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Abstract

Background Falls represent a significant health concern among the older adults, particularly geriatric cancer
patients, due to their increased susceptibility from both age-related and cancer treatment-related factors. This system-
atic review and meta-analysis aimed to synthesize global data on the prevalence and risk of falls in this population

to inform targeted fall prevention strategies.

Methods Following PRISMA 2020 guidelines, we conducted a comprehensive search of PubMed, Embase, and Web
of Science up to October 2024. Articles were screened using Nested Knowledge software by two independent
reviewers. Eligible studies included those involving geriatric cancer patients aged 60 years or older reporting on fall
prevalence. Quality assessment was performed using a modified Newcastle—Ottawa Scale, and meta-analysis

was conducted using random-effects models with R software.

Results From 1,365 identified studies, 86 met the inclusion criteria, encompassing 180,974 participants. The pooled
prevalence of falls was 24% (95% Cl, 20%-28%), with substantial heterogeneity (I>=100%). Country- and cancer-type-
specific analyses revealed variability in fall prevalence, with breast cancer patients showing the highest prevalence.
The comparative risk analysis did not show a statistically significant difference in fall risk between cancer patients

and non-cancer controls.

Conclusion Falls are a prevalent and concerning issue among geriatric cancer patients, with substantial variability
influenced by cancer type and study design. Personalized fall prevention strategies tailored to cancer-specific risk fac-

tors are essential. Further research is warranted to explore the complex interplay of cancer treatments, frailty, and fall
risk in this vulnerable population.
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Introduction
Falls were a significant and often under-recognized health
concern among older adults, contributing to substantial
morbidity, mortality, and increased healthcare costs [1].
For older adults, falls were not merely a natural conse-
quence of aging but were frequently indicative of under-
lying health issues such as frailty, polypharmacy, and
neurological or musculoskeletal disorders [2]. Geriatric
cancer patients, in particular, presented unique vulnera-
bilities due to the complex interplay between age-related
physiological changes and cancer-specific treatments,
which could worsen balance and mobility impairments
[3, 4]. Radiotherapy is vital for treating cancer in geriat-
ric patients but can exacerbate frailty through side effects
like fatigue and reduced physical function, increasing fall
risks. Integrating frailty assessment into radiotherapy
could improve treatment outcomes and safety for this
vulnerable population [5]. Studies have highlighted the
higher fall risk in this group due to factors such as chem-
otherapy-induced neuropathy, sarcopenia, and impaired
physical function [6]. Reported prevalence rates of falls
in older cancer patients varied widely, ranging from 15 to
50% depending on cancer type, treatment regimen, and
comorbidities, necessitating a comprehensive analysis to
clarify these variations [7, 8]. For instance, older adults
with multiple myeloma were found to have a significantly
higher fall risk due to cancer-related bone disease and
treatment-induced weakness [3]. Similarly, pre-treatment
falls in older women receiving adjuvant chemotherapy
for breast cancer were shown to predict greater hospi-
talization risks and chemotherapy-related toxicities [4].
Understanding these nuanced impacts on geriatric oncol-
ogy patients was crucial for developing effective fall-pre-
vention strategies tailored to this vulnerable population.
The confluence of oncological and geriatric syndromes
in older cancer patients contributed to a complex clinical
concern that keen fall risk through multiple pathways [6,
7]. For example, among older men undergoing androgen
deprivation therapy for prostate cancer, the treatment
was associated with reduced bone density and increased
fracture risk, further elevating their susceptibility to
falls [9]. Additionally, the symptom burden and reduced
physical function reported in older cancer patients were
strongly linked to an increased risk of falls and subse-
quent physical decline [6]. A population-based study
demonstrated that community-dwelling older adults
cancer survivors had a higher prevalence of falls com-
pared to their non-cancer counterparts, underscoring
the need for tailored interventions targeting this group
[7]. Moreover, older Medicare beneficiaries with cancer
frequently presented with multiple geriatric syndromes,
such as cognitive impairment, incontinence, and mobil-
ity disability, which compounded their risk of falling [8].
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These findings highlighted the need for a comprehensive
approach to fall prevention that accounted for both onco-
logical and geriatric factors.

This study aims to systematically review and analyze
the global prevalence and risk of falls among geriatric
cancer patients. By synthesizing evidence from diverse
settings, it provides a comprehensive understanding of
the burden of falls, informing evidence-based guidelines
and personalized fall prevention strategies to enhance
patient safety, reduce hospitalizations, and improve qual-
ity of life in this vulnerable population.

Methods

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) 2020 standards were fol-
lowed in this systematic review and meta-analysis [10]
(Table S1). The review protocol was registered in the
International Prospective Register of Systematic Reviews
(PROSPERO) with CRD42024596426.

Eligibility criteria

Studies were included if they met the following criteria:
(1) the study population consisted of geriatric cancer
patients aged 60 years or older, (2) the study reported
data on either the prevalence of falls or factors associated
with fall risk in this population, (3) the study design was
clinical trial and observational (cross-sectional, cohort, or
case—control), and (4) the article was published in a peer-
reviewed journal in English. Studies were excluded if they
were reviews, commentaries, editorials, case reports, or
focused on non-cancer-related falls or falls in non-geri-
atric populations. Articles that did not present original
data, provided insufficient fall-related data, or were not
accessible in full text were also excluded (Table S2).

