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P atient safety remains a major challenge in the US 
healthcare system, recently drawing renewed at-
tention as a national priority.1 About one-third of 

hospitalized patients experience adverse events,2 and these 
rates are alarmingly higher at high-quality hospitals.2,3 The 
HHS recently announced a $1-billion national initiative, 
Partnership for Patients, aimed at reducing preventable 
complications and hospital-acquired conditions by 40%, 
which could result in about 1.8 million fewer injuries and 
more than 60,000 saved lives over 3 years.4 

Recognizing the potential role that health information 
technology (IT) could play in improving patient safety and 
quality of care,5,6 the Obama administration committed $27 
billion to promote the implementation and meaningful use 
(MU) of electronic health records (EHRs).7 The widespread 
and effective use of health IT is expected to help foster an en-
vironment of safe, patient-centered care through improved 
clinical performance; access to timely, relevant clinical in-
formation; and better communication between and among 
caregivers and patients. 

Especially in the context of surgical care, the EHR and 
functional systems like surgical IT (eg, perioperative systems, 
preoperative systems, and postoperative systems) can improve 
patient safety through multiple mechanisms such as provid-
ing timely and comprehensive health information that may 
prevent errors or allow for rapid corrections.8,9 For example, 
recent studies have shown the beneficial impact of health IT 
on safety outcomes, including timely discontinuation of post-
operative antibacterials10; improved adherence to evidence-
based guidelines11; enhanced work flow and management of 
surgical team members12; effective communication to all pro-
viders during transitions and across specific phases of care 
delivery12; and facilitating retrospective analysis of 3 adverse 
events to guide future improvement efforts.8 Despite such 
growing evidence of health IT benefits,13-20 recent systematic 
reviews raised concern over the paucity of generalizable evi-
dence of health IT for patient safety and quality outcomes.21,22 
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ABSTRACT

Objectives 
To determine whether health information technology (IT) 
systems are associated with better patient safety in acute 
care settings. 

Study Design
In a cross-sectional retrospective study, data on hospital 
patient safety performance for October 2008 to June 2010 
were combined with 2007 information technology systems 
data. The sample included 3002 US non-federal acute care 
hospitals. Electronic health record (EHR) system was coded 
as a composite dichotomous variable based on the presence 
of 10 major clinical and administrative applications that (if in 
use) could potentially meet stage 1 “meaningful use” objec-
tives. The surgical IT system was measured as a dichotomous 
variable if a hospital used at least 1 of the perioperative, 
preoperative, or postoperative information systems. Hospital 
patient safety performance was measured by risk-standard-
ized estimated rates per 1000 admissions. Statistical analyses 
were conducted using an estimated dependent variable meth-
odology with gamma-log link–based weighted generalized 
linear models, adjusting for hospital characteristics, historical 
composite process quality, and propensity for EHR adoption. 

Results
We found that the use of surgical IT systems was asso ciated 
with 7% to 26% lower rates for 7 of 8 patient safety indicators 
(incidence rate ratio [IRR] range from 0.74 to 0.93; all P values 
<.01). Further, stage 1 meaningful use-capable EHR systems 
were associated with 7% to 11% lower rates on 3 of 8 measures 
(IRR range from 0.89 to 0.93; all P values <.01). 

Conclusions
Our results suggest that the use of IT is associated with  
modestly lower rates of adverse events in hospitals. How-
ever, the cross-sectional design limits our ability to make 
causal conclusions. 
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In this cross-sectional retrospective study, we inves-
tigate the relationship between hospital IT systems and 
performance on a subset of Agency for Health Research 
and Quality (AHRQ) patient safety indicators (PSIs) that 
include various adverse events such as serious, but po-
tentially preventable, complications related to inpatient 
medical or surgical care, and deaths for select treatments 
or conditions. Using a large national sample of nonfed-
eral acute care hospitals, we observed that health IT is 
associated with modestly lower rates of adverse events. 
While to the best of our knowledge, this is one of the first 
studies to demonstrate evidence of a positive relationship 
between health IT and hospitals’ patient safety measures 
using national data, the cross-sectional design of this ob-
servational study does not allow us to draw causal conclu-
sions about the relationship.

