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Abstract 

Background  The aim of this study was to elucidate associations between polypharmacy, types of medications, and 
geriatric comorbidities to identify predictive risk factors for poorer clinical outcomes following trauma-related falls in 
the geriatric population. Nearly 80% of trauma-related hospital admissions in the older adult population are second-
ary to falls, accounting for 3 million emergency department visits annually. Numerous studies have demonstrated 
associations between falls, polypharmacy, and other geriatric comorbidities, but studies outlining predictive risk fac-
tors for poor clinical outcomes are lacking.

Methods  A retrospective cohort study of 1087 patients ≥ 65 years old who presented to Level 1 Trauma Center after 
a trauma-related fall. Comorbidities, current medication, demographic information, and clinical outcomes were identi-
fied to ascertain predictive risk factors for poorer clinical outcomes. Variables were assessed for statistical significance 
on unadjusted analysis. Variables found to be significant were entered into a multivariable logistic regression model to 
test for adjusted associations, with p < 0.05 as statistically significant, and presented as adjusted odds ratios with 95% 
confidence intervals.

Results  Polypharmacy ≥ 4 medications (aOR 2.38 (1.10–5.15), p < .028) was an independent predictor of hospital 
readmission within 30 days. Chronic kidney disease, male gender, and Asian race had an increased association with 
ICU admission. History of malignancy (aOR 3.65 (1.62–8.19), p < .002) and chronic kidney disease (aOR 2.56 (1.11–5.96), 
p < .027) were independent predictors of 30-day mortality.

Conclusions  Polypharmacy, chronic renal disease, malignancy history, male gender, and Asian race had an increased 
association of adverse clinical outcomes after falls in the geriatric population. Critical evaluation of patients with these 
risk factors may be needed to mitigate risk in this population.
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Background
Unintentional injury is the 8th most common cause of 
death in the USA in individuals 65  years old or greater 
and fall-related injuries contribute to a significant por-
tion of these injuries (Kannus et al. 2005; Moreland et al. 
2020). Nearly 80% of trauma-related hospital admissions 
in the USA in the geriatric population are injuries related 
to falls. These falls account for nearly 1 million hospitali-
zations and nearly 3 million emergency department visits 
annually (Moreland et al. 2020). Injuries from these falls 
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are associated with substantial morbidity and mortality 
in the geriatric population, causing both fatal and non-
fatal injuries (Ziere et  al. 2006; Zia et  al. 2015). Almost 
33% of individuals 65 years of age and older and 50% of 
individuals over 80 will experience a fall annually, sug-
gesting that injuries related to these falls are becoming a 
public health concern that must not go overlooked (Xue 
et al. 2021; Smith et al. 2017).

The pathophysiology of falls in the geriatric popula-
tion is multifactorial, including both extrinsic causes 
(e.g., number of medications and their cumulative side 
effect profiles, home environment) and intrinsic causes 
(comorbidities, functional impairment, frailty) (Zia et al. 
2015). The geriatric population is specifically susceptible 
to falls due to increased incidence of functional limita-
tion secondary to musculoskeletal, neurological, and psy-
chosocial factors (Ziere et al. 2006). A combination of all 
aforementioned factors contributes to the heavy preva-
lence of falls in this demographic (Ziere et al. 2006).

Numerous studies (Davies et al. 2020; Ziere et al. 2006; 
Zia et  al. 2015; Xue et  al. 2021) have demonstrated the 
association between falls and polypharmacy in the elderly 
population. Although there is substantial evidence for 
improved clinical outcomes from disease-specific medi-
cations, the cumulative side effect profile may contribute 
to the increased incidence of falls and, potentially, lead 
to increased morbidity and mortality associated with 
trauma injuries in the geriatric population (Moreland 
et al. 2020; Zia et al. 2015). Other research has indicated 
that certain comorbidities, including hypertension and 
diabetes mellitus, also serve as predictive risk factors for 
falls in older adults (Smith et al. 2017). However, detailed 
studies elucidating the associations between polyphar-
macy, types of medications, geriatric comorbidities, and 
adverse clinical outcomes are lacking. Thus, the primary 
objective of this study was to identify predictive risk fac-
tors for poorer clinical outcomes after falls in the geriat-
ric population that presented to our trauma center.

Materials and methods
This IRB-approved (Study # 14647) retrospective cohort 
study was conducted at Richmond University Medical 
Center, a Level 1 Trauma Center in Staten Island, New 
York, between the dates of March 2019 and March 2022. 
The protocol was reviewed and approved by the IRB of 
New York Medical College, Valhalla, New York. The 
primary objective of this study was to identify predic-
tive risk factors for adverse clinical outcomes after falls 
in the geriatric population that presented to our Level 1 
Trauma Center. The adverse outcomes examined were 
hospital admission, length of stay, necessity for intensive 
care unit admission, necessity for surgery, 30-day mortal-
ity, and readmission within 30 days for any health-related 

condition. None of our outcomes were treated as mutu-
ally exclusive, and all were categorized as independent 
events. Geriatric was defined as individuals aged 65 years 
and older. The medical records of all patients 65 years of 
age and older who presented to the trauma center with a 
primary diagnosis of a fall during the study period were 
identified using a trauma registry. Electronic medical 
record (EMR) review, which allowed access to all patient 
encounters, in conjunction with current procedural ter-
minology (CPT) and International Classification of Dis-
eases, 10th Revision, Clinical Modification (ICD-10-CM) 
codes, was used to identify demographic and comorbid 
factors included in the analysis.

