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Abstract

Objective: The aims of this study were to assess the frequency of inpatient falls and to
evaluate potential risk factors in an academic hospital.

Methods: An electronic audit of the inpatient database at the Tama-Nagayama Hospital of
Nippon Medical School from April 2004 through March 2005 was performed. Inpatient falls
were registered regularly with incident reports submitted by nurses and other hospital
employees discovering the fall. All inpatients were analyzed for potential risk factors using
univariate and multivariate logistic regression analysis.

Results: Of the 8,537 patients, 109 (1.3%) fell. Multivariate logistic regression analysis
showed that inpatient falls were significantly associated with a patient age of 51 to 70 years
(odds ratio, 2.4; 95% CI, 1.3～4.7) or of 71 to 90 years (odds ratio, 4.2; 95% CI, 2.4～8.1); with a
hospital stay of 15 to 21 days (odds ratio, 3.4; 95% CI, 1.6～7.0), 22 to 28 days (odds ratio, 4.3;
95% CI, 1.8～9.5), or 29 days or longer (odds ratio, 13.8; 95% CI, 8.3～24.1); with admission to the
surgery (odds ratio, 2.0; 95% CI, 1.1～3.5), orthopedics (odds ratio, 2.5; 95% CI, 1.1～4.9),
neurosurgery (odds ratio, 3.0; 95% CI, 1.5～5.9), or urology service (odds ratio, 3.9; 95% CI, 1.8～
8.2); and with no surgical procedure (odds ratio, 1.6; 95% CI, 1.0～2.6).

Conclusions: The present study demonstrates that patient-related factors, such as age and
length of stay, and treatment-related factors, such as no surgical procedure and admission to
the surgery, orthopedics, neurosurgery, or urology service, are independent risk factors for
inpatient falls. The results suggest that fall-prevention programs should target patients with
these risk factors.
(J Nippon Med Sch 2006; 73: 265―270)
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Introduction

Falls are the most common type of inpatient
accident1,2. Many hospitals routinely report inpatient

falls, because falls can result in serious physical and
emotional injury, poor quality of life, increased
length of stay in the hospital, and increased costs3.
Up to 30% of hospital falls lead to physical injury,
with 4% to 6% resulting in serious injury4,5. Owing to
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the risk of significant injury and increased costs,
reduction of falls is a priority for hospital quality and
patient safety.
While most research on falls has been conducted

in elderly populations in community and long-term
care facilities, less is known about falls among acute-
care hospital inpatients. Previous studies of hospital
falls show notable variations: 2% to 15% of inpatients
experience at least one fall1,2,6―9, and the range of
published fall rates is wide (0.3～19�1,000 patients�
day)1,4,6―8,10,11. Although comparing fall rates among
various hospitals may be helpful, these studies have
been limited in several ways, including variations in
study design, setting, patient population, and
definitions of risk factors. Many researchers have
investigated symptoms that may contribute to falls
in these environments : gait and balance
disorders4,12―14, dizziness or vertigo15, visual deficits16,
incontinence 17, cognitive impairment , and
sedation12,17,18. However, these data are not readily
available for comparison across care units or
hospitals, because they must be extracted from
medical or nursing records. For this reason further
research is needed to confirm potential risk factors
for falls in acute-care hospital inpatients by
analyzing routinely collected information.
The development of successful hospital-based

interventions to decrease fall rates and fall-related
injury requires large, well-designed studies to
characterize the nature of inpatient falls. In the
present study, we assessed the frequency of
inpatient falls and evaluated potential risk factors in
an academic hospital by using routinely collected
information.

Patients and Methods

This study was conducted at the Tama-Nagayama
Hospital of Nippon Medical School, a 400-bed
academic teaching hospital in Tokyo. Twelve clinical
services were included in this study: Internal
Medicine, Surgery, Pediatrics, Obstetrics and
Gynecology, Orthopedics, Neurosurgery, Emergency
Care Unit, Urology, Gastroenterology, Psychology,
Ophthalmology, and Otolaryngology. This study
received approval from the institutional review

board of our university hospital.
All inpatient data from April 2004 through March

