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Abstract

Purpose—To identify risk factors for falls among cancer survivors.

Design—Systematic integrative literature review.

Methods—We searched PubMed, Embase, CINAHL, Cochrane Central Register of Controlled 

Trials, and PEDro for studies investigating fall risk in cancer. Reports of randomized controlled 

trials, descriptive studies (quantitative and qualitative), and theoretical papers meeting 

predetermined criteria were included. Quality ratings of included studies were done and data were 

extracted and compiled by two independent reviewers.

Findings—Twenty nine articles met inclusion criteria. Literature quality was moderate (median 

quality score 1.67 out of 3 possible points. Heterogeneity of statistics and reporting methods 

precluded calculation of summary effect sizes, but physical function, cognitive function, balance/

gait, and certain medication types appear to increase fall risk.

Conclusions and Clinical Relevance—Modifiable risk factors such as those identified in this 

review represent tangible intervention targets for rehabilitation professionals for decreasing the 

risk of falls among cancer survivors.
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Background

Accidental falls and their associated mobility disability are a major public health crisis, and 

individuals with cancer are at especially high fall risk (Wildes et al., 2015). Falls are 

common among cancer survivors (any person from the point of cancer diagnosis through end 

of life; NCI, 2014) with estimated prevalence ranging from 33% (Spoelstra 2013) to 50% or 

more (Capone 2012; Stone 2012). Cancer survivors’ risk for falls is higher than that of 

community dwelling older adults (Spoelstra 2013). In medically vulnerable populations such 

as cancer survivors, falls can have serious consequences including fractures (Z. Chen et al., 

2005; Ward, Wong, Moore, & Naeim, 2014), subdural hematomas (Reichman et al., 2012), 

fear of falls, activity limitation (Hornyak, Brach, Wert, Hile, & Studenski, 2013; Patil, Uusi-

Rasi, Kannus, Karinkant, & Seievanen, 2014), institutionalization (Analpahan, Gibson, 

Anpalahan, & Gibson, 2008), and death (Dunn, Rudberg, Furner, & Cassel, 1992).

Factors predisposing adult cancer survivors to falls are not well understood. In the general 

older adult population, factors such as age, gender, cognitive impairment, depression, 

comorbidities, need for assistance with activities of daily living (ADLs), history of previous 

falls, and medications confer increased fall risk (Rubenstein & Josephson, 2006), yet such 

factors do not consistently explain fall risk in cancer survivors. For example, a systematic 

review of fall risk factors among older adults with cancer (Wildes et al., 2015) found that 

ADL dependence and prior falls were associated with falls among older adults with cancer, 

but age and medications were not. Furthermore, while older age is an important risk factor 

for falls in the general population, among various clinical populations, the occurrence of 

falls is not limited to older adults. Because individuals with cancer of any age are at 

increased risk of falls (Kuriya et al., 2014), it is necessary to identify and understand the 

characteristics most strongly associated with falls among all cancer survivors regardless of 

age, so that appropriate preventive interventions can be initiated. Thus, the purpose of this 

review is to identify the principal known risk factors for falls and summarize the current 

state of knowledge in this area.

Methods/Design

Eligibility criteria

To comprehensively assess the state of the emerging science of fall risk factors among adult 

cancer survivors, we systematically conducted an integrative literature review. Much of the 

extant literature on this topic is descriptive, exploratory work that would normally be 

excluded by the strict eligibility criteria for systematic reviews (Umscheid, 2013). 

Systematic reviews are typically limited to empirical studies, while integrative reviews 

represent the breadth of available scholarship, including a range of methodologies such as 

qualitative studies and applications of theory(Whittemore & Knafl, 2005). We used a 

predetermined, rigorous methodology for systematically identifying and including relevant 

literature, extracting data, and drawing conclusions as would be done in a systematic review 

(Engberg, 2008; Umscheid, 2013; Whittemore & Knafl, 2005), but we also aimed to include 

descriptive studies (both quantitative and qualitative) literature and explication of theory.

Our initial inclusion criteria were:

Campbell et al. Page 2

Rehabil Nurs. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1. Randomized controlled trials (RCTs) of any type of intervention among adult 

cancer survivors at any point in the survivorship trajectory (from initial diagnosis 

through end of life) and in any setting (outpatient/community, hospital inpatient, 

hospice, or long term care facility) comparing characteristics of participants who 

fell with participants who did not fall or reporting associations between falls and 

participant characteristics.

