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Key summary points

Aim To identify risk factors for falling among acutely ill older patients aged > 80 years, during hospitalization in acute
geriatric ward.

Findings The strongest predictors of falling during hospitalization were dementia, CHF, hypertension and delirium.
Message Detection of patients who are likely to fall during hospitalization, might enable the staff to better target hospital
fall prevention and plan effective prevention strategies.

Abstract

Purpose The study aims to identify risk factors for falling among acutely ill older patients, hospitalized in acute geriatric
ward.

Methods A retrospective study of 260 cases of patients who had fallen and 439 controls was conducted in a geriatric ward.
We retrieved from the electronic hospital records data including patient demographics, medical diagnoses, and laboratory
results, and drugs taken prior to the fall were reviewed. In addition, data on functional and cognitive status were recorded.
Admission Morse Falls Scale for every patient was also retrieved.

Results The following on-admission diagnoses were associated with a higher incidence of falls during hospitalization: hyper-
tension (84% vs. 38%), congestive heart failure (CHF), 74% vs 16%, dementia (36% vs. 5%), and delirium (36% vs 5%). A
higher percentage of fallers compared to controls consumed beta blockers (69% vs. 53%), benzodiazepines (46% vs. 32%),
antidepressants (33% vs. 23%), oral diabetes drugs (20% vs. 11%) and opiates (8% vs. 4%). On-admission Morse Falls Scale
score was found to be higher in the patients who fell (59 vs.53). The strongest predictors of falling during hospitalization
were CHF, hypertension, dementia, delirium, assisted mobility and dependence.

Conclusion A systematic screening of risk factors for falls and identification of them might contribute to reducing the risk
associated with falls during hospitalization.

Keywords Falls - Oldest-old - Hospitalized patients - Acute geriatric ward - Risk factors

Introduction

Hospitalized patient falls are a worldwide problem. Hos-
pitalization itself increases the risk of falls [1]. An acutely
ill older person, hospitalized at an acute care facility, is at
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a higher risk of falling, both due to an increase in intrinsic
factors, including acute illness and drugs used, and extrinsic
factors in the hospital environment [2]. Patients find them-
selves in a strange environment, are ill, and undergoing a
number of medical interventions, all of which increase the
probability of a fall. Older patients over 65 years are a par-
ticularly vulnerable group, and have three times higher risk
of falls in a hospital than in their home environment [1]. The
complex interaction between individual vulnerabilities and
those added by the hospital environment makes identifica-
tion of a single, definitive causal link almost impossible [3].

Falls can be influenced by multiple factors [4]. The most
consistently identified risk factors for falls in hospitalized
patients are quite similar to those observed in community
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studies, including advanced age (> 85 years), male sex,
a recent fall, gait instability, agitation and/or confusion,
adverse drug reactions and neuro-cardiovascular instability
(most notably orthostatic hypotension) [5].

Other risk factors for in-hospital falls, which were found,
are arthritis, depression, visual disturbances, use of four or
more drugs, hypoglycemia, Vitamin D deficiency, dementia,
delirium, and time of day [3, 6-8].

Falls are the most commonly reported patient safety inci-
dent in the acute hospital setting, constituting up to 70% of
inpatient accidents [2, 5, 9].

Risk of falls for hospitalized patients is monitored by
scoring tools, such as the Morse Falls Scale (MFS) [10, 11],
Falls Risk Assessment Tool (FRAT) and St. Thomas’s Risk
Assessment Tool in Falling Elderly Inpatients (STRATIFY)
[12]. The use of such scales allows the staff to prioritize
at risk population in terms of placement, surveillance and
physical therapy.

Common consequences of falls are serious physical and
emotional injury, poor quality of life, increased length of
hospital stay, discharge to a long-term care facility, increased
health care cost [1, 2, 13], fear of further falls and delayed
functional recovery [5]. Approximately 30% of hospital
patient falls result in physical injury, with 4-6% causing
serious injury, such as fractures, subdural hematomas, and
even patient death [2, 5].

Although falls have been relatively well studied in com-
munity and nursing home settings, less is known about the
epidemiology of falls in the hospital setting [2]. Previous
studies suggested that 3—20% of hospitalized patients fall at
least once during their stay [2, 14].