2005 were obtained from an inpatient database at
the Tama-Nagayama Hospital of Nippon Medical
School. The information about each patient was
collected on a data sheet, which was completed by a
full-time technician at discharge, and saved in a
computerized database . The data included
demographic, admission, and discharge information
and clinical characteristics.
An inpatient fall was defined as an incident in

which a patient suddenly and involuntarily came to
rest upon the ground or other surface17 and was
registered regularly with an incident report
submitted by the nurse or other hospital employee
discovering the fall. The inpatients were divided into
two groups: patients who fell compromised the
study group, and the other patients compromised
the control group.
For univariate and multivariate analysis, the

clinical services were divided into 10 categories:
Internal Medicine, Surgery, Pediatrics, Obstetrics
and Gynecology , Orthopedics , Neurosurgery ,
Emergency Care Unit, Urology, Gastroenterology,
and others , which included Psychology ,
Ophthalmology, and Otolaryngology. Because these
last three services did not have attached beds or
large numbers of inpatients, they were examined as
a single category.
To assess the association between the presence of

inpatient falls and each of a set of discrete variables,
chi square analysis was performed. Independent 2-
sample t-tests were used to compare patients in 2
groups with respect to age at admission and length
of hospital stay. The magnitude of the associations
between potential risk factors and falls was
quantified with the use of the odds ratio. Logistic
regression analysis was used to calculate odds ratios
with 95% confidence intervals (CIs).
For multivariate analysis, age at admission was

subdivided into 20-year intervals, except for the first
interval, which included all patients younger than 11
years. Similarly, length of hospital stay was divided
into intervals of 7 days, except for the last interval,
which included more than 28 days. Stepwise logistic
regression analysis was used to identify significant
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independent risk factors associated with inpatient
falls. The independent variables initially included in
the multivariate logistic model were as follows: age
(6 categories), sex, length of hospital stay (5
categories), type of treatment (surgical procedure or
no surgical procedure ) , clinical service ( 10
categories), and admission mode (normal, emergency,
re-admission, or transfer). For the final model, all
independent variables were selected by a stepwise
procedure (JMP version 4. SAS Institute Japan,
Tokyo). The level of statistical significance used was
a probability value of less than 0.05.

Results

From April 2004 through March 2005, we
examined 8,537 inpatients at the Tama-Nagayama
Hospital of Nippon Medical School. Of these patients,
109 (1.3%) fell. Table 1 shows the clinical
characteristics and univariate associations among
patients who fell and those who did not fall. The
mean age at admission was 50.0 ± 25.2 years. The
mean length of hospital stay was 16.5 ± 32.3 days.
Sixty-five percent of patients did not undergo a
surgical procedure.
Univariate analysis (Table 1) showed that gender

was significantly associated with the incidence of
inpatient falls (p<0.001). Of the patients who fell, a
significantly higher percentage (64.2%, n=70) were
male. Patients who fell had a significantly higher
mean age (p<0.001). The length of hospital stay was
associated with falls (p<0.001). Patients who fell
stayed in the hospital significantly longer (60.5 ± 64.7
days) than did patients who did not fall (15.9 ± 31.3
days). Inpatient falls were significantly associated
with the clinical service. The neurosurgery, internal
medicine, orthopedics, and urology services had
higher fall rates. The admission mode was also
associated with falls. Patients transferred from other
hospitals had a significantly higher rate of falls (p<
0.001). Patients who underwent surgery had a
slightly but not significantly lower rate of falls.
A multivariate logistic regression model was

constructed with patient-, medication-, or care-
related risk factors. The independent variables of
the final model, which was selected by a stepwise

procedure, were as follows: age (2 categories), sex,
length of stay (3 categories), type of treatment
(surgical procedure or no surgical procedure), and
clinical service (4 categories). The results of
multivariate logistic regression analysis are shown in
Table 2.
The factors that were significantly associated with

an increased risk of inpatient falls included a patient
age of 51 to 70 years (odds ratio, 2.4; 95% CI, 1.3～
4.7) or 71 to 90 years (odds ratio, 4.2; 95% CI, 2.4～
8.1); a hospital stay of 15 to 21 days (odds ratio, 3.4;
95% CI, 1.6～7.0), of 22 to 28 days (odds ratio, 4.3;
95% CI, 1.8～9.5), or 29 days or longer (odds ratio,
13.8; 95% CI, 8.3～24.1); surgery (odds ratio, 2.0; 95%
CI, 1.1～3.5); the orthopedics (odds ratio, 2.5; 95% CI,
1.1～4.9), neurosurgery (odds ratio, 3.0; 95% CI, 1.5～
5.9), or urology service (odds ratio, 3.9; 95% CI, 1.8～
8.2); and no surgical procedure (odds ratio, 1.6; 95%
CI, 1.0～2.6; Table 2).