2. Observational studies (cross-sectional and longitudinal) of balance, falls, or 

mobility among adults (≥ age 18) at any point in the survivorship trajectory and 

in any setting, if demographic and clinical factors associated with accidental falls 

are presented.

3. Qualitative studies in which the phenomenon of interest is mobility, balance, or 

falls among adult cancer survivors at any point in the survivorship trajectory and 

in any setting.

4. Theoretical papers in which the phenomenon of interest is falls or fall risk among 

adult cancer survivors at any point in the survivorship trajectory and in any 

setting.

We then iteratively refined the inclusion criteria (Russell, 2005), allowing preliminary search 

results to guide development of final eligibility criteria and search methodology (Ganong, 

1987). We excluded narrative literature reviews due to the high probability of bias in 

selection of included literature (Umscheid, 2013), gray literature (e.g., unpublished reports, 

theses, dissertations), and articles concerning pediatric cancer patients. The final eligibility 

checklist is provided in Table 1.

Literature search

Literature searches were designed and conducted by an experienced medical librarian 

(M.L.K) from the health sciences library system at our large urban research university. The 

following databases were initially searched from date of inception to July 2014: PubMed, 

Embase.com, CINAHL (Ebscohost), Cochrane Central Register of Controlled Trials (Wiley) 

and PEDro (Physiotherapy Evidence Database). All searches were updated in 2016 and then 

again in May 2017. When available, a database limit of English language was applied.

A search string was first developed for PubMed, consisting of natural language terms and 

controlled vocabulary (Medical Subject Headings) representing the concepts of “cancer 

survivor” and “falls”. This search string was then translated by the medical librarian for use 

in the other databases. The PubMed search appears in Appendix 1.

Study selection process

Initially, we hand screened abstracts of articles identified by search results to eliminate 

duplicate articles, articles conducted exclusively among patients under age 18, and those that 

were clearly unrelated to accidental falls or fall risk among cancer survivors. Results of the 

prescreened initial search were then be independently screened by two research team 

members and compared to the initial inclusion criteria. Articles recommended for inclusion 

were marked by each team member, and the lists were compared. Disagreements were 

Campbell et al. Page 3

Rehabil Nurs. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



discussed, and the team arrived at a consensus regarding inclusion based on eligibility 

criteria. Based on initial search results, the team also evaluated whether eligibility criteria 

should be modified. The screening process was repeated when eligibility criteria were 

modified. Once a preliminary list of articles for inclusion was identified, two raters 

independently reviewed the full text of each identified article for a final inclusion decision. 

We documented each article excluded during the initial screening process and reasons for 

exclusion. Article selection is detailed in the PRISMA diagram in Figure 1 (Liberati et al., 

2009).

Data items

The quality of each study meeting final eligibility criteria was rated and assigned a score 

using a published literature quality checklist (Rodgers & Knafl, 2000; Smith & 

Stullenbarger, 1991). The quality checklist appears in Appendix 2. Each of 21 criteria were 

rated using a zero to three score with zero indicating that the element is absent, and three 

indicating that the element is present and fully described. The mean of the quality scores 

were then calculated to obtain the article’s final quality score. For items not applicable to a 

particular article, the denominator was adjusted accordingly when calculating the quality 

score; for example, statistical presentation was not included in the quality score for 

qualitative studies. In an effort to include all published literature on the topic, articles of low 

methodological quality were not excluded, but we have noted methodologic weaknesses that 

might influence the strength of conclusions drawn from these studies when interpreting 

results. Article quality scores are reported in Table 2.

Data collection process

Data from each article in the final sample were collected using a tabular data form. The data 

collection form was pilot tested by both data abstractors on a 10% random sample of 

identified literature and modified as needed to increase clarity and rater agreement regarding 

data to be abstracted. Once the data abstraction form was finalized, the two raters 

independently abstracted data on all identified articles. We recorded author, year, conceptual 

framework, sample size and characteristics (e.g. gender, age, diagnosis), setting, design, 

variables, data analysis, results (e.g. test statistic, degrees of freedom, odds ratio, confidence 

interval, p value), significance and interpretation of findings, limitations, and methodological 

weaknesses from each study.

After all raters had completed data extraction, they compared data tables, discussed 

discrepancies, and arrived at a resolution by consensus. We had planned to have a senior 

researcher with expertise in cancer survivorship issues adjudicate all discrepancies for which 

consensus could not be reached by the raters, but no discrepancies required adjudication. 