Studies aiming to identify risk factors of falls in hospital-
ized older patients have been conducted in different clinical
settings, so that the results are comparable only to some
extent. Most previous reports concerning falls in hospitals
have been in rehabilitation wards. An understanding of the
incidence and characteristics of falls in acute care wards is
important for prevention of falls [15]. However, literature
regarding specific risk factors associated with falls among
oldest-old patients in acute geriatric departments is lacking.
Thus, we retrospectively examined the characteristics of falls
among oldest-old adults (aged > 80 years old) hospitalized in
acute geriatric ward. To our best knowledge very few studies
focused on this age group of patients.

Methods

We conducted a retrospective study of falling cases in a
large community-based hospital. We included patients
aged > 80 years, admitted between the years January 2012
and December 2017 from the emergency room to the acute
geriatric ward at the Kaplan Medical Center (general
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hospital), Rehovot, Israel. The acute geriatric ward admits
only patients from the emergency ward. This department is
a unique facility providing acute care to patients 80 years old
and above, suffering from a wide variety of acute medical
conditions. The department has 36 beds and a high turnover
(average stay length of less than 6 days). The department’s
staff is utilizing the MFS in trying to identify patients at
risk for fall.

Every fall event of any hospitalized patient in the geriatric
ward is recorded on a fall report (a special dedicated form),
regardless of whether it results in a harm to a patient or not.
A fall is defined as an involuntary change of posture whereby
a patient is ending up lying on the floor. The incident report
is filled by the nurse in charge of the patient, and completed
by a medical report filled by one of the department’s physi-
cians after a physical examination of the patient.

A total of 260 cases of patients who had fallen were
detected through the fall reports. A control group of 439
patients, who had not fallen, was selected randomly from a
list of all the patients hospitalized in our department at the
same time, excluding patients included in the study group.

We retrieved from the electronic hospital records data,
including patient demographics, medical diagnoses and lab-
oratory results. Records of drugs given prior to the fall were
reviewed and divided into main pharmacological classes for
every patient by a senior physician. The following drug types
were retrieved: calcium blockers, p-blockers, ACE inhibi-
tors, antidiabetics, anti-depressants, benzodiazepines, neu-
roleptics, antiaggregants, anticoagulants and diuretics. In
addition, data on functional and cognitive status were also
recorded. Admission MFS [10] score for every patient was
also retrieved.

The study was approved by the Institutional Ethics Com-
mittee of the Kaplan Medical Center, Rehovot, Israel.

Statistical analysis

Data were analyzed using SPSS 25 software. Data are pre-
sented as means + standard deviations or percentages. Con-
tinuous variables between the various study groups were
tested for normality by Shapiro—Wilk test and when normal
distribution was found, #-test was performed. Pearson Chi-
Square Test was used for the relationship between two cat-
egorical variables. To model the probability of falls, logistic
regression was used. P value <0.05 was considered statisti-
cally significant.

Two logistic regression models were done. The first
included, as predictor variables, the MFS score, gender,
age, hospital mortality, mobility and number of background
conditions (model 1). In the presented model in the study
(model 2) instead of the number of background conditions,
we included the specific conditions found to have significant
impact on the risk of falling. The model discrimination was
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evaluated with C-statistics, calculated from the ROC curve
of the predicted probabilities of falls by model 1 and model
2. By ROC analysis, the model discrimination was high,
with C-statistics of 0.94 (0.92-0.92), p value <0.0001.

Results

Over the study period, approximately 3.5 falls for every 1000
patient days were recorded.

The selected characteristics of the 260 older patients (128
females, about 40%) and 439 controls (280 females, about
64%) are presented in Table 1. The mean age in both groups
of patients was about 87 years. The percentage of men in the
fallers group was significantly higher than in the controls.
Among the fallers, overall hospital stay was longer (8 days
vs 6 days), and mortality within a year of admission was
higher (9% vs. 7.5%).