Collected data points included age, gender, race, and/
or ethnicity (as self-reported in EMR), body mass index 
(BMI), mechanism of fall (MOF), level of trauma activa-
tion, and number/type of medications prescribed at the 
time of presentation. Trauma activation is used within 
our Level 1 Trauma Center to categorize the severity 
of injury (Appendix  1). For the purposes of this study, 
polypharmacy was graded into two categories: ≥ 4 pre-
scription medications and ≥ 10 prescription medica-
tions. Patients with polypharmacy ≥ 10 were included in 
both groups. The presence of comorbidities was identi-
fied using ICD-10-CM codes and included hypertension, 
hyperlipidemia, diabetes mellitus, heart disease (conges-
tive heart failure (CHF), coronary artery disease (CAD), 
atrial fibrillation), chronic obstructive pulmonary disease 
(COPD), depression, chronic kidney disease/end-stage 
renal disease (CKD/ESRD), history of cerebrovascular 
accident (CVA), history of malignancy, and history of 
dementia. Medications analyzed were identified via EMR 
review and included current anticoagulant use (novel 
oral anticoagulants (NOAC), warfarin, and any formulary 
of heparin (unfractionated heparin, low molecular weight 
heparin)), antiplatelet use (ASA, other antiplatelet).

Statistical analysis
Statistical analysis was carried out using IBM SPSS 28.0. 
Unadjusted analyses for continuous variables were com-
pared using means. Bivariate variables were assessed via 
Student’s t tests. Categorical data were compared via chi-
square, Mann–Whitney U test, and unadjusted logistic 
regressions. Associations between two continuous vari-
ables were assessed using Pearson’s correlation, to assess 
for collinearity. The goodness of fit was performed for 
all categorical variables using the chi-square test, with a 
p value of < 0.05 considered statistically significant. Vari-
ables that were statistically significant on unadjusted 
analysis were tested for the interaction of terms. Non-
redundant variables were entered into a multivariable 
logistic regression model to test for adjusted associations 
(see Additional file  1: Tables S1–S5). This process was 
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completed for each outcome assessed. Variables that 
retained statistical significance on multivariable regres-
sion were reported as adjusted odds ratios (aOR) with 
95% confidence intervals.

Power analysis
An a priori power analysis (“G*Power Erdfelder, Faul, * 
Buchner, Behavior Research Methods and Instruments 
& Computers, 1996) was performed using z test (logis-
tic regression) for the statistical test. Based on data of 
Ziere et al. (2006) that demonstrated that polypharmacy 
increased the risk for falls, with an OR of 1.4 for 3 medi-
cations to 1.6 for 4 or more medications, we estimate a 
small–medium effect size of polypharmacy attributed 
to adverse outcomes. Assuming a two-tailed test with 
an 80% power and alpha = 0.05, the total number of 721 
patients will be enough to provide a sample of sufficient 
power. We performed a post hoc power analysis to con-
firm the power of our study using polypharmacy as a risk 
for 30-day hospital readmission and found that the power 
of our study was 86.4%.

Results
Patient demographics and comorbidities
During the study period, 1087 patients aged ≥ 65  years 
presented to the trauma center for a trauma-related fall. 
Demographics are presented in Table  1. The mean age 
was 79.9 years (65.0–105.7 years) with a mean body mass 
index of 25.86  kg/m2 (13.60–55.10  kg/m2). The average 
number of medications prescribed at the time of presen-
tation was 7.99 (0–39 medications). The class of medica-
tions prescribed, specific comorbidities, and mechanisms 
of falls are outlined in Table 1.

Of the 1087 patients, 863 (80.8%) were admitted and 
had an average length of stay of 4.74  days (0–69  days). 
The rate of admission, necessity for intensive care unit 
admission, 30-day mortality, and readmission within 
30 days are presented in Table 1.

Inpatient admission
Of the 1087 patients in the study, 873 (80.8%) were 
admitted to an inpatient service. Age, race, and BMI 
of the patients had no significant effect on the rates of 
inpatient admission. There was a significant, positive 
association between inpatient admission and the num-
ber of medications prescribed, with a mean number 
of medications for patients admitted, 8.27 (0–39) ver-
sus not admitted, 6.86 (0–26), p < 0.001. On unadjusted 
analysis, polypharmacy ≥ 4 medications (82.6% vs. 71.1%, 
p < 0.001, OR 1.93, 95% CI 1.34–2.78), polypharmacy ≥ 10 
medications (84.4% vs. 78.7%, p = 0.026, OR 1.46, 95% CI 
1.04–2.04) and patients actively taking anticoagulation 
(85.1% vs. 78.3%, p = 0.008, OR 1.58, 95% CI 1.12–2.21) 

had a statistically significant increased risk of hospitali-
zation. Conversely, heparin (61.1% vs. 81%, p = 0.034, OR 
0.37, 95% CI 0.14–0.96), as well as antihypertensive use 
(78.5% vs. 85%, p = 0.013, OR 0.64, 95% CI 0.46–0.91) 
were significantly associated with decreased risk of 
admission. Two comorbidities found to be significantly 
associated with hospitalization included hyperlipidemia 
(84.4% vs. 76.1%, p < 0.001, OR 1.70, CI 1.25–2.29) and 
chronic kidney disease/end-stage renal disease (92.8% vs. 
78.4%, p < 0.001, OR 3.55, 95% CI 1.93–6.57). Additional 
file 1: Table S1 presents the unadjusted analysis of factors 
associated with inpatient admission.

On adjusted analysis (Table  2), the following risk fac-
tors were found to retain statistical significance and 
are independent predictors of increased association of 
hospital admission: number of prescribed medications 
(aOR 1.08, 95% CI 1.01–1.16), hyperlipidemia (aOR 1.51, 
95% CI 1.09–2.11), and ESRD/CKD (aOR 3.18, 95% CI 
1.72–5.90). Both heparin (aOR 0.21, 95% CI 0.07–0.61) 
and antihypertensive use (aOR 0.42, 95% CI 0.28–0.62) 
retained statistical significance as factors associated with 
decreased risk of hospital admission.