After reaching consensus on extracted data, to achieve consistent risk factor terminology 

across articles we categorized individual risk factor variables conceptually, to derive our 

final list of relevant risk factors. We examined overall effect sizes for the included studies to 

draw conclusions about the current state of the science.
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Results

Study Selection—A total of 29 articles were identified for inclusion in this review. 

Database searches and search updates identified a total of 8,793 citations. After removing 

duplicates, a total of 6,838 records remained. Of these, 6,762 were discarded after failing to 

meet inclusion criteria. The full text articles for the remaining 76 citations were then 

examined in more detail to further determine eligibility; at this point, 47 were excluded. 

Twenty eight articles met the final inclusion criteria. One additional article, identified by 

examining the references of the selected articles, also met inclusion criteria and was 

included in the review, for a total sample of 29 articles. See flow diagram (Figure 1). The 

search yielded no RCTs, 28 observational studies, one qualitative study, and no explications 

of theory.

Included studies and article quality ratings—Table 2 summarizes the characteristics 

of the 29 included articles and provides the quality score for each. The median quality score 

for included studies was 1.67 out of a possible 3.0 points (range 1.24–2.45), suggesting that 

overall article quality was moderate. As noted, we did not exclude any articles, regardless of 

quality, in order to reflect as much of the available knowledge as possible.

Synthesis of included studies

Published evidence included in this review identified an array of non-modifiable and 

modifiable risk factors. Non-modifiable risk factors include items such as age, sex, cancer 

stage or severity, or cancer site. Because our objective was to identify the most important 

known risk factors, those that were unique to one study are not included in the summary. 

When available, we report results of multivariate analyses. Univariate analyses are only 

reported when multivariate analyses were not available in the article. Odds ratios for risk 

factors that were reverse coded by some manuscripts are reported in our analysis as inverses, 

for consistency of interpretation. A summary of key modifiable risk factors appears in Table 

3.

We identified 15 potential risk factors that we categorized as modifiable risk factors (Table 

3). Of these, physical function, cognitive function, balance/gait, and medication type were 

the most often represented in the 29 included studies. An overall effect size could not be 

calculated due to variability of statistical analysis and reporting across studies. However, 

based on available odds ratios (ORs) and 95% confidence intervals (CIs), physical function, 

cognitive function, balance/gait, and medication type appear to be associated with falls in the 

studies we reviewed. Conversely, body mass index/nutrition status, number of medications 

taken, muscle strength, and mood appear to be less strongly associated with falls among 

cancer survivors. Forest plots of key risk factors are presented in Figures 2–5.

Discussion

The results of this integrative review describe the state of the emerging science of factors 

associated with falls among adult cancer survivors. We found 29 studies meeting inclusion 

criteria. The quality of results reporting in the included studies was moderate. We included 

Campbell et al. Page 5

Rehabil Nurs. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



all identified studies in order to gain a complete view of the current state of knowledge 

regarding fall risk among cancer survivors.

Studies identified an array of nom-modifiable and modifiable risk factors. Both types of risk 

factors are important from a prognostic perspective; that is, identifying patients at any given 

time who are likely to fall. Yet, non-modifiable factors offer limited intervention potential. 

For example, clinicians could institute increased vigilance toward patients with advanced 

age or more severe disease, but increased clinician vigilance is a compensatory strategy 

focusing on increasing clinician surveillance of at-risk patients, rather than on restoring 

abilities to decrease fall risk over time. We argue that modifiable risk factors such as 

physical function or balance and gait impairments should form the basis for a clinical fall 

risk assessment, because they point to clear intervention targets within the scope of 

rehabilitation practice.

Factors conferring increased fall risk may vary according to clinical setting and target 

population. Seven of the included studies were conducted in an inpatient setting (hospital, 

hospice, or palliative care). However, due to variability across studies regarding analytic 

techniques and results reporting, there were too few studies conducted in inpatient settings to 

warrant drawing conclusions unique to that setting.

The heterogeneity of studies analyzed in this review highlights the nascence of this field of 

inquiry. Included studies investigated a wide variety of potential risk factors, and within each 

risk factor variable, there is considerable heterogeneity of measures and operational 

definitions. For example, some studies measure physical function using the objective Short 

Physical Performance Battery, while others use self report scales or clinician ratings of 

patient function such as the Eastern Cooperative Oncology Group (ECOG) Performance 

Status Scale (Oken et al., 1982) or Karnovsky Performance Status Scale (Schag, Heinrich, & 

Ganz, 1984). Such heterogeneity also necessitated some judgment by the research team 

when categorizing risk factors. For example, the VR-12 Mental Component Summary used 

in one study (Pandya et al., 2016) includes aspects of mood, mental health, and social role 

functioning and is included in our Mood category. Other research teams could conceivably 

place this scale within a different risk factor category, such as Instrumental Activities of 

Daily Living. Some studies did not provide any operational definitions or measures for key 

variables and concepts. Furthermore, variations in the quality of design descriptions and 

heterogeneity of statistical methods and reporting across studies precluded calculation of 

pooled effect sizes. Variations in reporting of confidence intervals and p values further 

impedes the ability to evaluate the statistical and clinical importance of the body of evidence 

around any given risk factor.

