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ABSTRACT
The purpose of this exploratory study was to determine health information technology functionalities in
inpatient care units that were associated with reduced
fall risk among adult patients aged 65 years or older
in acute care hospitals in the United States. This
study compared the differences in the hospital-acquired injurious fall rates for hospitals in California,
Florida, and New York with and without fully implemented IT functionalities in their general medical
and surgical inpatient units. It used publicly available
2007 datasets, the hospital was the unit of analysis,
and teaching and non-teaching hospitals were analyzed separately. Hospital-acquired injurious falls
were identified based on fall-related primary and
secondary diagnoses and were flagged by the hospitals as not “present on admission” in the 2007 California, Florida, and New York State Inpatient Database data. The 4 health IT functionalities in general
medical and surgical inpatient units were 1) electronic clinical documentation; 2) results viewing; 3)
computerized provider order entry; and 4) decision
support. The research question was What are the effective health IT functionalities in the general medical
and surgical units for reducing fall risk among adult
patients aged 65 years or older at their hospitals? Independent t tests were used. The results showed that
no significant difference was found in the hospital-acquired injurious fall rates between hospitals
with and without each of the 4 functionalities and
between the teaching hospitals with and without each
of the 4 functionalities. Significant differences were
found in the injurious fall rates between non-teaching
hospitals with and without electronic clinical docu*
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mentation and result viewing. Future research may
focus on assessing the clinicians’ use of the IT functionalities of electronic clinical documentation and
results viewing, as well as the effect of the clinicians’
use patterns on patient outcomes.
Keywords: Hospitals; Accidental Fall; Inpatients;
Electronic Health Records; Clinical Decision Support
Systems; Order Entry Systems; Safety; Quality of
Health Care

1. INTRODUCTION
Hospital-acquired fall-related injuries are still a widespread concern and a challenging patient safety issue in
hospitals settings. The systematic review study conducted by Oliver and associates [1] concluded that the
most appropriate approach to fall prevention in the hospital environment was multifactorial interventions with
multiprofessional input. This far, limited evidence was
available to support the effectiveness of single interventions (e.g., delirium avoidance programs, reducing sedative and hypnotic medication, and patient education).
Recently, the Agency for Healthcare Research and Quality established hospital-related long-term health information technology (IT) portfolio outcome goals to reduce
medical errors and improve patient safety [2]. However,
to date, the contribution of health IT to reducing injurious falls in acute care hospitals has not been systematically studied [3] and the limited evidence was inconclusive [4]. For example, the study conducted by Tzeng and
associates [4] found that adopting the computerized systems of the decision support systems for drug allergy
alerts, drug-drug interaction alerts, and drug-laboratory
interaction alerts, were associated with lower injurious
fall rates.
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Study Purpose
The purpose of this exploratory study was to determine
health information technology functionalities in inpatient
care units that were associated with reduced fall risk
among adult patients aged 65 years or older in acute care
hospitals in the United States. We proposed having fully
implemented health IT functionalities in general medical
and surgical inpatient units as structure measures. This
study compared the differences in the hospital-acquired
injurious fall rates for hospitals in California, Florida,
and New York with and without fully implemented IT
functionalities in their general medical and surgical inpatient units. It used 3 publicly available 2007 datasets, the
hospital was the unit of analysis, and teaching and nonteaching hospitals were analyzed separately.
Hospital-acquired injurious falls were identified based
on fall-related primary and secondary diagnoses and
were flagged by the hospitals as not “present on admission” (PoA) in the 2007 California, Florida, and New
York State Inpatient Database (SID) data [5,6]. The 4
health IT functionalities in general medical and surgical
inpatient units were 1) electronic clinical documentation;
2) results viewing; 3) computerized provider order entry
(CPOE), and 4) decision support [7,8].
The research question was What are the effective
health IT functionalities in the general medical and surgical units for reducing fall risk among adult patients
aged 65 years or older at their hospitals?
To date, limited reports on the effectiveness of IT
functionalities has been published to inform practitioners
of best practice interventions to reduce fall risk in general medical and surgical units [4]. Our findings could
provide information to hospital administrators for quality
improvement efforts related to adopting effective computerized systems that can lead to better interventions to
reduce fall risk in teaching and non-teaching hospitals.

