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Registration: PROSPERO, CRD42022315096
Objective: To identify and quantify risk factors for in-hospital falls in medical patients.

Data Sources: Six databases (MEDLINE, Embase, Cochrane Database of Systematic Reviews,
Cochrane Central Register of Controlled Trials, CINAHL, and Google Scholar) were systematically

screened until April 11, 2023, to identify relevant articles.

Study Selection: All titles and abstracts of the retrieved articles were independently screened by two
researchers who also read the full texts of the remaining articles. Quantitative studies that assessed risk
factors for falls among adult patients acutely hospitalized were included in the review. Publications

that did not capture internal medicine patients or focused on other specific populations were excluded.

Data Extraction: Information on study characteristics and potential risk factors were systematically
extracted. Risk of bias was assessed using the Quality in Prognosis Studies (QUIPS) tool. PRISMA

and MOOSE guidelines were followed for reporting.

Data Synthesis: The main outcome was any in-hospital falls. Using a random-effects meta-analysis
model, association measures for each risk factor reported in five or more studies were pooled. Separate

analyses according to effect measure and studies adjusted for sex and age at least were performed.
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Of 5,067 records retrieved, 119 original publications from 25 countries were included. In conclusion,
23 potential risk factors were meta-analyzed. Strong evidence with large effect sizes was found for a
history of falls (OR 2.54; 95% CI 1.63— 3.96; I° 91%), antidepressants (pooled OR 2.25; 95%
confidence interval [95% CI] 1.92-2.65; I 0%), benzodiazepines (OR 1.97; 95% Cl 1.68-2.31; I
0%), hypnotics—sedatives (OR 1.90; 95% CI 1.53-2.36; I 46%), and antipsychotics (OR 1.61; 95% CI
1.33-1.95; I> 0%). Furthermore, evidence of associations with male sex (OR 1.22, 95% CI 0.99-1.50,

12 65%) and age (OR 1.17, 95% CI 1.02-1.35, 12 72%) were found, but effect sizes were small.

Conclusions: The comprehensive list of risk factors, which specifies the strength of evidence and

effect sizes, could assist in the prioritization of preventive measures and interventions.

Keywords: Accidental Falls; Hospital Medicine; Health Care Quality; General Internal Medicine;

Patient Safety; Adult; Aged; Physiologic Effects of Drugs; Central Nervous System Depressants.
List of abbreviations
ATC, World Health Organization’s Anatomical Therapeutic Chemical Classification

QUIPS, Quality in Prognosis Studies tool
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Patients are particularly vulnerable during hospitalization, with an increased risk for — potentially
preventable — falls. Fall rates per hospitalization day reach 2-7% with about one third of patients
suffering physical harm.?* Injurious falls are often not well defined and seldom systematically
assessed." ® Falls often cause emotional distress, which can lead to immobility, which further increases
the risk of future falls.® Furthermore, in-hospital falls result in extended lengths of stay and higher

costs.’

Multidomain interventions have been demonstrated to be more effective than single interventions in
reducing fall rates.® ° However, implementing such interventions is challenging and requires
significant resources due to the complexity of prevention programs and lack of evidence on the most
effective interventions.'® The use of screening tools to identify individuals at risk in hospitals is no
longer recommended due to lack of demonstrated effectiveness; therefore, they should be replaced by
multifactorial risk assessments.™* Most guidelines on fall prevention in hospitals recommend to
identify patients at risk of fall through medical history alone. This should include gquestions on fall
history, fear of falling, and gait and balance difficulties."" ** However, the relative importance of other,
potentially modifiable, risk factors is not known or has been described as controversial, e.g. for
hyponatremia, sedating medication, urinary incontinence, cognitive impairment, or age per se.*"***’

Identifying which factors mostly contribute to the risk of falls could help making better use of

available resources by focusing on fall-preventing interventions for those at highest risk.

