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ABSTRACT

Objective: To identify fall risk for hospitalized patients utilizing a multidisciplinary assessment tool based on patients’ physical,
mental, pharmacological, and metabolic data.
Methods: A prospective case-control design comparing 48 patients who fell (incidence group) and 48 patients who did not
experience fall (control group), based on patients’ age, gender, and hospital unit location. The study was conducted over an
8-month period at a large academic hospital. Setting: The Methodist Hospital, tertiary care academic referral center with 824
operating beds in Houston, TX. Participants: One hundred and twenty patients, sixty patients who fell, and sixty control subjects.
Main Outcome Measures: The sensitivity and specificity of variables identified in logistic regression are able to distinguish
patients who fell from patients who did not fall.
Results: Logistic regression results identified six variables (2 summary variables and 4 individual variables) that correctly
classified patients with 90% sensitivity (patients who fell) and 90% specificity (patients who did not fall). The first variable was
an 11-item summary variable that included history, weakness or balance problem, altered mental status or confusion, visual
impairment, dizziness or vertigo, urinary tract infection or abnormal urinary analysis (UA), diuretics/IV drips, continence, acute
renal failure (ARF), antihypertensives and narcotics. The second variable represented the combination of 3 medication classes:
neuroleptic, anticonvulsant and antidepressant. The third variable that had a negative impact on fall risk was the presence of a
therapeutic anticoagulant. The other 3 significant variables were hypoglycemia, vital sign abnormality, and low hemoglobin.
Conclusions: A multidisciplinary fall-risk assessment tool that screens combinations of physiological, pharmacological and
metabolic patient factors improves the probability of correctly distinguishing patients who were more likely to fall from those
patients who were less likely to fall.
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1. INTRODUCTION
Falls are one of the largest incident types reported in the
inpatient hospital setting and frequently result in significant
injury, including death, extended length of stay, and increased
health care cost.[1] Falls are the fifth leading cause of death
among older adults and the most common cause of non-fatal

injuries and hospital admissions for trauma.[2, 3] The Centers
for Medicare and Medicaid Services (CMS) reported that
193,566 cases of falls and trauma occurred in hospitals in
2007, and the additional cost associated with falls and trauma
was $33,894 per hospital stay. CMS has determined that falls
within a hospital are preventable and will no longer reim-
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burse the facility for medical care if such incident results in a
fracture, dislocation or intracranial injury to the inpatient.[4]

Previous studies have identified risk factors through assess-
ment scales with variables such as recent history of falls,
weakness, impaired balance, altered mental status, dizziness,
vertigo, hypotension, altered elimination, need for assistance
with ambulation, sensory impairment, agitation, and certain
medications.[5–13] Although environmental factors can con-
tribute to falls, it was determined that most falls are a result
of physiological control, postural instability, or disease pro-
cesses.[6]

Medications to treat depression, cardiovascular disorders,
seizures, mental disorders or pain increase the risk of
falls.[14, 15] Pharmacological combinations such as opiates,
which may cause transient hypotension or syncope, and
antihypertensive agents may have cumulative side effects
and increase the risk for fall. Diuretics and selective sero-
tonin reuptake inhibitors (SSRIs) have been associated with
acute hyponatremia, mild cerebral edema, attention deficits,
cardiovascular changes, unsteady gait, and fall-related frac-
tures.[16–19] Loop diuretics may cause orthostatic hypoten-
sion leading to an increased risk for falls.[20] The use of
central nervous system (CNS) active medications that impair
neuromuscular function and the level of alertness have been
associated with an increased risk of falling.[21] Metabolic
disorders, urinary tract infections, and renal failure have also
been associated with an increased risk for falls.[22] Elderly
patients are more sensitive to narcotic analgesics with CNS
adverse effects, including transient periods of confusion,
hallucinations, visual impairment, dizziness, drowsiness, im-
paired memory, and poor balance.[23]

While it is clear that there is no single cause of falls, there
are few prospective, case-controlled, matched studies to com-
pare multi-factorial influences and multidisciplinary findings.
Case-control studies are often used to identify factors that
may contribute to a medical condition by comparing subjects
who have that condition/disease (the “cases”) with patients
who do not have the condition/disease but are otherwise
similar (the “controls”).[24] To date, there are no published
prospective studies that utilize an age and gender case-control
method to determine the fall risk associated with the cumu-
lative effect of pharmacological agents and acute metabolic
disorders in hospitalized patients.

The purpose of this study was to determine if the combi-
nation of physical, cognitive, pharmacologic, physiologic,
and metabolic factors could better predict falls in the acute
hospital setting. It was hypothesized that a multidisciplinary
fall-risk assessment would improve the probability of cor-
rectly distinguishing patients who were more likely to fall

from those patients who were less likely to fall.