METHODS 
Data Sources 

We combined data from 3 sources. Hospital perfor-
mance data came from the October 2011 release of CMS 
Hospital Compare on 8 AHRQ indicators related to pa-
tient safety and inpatient quality outcomes. These data 
include facility-level risk-standardized rate estimates, 
adjusting for patient characteristics, for each measure 
along with 95% confidence intervals and the number of 
patients hospitalized (ie, “population” at risk) for each 
hospital during the sampling period of October 2008 to 
June 2010.23 

Hospital IT systems data came from the 2008 release 
of the Health Information and Management Systems So-
ciety (HIMSS) Analytics Database, which includes hos-
pital characteristics and the operational status of health 
IT achieved by the end of 2007. HIMSS is the most com-
prehensive database of hospital IT adoption decisions,24,25 
and has been used extensively in health IT research.13,15,25 
The HIMSS data are taken from 2007, while CMS hospi-
tal safety performance data are taken from the subsequent 

period (2008-2010) to avoid an overlap of 
the quality measurement period with the 
initial deployment of new technology.13,26 
Lastly, data on hospitals’ organizational 
characteristics, used as control variables 
in our analyses, were obtained from the 
2009 CMS Acute Inpatient Prospective 
Payment System Impact file and HIMSS. 
Our final sample included 3002 nonfed-
eral acute care US hospitals. 

Measurement of Surgical IT Systems 
In hospital settings, several types of IT systems are de-

ployed to manage and facilitate care delivery to surgical 
patients. In this study, we focus on 3 applications: peri-
operative, preoperative, and postoperative information 
systems. Perioperative systems provide clinical documen-
tation and management of relevant real-time surgery pro-
cedures, and include functionalities such as clinical order 
management, decision support, anesthesia documenta-
tion, integration to anesthesia systems, smart cabinets, 
imaging systems, and potentially smart surgical instru-
ments for image-guided surgery. It may also provide sup-
port for management of relevant operating room supplies 
and medications during surgery. Preoperative systems 
provide clinical documentation and management of rel-
evant presurgery information and patient preparation for 
surgery. It also provides for the management of relevant 
presurgery room preparation, operating room supplies 
and medications, and staff. Postoperative systems pro-
vide clinical documentation and management of relevant 
follow-up procedures as well as transfers to step-down or 
intensive care units. 

In this study, we constructed a linear composite of 
these 3 technologies as a dichotomous variable to indicate 
if a hospital had at least 1 of these 3 types of surgical IT 
systems in use as of 2007. While these 3 technologies may 
potentially influence patient care outcomes through differ-
ent modalities, our focus is on the associative relationship 
between any such aggregate level IT capability supporting 
surgical care with the select set of AHRQ indicators.

Measurement of EHR MU Capability 
Within the ambit of the federal incentive program, 

providers are expected to demonstrate the MU of EHR 
systems based on specific criteria set forth at various 
stages, with the first stage defined by the 2011 stan-
dards. Accomplishing these objectives requires the use 
of several EHR functionalities—for example, clinical 
decision support should provide for basic drug-drug, 

Take-Away Points
A retrospective cross-sectional analysis of a large national sample of nonfederal 
acute care hospitals suggests that the use of health information technology (IT)—
specifically surgical IT systems, and electronic health record (EHR) systems capable 
of meeting Stage 1 meaningful use requirements—is associated with moderate, but 
statistically significant, reductions in adverse patient safety outcomes. 

n	 	 Hospitals using surgical IT had lower relative rates on 7 of 8 patient safety indi-
cators while those using Stage 1 EHRs had lower rates on 3 measures.  

n	 	 Health IT including surgical systems and Stage 1-capable EHRs could likely ben-
efit hospitals seeking to improve patient safety.
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Measurement of Hospital Characteristics 
Care outcomes are affected by organizational struc-

tures, processes of care, and patient characteristics.30-32 
Since the use of IT systems may also be correlated with 
hospital characteristics leading to selection bias, we es-
timated propensity scores for having an EHR system in 
use, employing data from the previous year (2007 HIMSS 
release), and then constructed dummy variables repre-
senting quintiles of EHR system propensity. Likewise, per-
formance on patient safety measures may be influenced 
by overall hospital quality such that hospitals performing 
highly on process quality measures are expected to have 
fewer adverse events.33,34 To account for such confound-
ing effects, we constructed dummy variables representing 
quintiles of facility-specific historical performance (2005-
2007) on composite process quality scores for acute myo-
cardial infarction, heart failure, pneumonia, and surgical 
care infection prevention.