Although multiple risk factors were identified, there is currently no evidence available on their relative
importance.™ *® Furthermore, no recent meta-analysis has employed an iterative process to include as
many potential risk factors as possible for in-hospital falls and quantify their importance. This
systematic review und meta-analysis thus aimed to identify and quantify the risk factors for in-hospital
falls in adults hospitalized in acute medical wards. The overarching goal was to provide clinicians and

policymakers with a list of quantified risk factors to assist in the prioritization of preventive measures.
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Methods

This systematic review and meta-analysis was conducted following the recommendations of the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses Statement (PRISMA) and
Meta-analyses Of Observational Studies in Epidemiology (MOOSE) checklist.* ?° The study protocol

was pre-registered in the International Prospective Register of Systematic Reviews (PROSPERO).

Literature search

A comprehensive literature search was conducted in MEDLINE (via Ovid), Embase (via Elsevier),
Cochrane Database of Systematic Reviews (via Wiley), Cochrane Central Register of Controlled

Trials (via Wiley), CINAHL (via EBSCOhost) and Google Scholar, from inception until April 11,
2023, with the help of an experienced medical information specialist. The full search strategies are

available in the supplemental file (eTable 1 in the Supplement).

Selection criteria

Quantitative studies in English that assessed injurious and non-injurious falls among adult patients
hospitalized on acute medical wards throughout the world (defined as including at least [general]
internal medicine or acute geriatric wards, to analyze as many studies as possible with a substantial
proportion of medical hospitalized patients) were included. “Falls” and “injurious falls” were defined
according to the definitions of the included studies’ authors. Publications focusing on repetitive falls
or specific populations such as those in cardiology, stroke units, intensive care units were excluded.
Reviews and meta-analyses were excluded after identifying the original studies in their references

without doing systematic citation chaining on original articles or contacting the authors due to the high
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number of articles included. If multiple publications on the same or overlapping study population were
available, information on risk factors was extracted from the publication with the largest sample or

most recent publication.

Two researchers independently screened all the titles and abstracts using EndNote (version 20.4.1,
Clarivate Analytics, Philadelphia, PA, USA) in accordance with the GRADE framework.”* Both
reviewers then independently assessed the full texts. Any disagreements were resolved by consensus

or through discussion with a senior author.

Data extraction

From all included studies, data was collected by one author. A second author validated all data entries;
disagreements were discussed and resolved. The modified Checklist for Critical Appraisal and Data
Extraction for Systematic Reviews of prognostic factor studies (CHARMS-PF) was used as
guidance.??* Data items extracted included study characteristics (i.e. authors, years of publication,
study design), the statistical model used, study setting, study population, ward type, and relevant
exclusion criteria, and the risk factors as defined by the studies’ authors with its effect estimates. For
publications presenting both univariable and multivariable analyses, only the latter was included to
better account for possible confounding. If more than one model was presented, only the model
deemed most appropriate to our research question was kept. If a study reported coefficients for a risk
factor after adjusting for different sets of covariates, the maximally adjusted estimate was kept in the

meta-analysis.
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Quality assessment

Two researchers independently assessed the study quality using the Quality in Prognosis Studies
(QUIPS) tool.”® Any disagreements were resolved by consensus or through discussion with a senior
author. We assessed and classified each domain’s risk of bias into the categories of low, moderate, or
high risk of bias using the prompting items provided within the tool. Key indicators of a high risk of
bias were: 1) the non-random selection of controls from the underlying cohort in case-control studies;
2) high losses to follow-up in cohort studies; 3) inadequately low numbers of events (< 10 cases per
parameter used in multivariable models); and 4) several items per domain being rated as a moderate
risk. Examples of a moderate risk of bias were: 1) a lack of any detailed description of cohorts,
methods, or results; 2) a borderline number of events (~10 cases per parameter); and 3) not using

conditional logistic regression in matched case-control studies.

