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Objective: Few studies have investigated the impact of falls on mortality in older patients presenting to the emergency departments in our country.
Thus, this study aimed to investigate the prognostic factors in geriatric patients with falls and identify the variables associated with repeated falls
and mortality in the first 2 months after the fall.

Materials and Methods: The study included patients over 65 years of age who presented to the emergency department of our university due to
falls between January and December 2019.

Results: A total of 170 patients were included in this study, with a mean age of 77.98+8.23 years (median 78 years, range 65-99 years), and 87
(51.2%) were male. Albumin level of <3.53 mg/dL was associated with an 8.066-fold higher risk of post-fall mortality [95% confidence interval (Cl)
1.585-41.062, p=0.012], whereas hemoglobin level of <11.55 g/dL was associated with a 5.488-fold higher risk (95% Cl 1.078-27.931, p=0.040).

Conclusion: Among older adults who presented to the emergency department after falls, those with anemia and hypoalbuminemia at the time of
admission had higher mortality. These two conditions were found to be independent risk factors for mortality. Thus, priority triage is recommended
for these patients.
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Approximately 40% of individuals aged 50 years or older present
to the emergency department because of falls (5,6). Most of these
patients are sent home without being hospitalized (7) but they
frequently return to the emergency department with another
fall (8). Determining the factors associated with mortality in
patients presenting with falls will facilitate triage and improve

Introduction

Falls are a common geriatric syndrome in the older population.
Studies have shown that about 1 in 3 older adults fall at least
once every year and that of those who fall, about half fall more
than once. Falls can result in serious injury and even death (1).

This has been supported by findings from recent studies (2).
Although the causes of falls are known to be multifactorial, the
literature has shown that most falls are associated with physical
fragility and cognitive dysfunction (3). Major risk factors for
falls include sarcopenia, polypharmacy, orthostatic hypotension,
arrhythmia, cognitive impairment, and cerebrovascular diseases.
However, as with other geriatric syndromes, falls in older adults
may be an indicator of underlying disease (4).

management of these patients with more efficient use of time.

In the literature, falls have been shown to be associated
with hypoalbuminemia (9), anemia (10,11), and electrolyte
imbalances such as hyponatremia and hypokalemia (12). In
the present study, we aimed to investigate prognostic factors
in geriatric patients with falls and identify variables associated
with repeated falls and mortality in the first 2 months post fall.
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Materials and Methods

Inclusion criteria: The study included patients over 65 years
of age who presented to the emergency department of our
university due to falls between January and December 2019.

Exclusion criteria: Patients who were under 65 years of age and
presented to the emergency department for complaints other
than falls were not included.

Data were collected retrospectively from the hospital
information system and patient files. Demographic data (such
as age and sex), chronic diseases, medications used, and date
of admission to the emergency department were recorded. The
patients' chronic diseases were determined from the hospital
information system according to International Statistical
Classification of Diseases and Related Health Problems codes.

Degree of fall-induced injury was assessed and recorded as
none, minor (such as bruises and abrasions not requiring
medical intervention), moderate (serious wounds requiring
stitches), or severe (head trauma, fractures), and the location of
any fractures was noted. Biomarkers such as hemoglobin (g/dL),
white blood cells (uL/mL), lymphocytes (mcl), platelets (10°/L),
mean platelet volume (fl), alanine aminotransferase (U/L),
aspartate aminotransferase (U/L), alkaline phosphatase (IU/L),
gamma glutamyl transferase (U/L), total bilirubin (mg/dL), direct
bilirubin (mg/dL), blood urea nitrogen (BUN) (mg/dL), creatinine
(mg/dL), total protein (g/dL), albumin (mg/dL), biomarker values,
sodium (mEg/L), potassium (K) (mmol/L), chlorine, calcium (mg/
dL), phosphorus (mg/dL), magnesium (mg/dL), and glucose (mg/
dLl) measured upon admission to the emergency department
were obtained from the hospital system. Post-fall survival
information was obtained from the official death reporting
system of the Republic of Turkey Ministry of Health, General
Directorate of Public Health using the patients' citizenship
numbers.