All of the empirical studies included in our review are observational studies representing 

associations rather pieces of a causal chain, highlighting the need for further research. For 

example, associations between falls occurrence and use of assistive devices are strong, but 

competing explanations for this result make drawing clear conclusions difficult. It is possible 

that the devices themselves cause falls, due to improper use, catching on environmental 

hazards, etc. However, it is also possible that assistive device use is merely an artifact of 
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weakness, imbalance, advanced disease, or other factors that are the actual source of fall 

risk.

Wide confidence intervals noted in the data from a number of studies suggest that these 

studies may be underpowered. Drawing conclusions from such underpowered results must 

be undertaken with caution, and highlights the need for additional, appropriately powered 

studies examining risk factors for falls.

Limitations—Several limitations of our study must be considered. First, we attempted to 

ensure independence of the sample, such that results from any given analysis were included 

in effect size calculations only once. However, we found several articles that reported similar 

analyses, using the same research questions and the same data sets, but in different years and 

different journals. In these cases, we included only the most recently published paper in our 

analysis. Despite the care that we used to ensure that each data source was only included 

once, at times it was difficult to discern when analyses were duplicates. We may have 

inadvertently included some data more than once in our analysis, which could lead to 

overestimation of the effect size for some risk factors. Second, we did not include gray 

literature such as dissertations and other unpublished works, so our results may reflect a 

publication bias. Third, we rated the quality of all included articles, but we did not exclude 

those of poor quality in order to provide a synthesis of as much published literature as 

possible. Our conclusions may therefore be less robust than would be expected if all 

included articles were of uniformly high quality. Fourth, some studies included 

multifactorial scales as risk prognosticators; for example, the Revised International 

Prognostic Index (Sehn et al., 2015) or multidimensional geriatric assessment scales such as 

the Vulnerable Elders Survey (Saliba et al., 2001). We included data from multifactorial 

scales in our presentation of results when statistics for individual items were provided in 

source articles. However, when only a total score for the multifactorial scale was provided, 

we excluded these data because a total scale score precludes determining which 

component(s) of the scale drive the association with fall risk. Finally, our ability to calculate 

a pooled effect size for each risk factor across studies was limited due to lack of uniform 

reporting of summary statistics, sample sizes, and p values. Despite these limitations, our 

analysis represents an important contribution to the literature on modifiable fall risk factors 

for cancer survivors.

Conclusion—The rapid increase in the number of published reports of fall risk factors 

among cancer survivors since our initial search demonstrates the clinical importance of falls 

among cancer survivors (Holley 2002; others), yet it remains unclear which patients are 

most likely to fall during their survivorship trajectory. Clinicians are thus ill equipped to 

initiate preventive interventions and target those interventions appropriately. The results 

from this integrative review suggest that poor physical function, poor cognitive function, and 

impairment of balance or gait are factors that confer risk to fall and that present reasonable 

intervention targets for rehabilitation professionals seeking to decrease the risk of falls and 

injuries among cancer survivors. Clinical trials are needed to determine whether targeting 

these impairments leads to decrease in falls. This review has also identified ongoing gaps in 

knowledge, including the role of pain and other symptom severity in fall risk in our target 
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population, and the relative lack of knowledge around risk factors that are particularly 

important in the inpatient setting.
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Appendix 1. Literature search strategy

PubMed, Embase, CINAHL, CENTRAL [Cochrane register of controlled trials] and PEDro 

[Physiotherapy evidence database] were searched using the following key words: cancer, 

neoplasms, carcinoma, malignancy, tumor, oncology, leukemia, sarcoma, lymphoma, 

melanoma, blastoma, radiotherapy, chemotherapy, antineoplastic, adjuvant chemotherapy, 

consolidation chemotherapy, induction chemotherapy, maintenance chemotherapy, 

antineoplastic protocols, chemoradiotherapy, AND accidents, accident prevention, accidental 

falls, accidents (home), accident proneness, falls, fallers, fall related, near fall, falls efficacy. 