2. BACKGROUND
2.1. Financial Incentives to Reduce
Hospital-Acquired Injuries
In the United States in October 2007, Medicare began
requiring hospitals to include the PoA indicator on all
Medicare claims they submit. This requirement has allowed distinguishing inpatient complications that are
hospital-acquired from those present before admission
[5]. As part of the Medicare Value-Based Purchasing
program, PoA indicator reporting have been used to target hospital-acquired conditions (HACs), including hospital-acquired fracture, dislocation, or intracranial injuries due to falls.
Since October 2008, Medicare has no longer reimbursed acute care hospitals for the additional care required due to hospital-acquired injuries (e.g., injurious
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falls). Hospitals are paid for an episode of inpatient care
with HACs minus the HAC-associated costs [5]. In addition, the recent U.S. health care bill, the 2010 Patient
Protection and Affordable Care Act, imposed an 1% penalty on Medicare payments to hospitals in the top quartile
of HAC rates that will begin in 2015 [9]. Because of
these financial pressures, hospitals are searching for effective practices to prevent hospital-acquired injurious
falls.

2.2. Promotion of Health IT Solutions in US
Hospitals
As stated in the report by Stead and Herbert [10], electronic health information is meant to provide adequate
structure and cognitive support to help clinicians avoid
mistakes. In the United States, the 4 hospital-related
long-term health IT portfolio outcome goals are 1) successful deployment of hospital health IT systems that
reduce medical errors and improve patient safety, 2) increased identification and reporting of medical errors and
adverse events, 3) decreased number of actual errors and
adverse events, and 4) increased number of hospitals
using electronic health records (EHRs) and CPOE with
clinical decision support systems [2]. Since 2003, several
initiatives have been introduced to promote our knowledge and understanding of the value of health IT toward
improving patient safety and quality of care [2]. Research on the value of health IT for improving patient
safety and preventing adverse events (e.g., hospital-acquired injurious falls) is still desperately needed.
The Health IT for Economic and Clinical Health (HITECH) Act in the United States sets goals to promote IT
uses for medical practices that are more evidence-based,
efficient and less error-prone [11]. Beginning in 2011,
health-care providers will be offered financial incentives
for demonstrating meaningful use of EHRs. The HITECH
Act has authorized incentive payments through federal
health insurance programs to speed the adoption of
EHRs that show meaningful use. Incentives from the
federal government will be offered until 2015 [11].
The study conducted by Jha and associates [12] found
that 1.5% of US hospitals have a comprehensive EHR,
and 17% have implemented CPOE for medications.
Teaching hospitals were likely to have EHR systems.
However, it is unknown whether fully implemented
health IT systems are linked to expected clinical outcomes (e.g., lower prevalence of the hospital-acquired
injurious falls) of a particular hospital and whether the
impact of health IT on the quality of care vary in teaching and non-teaching hospitals.

2.3. Hospital-Acquired Injurious Falls as a
Targeted Patient Outcome
The National Quality Forum (NQF) [13] in the United
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States has suggested outcome, process, structure, and
patient-centered measures as considerations for supporting quality improvement efforts in hospitals. For fall and
injurious fall assessment, one of the structure measures is
the presence of measurable structures to ensure accountability for performance. Inspired by the reports by the
NQF and Stead and Herbert [10], we propose in this current study that fully implemented health IT functionalities in general medical and surgical inpatient units can
be used as measurable structure measures. The 4 healthrelated IT functionalities in general medical and surgical
inpatient units were 1) electronic clinical documentation,
2) results viewing, 3) CPOE, and 4) decision support, as
defined by the AHA IT survey supplement [7,8]. The
hospital-acquired injurious fall rate was a measurable
health-care quality improvement indicator.