Statistics

The data were analyzed using a commercial statistical software
package. Categorical data were presented as frequency
distribution and percentage, continuous variables as mean +
standard deviation or median (minimum-maximum values).
For comparisons between groups, chi-square test was used
for categorical data and the non-parametric Kruskal-Wallis
and Mann-Whitney U tests were used for continuous data
due to the non-normal data distributions. Receiver operating
characteristic analysis was used to assess the predictive power
of the biomarkers by determining the sensitivity and specificity
of the identified cut-off points. Youden index (J=sensitivity
+ specificity - 1) was used to determine optimal cut-off
values. Factors significantly associated with survival time were
identified using Kaplan-Meier analysis. These factors were
then used to generate a Cox regression model (forward: LR,
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entry: 0.05 and removal: 0.10). P-values <0.05 were considered
statistically significant.

The study was conducted after obtaining approval from the
Atatiirk University Ethics Committee (dated 17/12/2020, ethics
committee number 554).

Results

The 170 patients included in the study had a median age of 78.0
(minimum-maximum: 65-99) years and 87 (51.2%) were male.
The median follow-up time was 441 (minimum-maximum:
9-651) days. The prevalence of recurrent falls was 6.5% (n=11)
in the first month, 12.9% (n=12) within 6 months, and 20.0%
(n=34) within 1 year after a fall. We analyzed 60-day mortality
after recurrent falls. It was also noted whether the patient was
hospitalized after the fall, and if hospitalized, what ward they
were admitted to and how they were discharged. Surviving
patients lived for between 364 and 651 days after recurrent falls
according to follow-up records. Comparisons of the patients'
demographic characteristics, comorbidities, and biomarker
values between cases with and without mortality within 60 days
post fall are presented in Table 1.

Hemoglobin, total protein, and albumin levels were significantly
lower and age, BUN, and creatinine values were significantly
higher among patients who died within 60 days after the fall
when compared with survivors. The post-fall mortality rate was
significantly higher among patients with chronic heart failure
and patients who had fall-induced fractures or severe injury
(p<0.05). In terms of fracture location, hip/femur fractures
were the most common and associated with significantly more
deaths (p<0.05).

For biomarkers that differed statistically between cases with
and without 60-day post-fall mortality, their predictive power,
sensitivity, and specificity according to the determined cut-off
values are presented in Table 2. With a cut-off value of 11.55 g/
dL, hemoglobin had the highest predictive power for post-fall
mortality.

Some of the variables that were significantly associated with
survival time are presented in Table 3. A Cox regression model
was created to determine the risk factors associated with
average survival time after a fall. The last row is presented in
Table 4.

Discussion

Falls occur frequently in the older population and lead to
reduced functional capacity, hospitalization, and increased
health expenditures. In the present study, in oldest-old adults
had higher mortality after falls, consistent with the literature
(13). This finding may be explained by higher rates of chronic
diseases that increase with age, such as osteoporosis, dementia,
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‘ Table 1. Demographic characteristics, comorbidities, and presenting biomarker levels in older patients with falls

60-day post-fall mortality

I e Y PO

Age™ | 85 (73-95) | 77 (65-99) | 0.003
Sex

Male 6 (54.5%) 81 (50.9%) 0.817
Female 5 (45.5%) 78 (49.1%) -
Comorbidities

Hypertension 7 (63.6%) 102 (64.2%) 0.973
Diabetes mellitus 2 (18.2%) 48 (30.2%) 0.398
Coronary artery disease 5 (45.5%) 41 (25.8%) 0.156
Chronic heart failure 3 (27.3%) 8 (5.0%) 0.025
Depression 2 (18.2%) 23 (14.5%) 0.736
Chronic kidney disease 2 (18.2%) 7 (4.4%) 0.107
COPD 1 (9.1%) 28 (17.6%) 0.409
Cerebrovascular event 3 (27.3%) 15 (9.4%) 0.096
Parkinson's disease 1 (9.1%) 7 (4.4%) 0.478
Alzheimer's disease - 29 (18.2%) 0.120
Malignancy 1 (9.1%) 8 (5.0%) 0.561
Hyperthyroidism - 4 (2.5%) 0.594
Hypothyroidism 1 (9.1%) 8 (5.0%) 0.561
Number of diseases* 3 (0-6) 3(0-7) 0.216
Number of medications used* 5 (0-9) 4 (0-10) 0.245
Polypharmacy 6 (54.5%) 62 (39.0%) 0.309
Use of antipsychotics 1 (9.1%) 19 (11.9%) 0.776
Fall-induced injury