2. METHODS

2.1 Patients and setting
A prospective case-control study of inpatients who fell was
conducted at Houston Methodist Hospital in the Texas Med-
ical Center from December 2009 through August 2010. A
fall was defined as a reported or witnessed unplanned loss
of balance that resulted in descent to any level lower than
the patient.[1] Falls reported for the medicine, cardiology, on-
cology, neurology, orthopedics, surgery, rehabilitation, and
skilled nursing services were included. Due to acuity, cogni-
tive level and study cost constraints data was not collected for
patients in the psychiatric, critical care, and obstetric units
and Non-English speaking patients.

2.2 Participants
For each patient who fell, a control subject was identified,
based on the age, gender, hospital unit where the fall oc-
curred, and the approximate time of the fall. Informed con-
sent was obtained in accordance with the approved Institu-
tional Review Board. Patients who fell and their matched
control subjects were interviewed within 48 hours of the fall
to identify factors which would contribute to fall.

The total of 60 patients who fell and 60 matched subjects
were initially enrolled into the study. Two patients did not
have matched subjects and therefore were excluded. One
patient who fell withdrew and the matched subject was ex-
cluded. Of the remaining 116 subjects, four outliers were
removed with corresponding matched subjects. Ninety six
remaining subjects (48 patients who fell with 48 age, gender,
and unit-based matched control subjects) were included in
this study (see Figure 1). Patients who fell had a mean age of
61.1 years (standard deviation of 15.83) and control subjects
had a mean age of 60.77 years (SD of 14.58) (see Table 1).

2.3 Data collection
Bathroom urgency, call button response time, time of fall,
staff to patient ratio at the time of the fall, activity preceding
or during the fall, lighting, environmental influences, and
other factors were discussed during the interview. Addi-
tional information for each enrolled subject was obtained
through the patient record. These data included: (1) pa-
tients’ physiological values: blood pressure, heart rate, and
temperature using the patient’s baseline values as a compari-
son, (2) pharmacological agents: opiate, narcotic, sedative,
hypnotic, benzodiazepine, antihypertensive, antidepressant,
antiarrhythmic, anticonvulsant, neuroleptic, hypoglycemic,
anticoagulant, laxative, diuretic, and high rate intravenous
fluids, (3) metabolic values: sodium, calcium, blood glu-
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cose, hemoglobin, hematocrit, blood urea nitrogen (BUN),
and serum creatinine (SCr), (4) patient-centered variables:
history of falls, weakness, balance problem, visual impair-
ment, dizziness or vertigo, the nurse’s assessment of the
patient’s mental status, and demographic data, (5) diagnosis,
co-morbidities, surgical interventions, (6) the hospital-based
fall assessment score. Data were collected by investigators
and a trained data collection Registered Nurse. Standardized
data collection packets were utilized to ensure consistency
and standardization of data collection process.

Figure 1. Demographic table and patient medication profile
characteristics

2.4 Data analysis
IBM SPSS Version 22 software program was used for data
analysis. In phase 1, the pharmacological, metabolic, phys-
iological, patient specific variables, interventions, and find-
ings from the post-fall interviews were examined using Chi
Square, Fisher’s exact, or paired two tailed t-tests as appro-
priate for case-control comparisons. In phase 2, combination
variables were created based on theory, literature review, and
evidence-based analysis of the sample. Initial data screening

identified a group of eleven variables which significantly
distinguished patients who fell from patients who did not fall
(see Table 2). The second summary variable comprised three
pharmacological agents: neuroleptic, anticonvulsant and an-
tidepressant. In phase 3, logistic regression models were
compiled starting with the eleven variable summary score.
Additional predictors were added in a stepwise fashion ad-
hering to the 10:1 observation-to-predictor ratio.[25] The
results from each model were examined using the Hosmer
and Lemeshow goodness of fit, classification tables (speci-
ficity and sensitivity), the -2 Log Likelihood of the model
(compared to the constrained model), the confidence intervals
of the significant predictors, and residual analyses.

3. RESULTS
The final logistic regression model with a sample of 96 sub-
jects consisted of six predictors: eleven variable summary
score, three drug combination, anticoagulant, abnormal vital
signs, blood glucose, and hemoglobin (see Table 2). This
model correctly classified 90% of patients who fell and 90%
patients who did not fall and was statistically reliable in dis-
tinguishing between two groups (χ2(6) = 78.29, p < .0001).

First group of identified fall predictors, named “Eleven vari-
able summary score” that significantly distinguished patients
who fell from non-fallers is consisted of: (1) history of
falls within the past three months, (2) weakness or balance
problem, (3) altered mental status, (4) visual impairment,
(5) dizziness or vertigo, (6) urinary tract infection or ab-
normal urinary analysis, (7) diuretic or intravenous drip,
(8) continent, (9) acute renal failure, (10) antihypertensives,
and (11) narcotics (see Table 3).