We also used a comprehensive set of control variables 
to account for potential confounding effects: teaching sta-
tus (academic and minor teaching hospitals); profit status; 
membership in a multihospital integrated delivery system; 
magnet status for nursing excellence; presence of cardiac 
intensive care unit; participation in stroke registry and 
nursing registry; having a Patient Safety Officer; staffed 
bed size; rural location; and whether the hospital qualified 
for Medicare disproportionate share payments.13,16,35 All 
hospital characteristic variables were operationalized as 
dichotomous variables, except staffed bed size which was 
categorized into 5 groups (6-99 beds, 100-199 beds, 200-299 
beds, 300-399 beds, and 400+ beds).

Statistical Analysis 
We used an estimated dependent variable (EDV) 

modeling approach.36 Our dependent variables were 
risk-standardized rates of adverse events obtained from 
patient-level data using the AHRQ-PSI algorithm, and 
were reported in Hospital Compare as rate estimates along 
with 95% CI (ie, Lower Confidence Level = estimated rate 
– 1.96*SE, and Upper Confidence Level = estimated rate 
+ 1.96*SE; where SE is standard error of estimate). More 
specifically, we employed a weighted least-square method 
within the EDV approach for estimating the relationship 
between hospital-level PSI rates and IT measures, where 
the inverse of SE estimates were obtained from algebraic 
manipulation of upper and lower limits of the CI as facil-
ity-specific weights in each regression. Furthermore, since 
PSI measures are rate variables, each PSI was modeled as 
a nonlinear regression model with a log link function and 
gamma distribution using the glm command in STATA 

drug-allergy, and drug-formulary checks.27 Based on the 
functionalities required to demonstrate Stage 1 MU, 
10 major clinical and administrative systems are need-
ed.13,27 These systems include admission/discharge/
transfer systems; auxiliary information systems (labo-
ratory, pharmacy, and radiology); e-prescribing; clini-
cal data repository; clinical decision support; nursing 
documentation; electronic medication administration 
record; and computerized physician order entry sys-
tems. Hospitals were categorized as having an EHR 
system capable of 2011 MU functionality if they had 
all of the above applications in use by 2007, otherwise 
as not (serving as the reference group). While complete 
satisfaction of the 2011 MU objectives requires demon-
strating routine clinical and administrative activities 
using the EHR system, here we measure only whether 
a hospital had the necessary functional capabilities to 
carry out those activities.

Measurement of Hospital Patient Safety 
Performance 

Hospital patient safety performance was measured by 8 
adverse event indicators developed by AHRQ. These in-
dicators refer to serious but potentially preventable com-
plications from inpatient medical or surgical care; and 
deaths from select treatment or conditions. These include 
death among surgical patients with serious, treatable com-
plications; collapsed lung that results from medical treat-
ment (iatrogenic pneumothorax); breathing failure after 
surgery (postoperative respiratory failure); blood clots in 
the lung or a large vein after surgery (postoperative pul-
monary embolism or deep venous thrombosis); wounds 
that split open after surgery (postoperative wound dehis-
cence); accidental cuts and tears (accidental puncture or 
laceration); death after a surgery to repair a weakness in 
the abdominal aorta (abdominal aortic aneurysm mortal-
ity rate); and death among patients with hip fractures (hip 
fracture mortality rate). 