2.4. Theoretical Framework
This study was designed based on the suggestions of the
NQF [13] that outcome, process, structure, and patient-centered measures should be considered for supporting a hospital’s quality improvement. We proposed
that the hospital-acquired injurious fall rate was a measurable health-care quality improvement indicator. Having fully implemented health IT functionalities in each
hospital’s general medical and surgical inpatient units
was conceptualized as a measurable structure measure.
Thus far, no theoretical framework is available to guide
the analyses, nor do literatures exist to pinpoint potentially effective IT functionalities that may allow clinicians to improve their practice decisions and decrease the
occurrences and prevalence of hospital-acquired injurious falls.
As an exploratory study, this work included the 4 IT
functionalities as defined in the AHA IT survey supplement [7,8]. Based on the findings in the study conducted
by Jha and associates [12] that teaching hospitals were
more likely to have EHR systems than non-teaching hospitals, teaching status was included in the analyses. This
exploratory study included 4 research hypotheses which
were:
1) If a hospital has fully implemented the electronic
clinical documentation system in its medical/surgical
units, the hospital-acquired injurious fall rates will be
lower.
2) If a hospital has fully implemented the result viewing system in its medical/surgical units, the hospital-acquired injurious fall rates will be lower.
3) If a hospital has fully implemented the CPOE system in its medical/surgical units, the hospital-acquired
injurious fall rates will be lower.
4) If a hospital has fully implemented the decision
support system in its medical/surgical units, the hospiCopyright © 2012 SciRes.

tal-acquired injurious fall rates will be lower.

3. METHODS
3.1. Design
This exploratory study used 3 publicly available large
datasets for analyses. It was approved by the Institutional
Review Board of the employed university. The unit of
analysis was the hospital. California, Florida, and New
York SID data [5,6] beginning on January 1 and ending
on December 31, 2007 were used.
Only 3 states were included in the analysis due to a
limited budget for purchasing and processing SID data.
These states were chosen because the SID data with the
PoA indicator for analyses have been used in previous
studies [14,15], indicating accepted reliability and validity of the data. Additionally, the SID data for Florida and
New York were included because of their geographical
locations for comparison purposes. The California and
New York have required PoA flags to be coded for diagnoses at discharge since 2002. Further, the California and
New York SID data have been used in developing patient
safety indicators [14]. We included the Florida SID data
because of the state’s high spending for its Medicare
population [16].

3.2. Inclusion and Exclusion Criteria
The inclusion criterion was that patients had been discharged from non-federal, general acute care hospitals
(i.e., non-federal government, non-governmental and
not-for-profit, and investor-owned for profit hospitals)
located in California, Florida, and New York, as defined
in the SID. This study included only general acute care
hospitals that are members of the American Hospital Association (AHA), had provided diagnostic and therapeutic patient services for a variety of medical conditions
[17], and had completed the 2007 AHA Annual IT survey
supplement. Patients discharged from hospitals not accessible to the general public were excluded. Only the
hospitals with valid information from both SID and the
2007 AHA Annual IT survey supplement data were included in the analysis.

3.3. Data Sources
3.3.1. SID [6]
Hospital-acquired injurious falls were identified based on
fall-related primary and secondary diagnoses (ICD-9
codes within the ranges of 800 - 829, 830 - 839, 850 854) and were flagged as not PoA. Injurious falls with a
simple, complicating, or major complicating condition
were all included. The injurious fall rate among patients
aged 65 years or older was calculated as the following:
OPEN ACCESS
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(the number of total hospital-acquired injurious falls that
occurred among patients aged 65 years or older/total
discharges of patients 65 years or older) × 1000 discharges.
3.3.2. AHA Annual Survey Database [17]
Teaching status was abstracted from the AHA Annual
Survey database. Teaching hospitals were defined based
on 2 items in the survey: having residency training approval by accreditation from the Council for Graduate
Medical Education (1 = yes) or had medical school affiliation reported to the American Medical Association (1
= yes). Based on the responses for these 2 items, teaching status was coded as 1 = yes or 0 = no.
3.3.3. AHA Hospital Information Technology
Supplement Database [7,8]
Four computerized functionalities were included in the
IT survey supplement, under the main question Are the
functionalities listed below fully implemented in the following locations? and the subheading of General medical/surgical wards. These 4 functionalities were 1) electronic clinical documentation, 2) results viewing, 3)
CPOE, and 4) decision support. All 4 items were operationalized by the IT survey supplement and measured as
1 = yes (fully implemented) or 2 = no (including partial
and not yet implemented as defined by AHA). The scale
used in the IT survey supplement was used in this study
without further recoding.