Discussion

This article documents the experience with
inpatient falls at a single academic acute-care
hospital. In the present study, we assessed the
frequency of inpatient falls and evaluated potential
risk factors by using routinely available data. Our
study, like previous studies1,2,4,6―8,19,20, identified several
risk factors associated with falls. A predictive model
was created with stepwise logistic regression to
identify patients most at risk of falling. Ten variables
were independently associated with an increased
risk of inpatient falls: a patient age of 51 to 70 years
or 71 to 90 years; a hospital stay of 15 to 21 days, 22
to 28 days, or 29 days or longer; the surgery,
orthopedics, neurosurgery, or urology service; and
no surgical procedure.
The incidence of inpatient falls at our hospital was

1.3%. This rate is significantly lower than rates
reported at rehabilitation hospitals, long-term care
institutions, and psychogeriatric hospitals, which
have inpatient fall rates of 6% to 15%2,6―8,19,21. For
patients with psychiatric illness, falls are the most
common complication of the hospital stay. Falls also
represent a significant problem for elderly patients
in long-term care institutions12. However, our hospital
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Table 1 Clinical characteristics and univariate association with in-patient falls

Statistical

significance

 (p)

95% CI
Odds

ratio

No fall down

n＝8,428 

(99.7%)

Fall down

n＝109 

(1.3%)

Total

n＝8,537
characteristics

Gender

<0.001(1.4～3.1) 2.13,929 (98.2%)70 (1.8%)3,999 (46.8%)Male

Reference 14,499 (99.1%)39 (0.9%)4,538 (53.2%)Female

<0.00147.7±25.267.6±1750±25.2Age (yr, mean±SD)

Admission mode

Reference 13,906 (98.9%)43 (1.1%)3,949 (46.3%)Normal

0.234(0.4～1.5) 0.71,269 (99.1%)11 (0.9%)1,280 (15.0%)Emergency

0.207(0.8～2.1) 1.32,381 (98.5%)35 (1.5%)2,416 (28.3%)Re-admission

0.007(1.2～3.5) 2.1  872 (97.8%)20 (2.2%)892 (10.4%)Transfer

<0.00115.9±31.360.5±64.716.5±32.3Length of stay (days, mean±SD)

Surgical procedure 

0.328(0.5～1.2) 0.82,980 (98.9%)33 (1.1%)3,013 (35.3%)Yes

Reference 15,448 (98.7%)76 (1.3%)5,524 (64.7%)No

Clinical services

<0.001(7.6～88.4)21.2  920 (96.7%)31 (3.3%)951 (11.1%)Internal Medicine

<0.001(5.2～63.2)151,006 (97.7%)24 (2.3%)1,030 (12.1%)Surgery

0.333(0.4～11.9) 2.2  856 (99.6%)3 (0.4%)859 (10.1%)Pediatrics

Reference 11,885 (99.8%)3 (0.2%)1,888 (22.1%)Obstetrics and Gynecology

<0.001(5.4～77.0)17.4   399 (97.3%)11 (2.7%)410 (4.8%) Orthopedics

<0.001(8.2～114.8)26.1   290 (96%)12 (4%)  302 (3.5%) Neurosurgery

0.041(1.2～17.7) 3.91,446 (99.4%) 9 (0.6%)1,455 (17.0%) Emergency Care Unit

<0.001(4.2～59.4)13.4   517 (97.9%)11 (2.1%)528 (6.2%) Urology

0.0161(1.4～32.1) 6.3  399 (99%)4 (1%)403 (4.7%) Gastroenterology

0.921(0.1～7.0) 0.9  706 (99.9%)1 (0.1%)707 (8.3%) Others

had a lower rate of falls than did other acute-care
hospitals, which have reported fall rates of 1.6% to
2.3%1,4,9. One possible explanation for our lower fall
rate is that 22% of our patients had been admitted
to the Obstetrics and Gynecology service, which is a
service with a low risk of inpatient falls18.
Comparisons of fall rates among various hospitals
may be affected by such differences in the
composition of clinical services. In addition, the
methods of sample collection might have a
significant effect on the rate of falls. In the present
study, falls were registered regularly with incident
reports submitted by nurses and other hospital
employees who discovered the fall, so we may not
have examined all falls that occurred during the
study period. The accuracy of fall reports is
unknown.
The multivariate logistic regression models in this