Hospital Compare reports risk-standardized rates per 
1000 patients at risk for each hospital facility based on 
Medicare Fee-for-Service claims data. Hospital Compare 
reports these rates based on prediction models imple-
mented in AHRQ-PSI software and risk-adjusted for 
patient characteristics (age, gender), severity of illness, 
and 25 comorbidities as covariates (with associated 95% 
confidence intervals). The details of the risk-adjustment 
algorithm are described elsewhere.23 To ensure adequate 
reliability in this study, only those hospitals for which PSI 
rate estimates were based on at least 30 patients at risk 
were included in our analyses.28,29 
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12.0. This is consistent with the notion that safety-related 
adverse events, if measured as count variables with access 
to patient-level data, should be modeled using a negative 
binomial regression37 in which the Poisson parameter (ie, 
mean rate for individual patients) across each facility is 
considered gamma distributed.38

For each PSI, we performed 3 separate regression mod-
els: with EHR and surgical IT system as separate primary 
predictors (Model 1 and Model 2), and then with both as 
primary predictors (Model 3). In addition to controlling 
for hospital characteristics identified above, in each re-
gression we clustered errors at hospital referral region29 (as 
defined in Dartmouth Atlas) level to account for potential 
confounding effects of factors at the local market level. We 
report results of the marginal effects of EHR and surgical 
IT systems in terms of the relative risk-standardized rates 
for each PSI. 

RESULTS 

Descriptive Statistics 
Descriptive statistics are reported in Table 1. In 

the study sample, about 21% of hospitals had EHR 
systems capable of meeting the Stage 1 MU objec-
tives, and 77% had at least 1 surgical IT system in 
operational status by 2007. The mean staffed bed size 
of hospitals was 205 (SD = 173), with one-third of 
hospitals having fewer than 100 staffed beds. 

Descriptive statistics for the 8 hospital patient 
safety indicators (PSIs), measured as the risk-stan-
dardized expected rates per 1000 patient admissions, 
are reported in Table 2. The number of hospitals for 
which reliable PSI rate estimates were reported varied 
substantially (600 to 3000). For the majority of PSIs, 
the mean risk standardized rates varied between 2 
and 10 per 1000 patient admissions. However, for 
iatrogenic pneumothorax, it was 0.4 per 1000 patient 
admissions (SD = 0.15) and for death from serious 
treatable complications after surgery the mean rate 
was 116 per 1000 patient admissions (SD = 19.6).

Effects of Surgical IT Systems and EHR 
Capability 

The marginal effects of EHR and surgical IT 
systems on patient safety performance are reported 
as exponentiated coefficients representing adjusted 
incidence rate ratios in Table 3 (controlling for hos-
pital characteristics and other confounding factors) 
for 3 separate regressions: EHR and surgical IT 
systems considered individually as Model 1 and 2 
respectively, and both systems considered jointly 

in Model 3 (please see eAppendix for detailed results 
of regression). In addition, we also provide graphical 
representation, in the Figure, of effect sizes with point 
estimates (ie, exponentiated coefficients) and their asso-
ciated 95% CI on Model 3 regressions. For brevity, we 
discuss the results based on the joint model  (Model 3). 

As shown in Table 3, the marginal effects of surgical 
IT systems (including 1 or more of preoperative, periop-
erative or postoperative systems) were significant across all 
patient safety indicators except 1—abdominal aortic an-
eurysm repair mortality. We found that risk-standardized 
incidence rates at hospitals with surgical IT systems, com-
pared with hospitals without such systems, were lower by 
7% to 26% for 7 of 8 patient safety measures (deaths from 
serious treatable complications: incidence rate ratio [IRR] 
0.81, robust standard error [RSE] 0.046; iatrogenic pneu-
mothorax: IRR 0.78, RSE 0.039; postoperative respiratory 

n Table 1. Description of IT Systems and Characteristics for 
3002 US Acute Care Hospitals as of 2007

 
Characteristics

Proportion or Mean  
(SD)

Health Information Technology Use

  EHR stage 1 capability (%)a 20.6

  Surgical IT system (%)b 77.0

Hospital Characteristics

  For profit (%) 19.0

  Academic (%) 09.0

  Teaching (%) 25.0

  Multihospital system membership (%) 63.0

  Rural (%) 34.0

  Cardiac registry participation (%) 32.0

  Nursing registry participation (%) 45.0

  Stroke registry participation (%) 43.0

  Patient safety officer (%) 28.0

  Nurse to bed ratio 1.24 (1.32)

