CTI was developed on behalf of

the Dutch National Fall Prevention Collaboration and

consists of 44 questions to determine patient characteris-

tics, the characteristics and possible cause(s) of the fall, and

(modifiable) risk factors for falling (including self-reported

medication use) [13]. The CTI was designed to identify risk

factors for falls in the older population and has been shown

to be an adequately valid and reliable instrument for

assessing (modifiable) risk factors in older patients pre-

senting to the ED after a fall. The validation of the CTI has

been described elsewhere [23].

All charts of patients aged 65 years or over presenting to

the ED were reviewed on a daily basis for fall incidents.

Patients sustaining a fall received a letter with the CTI

questionnaire (including an explanation) within 1 week.

Patients not responding within 2 weeks were reminded by

telephone to fill in the questionnaire.

2.3 Definition of (Recurrent) Falls

Fall incidents were defined as coming to rest unintention-

ally on the ground or a lower level with or without losing

consciousness. Fall recurrence was defined as experiencing

two or more falls within the past 12 months. This means

having a fall incident(s) in the year preceding the injurious

fall that led to the ED visit. Patients with falls due to acute

medical factors such as myocardial infarction or cerebro-

vascular accident and those with dementia were excluded

from this study.

2.4 Covariates

Covariates in our study included use of medications as well

as fall risk factors as defined in the CTI (age, sex, vision

problems, urinary incontinence, mood problems, mobility

and balance problems, orthostatic hypotension symptoms,

drinking alcohol, and weight less than 60 kg). Orthostatic

hypotension and vasovagal collapse symptoms were scored

as positive if the patient reported one or more instances of

falling with symptoms consistent with these conditions.

Impaired vision was scored as positive if the patient could

not read a newspaper, or had significantly poor vision the
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last 6 months, or used reading glasses. Mood problems

were scored as positive if the patient experienced less

pleasure or interest in doing things, or felt gloomy.

Mobility and balance problems were scored as positive if

the patient had difficulty with walking, used a walking aid,

had balance problems, experienced pain in his or her legs

or felt stiffness, or had less feeling in his or her feet. Uri-

nary incontinence was scored as positive if the patient was

not able to hold urine or had to get up more than two times

during the night to urinate.

2.5 Data Classification of Medication Use

Medication use in the CTI questionnaire was self-reported

and recorded in free text, which we structured using the

ATC classification system as described below. The ATC

coding system structures medications on their therapeutic

chemical components.

We manually looked up the generic name of the drug

(trade) names, which were reported as free text, and sub-

sequently linked these generic names with the ATC code

using a computer program. This linking was obtained pri-

marily based on the second level of the ATC classification,

due to a lack of detailed information at higher levels (such

as ATC level five). In cases where more specific infor-

mation was present (ATC level three or four), this was

coded as such. Besides analyzing the ATC second-level

groups separately, we also grouped them clinically as

‘antihypertensives’, ‘sedatives and hypnotics’, ‘antide-

pressants’, and ‘benzodiazepines’ using the classification

system presented in the meta-analysis of medications

related to falls [14].

2.6 Statistical Analysis

Differences in variables between the single and recurrent

fallers were tested using the v2 test, Student’s t-test or the

Mann–Whitney test based on the variable’s distribution.

Univariate regression analyses for recurrent falls were

performed to identify potential FRID classes. Each medi-

cation class with a p-value \0.2 was retained for further

analysis. For each such medication, we identified the non-

medication candidate covariates that changed the odds ratio

(OR) of the medication by at least 10 % when entered into

a multivariate logistic regression model containing the

medication, age, and sex. These non-medication covariates

are considered either candidate confounders, to be incor-

porated in the final model, or intermediates [24]. An

intermediate was defined as any risk factor that represents a

step in the causal chain between the exposure and outcome.

To identify intermediates we checked whether a covariate

was associated with the medication with a p-value B0.01,

and asked our expert panel (consisting of two experienced

geriatricians and one pharmacologist) to decide whether

these covariates could reasonably be considered interme-

diates. All covariates not considered intermediates were

considered as confounders. To reduce the number of

covariates in the model we used stepwise variable selection

based on Akaike’s information criterion [25]. All statistical

analyses were carried out using the R statistical software

environment version 2.11.1 (R Foundation for Statistical

Computing, Vienna, Austria) and GraphPad Instat

(GraphPad Software, Inc., CA, USA).

3 Results

Our cohort consisted of 2,258 patients with an average age

of 77.7 years (standard deviation [SD] 7.8 years); 873

patients had sustained two or more falls within 1 year

(39 %). Table 1 shows the patient characteristics.