The number of comorbidities found on admission was
higher in the fallers. The following on-admission diag-
noses were associated with a higher incidence of falls:

Table 1 Comparison of on-admission selected characteristics of patients and controls, by univariate analysis (N=699)

Characteristics Falls (n=260) Control (n=439) Odds ratio (95% confidence  p value
interval)
Males, n(%) 132 (50.76) 159 (36.21) 1.82 (1.33-2.48) <0.0001
Age, years (mean+ SD) 86.85+4.44 86.97+4.92 0.989 (0.96-1.02) 0.528
In-hospital length of stay, days (mean+ SD) 8.29+4.99) 6.04+4.53 1.109 (1.07-1.15) <0.0001
In-hospital mortality, n(%) 23 (8.84) 33 (7.51) 1.19 (0.68-2.08) 0.532
30-day mortality after discharge, n(%) 44 (16.92) 59 (13.43) 1.31 (0.86-2.01) 0.209
1-year mortality after discharge, n(%) 130 (50) 173 (39.4) 1.538 (1.13-2.09) 0.006
Smoker (past and/or present), n(%) 32 (15.09) 367 (83.59) 0.035 (0.022-0.055) <0.0001
Number of Comorbidities, mean +SD 3.13+£1.27 1.57 (1.1) 2.9 (2.44-3.45) <0.0001
On-admission MFS score, mean+ SD 58.81+22.31 52.78 (24.96) 1.01 (1.003-1.02) 0.002
Assisted mobility, n(%) 182 (70.3) 237 (59.7) 1.59 (1.143-2.227) <0.0001
Dependence, n(%) 26 (10.2) 101 (25.7) 0.327 (0.206-0.520) <0.0001
Hypertension, n(%) 218 (84.16) 165 (37.58) 8.830 (6.00-12.98) <0.0001
Diabetes mellitus, n(%) 108 (41.69) 168 (38.26) 1.154 (0.84-1.58) 0.371
Dementia, n(%) 93 (35.9) 23 (5.23) 12.001 (7.86-18.32) <0.0001
Parkinson, n(%) 21 (8.1) 37 (8.42) 0.959 (0.59-1.68) 0.882
Delirium, n(%) 93 (35.9) 23 (5.23) 10.133 (6.20-16.55) <0.0001
CHEF, n(%) 190 (73.92) 69 (15.71) 15.207 (10.41-22.21) <0.0001
COPD, n(%) 50 (19.37) 179 (40.77) 0.349 (0.24-0.50) <0.0001
Drugs Number, mean + SD 4.57 (1.98) 4.61 (2.24) 0.97 (0.91-1.05) 0.842
Drugs, n(%)
Calcium channel blockers 80 (30.76) 135 (30.75) 1.001 (0.718-1.395) 0.996
Beta blockers 179 (68.84) 232 (52.84) 1.972 (1.428-2.722) <0.0001
Alpha blockers 42 (16.15) 57 (12.98) 1.291 (0.838-1.989) 0.245
ACE Inhibitors 47 (18.07) 88 (20.04) 0.880 (0.594-1.304) 0.524
Benzodiazepines 119 (45.76) 139 (31.66) 1.822 (1.328-2.499) <0.0001
Antidepressants 85 (32.69) 109 (24.82) 1.471 (1.049-2.061) 0.025
Antipsychotics 57 (21.92) 65 (14.80) 1.616 (1.089-2.397) 0.017
DOACs 5(1.923) 34 (7.744) 0.234 (0.090-0.605) <0.0001
Low molecular weight heparin 6 (2.307) 51(11.61) 0.180 (0.076-0.425) <0.0001
Antiaggregants 22 (8.461) 163 (37.12) 0.157 (0.097-0.252) <0.0001
Insulin 24 (9.230) 35(7.972) 1.174 (0.682-2.022) 0.563
Oral diabetes drugs 51(19.61) 50 (11.38) 1.898 (1.241-2.903) 0.003
Corticosteroids 21 (8.076) 63 (14.35) 0.524 (0.312-0.882) 0.014
Opiates 21 (8.076) 16 (3.644) 2.323 (1.189-4.537) 0.011

MFS Morse Falls Scale, CHF Congestive Heart Failure, COPD Chronic Obstructive Pulmonary Disease, ACE Angiotensin Converting Enzyme,