  Staffed bed size 204.7(172.9)

    6-99 beds (%) 33.2

    100-199 beds (%) 27.1

    200-299 beds (%) 17.3

    300-399 beds (%) 09.8

    400+ beds (%) 12.7
aEHR Capability: indicates use of an EHR system with functional capabilities 
necessary to meet stage 1 meaningful use objectives, including: ADT (admis-
sion, discharge, transfer) system, auxiliary information systems (laboratory, 
pharmacy, and radiology), e-prescribing, clinical data repository, clinical 
decision support, nursing documentation, electronic medication administration 
record, and computerized physician order entry system. 
bSurgical IT system indicates use of at least 1 of the perioperative, preopera-
tive, or postoperative information systems.
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failure: 0.74, RSE 0.054; postoperative pulmonary embo-
lism: IRR 0.79, RSE 0.48; postoperative wound dehiscence: 
IRR 0.90, RSE 0.042; accidental puncture or laceration: 
IRR 0.86, RSE 0.043; and hip fracture mortality: IRR 0.93, 
RSE 0.036). These effect sizes were consistent even when 
considering the individual model, albeit the relative risk of 
adverse events were lower by 9% to 28% for hospitals with 
surgical IT systems compared with hospitals without such 
systems (see Model 2 in Table 3). 

The risk-standardized incidence rates at hospitals with 
an EHR system capable of meeting Stage 1 MU objectives, 
compared with hospitals in the referent group having a 
lesser or no EHR system, are likely to be lower by 7% to 
11% for 3 of the 8 patient safety indicators (postopera-
tive respiratory failure: IRR 0.89, RSE 0.04; postoperative 
wound dehiscence: IRR 0.93, RSE 0.025; and hip fracture 
mortality: IRR 0.93, RSE 0.024). These effect sizes were 
consistent even when considering the individual model, 
although EHR systems were associated with 5 of 8 patient 
safety indicators and the relative risks were lower by 9% to 
14% (see Model 1 in Table 3). 

DISCUSSION 
In this retrospective cross-sectional study of a large na-

tional sample of acute care hospitals, we investigated the 
relationship between the use of IT systems and hospital 
performance on patient safety measures related to inpa-
tient medical or surgical care. We found that compared 
with those without such systems, hospitals with surgical 
IT systems had modestly lower incidence rates on all but 
1 of the 8 patient safety measures examined. In addition, 

those with EHR systems capable of meeting Stage 1 MU 
objectives had lower incidence rates on 3 of 8 patient safe-
ty measures. Our findings suggest that surgical IT systems 
play a positive, albeit clinically modest, role in patient 
safety for patients who undergo in-hospital surgery. 

This study, to the best of our knowledge, is the first 
to examine the associative relationship between hos-
pital performance on AHRQ patient safety indicators 
and health IT systems using a large national sample. 
Our results are consistent with recent studies that find 
an association between EHR and patient safety indica-
tors using regional or facility-specific data. For example, 
Menachemi and his colleagues39 found that Florida 
hospitals using a comprehensive set of clinical informa-
tion technologies had better patient safety performance. 
Several other studies have demonstrated facility-specific 
benefits of surgical IT systems in improving process com-
pliance and cost-effectiveness, and in reducing adverse 
events.40-43

Furthermore, our study adds to prior research that used 
a national sample of hospitals, such as that of Parente and 
McCullough,44 who found that EHR systems were associ-
ated with reduced infections attributable to medical care, 
but had no effect on postoperative hemorrhage and deep 
venous thrombosis. Likewise, Jha and colleagues found 
that use of computerized physician order entry (CPOE) 
systems were associated with lower mortality rates for 
acute myocardial infarction, but not for congestive heart 
failure or pneumonia.45 In contrast, Jones and his col-
leagues found that higher usage of CPOE (more than half 
of all orders electronically) was associated with some re-
duced mortality rates.46 

n Table 2. Summary Statistics of Hospital Performance on AHRQ Patient Safety and Quality Indicators During 
October 2008 – June 2010 [N = 3002 hospitals]