Length of hospitalization
The average length of stay of patients admitted was 
4.74 days (95% CI 4.37–5.11 days). Patient age, race, BMI, 
and the number of medications prescribed showed no 
significant impact on the length of hospitalization. How-
ever, male patients had a significantly longer hospital stay 
compared to females (5.32 days vs. 4.35 days, p = 0.012). 
Patients that were prescribed aspirin had a significantly 
shorter length of hospitalization compared to those not 
using aspirin (3.96 days (3.44–4.48) vs. 5.42 days (4.89–
5.95)). However, patients receiving heparin prescription 
exhibited a significant increase in length of hospital stay 
(8.38  days (2.12–14.65) vs. 4.73  days (4.35–5.10)). No 
other medications studied exhibited significant alteration 
to the length of hospital stay. Both CKD/ESRD (6.84 days 
(5.74–7.94) vs. 4.36  days (3.97–4.75)) and COPD 
(6.21 days (4.76–7.65) vs. 4.52 days (4.16–4.88)) were sig-
nificantly associated with increased duration of hospitali-
zation. Additional file 1: Table S2 presents the unadjusted 
analysis of hospitalization lengths for risk factors.

On adjusted analysis (Table 2), all data points that were 
found to be statistically significant on unadjusted analysis 
retained statistical significance.

Intensive care unit admission
Admission to the intensive care unit (ICU) was neces-
sary for 145 (13.4%) patients. Male patients had a signifi-
cantly increased association of ICU admission compared 
to females (16.3% vs. 11.4%, OR 1.51, 95% CI 1.04–2.15). 
Patients identifying as Asian also had a statistically 
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Table 1  Population demographics

Population demographic Frequency Percentage (%)

Gender

 Male 643 59.2

 Female 443 40.8

Race

 White 772 71.9

 Black 100 9.3

 Asian 36 3.4

 Native Hawaiian 2 0.2

 Not specified 163 15.2

Ethnicity

 Non-Hispanic 946 86.9

 Hispanic 141 13.1

Polypharmacy status

 Prescribed ≥ 4 medications 891 83.1

 Prescribed ≥ 10 medications 366 34.1

Prescribed medication

 Antidepressant 181 16.9

 Antihypertensive 737 68.6

 Antiplatelet therapy (not ASA) 139 13

 ASA 469 43.8

 Diuretic 311 29

 Heparin 18 1.7

 Narcotic 76 7.1

 NOAC 207 19.3

 Warfarin 43 4

Comorbidity

 Anticoagulant therapy 368 34.3

 Atrial fibrillation 216 20.1

 Chronic obstructive pulmonary disease 157 14.6

 Congestive heart failure 140 13

 Coronary artery disease 308 28.7

 Depression 186 17.3

 Diabetes mellitus, type 2 371 34.5

 End-stage renal disease/chronic kidney disease 167 15.6

 History of cerebrovascular accident 130 12.1

 History of dementia 296 27.5

 History of malignancy 153 14.2

 Hyperlipidemia 583 54.3

 Hypertension 885 82.2

Outcome

 30-day mortality 27 2.5

 Admitted again within 30 days 133 12.4

 Admitted to inpatient service 873 80.8

 Admitted to intensive care unit 145 13.4

 Necessity for surgery 436 40.2

Mechanism of fall

 Unspecified 148 13.6

 From same level 694 63.9

 From stairs/step 94 8.7
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significant higher rate of ICU admission compared to 
other ethnicities (p = 0.025). Age, BMI, and number of 
medications prescribed at the time of presentation exhib-
ited no significant effect on ICU admission rates. Patients 
on warfarin were significantly more likely to need ICU 
level of care (25.6% vs. 13.0%, OR 2.31, 95% CI 1.14–4.69). 
With respect to comorbidities, patients with a previous 
diagnosis of atrial fibrillation (18.5% vs. 12.3%, OR 1.63, 
95% CI 1.09–2.42), history of CVA, (19.4% vs. 12.7%, OR 
1.65, 95% CI 1.02–2.66), or CKD/ESRD (19.9% vs. 12.4%, 
OR 1.75, 95% CI 1.14–2.67) had a significant risk of ICU 
admission (Additional file  1: Table  S3). Patients admit-
ted to the ICU had an increased 30-day mortality (11.0% 
vs. 1.2%, p < 0.001), but no difference in 30-day readmis-
sion compared to non-ICU admitted patients (15.2% vs. 
12.0%, p = 0.279).

On multivariable/adjusted regression, male gender 
(aOR 1.45, 95% CI 1.01–2.08), Asian race (aOR 1.79, 
95% CI 1.11–2.89) and a history of ESRD/CKD (aOR 
1.61, 95% CI 1.03–2.51) retained statistical significance, 
indicating an independent prediction of ICU admission 
(Table 2).

30‑day mortality
Of the 1087 patients, 27 (2.5%) mortalities were reported 
within 30  days of initial presentation. No demographic 
factors including gender, age, race, BMI, number of med-
ications prescribed, or medication class affected 30-day 
mortality. However, patients with a known CAD (4.2% vs. 
1.8%, OR 2.37, 95% CI 1.09–5.09), history of malignancy 
(6.5% vs. 1.8%, OR 3.72, 95% CI 1.67–8.28), or history of 
CKD/ESRD (5.4% vs. 2.0%, OR 2.81, 95% CI 1.24–6.37) 
had statistically increased association of 30-day mortality 

Table 1  (continued)

Population demographic Frequency Percentage (%)

 From bed 81 7.5

 From chair/wheelchair 45 4.1

 From toilet 8 0.7

 From ladder 5 0.5

 Other 11 1.1

Trauma activation

 No activation 34 3.1

 Level 1 15 1.4

 Level 2 727 66.9

 Level 3 310 28.5

Table 2  Multivariable regression analysis of risk factors

Outcome Comorbidity/risk factor Significance Adjusted odds 
ratio with 95% 
CI

Risk of hospital admission Number of medications p < .038 1.08 (1.01–1.16)

Heparin p < .004 0.21 (0.07–0.61)

Antihypertensive p < .001 0.42 (0.28–0.62)

Hyperlipidemia p < .014 1.51 (1.09–2.10)

ESRD/CKD p < .001 3.18 (1.72–5.90)

Risk of intensive care unit admission Male gender p < .045 1.45 (1.01–2.08)

Asian race p < .018 1.79 (1.11–2.89)

ESRD/CKD p < .037 1.61 (1.03–2.51)

Risk of 30-day mortality History of malignancy p < .002 3.65 (1.62–8.19)

ESRD/CKD p < .027 2.575 (1.11–5.96)

Risk of readmission within next 30 days Age p < .007 0.97 (0.95–0.99)

Polypharmacy ≥ 4 p < .028 2.38 (1.099–5.15)

Antihypertensive use p < .002 0.52 (0.35–0.79)

Hyperlipidemia p < .009 1.73 (1.15–2.60)
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compared to those without. Additional file  1: Table  S4 
exhibits unadjusted risk of 30-day mortality for all risk 
factors analyzed.