Categorization of risk factors

Risk factors were categorized using an iterative process. First, risk factors were categorized into one of
44 predefined domains, e.g. age, sex, or comorbidities (see eTable 3 in the Supplement) by two
authors working together. Second, the two authors collaborated to refine the categorization process,
taking into account the heterogeneity of the studies’ definitions and reporting methods. For instance,
hemoglobin (a continuous variable) and anemia (a discrete variable) were categorized as separate risk
factors. For medication use, definitions from the World Health Organization’s Anatomical Therapeutic
Chemical (ATC) Classification were employed whenever feasible.?® Only one representative potential
risk factor from each cohort was retained even when multiple were reported (e.g. age was selected as a
continuous or a categorical variable). To investigate the effect of “delirium” and “dementia”
separately, these diagnoses were extracted whenever possible, in contrast to the more heterogeneous
definition of “cognitive impairment”. A third author approved the final list of risk factors which is

presented in eTable 3 in the Supplement.
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Data analysis

We performed the following analyses: 1) studies with low or moderate risk of bias and adjustment for
at least sex and age (primary analysis); 2) studies with low or moderate risk of bias, independent of
adjustments (secondary analysis); 3) studies independent of risk of bias assessment and independent of
adjustments (sensitivity analysis); 4) studies with adjustment for at least sex and age, independent of
risk of bias assessment (sensitivity analysis); 5) studies without age-related exclusion criteria
(sensitivity analysis); 6) studies including older patients (aged 60 years old or more or in a geriatric
unit) only (sensitivity analysis). For all these analyses separate meta-analyses were planned per
outcome (falls, injurious falls) and per effect measure (OR, risk ratio [RR], hazard ratio [HR],
incidence rate ratio [IRR]) when reported in five or more studies. A random-effects meta-analysis
model was used to pool the association measures for each risk factor by including their published
effect measures and calculating standard errors from Cls, when necessary.?” % The restricted
maximum likelihood method was used to calculate heterogeneity variance t2. Between-study
heterogeneity was assessed using 1% and by calculating 95% prediction intervals (PIs) with Knapp-
Hartung adjustments.?®! To assess the quality of evidence of pooled studies with low—moderate risk
of bias an adapted version of the Grading of Recommendations, Assessment, Development, and
Evaluations (GRADE) framework was used. Four levels of evidence (very low, low, moderate, high)
were used with starting at “very low” quality of evidence. Key considerations to increase the levels of
evidence were adjustment for age and sex, precision (95% Cls excludes null effect), consistency (95%
PIs excludes null effect), and lack of publication bias (no Funnel plot asymmetry and Egger’s P value
> 0.05) We checked for small-study effects and publication bias by visually using contour-adjusted
funnel plots, and performed an Egger’s test when there were 10 or more studies available.* All
analyses were performed using R Statistical Software (version 4.2.1; R Core Team 2021; packages

referenced in eTable 4 in the Supplement).®" *
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Results

We identified 5,067 unique records, of which 119 studies from 25 countries were included (Figure 1,
full list of references and description of the study characteristics in eTables 5 and 6 in the
Supplement). Of the 119 studies, 62 were rated as high risk of bias, among which 59 with the outcome
“falls” only, 1 with the outcome “injurious falls” only, and 2 with both outcomes (eTables 7 and 8 in
the Supplement). The number of risk factors available for primary, secondary and sensitivity analyses

is presented in eTable 9 in the Supplement.

Risk estimates

The final analysis included 13 risk factors obtained from studies with low-to-moderate overall risks of
bias and reporting adjusted effect measures (Figure 2, eTable 10 in the Supplement). When also
studies that reported crude estimates were included in the analysis, a total of 23 potential risk factors
were identified (Fig 3, eTable 11 in the Supplement). For other risk factors (impaired vision,
cerebrovascular disease, kidney disease, musculoskeletal disease, number of diagnoses, number of
medications, polypharmacy, cancer, antiarrhythmics, antihypertensives) the number of studies was too
small to pool effect sizes or perform meta-analyses. Forrest plots and funnel plots with Egger’s P
values to evaluate small-study effects and publication bias are shown in eFigures 1-110 and eTable 12

in the Supplement. The level of evidence for the risk factors is presented in eTable 13.

Demographic factors

We found strong evidence of an association between falls and age (adjusted OR [aOR] = 1.17; 95%

Cl 1.02-1.35 for a 10-year increase, Pl 0.74-1.85); between-study heterogeneity was largely attributed
9
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to a single study that demonstrated a negative association.** When including crude effect measures,
age could be analyzed as a continuous variable (a 10-year increase in age, OR 1.23; 95% CI 1.06—
1.42; P10.66-2.27) or as a dichotomized variable (advanced age [above 65-79 years], OR 2.06; 95%

Cl 1.82-2.32; P1 0.99-4.30; low heterogeneity).