3.4. Data Management
The hospital-level data of the 3 data sources were
merged into one single dataset using SPSS 17.0 Window
version (Chicago, IL, USA). Data were matched based
on each hospital’s Medicare provider ID. Medicare provider ID was the only overlapping information across
data sources.

3.5. Statistical Analysis
SPSS 17.0 Windows version was used. Descriptive
analyses were used to describe study variables. Independent t tests were used to answer the research question
and test the research hypotheses, as well as to compare
the differences between the hospitals with and without
each 1 of 4 fully implemented IT functionalities in their
general medical and surgical inpatient units, on the hospital-acquired injurious fall rates at acute care hospitals.
The analyses were conducted separately on teaching and
non-teaching hospitals. To increase the sample size, hospitals in California, Florida, and New York were analyzed at the same time. For statistical analyses, alpha was
set at 0.05.
Copyright © 2012 SciRes.
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4. RESULTS
4.1. Descriptive Analyses
Among 284 hospitals included in the study, 129 were in
California, 74 in Florida, and 81 in New York. A total of
195 (68.7%) hospitals were non-teaching facilities and
89 (31.3%) were teaching facilities. Seven hospitals
(2.5%) were investor-owned with <100 beds, 45 (15.8%)
were investor-owned with ≥100 beds, 19 (6.7%) were
non-profit, rural with <100 beds, 21 (7.4%) were nonprofit, rural with ≥100 beds, 11 (3.9%) were not-profit,
urban with <100 beds, 92 (32.4%) were not-profit, urban
with 100 to 299 beds, and 89 (31.3%) were not-profit,
urban with ≥300 beds.
The average injurious fall rate for patients aged 65
years or older was 1.28/1000 discharges (SD = 1.19,
minimum = 0, maximum = 9.50). Among all 284 hospitals, fully implemented functionality in general medical/surgical units was achieved for the following: electronic clinical documentation in 148 hospitals (52.1%),
results viewing in 255 (89.8%), CPOE in 63 (22.2%),
and decision support in 60 (21.1%).

4.2. Preliminary Analyses on All Hospitals
As an exploratory study, preliminary analyses were conducted. We performed 4 independent tests on all 284
included hospitals. No statistically significant findings
were seen in the hospital-acquired injurious fall rates
among patients aged 65 years or older between hospitals
with any 1 of the 4 fully implemented computerized
functionalities and those without.
We also performed Pearson χ2 tests to explore the relationship between teaching status (1 = yes, 0 = no) and
having each of the 4 fully implemented computerized
functionalities. For interpretation purposes, the coding of
these 4 measures was recoded as 1 = yes or 0 = no. The
χ2 test for independence (with Yates continuity correction)
indicated a significant association between teaching
status and having CPOE in place, χ2 (1, n = 278) = 5.07,
P = 0.02, phi = 0.14. No significant findings were found
for the other 3 functionalities. Therefore, the rest of the
tests were performed by teaching status.