Literature search

A systematic literature search was conducted using Pub-
Med, Embase, and Web of Science from their incep-
tion to September 2024. The search strategy employed
a combination of MeSH terms and keywords to identify
studies investigating the prevalence and risk falls among
older cancer patients. Additionally, manual searches of
reference lists from selected studies and relevant reviews
were conducted to ensure no eligible articles were missed
(Table S3).

Screening and data extraction

The screening process was performed in two stages using
Nested Knowledge software: (1) title and abstract screen-
ing, and (2) full-text review. During the second stage,
full texts of potentially eligible studies were retrieved
and reviewed by the same two independent reviewers to
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confirm their inclusion. Any disagreements were resolved
through discussion until a consensus was reached.

Data extraction was conducted using Nested Knowl-
edge, a semi-automatic software designed to streamline
systematic reviews and meta-analyses. The software
facilitates data extraction through its tagging function,
allowing reviewers to systematically organize and anno-
tate study characteristics such as author, year, country,
participant demographics (age, sex, sample size), cancer
type, and fall prevalence. In cases of missing or unclear
data, corresponding authors were contacted for clarifica-
tion. To ensure accuracy and reliability, all extracted data
were cross-verified by a third reviewer.

Quality assessment

The quality of the included studies was evaluated using
the Modified Newcastle-Ottawa Scale (NOS) modi-
fied for geriatric cancer research [11]. The NOS assessed
study quality based on three domains: (1) selection of
participants (0—4 points), (2) comparability of study
groups (0—2 points), and (3) ascertainment of outcomes
(0-3 points). Studies scoring 7 to 9 points were consid-
ered to have a low risk of bias, scores of 4 to 6 indicated
moderate risk, and scores of 0 to 3 were classified as hav-
ing a high risk of bias. The detailed scoring and assess-
ment are provided in Table S4.

Statistical analysis

All statistical analyses were conducted using R® software
(version 4.4.0) with the “meta” and “metafor” packages.
Prevalence data were pooled using a random-effects
model to account for between-study variability. For pool-
ing prevalence data, the logit-transformed proportions
(PLOGIT) were used as the primary summary measure,
along with 95% confidence intervals (CI). Heterogeneity
across studies was quantified using the I? statistic, where
values of 25%, 50%, and 75% represented low, moderate,
and high heterogeneity, respectively [11]. Publication
bias was assessed using Doi plots, and quantified using
the Luis Furuya-Kanamori (LFK) index. An LFK index
value between —1 and+1 indicated no asymmetry, val-
ues between+1 and +2 indicated minor asymmetry, and
values beyond+2 suggested major asymmetry [12, 13].
Leave-one-out sensitivity analyses were performed to
test the robustness of the pooled results by excluding one
study at a time and observing changes in the overall effect
size. All statistical tests were two-tailed, with a signifi-
cance level set at p <0.05.

Results

Literature search

A total of 1,365 studies were identified through com-
prehensive database searches. After the excision of 437
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duplicates, 928 records remained for title and abstract
screening. During this stage, 575 records were excluded
for not meeting the relevance criteria. The full texts of
353 articles were then reviewed for eligibility, resulting
in the exclusion of 267 articles. In the final selection, 86
studies were included in the quantitative synthesis. The
entire process of study selection is outlined in PRISMA
flow diagram (Fig. 1).

Summary of study characteristics

A total of 86 studies were included in the systematic
review, representing a variety of study designs, can-
cer types, and geographic regions (Table 1). The major-
ity of these studies were conducted in the United States
(n=52), followed by Canada (n=10), Belgium (n=4),
and France (n=4), with additional studies from coun-
tries such as Denmark, Germany, and Australia. The
study designs were diverse, with cross-sectional studies
being the most common (rn=29), followed by prospective
(n=25), retrospective (n=22), and randomized clinical
trials (n=8). One study utilized a case—control design.
The included studies examined various types of cancer,
most notably breast cancer (n=12), colorectal cancer
(n=7), prostate cancer (n=5), and gastrointestinal can-
cers (n=6). Other types, including lymphoma, multiple
myeloma, and gynaecologic cancers, were also investi-
gated. Study sample sizes varied widely, ranging from 51
to 60,265 participants. The majority of studies focused on
older adults, especially those at heightened risk of falls
due to cancer treatments and related comorbidities.