We found strong evidence of a relatively small association with male sex (aOR 1.22; 95% CI 0.99—

1.50; P1 0.64-2.33; including crude effect estimates, OR 1.29; 95% CI 1.08-1.55; P1 0.70-2.38).

Comorbidities

The analysis of comorbidities was only possible when including crude effect estimates. Parkinson’s
disease was the risk factor with the highest pooled effect estimate, moreover between-study
heterogeneity was low (OR 3.67; 95% ClI 2.37-5.69; Pl 0.15-90.26). Cerebrovascular diseases showed
a smaller effect estimate with low heterogeneity (OR 1.62; 95% CI1 1.19-2.22; Pl 1.14-2.32). We
found an association between diabetes mellitus (OR 1.61; 95% CI 1.16-2.24; P1 0.62—4.21) and
dementia (OR 2.15; 95% CI 1.40-3.29; PI 0.12-37.17) with some heterogeneity. Hyponatremia had a
strong association and low heterogeneity (OR 1.56; 95% Cl 1.38-1.77; P1 1.31-1.86; 1> 0%) although
the limited number of studies precluded creation of funnel plots. No association was found between

recent surgery and falls, with substantial heterogeneity (OR 1.04; 95% CI 0.44-2.50; P1 0.11-10.01).

Medication

We found strong evidence of associations with antidepressants (aOR 2.25; 95% CI 1.92-2.65; PI
1.68-3.03), benzodiazepines (aOR 1.97; 95% CI 1.68-2.31; Pl 1.54-2.52), hypnotics—sedatives
(aOR 1.90; 95% CI 1.53-2.36; P1 1.42-2.54) and antipsychotics (aOR 1.61; 95% CI 1.33-1.95; PI

1.27-2.05), with similar results after adding crude effect estimates. Heterogeneity was low

10
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(antidepressants, benzodiazepines, antipsychotics) or moderate (hypnotics-sedatives). For non-
specified psychotropics (aOR 2.36, 95% CI 1.21-4.61, P1 0.45-12.51, Egger’s test P = 0.0099) and

opioids (aOR 1.93, 95% CI1 0.91-4.08, P1 0.55-6.73) we found moderate evidence for an association.

The level of evidence for an association with anticonvulsants (OR 2.76; 95% CI 1.61-4.74; P1 0.59—
12.91) was low due to limited number of adjusted studies and moderate heterogeneity. No association

was found between diuretics and falls (aOR 0.96; 95% CI 0.52-1.77; P1 0.24-3.89).

Functional status

A history of falls had the largest pooled OR (aOR 2.54; 95% CI 1.64-3.93; P1 0.54-11.82; including
crude effect estimates OR 2.50; 95% CI 1.90-3.28; PI 0.83-7.55); however, substantial between-study
heterogeneity was observed, largely due to the influence of a single study demonstrating a markedly

large effect estimate (OR 8.1; 95% Cl 6.1-10.8).%

Evidence for an association of cognitive impairment (aOR 1.66; 95% CI 1.28-2.16; P1 0.97-2.86;
Egger’s P = 0.0024) and mobility disorders (aOR 1.89; 95% CI 1.11-3.23; P1 0.16-22.82) was only

moderate due to heterogeneity and possible publication bias.

Sensitivity analyses

When including studies with a high risk of bias and adjustments for sex and age, at least, 23 potential
risk factors for the outcome of “falls” reported in five or more cohorts were identified. Cls for pooled
effect estimates were wider and estimates of between-study heterogeneity were larger, but the
direction of effects remained stable without identifying any additional relevant risk factors (eTables 14

and 15, eFigures 111 and 112 in the Supplement).
11
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Some studies set age limitations as an inclusion criterion or split their cohorts (i.e., older vs. younger
patients). When excluding those studies, a history of falls, the use of hypnotics—sedatives and
cognitive impairment were found to be associated with falls (eTables 16 and 17, eFigures 113 and 114
in the Supplement). We also found evidence of an age effect, albeit with greater heterogeneity

(aOR 1.21; 95% CI 1.09-1.34; P1 0.77-1.90). Advanced age [above 65-79 years] was also found to be
associated with falls when including crude effect estimates (OR 2.08; 95% CI 1.88-2.31; Pl 1.67—

2.61).