DOAC direct oral anticoagulants
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hypertension (84% vs. 38%), congestive heart failure (CHF),
74% vs. 16%, dementia (36% vs. 5%), and delirium (36%
vs. 5%). Chronic obstructive pulmonary disease (COPD)
was related to reduced incidence of falls (19% vs. 41%).
A higher proportion of fallers compared to controls con-
sumed beta blockers (69% vs. 53%), benzodiazepines (46%
vs. 32%), antidepressants (33% vs. 23%), antipsychotics
(22% vs. 15%), oral antidiabetics (20% vs. 11%) and opiates
(8% vs. 4%). Z-drugs were also found to be associated with
increased risk of falling, but were not included in the table
due to small sample size, about 20 patients (data not shown).
A lower percentage of fallers compared to controls used low
molecular weight heparin (2.3% vs. 11.6%), direct oral anti-
coagulants (DOACs), 2% vs.8%, antiaggregants (8.5% vs.
37%), and corticosteroids (8% vs. 14%). Among the patients
who fell there was a smaller percentage of smokers (15% vs.
84%). On-admission MFS score was found to be higher in
the patients who fell (59 vs.53).

The incidence of falls was significantly higher (46.7%)
during the night shift (from 23:00 to 07:00) (p =0.0005)
than on other shifts [morning (34.1%) and evening (19.2%)].
Weekends were not found to be significantly different in fall
incidence from the other weekdays. Of the 260 fallers, 15
(5.8%) had a significant documented injury due to the fall
(data not shown).

Multiple logistic regression analysis (Table 2) found that
among comorbidities, the strongest predictors of falling
during hospitalization were CHF, hypertension, dementia
and delirium. Compared to independent patients, assisted
patients with mobility and dependent patients were at higher
risk for in-hospital falling, assisted patients being by 13.3
higher risk than the independent. The independent risk
factors (CHF, hypertension, dementia, delirium,, assisted
mobility and dependence) explain 72% (R*=0.720) of the

Table2 Risk factors for in-hospital falling by multiple logistic
regression analysis

Parameters Exp(B) 95% Confidence interval  p value
MES score 1.002  0.991-1.014 0.695
Gender 0.930  0.543-1.592 0.790
Age 1.045  0.986-1.108 0.140
Hypertension 10.342  5.786-18.484 0.000
Dementia 23.441 11.010-49.905 0.000
Delirium 7.848  3.343-18.423 0.000
CHF 18.850  10.671-3 3.30 0.000
Assisted mobility*  13.683  4.891-38.283 0.000
Dependence® 5.8 2.550-13.257 0.000

R*=T72%
MFS Morse Falls Scale, CHF congestive heart failure

#Compared to independent patients
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difference in risk factors for in-hospital falling between the
fallers and the controls.

Discussion

Our study focuses on falls in the oldest-old patients hospital-
ized in acute geriatric ward. The rates of falls among patients
older than 80 are higher than among younger hospitalized
adults [3]. The highest fall rates, with up to 11.7 falls per
1000 patient days, occur in geriatric departments [16]. Dur-
ing our study period, approximately 3.5 falls for every 1000
patient days were recorded. Falls rates in US hospitals range
from 3.3 to 11.5 falls per 1000 patient days [17, 18].

The percentage of men in the fallers group was signifi-
cantly higher, like in some other studies [13, 19]. However,
there is no consensus in the literature on the association
between gender and an increased risk for falls in hospitalized
older patients [19]. Remor et al. has not found a difference
in falls between genders [20]. However, in a Brazilian study,
female subjects had twice as high a chance of being classi-
fied as having a high fall risk when compared to males [21].

Inpatient falls are the most commonly reported adverse
hospital event and are associated with an increase in length
of stay [13]. In the presented study, hospital stay was longer
in the fallers than in the control patients, similarly to the
findings of other studies [22-24].

During the first year after discharge from the hospital,
the mortality rate, in our study, was higher among the fallers
than among the non-fallers. To our best knowledge no study
has focused on this outcome.

Typically, the times of the day, week, and year of the fall
occurrence are not explored when investigating the epide-
miology and etiology of hospital falls or when designing
or evaluating preventive strategies and programs [25]. The
most common time of falls was on the night shift, probably
due to the combined impact of sundowning, dim lighting
and reduced nursing staff. Falls occurrence at night is well-
documented [15, 26].