History of malignancy (aOR 3.65, 95% CI 1.62– 8.19) 
and ESRD/CKD (aOR 2.56, 95% CI 1.11–5.96) retained 
statistical significance on adjusted regression and are 
independent predictors of 30-day mortality (Table 2).

Readmission within 30 days
Readmission within 30  days of the initial presentation 
was required for 133 (12.4%) patients. Unadjusted anal-
ysis for predictors of readmission revealed that male 
gender (15.8% vs. 10.0%, OR 1.68, 95% CI 1.17–2.42), 
polypharmacy ≥ 4 medications (13.7% vs. 6.1%, OR 2.45, 
95% CI 1.29–4.65), and polypharmacy ≥ 10 medications 
(16.7% vs. 10.2%, OR 1.76, 95% CI 1.22–2.54) had signifi-
cantly increased rates of 30-day readmission. Aspirin use 
was the only prescribed medication that had an increased 
association of readmission within 30  days (14.7% vs. 
10.6%, OR 1.45, 95% CI 1.01–2.09). With respect to 
comorbidities, hyperlipidemia (15.4% vs. 8.8%, OR 1.90, 
95% CI 1.29–2.80) and congestive heart failure (CHF) 
(18.6% vs. 11.5%, OR 1.76, 95% CI 1.10–2.82) and CKD/
ESRD (18.0% vs. 11.4%, OR 1.71, 95% CI 1.09–2.66) had a 
statistically significant increased association of readmis-
sion 30-day readmission. (Additional file 1: Table S5).

On adjusted analysis, polypharmacy ≥ 4 medications 
prescribed (aOR 2.38, 95% CI 1.10–5.15), history of 
hyperlipidemia (aOR 1.72, 95% CI 1.15–2.60), use of anti-
hypertensive medications (aOR 0.52, 95% CI 0.34–0.79), 
were independent predictors of 30-day readmission 
(Table 2).

Discussion
A principal objective of this study was to examine the 
role of polypharmacy in poorer hospital outcomes after 
a trauma-related fall. Unfortunately, polypharmacy 
remains a vague term with nearly 140 different defini-
tions found throughout the scientific literature (Masnoon 
et  al. 2017). We made the decision to qualify polyphar-
macy as ≥ 4 medications prescribed in a given period of 
time in concordance with numerous previous studies 
such as Ziere et  al. (2006). As a way of assessing sever-
ity, we then decided to separate categories into ≥ 4 medi-
cations prescribed and ≥ 10 medications prescribed. 
Numerous studies have researched and exhibited the 
strong connection between polypharmacy and the rates 
of falls in the elderly population (Ziere et  al. 2006; Zia 
et al. 2015). Our analyses revealed that polypharmacy is 
a significant risk factor for needing inpatient admission 
after a trauma-related fall, as well as an independent risk 
factor for readmission within 30  days. These results are 
in concordance with previous studies that have examined 

polypharmacy and demonstrated associations with sev-
eral adverse clinical outcomes including increased falls, 
length of hospital stay, and readmission rates (Ziere 
et  al. 2006; Zia et  al. 2015; Milton et  al. 2008; Freeland 
et  al. 2012; Chang et  al. 2020). Although our study did 
not find that the number of medications or polyphar-
macy increased overall mortality as other studies have 
(Campbell et  al. 2004; Frazier 2005; Chang et  al. 2020), 
we postulate that these effects were not realized second-
ary to the relatively short follow-up time of 30 days that 
was used in our study. On adjusted analysis, the number 
of medications prescribed significantly correlated with 
an increasing risk of hospitalization, with an increase in 
aOR of 1.1 per medication prescribed. These results are 
relatively consistent with previous studies that investi-
gated fall risk with increasing medication burden. These 
studies displayed an 18% increase in falling per medica-
tion prescribed (Centers for Disease Control and Preven-
tion 2022) and a 14% increase in risk per medication over 
4 (Freeland et al. 2012), respectively. These findings only 
hint at the growing need for more research on the risks of 
poorer hospital outcomes secondary to heavy medication 
burden. We postulate that these poorer outcomes could 
be secondary to drug–drug interaction, drug–disease 
interaction, or perhaps comorbidities affecting functional 
status, leading to a poorer health status at baseline.

Furthermore, we investigated certain demographic fac-
tors that may predispose this population to poorer out-
comes. Certain studies have elucidated the link between 
the male gender, along with older age, as a risk factor for 
severe injuries from ground-level falls (Kim et al. 2021). 
Our study expands upon these findings to show the sig-
nificance of the male gender as a risk factor for poorer 
clinical outcomes after these falls. Specifically, our anal-
yses revealed that the male gender is a significant risk 
factor for longer length of hospital stay, ICU admission, 
as well as readmission within 30  days. We additionally 
found that the Asian race is a significant risk factor for 
needing ICU admission after a trauma-related fall; how-
ever, 30-day mortality was not increased. We postulate 
this could be secondary to the small number of Asian 
patients in our study. Previous studies have only revealed 
white race to be a significant risk factor for falls (Fuller 
2000) with outcomes-based studies related to race not 
reported.

In addition to polypharmacy and demographic factors, 
we found that certain medication classes were associ-
ated with adverse clinical outcomes. Leiss et  al. (2015) 
researched the link between polypharmacy with concur-
rent anticoagulant use and found a statistically signifi-
cant increased association of clinically relevant bleeding 
events in patients taking warfarin. Our results concur 
and expand upon these results as on unadjusted analysis 
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warfarin use was found to be a risk factor for ICU admis-
sion after a fall. Charlton et  al. (2018) similarly investi-
gated the role of anticoagulants and clinical outcomes 
and found that warfarin use significantly increases hos-
pitalization length by 2.0–2.6 days compared to NOACs. 
A 2022 meta-analysis (Carnicelli et al. 2022) established 
that NOACs are associated with a significantly lower 
risk of stroke, systemic embolism, intracranial bleeding, 
and death as compared to warfarin. Further prospective 
research on the use of NOACs compared to warfarin 
with respect to outcomes post-trauma-related fall may 
further clarify risks versus benefits.