When solely synthesizing studies that excluded participants younger than 6075 years old, the use of
antipsychotics (OR 1.71; 95% CI 1.28-2.28; P1 1.21-2.42), benzodiazepines (OR 2.10; 95% ClI 1.68—
2.62; Pl 1.44-3.05), and non-specified psychotropics (OR 2.56; 95% CI 1.93-3.38; P1 1.67-3.91)
demonstrated strong associations with falls and low heterogeneity (eTable 18 and eFigure 115 in the

Supplement).

Discussion

In this systematic review and meta-analysis of 119 studies, strong evidence was found for associations
and large effect sizes between falls and advanced age [above 6579 years], some comorbidities
(Parkinson’s disease, diabetes mellitus, hyponatremia), the use of specific medications
(antidepressants, benzodiazepines, hypnotics—sedatives, antipsychotics, non-specified psychotropics,
anticonvulsants), and functional limitations (a history of falls, mobility disorders, cognitive
impairment). There was strong evidence of associations, with small effect sizes, for increasing age (as
a continuous variable) and male sex. Some risk factors reported elsewhere (e.g., sarcopenia, orthostatic

hypotension) were not included in our study because there were not enough original studies available

12
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to adequately perform meta-analysis. A previous meta-analysis identified history of falls, Parkinson’s
disease, use of walking aids, and gait problems (odds ratios 2—3) as risk factors for falls in older adults

in the community a — factors that were also identified in the current analysis.™

We identified several comorbidities associated with fall risk. While some of these are markers of
impaired health, others may have a causal role. For example, hyponatremia is associated with gait
disturbance and cognitive impairment and has previously been described as risk factor for falls.**
Postural instability and gait disorders are characteristic of Parkinson’s disease, however, not all
patients with Parkinson’s disease have the same risk of falling.*® Reasons for diabetes mellitus being a
risk factor for falls may include autonomous neuropathy with consecutive hypotension or
hypoglycemia, especially in patients with advanced age. In contrast, patients with recent surgery may
not fall if they are not mobilized. These observations implicate that comorbidities need to be

considered when evaluating patients to reduce the risk of falls.

We did not find any fall-increasing risk for diuretics but identified several medication groups
classified in the ATC chapter “Nervous System” as risk factors, confirming the results of previous
systematic reviews or meta-analyses.'” **® Medication reviews and deprescribing should be part of
fall prevention interventions to reduce potentially inappropriate medications.'"* It should be noted,
however, that associations between exposure and outcome may not be causal due to confounding. For
example, effect of anticonvulsants on falls cannot be properly interpreted without controlling for
epilepsy. Also, the fall risk of some medications, e.g., antidepressants or diuretics, may differ by

mechanism or dose, which was beyond the scope of the current meta-analysis.

Among functional limitations and geriatric syndromes, a previous analysis identified gait instability,
confusion, urinary incontinence, and a history of falls as risk factors.’” A more recent meta-analysis

also reported mental and behavioral disorders as risk factors (conference abstract not indicating Cls).**

13
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These results are in line with our findings identifying a history of falls, cognitive impairment, mobility
disorders and incontinence as risk factors. Pain could not be included in the current meta-analysis,
because not enough studies reported it as a risk factor, despite being mentioned as a strong risk factor

for in-hospital falls in the above meta-analysis.**

Strengths and study limitations

This study has several strengths: Risk of bias was assessed and all potential risk factors for in-hospital
falls were appraised, whereas previous systematic reviews did not pool effect estimates or were
restricted to a much smaller set of studies.”>*’ To increase the generalizability of the findings, all
studies on internal medicine and geriatric wards were considered. We reported the identified risk

factors in terms of their pooled effect size and certainty (prediction, heterogeneity) to rank them.