Meta-analysis

Prevalence of falls among geriatric cancer patients
Meta-analysis of 86 studies including 180,974 par-
ticipants, the pooled prevalence of falls among geri-
atric cancer patients was estimated at 24% (95% CI,
20%—28%) (Fig. 2). The prediction interval ranged widely,
from 4 to 68%, reflecting considerable variability between
studies (Table 2). A high degree of heterogeneity was
noted (I?=100%, P<0.001). The leave-one-out sensitiv-
ity analysis (Figure S1) demonstrated that excluding indi-
vidual studies had minimal impact on the overall pooled
prevalence of falls among geriatric cancer patients, which
consistently stayed at around 24% (95% CI: 0.2-0.28).
The slight variations observed across duplications of the
meta-analysis results. Despite significant heterogene-
ity (I>=100%), the stability of the pooled estimates sug-
gests that no single study excessively influenced the final
outcomes, thereby confirming the reliability of the find-
ings. Following the exclusion of outliers, a reanalysis was
performed. This refined analysis resulted in a slightly
lower pooled prevalence of 23% (95% CI, 21%—24%). The
prediction interval narrowed to 17% to 30%, indicating
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Fig. 1 PRISMA flow diagram

reduced variability between the studies (Fig. 3). Further-
more, the heterogeneity decreased markedly to I>=75%
(P<0.001), suggesting a more consistent pattern among
the remaining studies after outliers were removed.

Sub-group analysis The pooled prevalence of falls
among older adults cancer patients varied across can-
cer types, study designs, and countries, as shown in the
Table 2. Breast cancer had the highest prevalence at 32%
(I2=94%), while colorectal and gastrointestinal cancers
had prevalence of 15% (12=100%) and 28% (I12=98%),
respectively. Across all cancer types, the overall pooled
prevalence was 24% (95% CIL: 0.17-0.33), with substan-
tial heterogeneity (I2=99%). Prevalence also differed
by study design, with cross-sectional studies reporting
the highest prevalence at 30% (12=99%), followed by
prospective studies at 24% (I2=98%) and retrospective
studies at 14% (I2=100%). Randomized clinical trials
showed a lower prevalence of 18% (I2=88%). The pooled
prevalence across all study designs was 24% (95% CIL:

0.20-0.28, 12=100%). Country-specific analysis revealed
that the United States had a pooled prevalence of 22%
(I2=100%) across 33 studies, Canada 23% (I2=95%),
and France 58% (I12=98%). Denmark reported a lower
prevalence of 12%, while Spain had a higher rate at 55%
(12=98%). In Korea and Japan, the prevalence were 50%
and 41%, respectively. Overall, the pooled prevalence
across all countries was 23% (95% CI: 0.17-0.30), with
significant regional variability.

Risk of falls among geriatric cancer patients

The forest plot (Fig. 4) compares the fall risk between
geriatric cancer patients and non-cancer controls, incor-
porating data from six studies. The pooled risk ratio
(RR) was 1.099 (95% CI: 0.558-2.164), indicating no sta-
tistically significant difference in fall risk between the
groups, although substantial heterogeneity was present
(I2=96%). Sensitivity analysis showed that excluding
individual studies had little impact on the overall pooled
risk. For instance, when Wildes et al. [88] was excluded,
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Table 1 Characteristics of studies

Study country Study design Age (mean) N
Abraham_2011 [14] USA Retrospective 745 60,265
Aburub_2020 [15] Canada Cross-sectional 69.3 175
Anderson_2022 [16] USA Cross-sectional 75(median) 1024
Arora_2022 [17] USA Cross-sectional 70 505
Arrieta_2019 [18] France Randomized clinical trial 76.7 301
Bartlett_2020 [19] USA Retrospective 758 425
Basal_2019 [20] USA Prospective 63 667
Bjerre_2019 [21] Denmark Randomized clinical trial 684 214
Blackwood_2021 [22] USA Prospective 7262 34
Bluethmann_2020 [23] USA Cross-sectional 744 1203
Bylow_2008 [24] USA Prospective 78(median) 50
Chen_2014 [25] USA Prospective 7541 1630
Childs_2021 [26] USA Retrospective 62 300
Cobbing_2024 [27] Canada Prospective 74 198
Eriksen_2022 [28] Norway Prospective 736 298
Fagard_2017 [29] Belgium Prospective 77(median) 115
Fahimnia_2018 [30] USA Retrospective 80(median) 806
Farcet_2016 [31] France Cross-sectional 832 217
Feliu_2021 [32] Spain Prospective 77(median) 493
Gewandter_2015 [33] USA Retrospective 80(median) 103
Godby_2021 [34] USA Cross-sectional 70.0 355
Grothe_2014 [35] Germany Retrospective 70 285
Guerard_2015 [36] USA Cross-sectional 71(median) 528
Gupta_2023 [37] USA Retrospective 62(median) 1571
Habib_2024 [38] Canada Cross-sectional 754 320
Hamid_2022 [39] Ireland Retrospective 76.49 94
Hines_2024 [40] USA Retrospective 717 4792
Huang_2017 [41] USA Cross-sectional 742 12,659
Hurria_2009 [42] USA Prospective 73 500
Hussain_2010 [9] Canada Prospective 69.6 260
Isleyen_2023 [43] Turkey Cross-sectional 73.0 180
Jensen-Battaglia_2022 [44] USA Randomized clinical trial 75.88 541
Jespersen_2021 [45] Denmark Prospective 75.5(median) 170
Ji_2024 [4] USA Prospective 70 497
Jolly_2015 [46] Canada Cross-sectional 77 90
Jun_2018 [47] Korea Retrospective 62.1 356
Kalariya_2024 [48] USA Retrospective 78.1 156
Kenis_2022 [49] Belgium Prospective 80.0(median) 3681
Kikuchi_2019 [50] USA Retrospective 76 429
Kim_2022 [51] USA Randomized clinical trial 68 122
Komatsu_2018 [52] Japan Cross-sectional 68 98
Kong_2014 [53] China Prospective Not available 52
Korc-Grodzicki_2015 [54] USA Retrospective 80(median) 416
Liu_2023 [55] China Cross-sectional 71.29 161
LoConte_2013 [56] USA Retrospective >64 36,781
Loh_2017 [57] USA Cross-sectional 81(median) 389
Lund_2024 [58] Denmark Prospective 74 238
Mariano_2015 [59] Canada Prospective 77 90
Marti-Dillet_2023 [60] Spain Prospective Not available 117
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Table 1 (continued)