study clearly demonstrate that the length of hospital
stay is the single greatest risk for inpatients falls. A
hospital stay of 29 days or longer is associated with

an almost 14-fold increase in the risk of falling
compared with the reference categories. Several
studies also have demonstrated that length of
hospital stay is an independent risk for inpatients
falls9,21,22.
Our analysis of patient-related characteristics has

shown that a patient age of 51 years or more was a
significant predictor of inpatient falls. This result is
consistent with previous results in several
settings19,21,23,24. In fact, numerous studies have
demonstrated that the economic impact of falls in
older persons is a matter of increasing concern to
public health practitioners and planners25,26.
Differences in the risk of inpatient falls among

clinical services have been demonstrated; patients
admitted to the neurology service have a high risk
of falling7,27. Consistent with earlier studies, the
present study found that patients admitted to the
neurosurgery service had an almost 3-fold increase
in the risk of falls. In addition, admission to the
surgery, orthopedics, or urology service was
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Table 2 Multivariate analysis of risk factors for in-patient falls: 

Results of forward stepwise logistic regression analysis 

 (n＝8,537)

p value95% CIOdds ratioVariable

Reference 1Reference category*

Age

0.006(1.3～ 4.7) 2.451～ 70 years 

<0.001(2.4～ 8.1) 4.271～ 90 years

Length of stay 

0.001(1.6～ 7.0) 3.415～ 21 days

0.045(1.8～ 9.5) 4.322～ 28 days

<0.001(8.3～ 24.1)13.8>28 days

Clinical services

0.017(1.1～ 3.5) 2Surgery

0.016(1.1～ 4.9) 2.5Orthopedics

0.002(1.5～ 5.9) 3Neurosurgery

0.001(1.8～ 8.2) 3.9Urology

0.035(1.0～ 2.6) 1.6No surgical procedure 

*The reference category comprises in-patients under 51 years old, 

with length of stay less than 15 days, with an operating procedure, 

and  without  received  treatment  by  Surgery,  Orthopedics, 

Neurosurgery, and Urology.

associated with inpatient falls . Interestingly ,
although several surgical departments, such as
neurosurgery, surgery, orthopedics, and urology, had
higher fall rates, patients who underwent a surgical
procedure had a significantly lower risk of falling. It
seems that regardless of the surgical procedure, the
patients admitted to services with higher fall rates
in this study may have had more severe illnesses or
a greater prevalence of balance and weakness
problems that could account for the higher fall rates.
However, we could not investigate the reasons in
detail because our retrospective study was limited
by a database that could not provide information
about disease severity or the prevalence of balance
and weakness problems.
Fall-prevention strategies should be linked to the

patient characteristics that cause a patient to fall
and circumstances surrounding these falls .
Therefore, on the basis of our results, strategies
should target patients with these risk factors.

References

1．Morgan VR, Mathison JH, Rice JC, Clemmer DI:
Hospital falls: a persistent problem. Am J Public
Health 1985; 75: 775―777.

2．Poster EC, Pelletier LR, Kay K: A retrospective
cohort study of falls in a psychiatric inpatient
setting. Hosp Commun Psychiatry 1991; 42: 714―720.

3．Scuffham P, Chaplin S, Legood R: Incidence and
costs of unintentional falls in oider people in the
united kingdom. J Epidemiol Community Health
2006; 57: 740―744.

4．Morse JM, Prowse MD, Morrow N, Federspeil G: A
retrospective analysis of patient falls. Can J Public
Health 1985; 76: 116―118.

5．Ash KL, MacLeod P, Clark L: A case control study
of falls in the hospital setting. J Gerontol Nurs 1998;
24: 7―15.

6．Favaretti C, Mariotto A: The quality improvement
system in the hospitals of Padua (Italy). Qual
assurance Health Care 1992; 4: 97―104.

7．Tutuarima JA, van der Meulen JHP, de Haan RJ,
van Straten A, Limburg M: Risk factors for falls of
hospitalized stroke patients. Stroke 1997; 28: 279―301.