Physical damage 8 (72.7%) 74 (46.5%) 0.093
Minor - 19 (11.9%) 0.224
Moderately 2 (18.2%) 12 (7.5%) 0.215
Severe physical damage 6 (54.5%) 42 (26.4%) 0.045
Fracture 6 (54.5%) 37 (23.3%) 0.021
Femur/hip 5 (83.3%) 9 (24.3%) 0.010
Costa 1 (16.7%) 9 (24.3%) 0.680
Humerus - 4 (10.8%) 0.398
Vertebra - 6 (16.2%) 0.288
Radius - 4 (10.8%) 0.398
Orbita/maxilla/frontal - 5 (13.5%) 0.338
Laboratory results™

Hemoglobin (g/dL) 10.6 (8.9-14) 13.30 (8.5-18.8) 0.001
WBC count (l/ml) ?3600:)0—14860] ?145?700-1 6410) 0.778
Lymphocyte count (mcl) (1325(?_2470] (125;(?_4230] 0.214
Platelet count (10°/L) (2921%(())%0—386000] (24386(?(?(?—789000) 0.262
Glucose (mg/dL) 128 (94-238) 120 (69-443) 0.504
BUN (mg/dL) 35 (21-75) 20.5 (2.1-76.6) <0.001
Creatinine (mg/dL) 1.30 (0.70-2.84) 0.89 (0.40-5.00) 0.006
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‘ Table 1. Continued ‘

60-day post-fall mortality

I e Y PO

Sodium (mEq/L) 137 (131-141) 139 (125-147) 0.059
Potassium (mmol/L) 4.37 (3.30-6.40) 4.00 (2.62-6.01) 0.070
Chloride (mEq/L) 103 (93-110) 103 (102-116) 0.620
Calcium (mg/dL) 8.7 (8.2-10.4) 9.1 (4.5-10.5) 0.112
Phosphorus (mg/dL) 3.3 (2.5-4.9) 3(1.2-13.9) 0.072
Magnesium (mg/dL) 1.97 (1.18-2.20) 1.90 (1.20-3.00) 0.562
Total protein (g/dL) 6.7 (6.3-7.8) 7.2 (4.4-8.3) 0.013
Albumin (mg/dL) 3.4 (3-3.8) 3.8 (2.4-4.65) 0.001

*Mann-Whitney U or chi-square test. *Median (minimum-maximum)

Table 2. The predictive power, sensitivity, and specificity of biomarkers for post-fall mortality determined by ROC analysis with
Youden index to determine cut-off point

Cut-off point AUC (95% CI) Sensitivity (%) Specificity (%) _

Hemoglobin (g/dL) 11.55 g/dL 82.8 (69.6-96.1) 82.4 72.7 0.001
BUN (mg/dL) 26.55 81.6 (71.7-91.5) 81.8 72.4 <0.001
Creatinine (mg/dL) 0.93 74.8 (61.3-88.2) 81.8 59.6 0.006
Total protein (g/dL) 6.95 73.3 (58.2-88.5) 67.6 80.0 0.014
Albumin (mg/dL) 3.53 80.3 (70.6-90.0) 78.0 80.0 0.001

AUC: Area under the curve, BUN: Blood urea nitrogen, Cl: Confidence interval, ROC: Receiver operating characteristic

survival

ratio

Table 4. Cox regression model for risk factors associated with
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and Parkinson's disease, as well as the presence of geriatric

Tabief f’l Re_latliotr.lship(K beltWCK/I" . selectled. )variables and syndromes such as polypharmacy, malnutrition, dementia,
Post-1dn surviva Lime Atap an— veicr ana yss reduced mobility, and greater functional dependence. In
_ '(\ggﬂ/" El:)FVIVQ' CE - addition, we observed that the mortality rate was higher among
( . . . .
patients who had fall-induced fracture or severe injury, which
Age >84 years 543.4 (471.5-615.3) 0.001 is expected
Chronic heart disease 480.9 (320.4-641.3) 0.003
Hemoglobin <11.55 g/dL 510.3 (424.9-595.7) <0.001 St.udles of older people with hip fractures have sh.own that thqse
BUN >26.55 mg/dL 542.6 (478.7-606.4) <0.001 with low hemoglobin and albumin levels have higher mortality
— rates at 1 month and 1 year (14,15). In the present study,
Creatinine >0.93 mg/dL 572.4 (525.0-619.8) 0.008 . . .
Total protein <6.95 gfdL 561.0 (504.0-61.1) 0.002 hemoglobin level <11.55 g/dL was found to increase the risk of
o p.ro ein <b-> 9 . = . mortality within the first 2 months by 5.488 times. Anemia in
Albumin <3.53 mg/dL 527.6 (451.6-603.7) <0.001 older adults can be caused by blood loss, malignancy, decreased
Fracture 539.5 (477.5-601.5) 0.019 iron intake or absorption, chronic inflammation, endocrine and
Severe physical damage 571.8 (513.3-630.3) 0.042 metabolic causes, increased rate of red blood cell destruction,
BUN: Blood urea nitrogen, Ci: Confidence interval reduced dietary intake, and drug-related side effects (16).