Study country Study design Age (mean) N
May_2020 [61] Ireland Prospective 77.7 174
Mir_2020 [62] USA Cross-sectional 70 264
Mohamed_2024 [63] USA Randomized clinical trial 77.2 616
Mohile_2011 [8] USA Cross-sectional 76.19 2349
Nassani_2013 [64] Lebanon Cross-sectional 76(median) 100
Overcash_2007 [65] USA Prospective 776 165
Paillaud_2014 [66] France Prospective 80.0 519
Pan_2020 [67] USA Randomized clinical trial 70 2019
Pandya_2016 [68] USA Cross-sectional 78.5 24,271
Patel_2015 [69] Australia Retrospective 77(median) 385
Pautex_2008 [70] Switzerland Prospective 71.0 198
Peeters_2019 [71] Belgium Prospective >70 3681
Pergolotti_2014 [72] USA Retrospective 71(median) 524
Piper_2024 [73] Denmark Cross-sectional 744 200
Pollock_2023 [74] USA Randomized clinical trial 74.0(median) 803
Rattanakrong_2022 [75] Thailand Prospective Not available 123
Reyes_2023 [76] USA Retrospective 67.7 83
Rosko_2019 [77] USA Prospective Not available 100
Saarelainen_2014 [78] Australia Prospective 76.7 383
Sattar_2019 [79] Canada Cross-sectional 76(median) 100
Spoelstra_2010 [7] USA Cross-sectional 79.5 911
Sulicka_2018 [80] Poland Cross-sectional 794 286
Tennison_2021 [81] USA Prospective Not available 198
Tomczak_2021 [82] USA Prospective 72.2 51
Turner_2016 [83] Australia Cross-sectional 76.7 385
Vande Walle_2014 [84] Belgium Prospective 76 937
Vetrano_2016 [85] Europe Retrospective 822 802
Villani_2022 [86] Italy Cross-sectional 834 442
Whittle_2017 [87] UK Prospective 739 417
Wildes_2018 [3] USA Case-control 764 234
Wildes_2018 [88] USA Cross-sectional 73 498
Williams_2015 [89] USA Prospective 73 1172
Williams_2020 [90] USA Prospective 70.1(median) 336
Winters-Stone_2011 [91] USA Retrospective Not available 143
Wu_2016 [92] Taiwan Retrospective 74.2 1748
Zak_2017[93] Poland Cross-sectional 70.2 102
Zhang_2018 [94] USA Retrospective 784 304

the pooled risk ratio decreased to 0.9 (95% CI: 0.52-1.57),
with I2 remaining at 96%. Conversely, omitting Spoelstra
et al. [7] increased the risk ratio to 1.3 (95% CI: 0.6-2.5),
reducing heterogeneity to 12=283% (Figure S2).

Meta-regression

The bubble plot shows the meta-regression that analysed
the impact of sample size on the rate of falls among older
adult cancer patients. The meta-regression analysis indi-
cated that changes in the pooled prevalence were not

significantly affected by variations in sample size, with a
p-value of 0.5577 (Fig. 5).