4.3. Results of Testing Research Hypotheses
Independent t tests were conducted to compare the hospital-acquired injurious fall rates for teaching hospitals
with and without each of the 4 functionalities. Table 1
summarizes the findings. No significant difference was
found in the hospital-acquired injurious fall rates between the teaching hospitals with and without each of the
4 functionalities.
Independent t tests were also conducted to compare
the hospital-acquired injurious fall rates for non-teaching
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hospitals with and without each of the 4 functionalities.
Table 2 summarizes the findings. A significant difference
was found in the hospital-acquired injurious fall rates
between the non-teaching hospitals with (M = 1.03, SD =

0.75) and without (M = 1.33, SD = 1.18) electronic
clinical documentation (t = −2.11, P = 0.04). There was a
significant difference in the hospital-acquired injurious
fall rates between the non-teaching hospitals with (M =

Table 1. Teaching hospitals in the general medical/surgical units: The result summary of the independent t tests on the means of the
hospital-acquired injurious fall rates among patients aged 65 years or older between the hospitals with fully implemented functionalities and those without.
Functionality/dependent variable

Status of implementation

n

Mean

SD

t test value (significance)

Functionality: Electronic clinical documentation
Fully implemented

45

1.68

1.42

Not fully implemented

43

1.39

1.62

Fully implemented

85

1.52

1.52

Not fully implemented

4

1.51

1.69

Injurious fall rates per 1000 discharges

t = 0.87 (P = 0.39)
Functionality: Results viewing

Injurious fall rates per 1000 discharges

t = 0.01 (P = 0.99)
Functionality: Computerized provider order entry
Fully implemented

28

1.63

1.55

Not fully implemented

61

1.47

1.51

Fully implemented

25

1.67

1.47

Not fully implemented

61

1.42

1.52

Injurious fall rates per 1000 discharges

t = 0.48 (P = 0.64)
Functionality: Decision support

Injurious fall rates per 1000 discharges

t = 0.71 (P = 0.48)

Table 2. Non-teaching hospitals in the general medical/surgical units: The result summary of the independent t tests on the means of
the hospital-acquired injurious fall rates among patients aged 65 years or older between the hospitals with fully implemented functionalities and those without.
Functionality/dependent variable

Status of implementation

n

Mean

SD

t test value (significance)

Functionality: Electronic clinical documentation
Fully implemented

103

1.03

0.75

Not fully implemented

92

1.33

1.18

Injurious fall rates per 1000 discharges

t = −2.11* (P = 0.04)

Functionality: Results viewing
Fully implemented

170

1.10

0.95

Not fully implemented

24

1.61

1.14

Injurious fall rates per 1000 discharges

t = −2.38* (P = 0.02)

Functionality: Computerized provider order entry
Fully implemented

35

1.24

0.94

Not fully implemented

154

1.13

0.99

Injurious fall rates per 1000 discharges

t = 0.58 (P = 0.57)
Functionality: Decision support
Fully implemented

35

1.10

0.62

Not fully implemented

149

1.17

1.06

Injurious fall rates per 1000 discharges

t = −0.56 (P = 0.58)

*

P < 0.05.
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1.10, SD = 0.95) and without (M = 1.61, SD = 1.14) results viewing (t = −2.38, P = 0.02). However, no significant difference was found in the hospital-acquired injurious fall rates between the non-teaching hospitals with
and without CPOE and decision support.

5. DISCUSSION
5.1. Limitations of the Study
This study used publicly available data sources for
analysis. Only hospital-level data were used for the
analyses. The results could be driven by self-selection
(hospitals) into the AHA IT survey supplement. Further,
only the 2007 SID data from 3 states were used. For the
power analysis for independent t tests, to detect an effect
size of 0.30, a sample of 278 analyzable subjects would
provide 80% power to discover a significant difference at
the 0.05 level (independent t tests) [18,19]. This study
had limited power because only 284 hospitals met the
inclusion criteria and only 89 teaching hospitals and 195
non-teaching hospitals were included in the analysis.
Although many other determinants in the hospitals could
be associated with decreased injurious fall rates, this paper did not obtain information about those other risk
factors. Also, no data were available to assess the clinicians’ use of each one of the functionalities and the effect
of the patterns of that use on patient outcomes.