The analysis also has some limitations. First, definitions of potential risk factors were not predefined
but extracted from the literature using an iterative process to establish a comprehensive review of risk
factors and reduce selection bias. Assigning risk factors to an analyzable group required us to make
assumptions (e.g., some medication classifications did not match the ATC classification), which could
have led to misclassification and increased heterogeneity.*® However, an iterative process was used to
collect as many potential risk factors as possible to establish a comprehensive review. Second, the
high risk of confounding in observational studies was addressed by restricting the analyses to a subset
of studies that adjusted for at least a minimum set of potential confounders (age and sex) as a marker
for adjustment for other variables.** Furthermore, a risk-of-bias rating was used to assess whether the
exposure was measured before the outcome, which was usually the case.*? Third, published effect
sizes were used for comparison, without considering individual patient data, which may have led to
reporting biases, e.g., when studies only reported statistically significant associations. Using pre-

calculated effect sizes also entailed that Peter’s test could not be performed, and Egger’s P values were

14
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presented instead where applicable. Fourth, environmental factors were not included because of a lack
of sufficiently standardized definitions, illustrating the difficulty of systematically assessing
environmental factors in quantitative studies. This lack of inclusion contradicts the required evaluation
of environmental modifications as recommended in guidelines to reduce falls.* Finally, due to
limitations in the search (i.e., English language only, no citation chaining) not all studies may have
been identified; however, a large number of studies from all geographic regions and covering a 37 year

time span were retrieved, and funnel plots were presented to identify potential publication bias.

Clinical implications
The findings of this systematic review and meta-analysis support current guidelines, which
recommend assessing fall history, gait, balance and mobility at hospital admission.***#** % The

identification of patients with other important risk factors such as nervous system medications,

Parkinson’s disease, hyponatremia and cognitive impairment could help refine fall risk assessment.

Altogether, these findings could help identify those patients at the highest risk of a fall and direct
appropriate preventive measures to those most likely to benefit from them. Such interventions should
include treatment of underlying conditions that increase the risk of falls, medication review, patient
education, physical activity, the use of walking aids, and physiotherapy.** *° Future studies should also
identify and define environmental factors — elements which could not be quantified in this meta-

analysis.

15
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Conclusions

In conclusion, a wide range of risk factors for in-hospital falls were identified and, most importantly,
ordered according to their relative importance, based on the strength of evidence and effect size of
each individual risk factor. Strong evidence with a large effect size was found for a history of falls,
antidepressants, benzodiazepines, hypnotics—sedatives, and antipsychotics. Associations with male sex
and age were also found, but effect sizes were small. These findings can help to better assess the risk
of in-hospital falls in individual patients, which is needed to individualize patient care and target fall-
preventing measures to those at highest risk. It may also contribute to the development of innovative

and evidence-based clinical prediction models.

Data availability

The datasets generated during and/or analyzed during the current study are available in the GitHub

repository. (https://github.com/)
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Fig 1. Flow-chart. Flow-chart showing the flow of articles through the identification, screening, and
review process according to the PRISMA template. Two studies reported both falls and injurious falls

as outcomes. (* using an automated deduplication tool)
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Fig 2. Risk factors for in-hospital falls (adjusted odds ratios). Pooled effect estimates of falls
among the studies with a low-to-moderate risk of bias (primary analysis). Effect estimates adjusted for
sex and age, at least, were included, indicating 95% confidence intervals (bars) and 95% prediction
intervals (lines). The darker the red filling, the higher the heterogeneity (1%). (ADL, basic activities of

daily living).

23



Journal Pre-proof

History of falls ——F
MNon-specified psychotropics —t

Antidepressants

Benzodiazepines

il
il
Ll
HI-
(]

Hypnotics—sedatives

1.00
0.7s
0.50

0.25
0.o0o

Maobility disorders

Risk factor

Cognitive impairment

Antipsychotics

Dependency in ADL
Male sex

Age (per 10-year increase)

Diuretics

4 16

Fig 3. Risk factors for in-hospital falls. Pooled effect estimates of falls among the studies with a
low-to-moderate risk of bias and including crude estimates (secondary analysis), indicating 95%
confidence intervals (bars) and 95% prediction intervals (lines). The darker the red filling, the higher
the heterogeneity (i%). (ADL, basic activities of daily living; hyponatremia, 135 mmol/I of sodium in

blood or below; older age, aged 6570 years old or more).
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