There were 46 ATC groups classified in the second level

entered in the univariate analysis. This analysis showed a

potential association with recurrent falls in 20 groups.

Table 2 shows potential classes that were considered in the

multivariate analysis (p \ 0.2). In total, six ATC second-

level groups of medication classes remained significant in

the final multivariate regression analysis: drugs for acid-

related disorders (A02), analgesics (N02), anti-Parkinson

drugs (N04), psychoanaleptics (N06), nasal preparations

for respiratory system (R01), and ophthalmologicals (S01).

From the medication classes classified in the third-level

ATC, antipsychotics (N05A), anxiolytics (N05B), hypnot-

ics and sedatives (N05C), and antidepressants (N06A) were

considered in our multivariate analysis (p \ 0.2) (see

Table 3). Antipsychotics (N05A) and antidepressants

(N06A) showed significant association with recurrent falls

in our population among the above-mentioned groups (see

Table 3). An extended version of Table 2 is available as

Electronic Supplementary Material, Table S1.

4 Discussion

In addition to reaffirming well known FRIDs such as an-

tipsychotics, antidepressants, analgesics, and anti-Parkin-

son drugs, our results also showed that drugs for acid-

related disorders, nasal preparations, and ophthalmologi-

cals were associated with recurrent falls in a population

consisting of patients who visited the ED due to a recurrent

fall.

The identified association between antidepressants and

recurrent falling is in line with previous studies [16, 17].

Furthermore, the association of anti-Parkinson drugs (N04)

with recurrent falls is concordant with the study of Nevitt

et al. [18]. They suggested that this was probably due to the
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problems in postural control associated with Parkinson’s

disease [18]. The association we found could be at least

partly due to the medications acting as a proxy for the

disease itself, which is a risk factor for recurrent falls. Anti-

Parkinson medications have side effects that could them-

selves be associated with falling, such as hypotension and

orthostasis [19, 26]. Therefore, it is possible that the drugs

themselves as well as the disease increase risk of falling, a

relationship that merits further research. Adjusting for

orthostatic hypotension symptoms reduced the OR for

having the medication from 2.16 (95 % CI 1.41–3.32) to

1.85 (95 % CI 1.21–2.84). If the medication itself is the

reason for increased fall risk, then therapy can better be

started under the supervision of clinicians.

Analgesics showed an association, albeit small, with

recurrent falling. The known adverse effects of opioid

analgesics include a deterioration in mobility, diminished

concentration, prolonged reaction time, impaired balance,

and orthostatic hypotension [27]. In addition, it has been

shown that withdrawal of opioid analgesics may be effec-

tive as an intervention for reducing risk of falls [27]. An

additional analysis in our sample did show a significant

association between non-opioid analgesics with recurrent

falling (adjusted OR [aOR] 1.63; 95 % CI 1.28–2.08).

Most opioid and non-opioid analgesics in our sample were

tramadol and paracetamol, respectively.

Furthermore, we also showed a significant association

with ophthalmologicals, which include anti-glaucoma

medications. Aside from being a proxy for the fall-risk

factor ‘poor vision,’ anti-glaucoma drugs could increase

fall risk through systemic adverse effects. For example,

anti-glaucoma drugs have a beta-blocking effect and can

cause hypotension and bradycardia [28]. Eye drops may

cause severe systemic adverse effects. The majority of the

administered drop drains through the nasolacrimal duct,

where it is absorbed by the nasal mucosa. Therefore, due to

Table 1 Baseline

characteristics of the cohort of

patients visiting the emergency

department due to an injurious

fall

IQR interquartile range, No.

number, SD standard deviation

* p-value for all variables:

\0.05

Characteristics* Single fallers Recurrent fallers

(n = 1,385) (n = 873)

Age in years, mean (SD) 76.4 (7.4) 79.7 (8)

Sex: male, no. (%) 472 (34) 229 (26)

No. medication, median [IQR] 3 [1–5] 4 [2–6]

Living arrangement, no. (%)

Living independently without assistance 748 (54) 303 (35)

Living independently with some assistance 545 (39) 429 (49)

Assisted living facility 53 (4) 88 (10)

Nursing home 7 (1) 15 (2)

No data, no. (%) 32 (2) 38 (4)

Drinking alcohol, no. (%) 675 (49) 371 (43)

No data, no. (%) 19 (2)

Incontinence of urine, median [IQR] 1 [0–1] 1 [0–2]