5.2. Discussion on the Findings
Independent t tests were used to answer the research
question and test the 4 research hypotheses. The results
showed that both the first and second research hypotheses were supported, but only for the non-teaching hospitals. The third and fourth research hypotheses were not
supported for either teaching or non-teaching hospitals.
In other words, the findings suggested that if a nonteaching hospital has fully implemented the electronic
clinical documentation system and the result viewing
system in its medical/surgical units, its injurious fall rate
would be lower. These 2 specific health IT functionalities
were associated with reduced prevalence of injurious
falls among adult patients aged 65 years or older in the
general medical/surgical units of their hospitals. However, this conclusion was not upheld among teaching
hospitals. In short, the significance of this study is that
the impact of health IT on the quality of care among the
patient group aged 65 years or older was found to vary
between teaching and non-teaching hospitals.
Why difference on the hospital-acquired injurious fall
rates was identified in the non-teaching but not teaching
hospitals in this study? The study conducted by Jha and
associates [12] on the use of electronic health records in
US hospitals found that larger hospitals, especially those
Copyright © 2012 SciRes.
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located in urban areas, and teaching hospitals were more
likely to have electronic health record systems. Capital
requirements and high maintenance costs have been
identified as the primary barriers to implementation. The
other study conducted by Jha and associates [20] on the
progress of adopting electronic health record systems in
US hospitals also found that small, public, and rural hospitals were less likely to embrace electronic records than
their larger, private, and urban counterparts. It is likely
that non-teaching hospitals often have limited resources to
be used on quality improvement. When the top executives
of a non-teaching hospital committed to adopt electronic
health records or selected health IT functionalities (e.g.,
the electronic clinical documentation system and the result viewing system), capital requirements and the associated maintenance costs were warranted. This determination and movement from the hospital leadership could
lead to a change in a hospital’s safety culture by putting
patient safety first. In contrast, a similar change (e.g.,
adopting the electronic clinical documentation system
and the result viewing system) may not result in a significant change in a teaching hospital’s safety culture due
to a smaller fiscal impact on teaching hospitals than on
non-teaching hospitals. This difference between teaching
and non-teaching hospitals may be the explanation why
difference on the hospital-acquired injurious fall rates was
identified in the non-teaching but not teaching hospitals.
This argument needs to be verified in future research.

5.3. Practical Implications
It is noted that in the current acute care hospital settings,
about 75% of the inpatients aged 65 or older (estimated).
Therefore, promoting patient information exchange in an
effective and timely manner should be a focus of health
IT functionality upgrades to improve nursing care outcomes in non-teaching hospitals, specific to preventing
hospital-acquired injurious fall incidents among patients
aged 65 or older. Implementing the electronic clinical
documentation and result viewing systems in the medical/surgical units of non-teaching hospitals could inform
nursing staff of best practice interventions through
achieving a shared goal of displaying and exchanging
patient information in an effective and timely manner
[7,8].

6. CONCLUSION
Shifting limited hospital resources, which are used for
interventions to prevent adverse events (e.g., hospital-acquired injurious falls), could create unanticipated
consequences. One consequence for interventions would
be fewer lawsuits for liability and lower costs of liability
insurance for hospitals, as well as fewer expenses for
longer stays due to hospital-acquired injuries resulting
OPEN ACCESS
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from falls. It is recognized that a margin of diminishing
returns exists where an intervention (the burden to each
hospital) would cost too much to prevent a highly unlikely
risk (the probability) for falling and acquiring severe
injuries (the harm), unless the cost of each fall is large. A
low probability of a large magnitude of harm may still be
cost effective based on the intervention (e.g., the IT
functionalities of electronic clinical documentation and
results viewing). Future research may focus on assessing
the clinicians’ use of the IT functionalities of electronic
clinical documentation and results viewing, as well as the
effect of the clinicians’ use patterns on patient outcomes.
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