Publication bias

The Doi plot (Figure S3) shows substantial asymmetry,
with an LFK index of —4.1, indicating the presence of
publication bias. The asymmetry suggests potential issues
with the included studies, affecting the consistency of the
pooled estimates. This bias may influence the overall reli-
ability of the results.
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Study Events Total Weight Proportion [95% CI] Falls among GC Pts
Abraham_2011 36762 60265 1.2% 0.61[0.61;0.61] [ ]
Aburub_2020 53 175 1.2% 0.30[0.24;0.37] 3
Anderson_2022 608 1024 1.2% 0.59[0.56;0.62] =
Arora_2022 91 505 1.2% 0.18[0.15;0.22] ]
Arrieta_2019 63 301 12% 0.21[0.17;0.26] =/
Bartlett_2020 118 425 12% 0.28[0.24;0.32] =/
Basal_2019 232 667 12% 0.35[0.31;0.38] |-
Bjerre_2019 23 214 14% 0.11[0.07;0.16] &
Blackwood_2021 14 34 11% 0.41][0.26;0.58] ——
Bluethmann_2020 169 1203 1.2% 0.14[0.12;0.16] =
Bylow_2008 11 50 1.1% 0.22[0.13;0.36] —&—
Chen_2014 763 1630 1.2% 0.47[0.44;0.49] -]
Childs_2021 62 300 1.2% 0.21[0.16;0.26] 5
Cobbing_2024 44 198  1.2% 0.22[0.17;0.29] kL o
Eriksen_2022 34 298 12% 0.11[0.08;0.16] B
Fagard_2017 31 115 1.1% 0.27[0.20;0.36] -5
Fahimnia_2018 215 806 1.2% 0.27[0.24;0.30] B
Farcet_2016 55 217 12% 0.25[0.20;0.32] L
Feliu_2021 85 493 12% 0.17[0.14;0.21] B
Gewandter_2015 60 103 1.1% 0.58([0.49;0.67] ——
Godby_2021 20 355 1.1% 0.06[0.04;0.00] [
Grothe_2014 66 285 12% 0.23[0.19;0.28] =
Guerard_2015 125 528 1.2% 0.24[0.20;0.27] B
Gupta_2023 72 1571 12% 0.05[0.04;0.06] [
Habib_2024 170 320 1.2% 0.53[0.48;0.59] 5
Hamid_2022 8 94 1.0% 0.09[0.04;0.16] -
Hines_2024 109 4792 12% 0.02[0.02;0.03] [
Huang_2017 1412 12659 12% 0.11[0.11;0.12] H
Hurria_2009 80 500 1.2% 0.16[0.13;0.19] [
Hussain_2010 36 260 1.2% 0.14[0.10;0.19] 3
Isleyen_2023 89 180 12% 0.49[0.42;057] -
Jensen-Battaglia_2022 64 541 12% 0.12[0.09;0.15] [&
Jespersen_2021 24 170 1.1% 0.14[0.10; 0.20] -
Ji_2024 114 497 12% 0.23[0.19;0.27] =B
Jolly_2015 32 90 11% 0.35[0.26; 0.45] —a—
Jun_2018 178 356 1.2% 0.50[0.45; 0.55] &
Kalariya_2024 34 156 12% 0.22[0.16;0.29] . =
Kenis_2022 769 3681 1.2% 0.21[0.20;0.22] -]
Kikuchi_2019 118 429 12% 0.28[0.23;0.32] =
Kim_2022 44 122 12% 0.36[0.28; 0.45] &
Komatsu_2018 40 98 1.1% 0.41[0.32; 0.51] —&—
Kong_2014 10 52 11% 0.19[0.11;0.32] —&—
Korc-Grodzicki_2015 83 416 1.2% 0.20[0.16; 0.24] | 4
Liu_2023 41 161  12% 0.25[0.19; 0.33] E
LoConte_2013 5149 36781 12% 0.14[0.14;0.14] o
Loh_2017 143 389 12% 0.37[0.32;0.42] =
Lund_2024 26 238 1.1% 0.11[0.08;0.16] &
Mariano_2015 22 90 1.1% 024[0.17;0.34] ——
Marti-Dillet_2023 64 117 12% 0.55[0.46;0.63] —
May_2020 154 174 1.1% 0.89[0.83;0.92] =
Mir_2020 52 264 12% 0.20[0.15;0.25] L 3
Mohamed_2024 102 616 1.2% 0.17[0.14;0.20] -]
Mohile_2011 643 2349 12% 0.27[0.26;0.29] B
Nassani_2013 43 100 1.1% 0.43[0.34;0.53] —a—
Overcash_2007 37 165 12% 0.22[0.17;0.29] R
Paillaud_2014 305 519 1.2% 0.59[0.54;0.63] L 3
Pan_2020 374 2019 12% 0.19[0.17;0.20] ||
Pandya_2016 5545 24271  12% 0.23[0.22;0.23] [ ]
Patel_2015 108 385 1.2% 0.28[0.24;0.33] =
Pautex_2008 36 198 1.2% 0.18[0.13;0.24] ko
Peeters_2019 769 3681 1.2% 0.21[0.20;0.22] [~ ]
Pergolotti_2014 131 524 12% 0.25[0.21;0.29] [ ]
Piper_2024 22 200 1.1% 0.11[0.07;0.16] &
Pollock_2023 125 803 1.2% 0.16[0.13;0.18] =
Rattanakrong_2022 29 123 11% 024[0.17;0.32] -
Reyes_2023 11 83 1.1% 0.13[0.07;0.22] i
Rosko_2019 15 100 1.1% 0.15[0.09; 0.23] E
Saarelainen_2014 92 383 12% 0.24[0.20;0.29] =
Sattar_2019 44 100 1.1% 0.4 [0.35;0.54] —&—
Spoelstra_2010 128 911 12% 0.14[0.12;0.16] =
Sulicka_2018 129 286 12% 0.45[0.39;0.51] =
Tennison_2021 25 198 1.1% 0.13[0.09;0.18] &
Tomczak_2021 25 51 11% 0.49[0.36; 0.62] ——
Turner_2016 37 385 12% 010[0.07;0.13] &
Vande Walle_2014 155 937 12% 0.17[0.14;0.19] B
Vetrano_2016 28 802 12% 0.03[0.02;005 [E
Villani_2022 101 442 12% 0.23[0.19;0.27] B
Whittle_2017 55 417 12% 0.13[0.10;0.17] B
Wildes_2018 33 234 12% 0.14[0.10;0.19] =
Wildes_2018 91 498 12% 0.18[0.15;0.22] B
Williams_2015 256 1172 1.2% 0.22[0.20;0.24] =]
Williams_2020 41 336 12% 012[0.09;0.16]
Winters-Stone_2011 59 143 12% 0.41[0.33;0.49] &
Wu_2016 52 1748 1.2% 0.03[0.02;0.04] [
Zak_2017 82 102 11% 0.80[0.72;0.87] —
Zhang_2018 215 304 1.2% 0.71[0.65;0.76] =
Pooled Prevalence (REM) 58783 180974 100.0%  0.24 [0.20; 0.28] *>
Prediction interval [0.04; 0.68]