Overall, our analyses revealed conflicting results 
regarding the connection between anticoagulant use and 
poorer clinical outcomes. Specifically, heparin was found 
to decrease the risk of hospital admission, but hepa-
rin use was also associated with an increased length of 
hospital stay on both unadjusted and adjusted analyses. 
We anticipate these conflicting results are secondary to 
a type I error due to the relatively small number of indi-
viduals prescribed heparin in this population (n = 18) as 
it is rarely used in an outpatient setting. Additionally, we 
found no significant association between anticoagulant 
use and 30-day mortality. Previous research including 
Jaspers Focks et  al. (2016) has found that an increasing 
number of medications prescribed with concurrent anti-
coagulant use, increased all-cause mortality, independent 
of anticoagulant type (Charlton et al. 2018). We postulate 
these discrepancies may be due to the need for longer fol-
low-up and larger population size.

Satisfactory blood pressure control has been shown 
to decrease rates of adverse cardiovascular and renal 
outcomes including stroke, chronic kidney disease, 
heart failure, and left ventricular hypertrophy (Flack 
and Adekola 2020; Izzo 2011). Our results demonstrate 
that patients on antihypertensive medications had a 
decreased risk of inpatient admission after a fall, as well 
as decreased risk of readmission within 30  days. It is 
unclear whether tighter blood pressure control contrib-
uted to the improved clinical outcomes as blood pressure 
was not an endpoint of this study. Although the previous 
literature (Bromfield et al. 2017) has shown that neither 
the number of antihypertensive medications nor baseline 
systolic or diastolic blood pressure was found to have a 
risk of serious falls in the geriatric population, antihyper-
tensive medication use is approached with caution in the 
older adult population secondary to possible dysautono-
mia and diminished sympathetic responses (Reardon and 
Malik 1996; Song et al. 2018). In this context, a study by 
Song et al. (2018) of 2212 elderly nursing home patients 
showed that deintensification of antihypertensive medi-
cations led to less falls, but an overall increase in 30-day 
mortality.

Our study also revealed that CKD was significantly 
associated with poorer clinical outcomes. Tran et  al. 
(2019) studied the effects that CKD has on geriatric, 
community-dwelling individuals and found that decreas-
ing eGFR was independently associated with increasing 
severity of gait cycle abnormalities. These gait abnormali-
ties manifested as an elevated risk for falls (hazard ratio 
1.72) (Tran et al. 2019). This elevated risk was independ-
ent of being a geriatric patient (Ziere et al. 2006), as well 
as other manifestations of CKD including renal osteod-
ystrophy (Goto et al. 2020). In our study, we found that 
nearly 70% of patients in our overall population experi-
enced a gait-related fall (same level/stairs), which was 
consistent with those patients with CKD. Our analyses 
expand on these results and illustrate that patients with 
CKD/ESRD are at significantly elevated risk for poorer 
clinical courses after trauma-related falls in nearly all 
outcomes studied, including ICU admission, increased 
length of hospital stay, and 30-day mortality. Other 
studies have also demonstrated the poorer prognosis of 
patients with renal insufficiency after a fall by identify-
ing an increased association for fracture as well as risk 
attributed to hemodialysis (Goto et al. 2020; Wang et al. 
2020; Tinetti et  al. 1988; Rossier et  al. 2012). Our find-
ings augment the serious risks that geriatric patients with 
renal abnormalities face as a result of falls. Strikingly, 
our analyses reveal that patients with a prior history of 
CKD/ESRD have over a 2.5 × risk of 30-day mortality 
compared to those without when presenting to the emer-
gency department after a fall. These results have implica-
tions that question whether more fall-related precautions 
and functional status evaluations should be undertaken 
for elderly patients with CKD/ESRD to avoid these con-
sequences. Additionally, it suggests that geriatric patients 
with significant renal disease should be evaluated after a 
fall with a higher clinical index of suspicion of sequelae 
to mitigate poorer clinical outcomes. A potential limita-
tion to our study is that our analysis did not stratify based 
on the stage of CKD, the severity of ESRD, or whether 
maintenance hemodialysis was required. Further studies 
investigating whether the risks of these poorer outcomes 
are graded based on the severity of renal insufficiency 
could contribute more to evaluating the significant risk of 
poorer clinical outcomes in this population.

In addition to renal insufficiency producing signifi-
cantly poorer hospital outcomes, our data also revealed 
that a history of malignancy, current or past, is an inde-
pendent predictor of 30-day mortality. Spoelstra et  al. 
(2013) found that an increased risk in falls in those 
with malignancy is 1.16 (95% CI 1.01–1.33) compared 
to those without cancer. We theorize that frailty associ-
ated with malignancy could be a contributing factor to 
the increased fall risk. Frailty is prevalent in those who 
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have survived or currently have cancer and character-
ized by diminished physiologic reserve that negatively 
impact function and longevity (Guida et  al. 2019). A 
review article from Ness and Wogksch (2020) noted 
that rates of frailty are common in older individuals, at 
around 11%, while cancer survivors have a median frailty 
rate of 42–43%. Several studies (Fried et al. 2001; Ensrud 
et al. 2007) have demonstrated frailty to be a significant 
risk factor for falls in the geriatric population. Our results 
elaborate on these findings and conclude that history 
of malignancy, leading to frailty, is a statistically signifi-
cant predictor of 30-day mortality after fall leading to an 
emergency department visit. It has also been postulated 
that chemotherapy-induced peripheral neuropathy plays 
a role in the increased fall risk in the cancer population 
and that the associated burden of malignancy may lead 
to a poorer overall prognosis. However, studies have 
found conflicting evidence regarding the association 
between CIPN and falls (Komatsu et  al. 2019; Gewand-
ter et al. 2013). Regardless, our analyses suggest the clini-
cal importance of considering malignancy history when 
approaching trauma-related falls in the geriatric popula-
tion. Treatment and goals of care discussions should be 
informed by malignancy history to affirm clinical deci-
sions and reduce poorer outcome risk. We postulate that 
these risks may be modified if stratified for active malig-
nancy versus chronologic history of malignancy and 
emphasize this as a point of future research.