In our study, like in two other studies [20, 27], the MFS
score was higher among the fallers, but this tool was not
found to be an independent risk factor for falling. The identi-
fied tools for predicting falls risk do not demonstrate predic-
tive values as high as needed for identifying older inpatients
at risk for falls [28]. It is difficult to predict with high predic-
tive accuracy which patients are at risk of falls, because falls
in the older individuals result from complex multifactorial
etiologies [9].

A meta-analysis that had examined different tools for
predicting falls risk, did not identify any tool which had an
optimal balance between sensitivity and specificity, or which
were clearly better than a simple clinical judgment of risk of
falling [12]. NICE guidelines do not recommend the use of
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fall risk prediction tools to predict inpatients’ risk of falling
in hospital [29].

Fallers, in our study, suffered from a quite high number
of comorbidities. Multiple logistic regression analysis found
that among comorbidities the strongest predictors of falling
during hospitalization were CHF, hypertension dementia
and. Delirium. Patients with comorbid CHF had an elevated
risk of falls, as found by some other studies [30, 31]. Fall
rates in heart failure (HF) patients are higher than average
fall rates in older adults. Some studies reported that patients
with HF had gray matter and axons alteration in sites of the
brain, which may affect gait and balance. Also, heart failure
patients receive multiple medications, that predispose them
to falls [31].

In our study, patients, who suffered, from hypertension
had about 10 times higher risk of falling during hospitali-
zation. In a Brazilian study the patients with hypertension
had a higher risk by about 38% of falling, but the Brazil-
ian patients were younger than our patients, and only about
45% of them were older than 60 years [32]. Hypertension
affects postural balance control in older adults unfavorably,
which may result in falling [33]. The rapid changes in blood
pressure seen in hypertension and the subsequent sudden
reductions in blood flow can interfere with the mechanisms
for controlling postural balance [34]. With increasing age,
sensory and motor control of postural balance is often
affected. Postural balance maintenance is one of the most
important abilities required for the prevention of falls in the
older population [33].

Hypertension in our study patients was primarily treated
with either beta blockers, or calcium channel blockers, or
ACE inhibitors, but only beta-blockers were associated with
falls, and patients using beta blockers had a higher risk of
falling. Beta-blockers due to their negative inotropic and
chronotropic effect, may interfere with the compensatory
responses to standing and predispose to an orthostatic blood
pressure fall [35]. Multiple studies have reported central
nervous system (CNS) side effects associated with use of
beta-blockers, such as psychiatric conditions, sleep distur-
bances, delirium, psychosis, and visual hallucinations. The
risk of beta-blocker CNS side effects is directly associated
with the lipophilic properties of some beta-blockers (such
as propranolol), which allow them to rapidly penetrate the
blood-brain barrier [36].

Falls might also be an adverse effect of orthostatic hypo-
tension (OH) caused by some other drugs. In the present
study, a higher percentage of fallers compared to controls
consumed benzodiazepines, antidepressants, antipsychotics
and opiates. Correspondingly to the finding of Aryee et al.
[13], psychotropic drugs, in our study, were associated with
a higher risk of falling. It is well known that psychotropic
drugs, like antipsychotics, antidepressants and benzodiaz-
epines, that affect the CNS, may by themselves increase the

risk of specific geriatric syndromes, including delirium and
falls [37].

Benzodiazepines constitute the most frequently pre-
scribed psychotropic medication class and are used as
anxiolytics, sedatives, hypnotics, anticonvulsants, and skel-
etal muscle relaxants [38]. In our study, benzodiazepines
were associated with a higher risk of falling. Several studies
reported a significantly increased risk of falls by both short
and long-acting benzodiazepines [16, 27, 38]. Long-term
benzodiazepine use has been also associated with cogni-
tive impairment, dependence, and withdrawal symptoms,
which contribute to falls. American Geriatrics Society rec-
ommends avoiding benzodiazepines in older patients with a
history or risk of falls, since these agents can cause ataxia,
impaired psychomotor function, and syncope [38]. Z-drugs
are sometimes considered to be advantageous compared with
benzodiazepines, particularly concerning the development of
tolerance and dependence, but several studies have reported
similar adverse effects. Like benzodiazepines, Z-drugs have
an impact on cognition, balance, and coordination—as main
reasons for falls [16].