T 1 1

Heterogeneity: Tau® = 0.9384; Chi? = 32885.47, df = 85 (P = 0); I* = 100%
02 04 06 08
Pooled Prevalence

Fig. 2 Forest plot illustrating the pooled prevalence of falls
among geriatric cancer patients

Discussion

This meta-analysis identified a pooled fall prevalence
of 24% (95% CI: 20%-28%) across 86 studies, high-
lighting the significant risk faced by geriatric cancer
patients. The high heterogeneity observed (I2=100%)
suggests considerable variability across studies, likely
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attributable to differences in cancer types, treatments,
and study designs. Notably, breast cancer patients exhib-
ited the highest fall prevalence at 32%, while colorectal
and gastrointestinal cancer patients had lower rates of
15% and 28%, respectively. These findings underscore
the need for cancer-specific considerations when evalu-
ating fall risk in older adults. The analysis also revealed
that cross-sectional studies reported a higher fall preva-
lence (30%) than prospective (24%) and retrospective
(14%) studies, emphasizing the influence of study design
on reported outcomes. Despite this heterogeneity, sen-
sitivity analyses confirmed the robustness of the pooled
estimates, indicating that the overall conclusions remain
valid despite individual study differences.

A comparison of fall risk between cancer patients and
non-cancer controls revealed no statistically signifi-
cant difference overall (RR: 1.099, 95% CI: 0.558-2.164).
However, individual studies presented mixed findings,
such as Spoelstra et al. [7], which reported a reduced fall
risk (RR: 0.476) among cancer patients, and Wildes et al.
[88], which documented an elevated fall risk (RR: 3.249).
These discrepancies likely stem from variations in patient
characteristics, study methodologies, and cancer treat-
ments. Nonetheless, the overall analysis suggests that fall
risk is not uniformly higher across all cancer subgroups,
emphasizing the need for context-specific assessments in
clinical practice.

Several factors likely contribute to the increased fall
risk observed in geriatric cancer patients. Cancer treat-
ments, including chemotherapy, radiotherapy, and hor-
mone therapy, are associated with well-documented side
effects such as fatigue, neuropathy, and muscle weak-
ness, all of which increase fall risk [36]. In breast can-
cer patients, aromatase inhibitors exacerbate joint pain
and mobility limitations, leading to increased falls [23].
Similarly, prostate cancer patients on androgen depriva-
tion therapy (ADT) experience muscle wasting and bone
density loss, further elevating their fall risk, as noted
in Wildes et al. (2018) [3, 88]. In addition to treatment
effects, age-related frailty compounds fall risk, as older
adults with cancer often present with comorbid condi-
tions such as osteoporosis, cardiovascular disease, and
diabetes, all of which heighten fall susceptibility. The
interaction between cancer, its treatment, and underly-
ing frailty underscores the complexity of fall risk manage-
ment in this population.

Clinically, these findings highlight the critical need
for routine fall risk assessments in geriatric oncology
care. Given the multifactorial nature of falls in this
population, clinicians should adopt multidisciplinary
approaches that incorporate physical therapy, balance
training, and medication reviews to mitigate fall risk
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Table 2 Subgroup analysis based on study design, country-specific, cancer types
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Subgroup Type No. of studies ~ Samplesize (N)  Pooled prevalence [95% CI]  Heterogeneity = P-value
?