8．Huda A, Wise LC: Evolution of compliance within a
fall prevention program. J Nurs Care Qual 1998; 12:
55―63.

9．Halfon P, Eggli Y, Melle GV, Vagnair A: Risk of falls
for hospitalized patients: Apredictive model based on
routinely available data. J Clin Epidemiol 2001; 54:
1258―1266.

10．Nyberg L, Gustafson Y, Janson A, Sandman PO,
Eriksson S: Incidence of falls in three different types
of geriatric care: a Swedish prospective study. Scand
J Soc Med 1997; 25: 8―15.

11．Aisen ML, Iverson D, Schwalbe C, Weaver B, Aisen
S: Falls on a neurorehabilitation unit: reassessment
of a prevention program. J Am Paraplegia Soc 1994;
17: 179―182.

J Nippon Med Sch 2006; 73 (5) 269

Risk Factors for Inpatient Falls



12．Tinetti ME, Speechley M, Ginter SF: Risk factors for
falls among elderly persons living in the community.
N Engl J Med 1988; 319: 1701―1707.

13．Wolfson LI, Whipple R, Amerman P, Kaplan J,
Kleinberg A: Gait and balance in the elderly: two
functional capacities that link sensory and moter
ability to falls. Clin Geriatr Med 1985; 1: 649―659.

14．Hendrich A, Nyhuis A, Kippenbrock T, Soja ME:
Hospital falls: development of a predictive model for
clinical practice. Appl Nurs Res 1995; 8: 129―139.

15．Janken JK, Reynolds BA, Swiech K: Patient falls in
acute care setting: identifying risk factors. Nurs Res
1986; 35: 215―219.

16．Ivers RQ, Cumming RG, Mitchell P, Attebo K: Visual
impairment and falls in older adults: the Blue
Mountains Eye study. J Am Geriat Soc 1998; 46: 58―
64.

17．Oliver D, Britton M, Seed P, Martin FC, Hopper AH:
Development and evaluation of evidence based risk
assessment tool (STRATIFY) to predict which
elderly inpatients will fall: Case-control and cohort
studies. BJM 1997; 315: 1049―1053.

18．Bates DW, Pruess K, Souney P, Platt R: Serious falls
in hospitalized patients: correlates and resource
utilization. Am J Med 1995; 99: 137―143.

19．John de Carle A, Kohn R: Risk factors for falling in a
psychogeriatric unit. Int J Geriatric Psychiatry 2001;
16: 762―767.

20．Krauss MJ, Evanoff B, Hitcho E, et al.: A case-control
study of patient, medication, and care-related risk
factore for inpatient falls. J Gen Intern Med 2005; 20:

116―122.
21．Greene E, Cunningham CJ, Eustace A, Kidd N, Clare

W, Lawlor A: Recurrent falls are associated with
increased length of stay in elderly psychiatric
inpatients. Int J Geriatric Psychiatry 2001; 16: 965―
968.

22．Boufous S, Finch C: Estimating the incidence of
hospitalized injuries falls: inpact of varing case
definitions. Injury Prevention 2005; 11: 334―336.

23．Hicho EB, Krauss MJ, Birge S, et al.: Characteristics
and circumstances of falls in a hospital setting. A
prospective analysis. J Gen Intern Med 2004; 19: 732―
739.

24．Fischer ID, Krauss MJ, Dunagan WC, et al.: Patterns
and predictors of inpatient falls and fall-related
injuries in a large academic hospital. Infect Control
Hosp Epidemiol 2005; 26: 822―827.

25．Rizzo JA, Frieckin R, Williams CS: Health care
utilization and costs in a Medicare population by fall
status. Med Care 1998; 36: 1174―1188.

26．Tinetti ME, Williams CS: Falls, injuries due to falls,
and the risk of admission to a nursing home. N Engl
J Med 1997; 337: 1279―1284.

27．Rhode JM, Myers AH, Vlahov D: Variation in risk
for falls by clinical department: implications for
prevention. Infect Control Hosp Epidemiol 1990; 11:
521―524.

(Received,
(Accepted,

June
August

16, 2006)
10, 2006)

270 J Nippon Med Sch 2006; 73 (5)

A. Nakai, et al