Patient Safety / Quality Indicators n Mean (SD)

Death-Related Patient Safety/Quality Indicators

Death from serious treatable complications after surgery 1846 116.06 (19.59)

Death after surgery to repair a weakness in the abdominal aorta (abdominal aortic aneurysm 
repair mortality rate)

607 14.36 (0.66)

Death among patients with hip fracture (hip fracture mortality rate) 2354 2.96 (0.50)

Non-Death-Related Patient Safety Indicators

Accidental puncture or laceration rate (accidental cuts/tears from medical treatment) 2998 1.97 (0.90)

Iatrogenic pneumothorax rate (collapsed lung due to medical treatment) 2998 0.39 (0.15)

Postoperative respiratory failure rate (breathing failure after surgery) 2599 10.08 (3.82)

Postoperative pulmonary embolism or deep vein thrombosis rate (serious blood clots after 
surgery)

2861 5.37 (2.72)

Postoperative wound dehiscence rate (wound splits open after surgery) 2572 2.17 (0.42)

All patient safety/quality indicators are facility level risk standardized rates per 1000 patients at risk.
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Our study should be interpreted in the context of 
the following limitations. Most importantly, the rela-
tionships of EHR and surgical IT systems with hospi-
tal patient safety performance were examined using a 
cross-sectional design limiting our ability to make causal 
claims about the relationships. We used IT system usage 
in 2007, and studied the association with patient safety 
indicators from 2008 to 2010, and incorporated propen-
sity scores for EHR adoption, as well as levels of histori-
cal process quality to attempt to reduce selection bias 

effects in which higher-quality hospitals are more likely 
to both use IT and have lower rates of adverse events. 
Future research using a longitudinal study design may 
help clarify whether adoption of specific features of 
EHR and surgical IT systems are associated with patient 
safety improvement over time. A second limitation is 
that EHR systems were defined in terms of a composite 
index of IT systems with functionality to meet the MU 
criteria, rather than the actual measures of MU defined 
under the Health Information Technology for Econom-

n Table 3. The Association of Hospital Performance on AHRQ Patient Safety and Quality Indicators With Their 
Health Information Technology Use

Variables Model 1 Model 2 Model 3

Death-Related Patient Safety/Quality Indicators

Death From Serious Treatable Complications After Surgery

  EHR stage 1 capability 0.92 (0.035) ** 0.95 (0.032)

  Surgical IT systems 0.80 (0.048) *** 0.81 (0.046) ***

Abdominal Aortic Aneurysm Repair Mortality Rate

  EHR stage 1 capability 0.97 (0.042) 0.98 (0.043)

  Surgical IT systems 0.90 (0.058) 0.91 (0.06)

Hip Fracture Mortality Rate

  EHR stage 1 capability 0.92 (0.023) *** 0.93 (0.024) ***

  Surgical IT systems 0.91 (0.035) *** 0.93 (0.036) **

Non Death-Related Patient Safety Indicators

Accidental Puncture or Laceration Rate

  EHR stage 1 capability 0.95 (0.037) 0.97 (0.04)

  Surgical IT systems 0.85 (0.041) *** 0.86 (0.043) ***

Iatrogenic Pneumothorax Rate

  EHR stage 1 capability 0.91 (0.034) *** 0.95 (0.036)

  Surgical IT systems 0.77 (0.037) *** 0.78 (0.039) ***

Postoperative Respiratory Failure Rate

  EHR stage 1 capability 0.86 (0.038) *** 0.89 (0.04) ***

  Surgical IT systems 0.72 (0.051) *** 0.74 (0.054) ***

Postoperative Pulmonary Embolism (PE) or Deep Vein Thrombosis (DVT) Rate

  EHR stage 1 capability 0.96 (0.035) 1.00 (0.037)