Combination of three pharmacological classes (neuroleptics,
anticonvulsants and antidepressants) comprise second sum-
mary variable: “Three drug combination”. The odds ratio of
4.39 for the three drug combination indicates that a patient is
4.39 times more likely to fall if taking one of the following
drugs: neuroleptic, anticonvulsant, or antidepressant. If a
patient is taking two of the drugs the patient is almost 9 times
more likely to fall. If the patient is taking all three drugs
the patient is more than 13 times more likely to fall than a
patient who is taking none of the three drugs. The negative
effect of anticoagulants on falls indicates that patients on
this agent are less likely to fall. For “Blood Glucose”, the
negative coefficient (B) for the continuous values indicates
that as blood glucose drops, patients are more likely to fall.
For “Abnormal vital signs”, patients with one abnormal vital
sign (temperature, blood pressure, or heart rate) near the
time of fall, when compared to the patient’s baseline, were
10 times more likely to fall than those patients without ab-
normal vital sign. For the interpretation of the influence of
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hemoglobin on the likelihood of falls requires knowledge of
the range in our sample for this continuous variable (3.5 to

15.8). Hemoglobin was significantly higher in the group of
patients who fell in this study (see Table 2).

Table 1. Demographic table and patient medication profile characteristics
 

 

Characteristics Patients who fell (number of patients) Patients who did not fall (number of patients) 

Age 
< 65 
65-74 
> 74 

 
27 
12 
9 

 
26 
16 
6 

Gender 
Female 
Male 

 
26 
22 

 
26 
22 

Education level 
Less than college 
High School 
Some college 
Associate Degree 
University Grad 
Post-Graduate 

 
3 
17 
7 
5 
12 
4 

 
7 
15 
7 
6 
8 
5 

Marital Status 
Married 
Single 
Widowed 
Divorced 

 
26 
13 
6 
3 

 
30 
6 
6 
6 

Prior Hx* 
Yes 
No 
Not known 

 
24 
23 
1 

 
20 
27 
  1 

Medication 
Diuretic/IV fluid** 
Laxative 
Opiate Narcotic 
Sedative/Hypnotic 
Benzodiazepine 
Antihypertensive 
Antiarrhythmic 
Antidepressant 
Neuroleptic 
Anticonvulsant 
Anticoagulant 
Hypoglycemic agent 

 
24 
10 
30 
8 
12 
38 
48 
22 
5 
14 
10 
23 

 
16 
11 
23 
10 
11 
30 
48 
17 
6 
8 
13 
24 

*History of falls, CVA, amputation, weakness, balance disorder, neuro-muscular disease; ** IV fluid administered at rates > 40 ml/hour. 

 

Table 2. Logistic regression: Six variable groups that increase the risk of falling
 

 

 B S.E. Wald Df Sig. 
Odds 
Ratio 

95.0% C.I. for OR 

Lower Upper 

Eleven variable summary score 2.269 .535 17.990 1 .000 9.665 3.388 27.573 

Three drug combination 1.480 .524 7.994 1 .005 4.394 1.575 12.260 

Anticoagulant -2.539 .996 6.496 1 .011 .079 .011 .556 

Blood glucose -.041 .012 11.289 1 .001 .960 .937 .983 

Vital sign 2.316 .823 7.923 1 .005 10.137 2.021 50.853 

Hemoglobin .846 .276 9.380 1 .002 2.330 1.356 4.005 

Constant -17.232 4.766 13.075 1 .000 .000   
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Table 3. Eleven variable summary. Four clusters of
variables (patient specific, urgency, acute renal failure and
pharmacological agents) identified as potential fall risk
predictors

 

 

Eleven Variable Summary 

Patient History 

History of Falls 
Weakness or Balance Problem 
Altered Mental Status 
Visual Impairment 
Dizzy or Vertigo 

Urgency 

Abnormal Urine Analysis 
Diuretics or IV drip 
Continent 

Kidney Function Acute Renal Failure 

Drugs 
Narcotics 
Antihypertensive Agents 

 

4. DISCUSSION

In the hospital setting multiple risk factors can combine to
contribute to patient falls and severe injuries. Using logistic
regression, a multidisciplinary fall risk prediction assessment
guide has been developed for the acute hospital setting that is
based on physical, mental, pharmacological, and metabolic
patient information.[26, 27] The sensitivity (ability to predict
patients who will fall) and the specificity (ability to predict
patient who will not fall) were each 90% using six fall risk
predictors. The reliability and usability of this novel instru-
ment is being evaluated in ongoing large multi-center fall
trial.