Mobility score, median [IQR] 0 [0–2] 2 [0–4]

Weight less than 60 kg, no. (%) 289 (21) 227 (26)

No data, no. (%) 32 (2) 44 (5)

Physical exercise, no. (%)

Daily 735 (53) 280 (32)

3 times per week 200 (15) 114 (13)

Weekly 130 (9) 72 (8)

Monthly 5 (1) 7 (1)

Almost never 274 (19) 358 (41)

No data, no. (%) 39 (3) 42 (5)

Depression symptoms, median [IQR] 0 [0–1] 0 [0–2]

No data, no. (%) 111 (8) 111 (13)

Frequency of going outside, no. (%)

Daily 1,171 (85) 532 (61)

Weekly 126 (9) 167 (19)

Monthly 6 (0) 21 (2)

Almost never 51 (4) 114 (13)

No data, no. (%) 31 (2) 39 (5)
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systemic spreading, and as there is no hepatic first-pass

effect, the absorbed dose behaves like an intravenous drug

dose. No significant association was found in a small cross-

sectional observational study assessing the effect of long-

term use of beta-blocker eye drops and falls, dizziness, or

orthostatic hypotension in older ophthalmic outpatients,

compared with long-term use of prostaglandin eye drops

[29]. Potentially this was caused by a subsidence of the

initial orthostatic effect, but this is not a common effect of

chronic beta-blocker use. It is more likely that this finding

was due to, among other things, bias by contraindication,

e.g. patients with higher fall risk and orthostatic hypoten-

sion were more likely to be prescribed prostaglandin eye

drops or switched when a side effect occurred. However,

beta-blocking eye drops can potentially cause orthostasis,

hypotension, and bradycardia, and caution has been

advised when using them in elderly patients [28].

The finding that drugs for acid-related disorders

increased the risk of recurrent falling is relatively new. The

potential underlying causal relationship could be due to

electrolyte disorders, muscle weakness, or dizziness caused

by the use of these medications. Some classes of medica-

tions for acid-related disorders, such as proton pump

inhibitors (PPIs), are among the most prescribed medica-

tions and are much more commonly used among individ-

uals with indicators of frailty, including polypharmacy and

higher levels of overall comorbidity [30, 31]. PPIs have

been associated with fracture and decreased bone density

Table 2 Medication classes

showing a positive association

with recurrent falls in the

univariate regression analysis

aOR adjusted odds ratio, ATC

anatomical therapeutic

chemical, OR odds ratio

* p \ 0.05
a Variables with p-value \0.2

were included in the model
b Adjusted for age, sex,

mobility and balance problems,

orthostatic hypotension

symptoms, urinary

incontinence, vision problems,

and/or depression

Drugs ATC group Univariate analysisa Multivariate analysisb

Crude OR (95 % CI) aOR (95 % CI)

Drugs for acid-related disorders A02 1.54 (1.25–1.89) 1.29 (1.03–1.60)*

Laxatives A06 1.36 (0.95–1.95) 0.96 (0.65–1.40)

Vitamins A11 1.60 (1.17–2.23) 1.23 (0.87–1.73)

Antithrombotic agents B01 1.21 (1.05–1.40) 1.15 (0.99–1.34)

Anti-anemic preparations B03 1.89 (1.22–2.95) 1.27 (0.80–2.01)

Blood substitutes and perfusion solutions B05 1.84 (0.87–3.89) 1.08 (0.50–2.35)

Cardiac therapy C01 1.22 (0.95–1.57) 1.04 (0.80–1.35)

Diuretics C03 1.25 (1.06–1.49) 1.11 (0.93–1.32)

Beta-blocking agents C07 0.88 (0.72–1.07) 0.86 (0.71–1.05)

Lipid-modifying agents C10 0.77 (0.64–0.95) 0.91 (0.73–1.12)

Antibacterials for systemic use J01 2.04 (1.21–3.34) 1.62 (0.96–2.72)

Anesthetics N01 2.12 (0.82–5.47) 1.53 (0.55–4.28)

Analgesics N02 1.28 (1.12–1.47) 1.22 (1.06–1.41)*

Anti-epileptics N03 1.49 (1.21–1.84) 1.22 (0.98–1.53)

Anti-Parkinson drugs N04 1.87 (1.22–2.78) 1.59 (1.02–2.46)*

Psycholeptics N05 1.62 (1.28–1.99) 1.21 (0.95–1.56)