Strengths and limitations
The strengths of our study include a large population 
of geriatric patients at Level 1 Trauma Center in New 
York City. Our population was drawn from an ethnically 
diverse community with a wide array of comorbidities 
allowing for a wide scope of analyses.

However, our study may have been limited by the ret-
rospective methodology in that although numerous sig-
nificant associations were described, causation cannot be 
assumed. This study also has all limitations inherent to a 
single-institution retrospective clinical study. Addition-
ally, due to the large quantity of data being gathered from 
electronic medical records, information bias and report-
ing bias secondary to inadequate charting or incomplete 
medication lists could have affected results. This is par-
ticularly relevant for our analyses regarding ethnicity and 
race as they were self-reported in the EMR and many 
times unable to be fully distinguished. This was particu-
larly true for patients identifying as Hispanic ethnicity, 
as we did not have information regarding their race (e.g., 
black, white, etc.).

Our hospital EMR included all hospital encounters 
for each patient, thus we believe that we were able 

to identify most of the medications prescribed and 
comorbidities. However, incomplete charting or lack 
of patient reporting could have affected these data 
points. We also queried the EMR to identify those who 
required readmission to the hospital for any health-
related event within 30  days. This limited our ability 
to accurately count all patients that required hospital 
readmission as those that followed up at alternate hos-
pitals would not have been captured. This limitation 
could have also affected outcomes regarding mortality, 
as patients that expired at home or at another institu-
tion would not have been identified.

Due to the amount of data points collected and the 
large number of statistical analyses performed for this 
study, there was an increased chance for positive asso-
ciations and Type 1 error. For example, certain posi-
tive associations may have been attributed to a small 
number of patients experiencing a particular out-
come (e.g., Asian race associated with ICU admission, 
but decreased mortality; heparin use associated with 
decreased hospital admission, but increased length of 
stay if admitted). Additionally, we did not collect infor-
mation on all classes of medications prescribed (e.g., 
diabetic medications, statins, type of antihyperten-
sive agents), as well as medication adherence. A more 
robust analysis in this area could have strengthened our 
paper.

Conclusion
Fall-related emergency department visits are com-
mon in the older adult population, and poor clinical 
outcomes of these visits may be prevented by a better 
understanding of predictive risk factors for these out-
comes. We found that polypharmacy was associated 
with an increased risk of hospitalization, in terms of 
both primary admission and readmission rates follow-
ing a fall. Although patients with numerous comor-
bidities may benefit from additional medication to 
support their functional status, providers should be 
vigilant that increased medication burden may affect 
clinical outcomes after falls. We also found that renal 
disease and malignancy history may be contributing 
factors to poorer outcomes after a fall in the geriat-
ric population. Further research in this area is needed 
to fully address the connection between these factors 
and poor clinical outcomes. Understanding comorbid-
ities and medication burden is an important facet in 
triaging geriatric fall-related emergency department 
visits.
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Appendix

LEVEL I ACTIVATION [FULL TRAUMA ACTIVATION]

*ALL PATIENTS IN ACTUAL OR IMPENDING CARDIAC OR RESPIRATORY ARREST OR WITH UNOBTAINABLE VITAL SIGNS IN THE FIELD OR AT ED PRESENTATION
*ALL PATIENTS THAT REQUIRE AN EMERGENT AIRWAY, INTUBATED IN THE FIELD OR IN PROCESS OF INTUBATION IN ED

A. UNABLE TO VENTILATE/ INADEQUATELY VENTILATED /INTUBATED/ASSISTED VENTILATION
B. RR < 10 OR >30 INCLUDING INTUBATION
C. Systolic  BP ≤ 90 mmHg
D. GCS MOTOR SCORE ≤ 5/GCS ≤ 9 WITH MECHANISM ATTRIBUTED TO TRAUMA

- ALL PENETRATING INJURIES TO THE HEAD, NECK, OR TORSO, EXTEMITIES PROXIMAL TO ELBOW AND OR KNEE (EXCEPT SIMPLE LACERATIONS) OR UNCONTROLLED BLEEDING
- OPEN OR DEPRESSED SKULL FX
- PARALYSIS OR SUSPECTED SPINAL CORD INJURY 
- HEAD TRAUMA WITH POSITIVE LOSS OF CONSCIOUSNESS
- OPEN/UNSTABLE PELVIC FRACTURE
- PARTIAL/FULL AMPUTATION PROXIMAL TO WRIST OR ANKLE
- LONG BONE FRACTURES (HUMERUS OR FEMUR)
- CRUSHED/DEGLOVED OR MANGLED EXTREMITY
- MVC/MCC EJECTION FROM VEHICLE
- PEDESTRIAN/BICYCLIST STRUCK, THROWN, OR RUNOVER (HIGH IMPACT > 10 MPH)
- TRANSFER PATIENTS FROM OTHER HOSPITALS WHO ARE RECEIVING BLOOD TO MAINTAIN VITAL SIGNS
- PREGNANT PATIENT ≥ 23 WEEKS GESTATION WITH VAGINAL BLEEDING, ABD. PAIN AND INJURY NOTIFY OB/GYN
- TRAUMA WITH 1ST & 2ND DEGREE BURNS > 20% TBSA/ ORAL OR FACIAL BURN
- IF INJURY IDENTIFIED NOT LISTED ABOVE, ACTIVATE AS PER ED ATTENDINGS DISCRETION

LEVEL II ACTIVATION [PARTIAL TRAUMA ACTIVATION]