The PubMed search string was:

(((((((((((((((((((cancer*[Title/Abstract]) OR neoplas*[Title/Abstract]) OR carcinoma*[Title/

Abstract]) OR malignan*[Title/Abstract]) OR tumour*[Title/Abstract]) OR tumor*[Title/

Abstract]) OR oncolog*[Title/Abstract]) OR leukemia*[Title/Abstract]) OR sarcoma*[Title/

Abstract]) OR lymphoma*[Title/Abstract]) OR melanoma*[Title/Abstract]) OR 

blastoma*[Title/Abstract]) OR radiotherapy[Title/Abstract]) OR chemotherapy[Title/

Abstract]) OR antineoplastic[Title/Abstract]) OR anti neoplastic[Title/Abstract])) OR 

((((((((“Neoplasms”[Mesh]) OR “Radiotherapy”[Mesh]) OR “Chemotherapy, Adjuvant”

[Mesh]) OR “Consolidation Chemotherapy”[Mesh]) OR “Induction Chemotherapy”[Mesh]) 

OR “Maintenance Chemotherapy”[Mesh]) OR “Antineoplastic Protocols”[Mesh]) OR 

“Chemoradiotherapy”[Mesh]))) AND (((((((“Accidents”[Mesh:noexp]) OR “Accident 

Prevention”[Mesh:noexp]) OR “Accidental Falls”[Mesh]) OR “Accidents, Home”[Mesh]) 

OR “Accident Proneness”[Mesh])) OR ((((((falls[Title/Abstract]) OR faller[Title/Abstract]) 

OR fallers[Title/Abstract]) OR fall related[Title/Abstract]) OR near fall*[Title/Abstract]) OR 

falls efficacy[Title/Abstract]))

Appendix 2. Assessment of Study Quality Instrument

Elements 1—Low 2—Med 3—High 0—Absent N/A

Introduction

• Justification for study

• Conceptual framework

• Statement of problem/purpose

• Critical review of issues

• Hypothesis or study questions stated

• Operational definitions

Methodology

• Design described

• Control of validity threats
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Elements 1—Low 2—Med 3—High 0—Absent N/A

• Sufficient sample size

• Representative sample

• Data collection procedures described

• Instrument validity described

• Instrument reliability described

Data Analysis and Results

• Statistical treatment

• Data presentation

• Results related to problem/hypothesis

• Findings substantiated by methods used

Conclusions/Recommendations

• Discussion related to background/significance

• Conclusions logically derived from findings/results

• Recommendations consistent with findings

• Alternate explanations advanced

N = 21 elements

Sum =

Mean score (sum / 21) =

Adapted from Smith MC & Stullenbarger E. (1991). A prototype for integrative review and meta-analysis of nursing 
research. Journal of Advanced Nursing
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Key Practice Points

1. Cancer survivors are at especially high risk of falls and resultant injuries.

2. Falls can have serious consequences among cancer survivors, including 

fractures, hematomas, fear of additional falls, activity limitation, 

institutionalization, and death.

3. Non-modifiable risk factors for falls may include advanced age and advanced 

cancer stage.

4. Modifiable risk factors such as poor physical function, poor cognitive 

function, impaired balance and gait, and use of certain types of medications 

offer opportunities for rehabilitation professionals to intervene to decrease the 

risk of falls.
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Figure 1. 
PRISMA flow diagram
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Figure 2. 
Physical function.
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Figure 3. 
Cognitive function.
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Figure 4. 
Balance and gait
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Figure 5. 
Medication types.
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Table 1

Eligibility criteria.

Level 1 Screening

• Narrative or other non-systematic literature review

• Unpublished report, thesis, or dissertation

• Falls are an independent variable rather than a dependent variable (e.g. a symptom that 
lead to a subsequent cancer diagnosis) but lacks analysis of factors associated with the fall

• Includes patients age ≤ 18

• If YES to any item, 
EXCLUDE article

Level 2 Screening

• Article is a randomized controlled trial; a systematic or integrative review; or an 
observational quantitative or qualitative study

• Article is a published abstract or letter to the editor that includes data related to factors 
associated with falls occurrence

• Article is a theoretical piece related to falls

• Actual number of falls (rather than fall “risk”) is a dependent or outcome variable

• Article includes analysis of associations between potential risk factors and occurrence of 
falls

• If sample included individuals without cancer, a subgroup analysis of factors associated 
with falls in the cancer group only was included

• If YES to any item, 
INCLUDE article
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