Psychoanaleptics N06 1.95 (1.41–2.71) 1.67 (1.17–2.38)*

Other nervous system drugs N07 2.20 (1.12–4.33) 1.62 (0.75–3.52)

Nasal preparations R01 1.45 (1.05–2.00) 1.49 (1.07–2.08)*

Ophthalmologicals S01 1.70 (1.22–2.31) 1.51 (1.10–2.09)*

Table 3 Regression analysis medication classes (ATC classification third level)

Drugs ATC group Univariate analysisa Multivariate analysisb

Crude OR (95 % CI) aOR (95 % CI)

Antipsychotics N05A 2.64 (1.41–4.84) 2.21 (1.08–4.52)*

Anxiolytics N05B 1.32 (0.89–1.98) 0.77 (0.49–1.23)

Hypnotics and sedatives N05C 1.84 (1.32–2.57) 1.44 (0.99–2.08)

Antidepressants N06A 1.97 (141–2.77) 1.64 (1.13–2.37)*

ATC anatomical therapeutic chemical, aOR adjusted odds ratio

* p \ 0.05
a Determinants with p \ 0.2 were included in the model
b Adjusted for age, sex, weight \60 kg, and/or depression
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[30, 32]. Through this mechanism, serious falls (e.g. those

leading to fracture) could also be associated with use of this

medication.

To our surprise, we found no association between the

anxiolytics and hypnotics and sedatives with recurrent

falls. This is perhaps because self-reported use of sedatives

is under-reported, partly because patients may not consider

their sleeping medication as a drug, or because they may

not use it on a daily basis.

Finally, another unexpected finding was the association

with nasal preparations (e.g. treatment of asthma or allergic

rhinitis). The sedative effects of these (antihistaminic)

drugs most likely underlie the associated fall risk. More-

over, patients who use these medications could have poorer

pulmonary function, which is connected with overall vul-

nerability, sarcopenia, and disability. In a study by Koski

et al. [33], poor pulmonary function was found to be a

possible risk factor for injurious falling. Although all

mentioned potential mechanisms could clarify the associ-

ation between these medications and recurrent falling,

more research is needed to gain stronger evidence of such

an association.

For vitamins, anti-anemic preparations, and antibacte-

rials for systemic use, we considered mobility and balance

problems as a confounder because we do not think that they

act as an intermediate in the causal pathway corresponding

to these medications. Without adjusting for mobility and

balance problems in the final models, these medications

have significant association with recurrent falling, but it is

probable that the medications act as proxies for illness and

hence adjustment seems justified. More research is needed

to determine whether or not these groups are truly associ-

ated with recurrent falling.

Our study is the largest study exclusively focusing on

the association between medications and recurrent falls in

elderly patients. In addition, the self-reported drug use is

likely to better represent actual, not only prescribed, use.

Nevertheless, our study also has some limitations. First, we

did not know for which specific medical reasons the

reported medications were prescribed, which could affect

the ATC coding and hinder adjusting for these specific

reasons. However, the (side) effect of the medication will

not change due to a different ATC coding. In addition, we

were not able to consider the period of exposure to a certain

drug due to a lack of this information. However, these are

the medications the patient was taking at the time the fall

occurred, and it is likely that most medications had been

used for some time before the fall occurred. Second, our

study had a cross-sectional observational design; therefore,

establishing a causal relation is not possible. Some of these

correlations may reflect the frailty of the patients rather

than a direct relationship with recurrent falls. Third, our

evidence was based solely on medication names reported

by the patients without information on dosage or therapy

duration. Fourth, although the CTI has been validated for

recurrent falls, the risk of recall bias is still present [23].

The registration of recurrent falls may therefore be sus-

ceptible to misclassification. Finally, this study cannot rule

out confounding by indication, nevertheless we were partly

able to correct for this by including covariates addressing

geriatric conditions such as poor mobility and vision.

5 Conclusion

Although the benefit of a FRID will sometimes outweigh

the risk, clinicians should be aware of potential risks of

recurrent falls due to the use of drugs from certain medi-

cation classes. It appears that some FRIDs increase not

only the initial risk of falls but also carry lasting increased

fall risk even compared with the risk of single falls. In this

study, we showed four relatively new FRID classes asso-

ciated with recurrent falls. In part, these classes may act as

markers of frailty and comorbidity, or they may reflect

differences in the risk factors affecting the older, frailer

population that tends to sustain recurrent falls. Further

investigation, preferably in prospective cohorts, is needed

to elucidate causes and ways to prevent recurrent falls,

including FRID withdrawal.
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