Study design Retrospective 21 110,768 24.5% [19.6%-30.3%] 100% <0.01
Cross-sectional 26 47,677 28.2% [23.1%-33.6%)] 99% <0.01
Randomized Clinical Trial 7 4,616 18.0% [12.0%-25.0%)] 88% <0.01
Prospective 31 75444 24.7% [19.6%-31.1%] 98% <0.01
Case-control 1 234 14.0% [10.0%-19.0%] Not applicable Not

applica-
ble

Country Australia 3 1,153 19% [4%—-37%)] 97% <0.01
Belgium 3 8,444 20% [15%-26%)] 0% 0.71
Canada 6 4,003 349% [25%-43%)] 95% <0.01
China 2 213 24% [5%-67%) 67% 036
Denmark 4 822 11% [7%~14%)] 0% 071
Europe 1 82 3% [2%-5%] Not applicable Not

applica-
ble
France 3 1,037 49% [30%-68%) 98% <0.01
Germany 1 285 23% [19%-28%] Not applicable Not
applica-
ble
Ireland 2 262 4% [0%-10%)] 99% <0.01
Italy 1 442 23% [19%—-27%) Not applicable Not
applica-
ble
Japan 1 98 41% [329%-51%] Not applicable Not
applica-
ble
Korea 1 356 50% [45%-55%)] Not applicable Not
applica-
ble
Lebanon 1 100 43% [34%-53%) Not applicable Not
applica-
ble
Poland 2 383 45% [30%-51%] 97% <0.01
Spain 2 610 36% [5%-63%)] 98% <0.01
Switzerland 1 198 18% [13%-24%] Not applicable Not
applica-
ble
Taiwan 1 1,748 3% [2%—-4%] Not applicable Not
applica-
ble
Thailand 1 123 24% [17%-32%) Not applicable Not
applica-
ble
Turkey 1 180 49% [42%-57%] Not applicable Not
applica-
ble
UK 1 417 14% [10%—17%) Not applicable Not
applica-
ble
USA 36 161,654 22% [18%—-27%)] 95% <001




Lingamaiah et al. BMC Geriatrics (2025) 25:179

Table 2 (continued)
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Subgroup Type No. of studies Sample size (N) Pooled prevalence [95% Cl] Heterogeneity  P-value
?

Cancer type Breast cancer 11 3,056 32% [21%-46%)] 94% <0.01
Colorectal cancer 4 67,597 15% [1%—78%)] 100% <0.01
Endometrial cancer 1 1,024 59% [56%-62%] Not applicable Not

applica-
ble
Esophageal cancer 1 300 21% [16%-26%)] Not applicable Not
applica-
ble
Gastrointestinal cancer 5 1,019 28% [7%—-68%] 98% <0.01
Gynaecologic cancer 1 90 24% [17%-34%] Not applicable Not
applica-
ble
Lymphoma 1 301 219% [17%-26%] Not applicable Not
applica-
ble
Multiple myeloma 1 234 14% [10%—19%] Not applicable Not
applica-
ble
Prostate cancer 4 2,210 11% [2%—41%)] 97% <0.01

[95]. These interventions are particularly important
for high-risk subgroups, such as breast cancer patients
on aromatase inhibitors and prostate cancer patients
receiving ADT [96]. Moreover, integrating personalized
fall prevention strategies into cancer treatment plans
could significantly reduce fall-related injuries and hos-
pitalizations, improving overall patient outcomes [97].
From a public health perspective, community-based
programs that promote physical activity and home
safety modifications could play a key role in reducing
fall incidence among older cancer patients. Such initia-
tives, when coupled with clinical interventions, could
lessen the burden of falls and enhance the quality of life
for this vulnerable population [98].

Despite the robustness of the findings, the high heter-
ogeneity observed in this analysis indicates that further
research is necessary to better understand the factors
contributing to fall risk variability. Prospective cohort
studies focused on specific cancer types and treatments
would be instrumental in elucidating the long-term
effects of these therapies on fall risk. For example, studies
examining the impact of chemotherapy-induced neurop-
athy or hormone therapy-induced frailty could provide
valuable insights into targeted interventions aimed at
reducing fall risk [99]. Moreover, future research should
explore the role of sarcopenia and frailty as mediators

between cancer treatment and falls. Studies such as Kenis
et al. [49] have already begun investigating the potential
of geriatric screening to identify patients at high risk of
falls, and further work in this area could refine risk strati-
fication in clinical practice [49].

Addressing publication bias, as indicated by the
asymmetry observed in the Doi plot, is also critical for
enhancing the accuracy of future meta-analyses. Ensur-
ing that smaller or negative studies are adequately
represented will help create a more comprehensive
understanding of fall risk in geriatric cancer patients.
Future research should prioritize efforts to address
these gaps, ultimately leading to more effective fall pre-
vention strategies and better patient outcomes in this
high-risk population.