Although the causes of anemia were not elucidated in our study,
there are similar reports in the literature associating anemia
with higher mortality after falls.

Malnutrition is among the risk factors for falls. Studies in the
United States and Australia have shown that 12% to 16% of older

Creatinine >0.93 mg/dL | 1.503 | 4.494 | 0.951-21.245 | 0.058 adults presenting to emergency departments are malnourished
Hemoglobin <11.55 g/dL | 1.703 | 5.488 | 1.078-27.931 | 0.040 (17,18). Although malnutrition screening was not performed in
Albumin <3.53 mg/dL 2.088 | 8.066 1.585-41.062 | 0.012 our study, the results demonstrated that albumin level <3.53
Cl: Confidence interval mg/dL in older adults with falls increased the risk of mortality

by 8.066 times. In the literature, there are studies showing a
relationship between serum albumin level and mortality in
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studies conducted among the elderly (19). For example, among
older adults hip fractures, rates of postoperative complications
such as sepsis and mortality were higher in those with albumin
levels below 3.5 mg/dL (20). Studies conducted among patients
undergoing elective surgery for various reasons have also shown
that albumin level is the strongest predictor of mortality (21,22).
In patients with sarcopenia and in inflammatory conditions,
cytokines such as IL-6 and TNF-o are among the causes of
low albumin level (23). However, it was also not determined
in these studies whether hypoalbuminemia was due to
malnutrition, disease progression, nephrotic syndrome, chronic
liver injury, or systemic inflammation. As in these studies, our
results showed that the presence of hypoalbuminemia was
associated with higher mortality after falls, but the causes of
this hypoalbuminemia were not investigated.

Although we did not evaluate glomerular filtration rate or
whether the patients received renal replacement therapy,
patients with renal dysfunction showed a higher mortality rate
in the first 2 months post fall. This is also consistent with the
literature (24,25). Falls are an important cause of morbidity
and mortality among individuals with chronic kidney disease.
These patients are at increased risk of falls due to the presence
of muscle, hematologic, endocrine, and metabolic disorders,
comorbidities, vitamin D deficiency (26), orthostatic hypotension
after hemodialysis, diabetic neuropathy, sarcopenia (27,28), and
polypharmacy (29,30).

Studies of older patients with hip fractures have also shown
that the presence of pulmonary disease, dementia, chronic
lung disease, and malignancy increased mortality (15,31). In
the present study, heart failure was associated with higher
mortality. This may be because heart failure patients usually use
antihypertensive drugs that can cause orthostatic hypotension
as a side effect, and the use of anticoagulant and antiaggregant
drugs increases the risk of bleeding and severe fall-related injury.

Study Limitations

This study has certain limitations. Firstly, it was conducted
retrospectively, in a single center, and with a relatively small
patient sample. Geriatric syndromes such as malnutrition,
decubitus ulcers, delirium, depression, and dementia that may
be associated with post-fall mortality were not investigated.
Furthermore, the study did not take into account other
prognostic indicators that could have been used, such as the
patients’ vital signs or the Charlson comorbidity index.

The aging global population makes the issue of falls in older
adults increasingly important. As the first analysis of factors
associated with mortality in geriatric patients presenting to the
emergency department after falls, we believe that this study will
make a valuable contribution to the literature and guide future
studies on this subject.

Conclusion

Among older adults who presented to the emergency
department after falls, mortality was higher among those with
anemia and hypoalbuminemia at the time of admission, and
these two conditions were found to be independent risk factors
for mortality. Priority triage is recommended for these patients.
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