In our study, falls were associated with antipsychotic
consumption. In Israel, the most used antipsychotic drugs
in older patients are quetiapine and risperdone. Orthostatic
hypotension, which might contribute to falls, develops in
up to 40% of patients taking antipsychotics, with a higher
incidence at advanced age [35]. Antipsychotic drugs have
significant movement-related side effects, including ataxia
and bradykinesia, which could lead to imbalance, inability
to compensate, and falls [13]. Older people on psychotropic
medications should have their medication reviewed, with
specialist input if appropriate, and discontinued, if possible,
to reduce their risk of falling [29].

In the present study, patients treated with antidepressants
had a higher risk of falling than the controls. In Israel, the
most used antidepressant drugs in older patients are escit-
alopram, mirtazapine and venlafaxine. Antidepressants have
long been recognized as a contributory factor to falls, and
many studies show an association between antidepressants
and falls [39]. Antidepressants are thought to contribute to
falls through several different mechanisms, including OH,
hyponatremia, sedation and impaired reaction times and
impaired balance [16, 39].

Our study patients treated with opiates were at higher risk
of falling. Although there are few studies dealing with opi-
ates and falls, opioids may be associated with increased risk
of geriatric syndromes, including delirium, and can increase
the risk of falls [37, 39, 40].

Similarly, to the findings of other studies [9, 24], our
results showed that dementia was associated with the
occurrence of falls and was an independent risk factor
for falling. The information on the impact of dementia on
falling among hospitalized older patients is scarce. Some
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studies did not find association between dementia and falls
[1, 16]. Some other studies have suggested that dementia
may adversely influence clinical outcomes in hospitalized
patients [24]. Different types of cognitive impairment
associated with problems in executive or visuospatial
functions as well as apraxia, might explain increased risk
of falling [41]

In our study, correspondingly to the Wedmann et al.
finding [16], delirium was strongly associated with falls
and was an independent risk factor for falling. Patients
with more significant predisposing factors require fewer
noxious insults to develop delirium, and vice versa. Known
predisposing risk factors for delirium include dementia,
functional impairment, sensory (visual and/or hearing)
deprivation, depression, age over 75 years, and severity
of comorbidities [42]. Hospital environment and the acute
illness contribute to the development of delirium. Effective
prevention strategies significantly reduced the risk of inci-
dent delirium by 53% and the risk of falls by 62% among
hospitalized patients 65 years and older [43].

Other independent risk factors for falling in the pre-
sented study were assisted mobility and dependence. The
risk of falling in patients with assisted mobility was higher
than in independent patients. Walking aid is an indicator of
impaired mobility most likely explaining the risk. Walk-
ers are generally used to improve balance and mobility
of older persons and to protect those persons from fall-
ing [44]. But, occasionally, like in our study, they may be
associated with greater fall risk, because they can interfere
with a person’s balance control [45]. Though dependence,
as a risk factor for falling, was lower than that of patients
with assisted mobility, yet it was about six times higher
than that of the independent patients. Obviously, depend-
ent patients almost do not walk, therefore their risk of
falling is lower than that of patients with assisted mobility,
but higher than that of independent patients, because there
might be other causes of falling than walking.

Our study has all the disadvantages of a retrospective
observational study. We did not have all the details that
may have had an impact on falls in the oldest-old dur-
ing hospitalization, because they were not found in the
patients’ electronic data. Consequently, the independ-
ent variables—CHF, hypertension, dementia, delirium,
assisted mobility and dependence—do not explain all of
the risk factors for falls in hospitalized oldest-old patients,
though a relatively high part of them they do explain
(72%).

Our study strength lies in its population relatively large
size. Since the study focuses on the risk factors for falls
in the oldest-old patients in acute geriatric ward, we must
point out that we have contributed to the medical knowledge
regarding this population of inpatients, whose proportion in
the geriatric population is recently significantly increasing.
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Conclusion

The independent risk factors—comorbid CHF, hypertension,
dementia, delirium and frailty and dependence—predicted
falls in the oldest-old inpatients hospitalized in acute geriat-
ric ward. It appears that comorbidities and functional status
are the most predictive risk factors for falls. This fits well
with the concept of frailty as a risk factor for many adverse
outcomes. Putting attention on these frequent risk factors
and medication often associated with them, might help us
target intervention better and thus hopefully prevent more
in-hospital falls.
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