Conclusion

This meta-analysis provides a comprehensive assess-
ment of the prevalence of falls among geriatric cancer
patients, with an overall estimate of 24%. Significant
variability was observed across subgroups, including
cancer types, study designs, and geographic regions,
indicating the need for tailored interventions. Despite
the high heterogeneity, sensitivity analyses confirmed
the robustness of the pooled estimates. No statistically
significant difference in fall risk was observed when
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Study Events Total Weight Proportion [95% CI] Falls among GC Pts
Aburub_2020 53 175 22% 0.30[0.24;0.37] —8—
Arora_2022 91 505 29% 0.18[0.15;0.22] 8-
Arrieta_2019 63 301 25% 0.21[0.17;0.26] —8—
Bartlett_2020 118 425 3.0% 0.28[0.24;0.32] —&—
Blackwood_2021 14 34 0.9% 0.41[0.26; 0.58] —_—
Bylow_2008 11 50 0.9% 0.22[0.13; 0.36] . B
Childs_2021 62 300 25% 0.21[0.16;0.26] —&—
Cobbing_2024 44 198 22% 0.22[0.17;0.29] —8—
Fagard_2017 31 115 1.7% 0.27[0.20; 0.36] —
Fahimnia_2018 215 806 3.5% 0.27[0.24;0.30] Rn
Farcet_2016 55 217 23% 0.25[0.20;0.32] —E—
Feliu_2021 85 493 29% 0.17[0.14;0.21] 8-
Grothe_2014 66 285 26% 0.23[0.19;0.28] ——
Guerard_2015 125 528 3.1% 0.24[0.20; 0.27] =
Jespersen_2021 24 170 1.6% 0.14[0.10; 0.20] —&—

Ji_2024 114 497 3.1% 0.23[0.19; 0.27] -
Jolly_2015 32 90 1.6% 0.35][0.26; 0.45] —
Kalariya_2024 34 156 1.9% 0.22[0.16; 0.29] —8—
Kenis_2022 769 3681 4.0% 0.21[0.20; 0.22]
Kikuchi_2019 118 429 3.0% 0.28[0.23;0.32] ——
Kong_2014 10 52 0.8% 0.19[0.11;0.32] —
Korc-Grodzicki_2015 83 416 2.8% 0.20[0.16; 0.24] —#-
Liu_2023 41 161  2.0% 0.25[0.19; 0.33] —E—
Mariano_2015 22 90 1.4% 0.24[0.17;0.34] —a
Mir_2020 52 264 24% 0.20[0.15; 0.25] —&—
Mohile_2011 643 2349 3.9% 0.27[0.26; 0.29] B
Overcash_2007 37 165 2.0% 0.22[0.17;0.29] —8—
Pan_2020 374 2019 3.8% 0.19[0.17;0.20] =
Pandya_2016 5545 24271 4.2% 0.23[0.22;0.23]
Patel_2015 108 385 3.0% 0.28[0.24;0.33] —f—
Pautex_2008 36 198 2.0% 0.18[0.13; 0.24] —&—
Peeters_2019 769 3681 4.0% 0.21[0.20; 0.22]
Pergolotti_2014 131 524 3.1% 0.25[0.21;0.29] S
Rattanakrong_2022 29 123 1.7% 0.24[0.17;0.32] —s—
Reyes_ 2023 11 83 1.0% 0.13[0.07;0.22] —&——
Rosko_2019 15 100 1.2% 0.15[0.09; 0.23] —&—
Saarelainen_2014 92 383 29% 0.24[0.20; 0.29] ——
Villani_2022 101 442 3.0% 0.23[0.19;0.27] —-
Wildes_2018 91 498 29% 0.18[0.15;0.22] 8-
Williams_2015 256 1172 3.6% 0.22[0.20; 0.24] it
Pooled Prevalence (REM) 10569 46831 100.0% 0.23 [0.21; 0.24] *

Prediction interval [0.17; 0.30]
Heterogeneity: Tau? = 0.0310; Chi? = 154.96, df = 39 (P < 0.01); I> = 75% ‘ ‘ ‘ ‘ ‘
01 02 03 04 05
Pooled Prevalence

Fig. 3 Forest plot illustrating the pooled prevalence of falls among geriatric cancer patients after the exclusion of outliers

Cancer Non-cancer

Study Events Total Events Total Risk of falls RR 95%-Cl Weight
Bluethmann_2020 169 1203 569 4877 I 1.204 [1.026; 1.413] 17.3%
Hussain_2010 36 260 18 86 —— 0.662 [0.397;1.102] 15.0%
Mohile_2011 643 2349 2318 10131 1.196 [1.110;1.289] 17.6%
Spoelstra_2010 128 911 1773 6001 . 3 0.476 [0.403;0.561] 17.3%
Villani_2022 101 442 673 3698 5 1.256 [1.044;1.510] 17.3%
Wildes_2018 59 405 23 513 —— 3.249 [2.043;5.167] 15.4%
Pooled RR 1136 5570 5374 25306 -.—- 1.099 [0.558; 2.164] 100.0%
1

Heterogeneity: /% = 96%, t> = 0.3941, p < 0.01 ' ' ' '
0.2 05 1 2 5

Fig. 4 Forest plot interprets the risk of falls among geriatric cancer patients compared to non-cancer controls
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Bubble plot demonstrating meta-regression based on sample size
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Fig. 5 Bubble plot demonstrating meta-regression based on sample size and its effect on the proportion of falls in geriatric cancer patients

comparing geriatric cancer patients to non-cancer

controls. These findings highlight the importance of

implementing personalized fall prevention strategies
and underscore the need for further research to address
the factors contributing to fall risk in this vulnerable
population.
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