  Surgical IT systems 0.79 (0.047) *** 0.79 (0.048) ***

Postoperative Wound Dehiscence Rate

  EHR stage 1 capability 0.91 (0.026) *** 0.93 (0.025) ***

  Surgical IT systems 0.88 (0.042) *** 0.90 (0.042) **

** P ≤.05.
*** P ≤.01.
AHRQ indicates Agency for Healthcare Research and Quality; EHR, electronic health record; IT, information technology.
All effect sizes are exponentiated coefficients, representing adjusted incidence rate ratios, from weighted generalized linear model based regression 
with gamma-log link function. Robust standard errors clustered at hospital referral region level are noted in parentheses. The dependent variables 
(AHRQ patient safety indicators and inpatient quality indicators) are facility-level estimates of risk-standardized rates per 1000 patients at risk. For 
each dependent variable 3 separate regressions were estimated with meaningful EHR capability, and surgical IT system as primary predictors 
individually (Model 1 and Model 2) and both as primary predictors (Model 3). All regressions were adjusted for confounding factors including for-profit 
status, teaching status, urban location, member of a multihospital system, participation in national registries (cardiac, nursing, and stroke), staffed 
bed capacity, nurse to beds ratio, historical composite process quality, propensity of EHR adoption, and patient safety leadership position. In all 
regressions, inverse of hospital-specific standard error of risk-standardized rates, obtained from 95% confidence intervals reported by Hospital 
Compare were used as weights.
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ic and Clinical Health Act (which requires demonstrat-
ing activities via technology use). Recent comparative 
analyses raised concern about the use of HIMSS and 
other data sources for consistency of either CPOE or 

a single-implementation enterprise EHR adoption.47,48 
However, our study defines EHR system based on a 
composite of several clinical information systems, and 
thus more closely maps to needed functional require-

n Figure. The Association of Hospital Performance on AHRQ Patient Safety and Quality Indicators With Their Health 
Information Technology Use

1.41.20.8 1

Adjusted Incident Rate Ratio [exponentiated coefficients]  

0.6

Accidental puncture or laceration

Death from serious treatable
complications after surgery

Death after abdominal aorta 
repair failure

Death among patients with 
hip fracture

Iatrogenic pneumothorax

Postoperative respiratory failure

Postoperative pulmonary embolism
or deep venous thrombosis

Postoperative wound dehiscence

Death-related patient safety/quality indicators

Non-death-related patient safety indicators

0.95 (0.888-1.012)

Surgical IT EHR Stage 1

0.81 (0.723-0.904)

0.98 (0.897-1.065)

0.91 (0.798-1.034)

0.97 (0.892-1.048)

0.86 (0.780-0.951)

0.95 (0.881-1.024)

0.78 (0.706-0.860)

0.89 (0.818-0.974)

0.74 (0.643-0.854)

0.99 (0.929-1.072)

0.79 (0.697-0.888)

0.93 (0.882-0.981)

0.90 (0.823-0.989)

0.93 (0.886-0.979)

0.93 (0.856-0.998)

Adjusted incidence rate ratios, from generalized linear model based regression with gamma-log link function (representing Model 3 in Table 
3). The dependent variables are facility-level estimates of risk-standardized rates per 1000 patients at risk. All regressions were adjusted for 
confounding factors including for-profit status, teaching status, urban location, member of a multihospital system, participation in national 
registries (cardiac, nursing, and stroke), staffed bed capacity, nurse-to-beds ratio, historical composite process quality, propensity of EHR 
adoption, and patient safety leadership position. In all regressions, inverse of hospital-specific SE of risk-standardized rates, obtained from 
95% CIs reported by Hospital Compare, were used as weights. 
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ments of Stage 1 MU. Finally, we did not study other 
potential benefits of EHR or surgical IT systems, but fo-
cused specifically on well-established patient safety mea-
sures. Other outcomes, such as healthcare-associated 
infection rates, may be more responsive to the use of 
EHR and surgical IT systems. 