- TRAUMA INVOLVING 2 OR MORE BODY SYSTEMS
- PENETRATING TRAUMA DISTAL TO ELBOW OR BELOW KNEE
- FALL > 15 FT
- MOTORCYCLE CRASH >20 MPH
- PARTIAL/FULL AMPUTATION DISTAL TO WRIST OR ANKLE
- INTRUSION INTO VEHICLE >12 INCHES/ EJECTION FROM VEHICLE
- DEATH OF ANOTHER PASSENGER IN THE SAME MVC
- HIGH ENERGY ELECTRICAL INJURY
- BLAST OR EXPLOSION STRIKING A FIXED OBJECT WITH MOMENTUM
- PEDESTRIAN/BICYCLIST STRUCK, THROWN, OR RUNOVER 
- TRAUMA WITH 2ND & 3RD DEGREE BURNS > 10% TBSA OR INHALATION INJURY
- SUSPICION OF HYPOTHERMIA/ DROWNING/HANGING/ ASPHYXIATION
- BLUNT ABDOMINAL INJURY WITH FIRM OR DISTENDED ABDOMEN OR WITH SEATBELT SIGN
- FALLS FROM ANY HEIGHT IF ANTICOAGULATED OLDER ADULT (>65) 
- IF INJURY IDENTIFIED NOT LISTED ABOVE, ACTIVATE AS PER ED ATTENDINGS DISCRETION

LEVEL III ACTIVATION (TRAUMA EVALUATION)

- HEMODYNAMIC STABILITY IN FIELD AND ON ARRIVAL
- GCS 15
- STABLE RESPIRATORY STATUS
- INJURIES REQUIRING OPERATIVE INTERVENTION WHICH DO NOT MEET CRITERIA FOR LEVEL 1 OR 2 ACTIVATION
- NON EMERGENT CONDITION REQUIRING EVALUATION AND POSSIBLE ADMISSION
- SIGNIFICANT MECHANISM WITH NO INJURIES/MINOR INJURIES
- SUSPECTED NONACCIDENTAL TRAUMA
- BITES HUMAN/ANIMAL
- ANY CONFIRMED OR POSSIBLE PREGNANCY WITH BLUNT ABDOMINAL TRAUMA
- IF INJURY IDENTIFIED NOT LISTED ABOVE, ACTIVATE AS PER ED ATTENDINGS DISCRETION
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CKD/ESRD	� Chronic kidney disease/end-stage renal disease
CVA	� Cerebrovascular accident
OR	� Odds ratio
aOR	� Adjusted odds ratio
MOF	� Mechanism of fall

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s40621-​023-​00418-9.

Additional file 1: Table S1. Hospital admission (unadjusted analysis). 
Table S2. Length of stay (unadjusted analysis). Table S3. Intensive care 
unit admission (unadjusted analysis). Table S4. 30-day mortality (unad-
justed analysis). Table S5. Readmission (unadjusted analysis).

https://doi.org/10.1186/s40621-023-00418-9
https://doi.org/10.1186/s40621-023-00418-9


Page 10 of 11Farrell et al. Injury Epidemiology            (2023) 10:7 

Acknowledgements
The authors would like to thank the Trauma Department at Richmond Univer-
sity Medical Center for helping us with data acquisition.

Author contributions
All authors keenly participated in the research project, including study design 
(AF, NL), data acquisition (AF, TC, SN), analysis (AF, TC, SN, and NL), and manu-
script writing (AF, TC, SN, and NL). All authors read and approved the final 
manuscript (AF, TC, SN, and NL).

Funding
None.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
IRB approval (Study # 14647) was obtained from New York Medical College, 
Valhalla New York, USA. All methods were performed in accordance with 
the ethical standards as laid down in the Declaration of Helsinki and its later 
amendments or comparable ethical standards. Consent to participate: Not 
applicable, retrospective study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 23 September 2022   Accepted: 19 January 2023

References
Bromfield SG, Ngameni CA, Colantonio LD, et al. Blood pressure, antihyperten-

sive polypharmacy, frailty, and risk for serious fall injuries among older 
treated adults with hypertension. Hypertension. 2017;70(2):259–66.

Campbell SE, Seymour DG, Primrose WR. A systematic literature review of 
factors affecting outcome in older medical patients admitted to hospi-
tal. Age Ageing. 2004;33:110–5.

Carnicelli AP, Hong H, Connolly SJ, et al. Direct oral anticoagulants versus 
warfarin in patients with atrial fibrillation: patient-level network 
meta-analyses of randomized clinical trials with interaction testing by 
age and sex [published correction appears in Circulation. 2022 Feb 
22;145(8):e640]. Circulation. 2022;145(4):242–55.

Centers for Disease Control and Prevention. 10 leading causes of death, United 
States. November 2 2022. https://​wisqa​rs.​cdc.​gov/​data/​lcd/​home

Chang TI, Park H, Kim DW, et al. Polypharmacy, hospitalization, and mortality 
risk: a nationwide cohort study. Sci Rep. 2020;10:18964. https://​doi.​org/​
10.​1038/​s41598-​020-​75888-8.

Charlton B, Adeboyeje G, Barron JJ, Grady D, Shin J, Redberg RF. Length of hos-
pitalization and mortality for bleeding during treatment with warfarin, 
dabigatran, or rivaroxaban. PLoS ONE. 2018;13(3): e0193912.

Davies LE, Spiers G, Kingston A, Todd A, Adamson J, Hanratty B. Adverse 
outcomes of polypharmacy in older people: systematic review of reviews. 
J Am Med Dir Assoc. 2020;21(2):181–7.

Ensrud KE, Ewing SK, Taylor BC, et al. Frailty and risk of falls, fracture, and 
mortality in older women: the study of osteoporotic fractures. J Gerontol 
A Biol Sci Med Sci. 2007;62(7):744–51.

Flack JM, Adekola B. Blood pressure and the new ACC/AHA hypertension 
guidelines. Trends Cardiovasc Med. 2020;30(3):160–4.

Frazier SC. Health outcomes and polypharmacy in elderly individuals. J Geron-
tol Nursing. 2005;31:4–11.