The most significant fall predictor was a summary score
based on items commonly reported in the literature as con-
tributing to falls, such as a history of falls, weakness, balance
problem, dizziness, and visual impairment Narcotics and
antihypertensive agents were included in this summary score
based on the strength of the association to falls in this sample.
It would be valuable to know if narcotics or antihypertensive
agents were newly introduced to the patients who fell, as
most of the side effects associated with fall risk are present
at the initiation of the therapy. Most agents in this class
affect basic CNS functions and can cause transient periods
of dizziness with balance or visual impairment, in addition
to confusion and transient memory loss.[28] Patients with
impaired hepatic metabolism and impaired renal elimination
may be more sensitive to usual recommended adult doses.
To prevent fall events associated with urgency, pharmacolog-
ical factors should be evaluated along with environmental
adjustments. Use of diuretics or vigorous fluid resuscitation
may not be avoided most of the time. Interventions that
should be considered in these situations are: (a) minimize
late evening diuretic administration to prevent nocturnal ur-

gency and bathroom visits, (b) provide assistance to toileting
15 to 20 minutes after diuretic administration, (c) minimize
duration of aggressive fluid resuscitation, and discontinue as
soon as the patient’s oral intake becomes adequate.

While the eleven variable summary score was the strongest
predictor (correctly identifying 60% of patients who fell), the
inclusion of four additional drugs (anticoagulant, neuroleptic,
anticonvulsant, and antidepressant agents) to the prediction
model increased the sensitivity to 83%. Patients on antico-
agulants in this study were less likely to fall. All patients
on warfarin at this institution receive education by a phar-
macist regarding safety which probably contributed to the
increased patient awareness of the risks and potential harms
from falling. This study suggests that close monitoring of
patients on a combination of anticonvulsant, antidepressant,
and neuroleptic agents should occur.

The presence of several high risk pharmacological factors
necessitates strong pharmacy presence and therapy evalua-
tion for hospital fall risk prevention. Nursing staff should
be readily available to assist high risk patients to and from
the bathroom in a timely manner. Fall prediction in the acute
hospital setting was further enhanced through the inclusion
of two metabolic factors: hemoglobin and blood glucose.
The interpretation of the impact of high hemoglobin in this
study has to be made with caution based on the large range
of values.

Falls associated with hypoglycemia have been reported in
the literature, but the findings from this study suggest the
importance of using the patient’s baseline blood glucose level
as a comparison to monitor drops in blood sugar. The results
indicate that for every unit decrease in blood glucose, the
patient is .96 times more likely to fall. In clinically relevant
terms, this finding can be interpreted to mean that for every
10 point drop in blood glucose from the patient’s typical
value, the patient is almost 10 times more likely to fall.

Study limitation
A limitation of this study is that patients in the psychiatric,
women’s service and intensive care areas were not included.
The research team is currently testing the sensitivity and
specificity of the developed fall risk assessment instrument,
this restricts our ability to include it into this manuscript.

5. CONCLUSION
Prospective case control-study was designed to evaluate hos-
pital fall risks and to develop the new fall risk assessment
instrument. The demographic group, hospital setting and fall
situations which were used in this study allows for generaliz-
ability of this study findings. Since women are at higher risk
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for falls in the acute hospital setting, gender was a factor con-
trolled in the study. Age was controlled in this study due to
the fact that patients in the acute setting are not limited to the
geriatric population as fall risks have been strongly linked to
age. This study suggests that metabolic and pharmacological
factors are strong predictors in hospitalized patients and if
recognized, early appropriate intervention can be made to
decrease falls in hospitalized patients.

Close collaboration with patients is essential in identifica-
tion of fall risk factors. Upon admission to the hospital
providers of the health care team should evaluate patients’
perceptions regarding their history of falling, risk of falling
and willingness to comply with interventions to prevent falls.
Approaches that promote behavior modification and compli-
ance include patient education and providing patients with
information on how to prevent falls. Interventions should
be individualized with the focus on maintenance of patients’
independence under maximal safety. Critically important
professional disciplines in multidisciplinary team include
physical therapist who provide expertise in patients gait and

balance assessment, as well as clinical pharmacist who re-
view medication profiles for possible side effects that can
increase risk for falls. Nurses and nursing assistants play a
major role in patients’ fall safety by being proactive in assist-
ing patients to the toilet, promptly answering patients’ calls,
keeping supplies within reach, and vital signs monitoring.

Since the risk of falling increases with the number of risk
factors, risk can be minimized by interventions that will elim-
inate or minimize factors that can increase falls. The large
multi-center fall prevention study is currently investigating
validity and practicality of the fall prevention instrument
built on the risk variables identified in this study. Results of
this research will be critical in the future use of this tool in
minimizing fall risk factors.
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