Freeland KN, Thompson AN, Zhao Y, Leal JE, Mauldin PD, Moran WP. Medica-
tion use and associated risk of falling in a geriatric outpatient population. 
Ann Pharmacother. 2012;46(9):1188–92.

Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evidence for a 
phenotype. J Gerontol Med Sci. 2001;56A:M146–56.

Fuller GF. Falls in the elderly. Am Fam Physician. 2000;61(7):2159–74.
Gewandter JS, Fan L, Magnuson A, et al. Falls and functional impairments in 

cancer survivors with chemotherapy-induced peripheral neuropathy 
(CIPN): a University of Rochester CCOP study. Support Care Cancer. 
2013;21(7):2059–66.

Goto NA, Weststrate ACG, Oosterlaan FM, et al. The association between 
chronic kidney disease, falls, and fractures: a systematic review and meta-
analysis. Osteoporos Int. 2020;31(1):13–29.

Guida JL, Ahles TA, Belsky D, et al. Measuring aging and identifying aging phe-
notypes in cancer survivors. J Natl Cancer Inst. 2019;111:1245–54.

Izzo JL Jr. Benefits of antihypertensive drugs when blood pressure is below 
140/90 mmHg. Pol Arch Med Wewn. 2011;121(9):303–9.

Jaspers Focks J, Brouwer MA, Wojdyla DM, et al. Polypharmacy and effects 
of apixaban versus warfarin in patients with atrial fibrillation: post hoc 
analysis of the ARISTOTLE trial. BMJ. 2016;353: i2868.

Kannus P, Parkkari J, Niemi S, et al. Fall-induced deaths among elderly people. 
Am J Public Health. 2005;95:422–4.

Kim SH, Kim S, Cho GC, Lee JH, Park EJ, Lee DH. Characteristics of fall-related 
head injury versus non-head injury in the older adults. BMC Geriatr. 
2021;21(1):196.

Komatsu H, Yagasaki K, Komatsu Y, et al. Falls and functional impairments in 
breast cancer patients with chemotherapy-induced peripheral neuropa-
thy. Asia Pac J Oncol Nurs. 2019;6(3):253–60.

Leiss W, Méan M, Limacher A, Righini M, Jaeger K, Beer HJ, Osterwalder J, 
Frauchiger B, Matter CM, Kucher N, Angelillo-Scherrer A, Cornuz J, 
Banyai M, Lämmle B, Husmann M, Egloff M, Aschwanden M, Rodondi N, 
Aujesky D. Polypharmacy is associated with an increased risk of bleeding 
in elderly patients with venous thromboembolism. J Gen Intern Med. 
2015;30(1):17–24.

Masnoon N, Shakib S, Kalisch-Ellett L, Caughey GE. What is polypharmacy? A 
systematic review of definitions. BMC Geriatr. 2017;17(1):230.

Milton JC, Hill-Smith I, Jackson SH. Prescribing for older people. BMJ. 
2008;336(7644):606–9.

Moreland B, Kakara R, Henry A. Trends in nonfatal falls and fall-related injuries 
among adults aged >65 years—United States, 2012–2018. MMWR Morb 
Mortal Wkly Rep. 2020;69:875–81.

Ness KK, Wogksch MD. Frailty and aging in cancer survivors. Transl Res. 
2020;221:65–82.

Reardon M, Malik M. Changes in heart rate variability with age. Pacing Clin 
Electrophysiol. 1996;19:1863–6.

Rossier A, Pruijm M, Hannane D, Burnier M, Teta D. Incidence, complications 
and risk factors for severe falls in patients on maintenance haemodialysis. 
Nephrol Dial Transplant. 2012;27(1):352–7.

Smith AA, Silva AO, Rodrigues RA, Moreira MA, Nogueira JA, Tura LF. Assess-
ment of risk of falls in elderly living at home. Rev Lat Am Enfermagem. 
2017;25: e2754.

Song W, Intrator O, Lee S, Boockvar K. Antihypertensive drug deintensification 
and recurrent falls in long-term care. Health Serv Res. 2018;53(6):4066–86.

Spoelstra SL, Given BA, Schutte DL, Sikorskii A, You M, Given CW. Do older 
adults with cancer fall more often? A comparative analysis of falls in those 
with and without cancer. Oncol Nurs Forum. 2013;40(2):E69-78.

Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly persons 
living in the community. N Engl J Med. 1988;319(26):1701–7.

Tran J, Ayers E, Verghese J, Abramowitz MK. Gait abnormalities and the risk of 
falls in CKD. Clin J Am Soc Nephrol. 2019;14(7):983–93.

Wang HH, Wu JL, Lee YC, et al. Risk of serious falls between hemodialysis and 
peritoneal dialysis patients: a nationwide population-based cohort study. 
Sci Rep. 2020;10(1):7799.

Xue L, Boudreau RM, Donohue JM, et al. Persistent polypharmacy and fall 
injury risk: the Health, Aging and Body Composition Study. BMC Geriatr. 
2021;21(1):710.

Zia A, Kamaruzzaman SB, Tan MP. Polypharmacy and falls in older people: 
balancing evidence-based medicine against falls risk. Postgrad Med. 
2015;127(3):330–7.

https://wisqars.cdc.gov/data/lcd/home
https://doi.org/10.1038/s41598-020-75888-8
https://doi.org/10.1038/s41598-020-75888-8


Page 11 of 11Farrell et al. Injury Epidemiology            (2023) 10:7 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Ziere G, Dieleman JP, Hofman A, Pols HA, van der Cammen TJ, Stricker BH. 
Polypharmacy and falls in the middle age and elderly population. Br J 
Clin Pharmacol. 2006;61(2):218–23.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Trauma-related falls in an urban geriatric population: predictive risk factors for poorer clinical outcomes
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Materials and methods
	Statistical analysis
	Power analysis

	Results
	Patient demographics and comorbidities
	Inpatient admission
	Length of hospitalization
	Intensive care unit admission
	30-day mortality
	Readmission within 30 days

	Discussion
	Strengths and limitations

	Conclusion
	Acknowledgements
	References