In summary, we found that hospital use of IT sys-
tems—specifically surgical IT systems and, to a lesser 
extent, EHR systems capable of meeting the 2011 MU 
objectives—was associated with modestly lower rates of 
select patient safety adverse events.
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eAppendix. Supplemental Material 

 

Information Technology and Hospital Patient Safety: A Cross-Sectional Study of 

US Acute Care Hospitals 

 

     In this online supplement, we report complete results of all regressions analyses performed in 

this study. The dependent variable are facility-level estimates of risk-standardized rates per 1000 

patients at risk, as reported in the CMS Hospital Compare. For each of the dependent variables, 

we performed 3 separate regressions using weighted generalized linear model based regression 

with gamma-log link function in STATA 12.1. The 3 regression models corresponds to including 

EHR stage 1 Capability and Surgical Information Technology (IT) systems individually (Model 1 

and Model 2) and both as primary predictors (Model 3). In all regressions, inverse of hospital-

specific standard error of risk-standardized rates, obtained from 95% confidence intervals 

reported by Hospital Compare were used as weights. In each regression, to account for 

confounding effects, we used a comprehensive set of hospital characteristics including dedicated 

patient safety leadership, academic status, teaching status, for-profit status, member of a 

multihospital system, participation in national registries (cardiac, nursing, and stroke), urban 

location, nurse to beds ratio, staffed bed capacity, and historical composite process quality. 

Additionally, we also included propensity to adopt EHR systems as covariate to account for 

potential endogeneity in the sense that high quality hospitals may be early adopters. All effect 

sizes are exponentiated coefficients, representing adjusted incidence rate ratios, and robust 

standard errors clustered at hospital referral region level are noted in parentheses. 
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3.967(0.651) *** 4.832(0.902) *** 4.806(0.849) *** 

 

Death-Related Patient Safety Measures 

 

Death from serious treatable complications after surgery   

  Variables  Model 1  Model 2  Model 3   

EHR stage 1 capability 0.922(0.035) **   0.948(0.032)  

Surgical information systems   0.796(0.048) *** 0.808(0.046) *** 

Dedicated patient safety leadership 0.949(0.028) * 0.946(0.027) ** 0.948(0.027) * 

Academic hospitals 1.024(0.07)  1.028(0.07)  1.027(0.07)  

Teaching hospitals 1.03(0.029)  1.03(0.029)  1.027(0.029)  

For-profit hospitals 1.067(0.083)  1.05(0.081)  1.055(0.08)  

Multihospital system membership 0.92(0.061)  0.927(0.06)  0.925(0.059)  

Cardiac registry participation 0.595(0.027) *** 0.6(0.028) *** 0.6(0.028) *** 

Nursing registry participation 0.917(0.031) *** 0.923(0.03) *** 0.926(0.03) ** 

Stroke registry participation 0.936(0.033) * 0.932(0.032) ** 0.935(0.032) ** 

Urban 0.972(0.059)  0.981(0.055)  0.978(0.055)  

Nurse-to-bed ratio 0.809(0.025) *** 0.809(0.024) *** 0.811(0.025) *** 

 
Staffed beds size 

<100 [reference] 

 
 

– 

  
 

– 

  
 

– 

 

100 – 299 0.707(0.084) *** 0.71(0.081) *** 0.709(0.081) *** 

300 – 399 0.523(0.085) *** 0.528(0.082) *** 0.528(0.082) *** 

400 – 499 0.421(0.072) *** 0.423(0.069) *** 0.423(0.069) *** 

500+ 0.309(0.05) *** 0.311(0.048) *** 0.311(0.049) *** 

EHR adoption propensity 

First quintile [reference]  

Second quintile     

        

 
 

– 

1.628(0.229) 

 
 
 
*** 

 
 

– 

1.52(0.238) 

 
 
 
*** 

 
 

– 

1.546(0.223) 

 
 
 
*** 

Third quintile 1.711(0.31) *** 1.581(0.302) ** 1.622(0.292) *** 

Fourth quintile 1.832(0.421) *** 1.695(0.4) ** 1.743(0.394) *** 

Fifth quintile 1.727(0.487) ** 1.582(0.448)  1.627(0.447) * 

 

Historical composite quality  

First quintile [reference] –  –  –  

Second quintile 0.859(0.05) *** 0.87(0.05) ** 0.869(0.05) ** 

Third quintile 0.865(0.054) ** 0.87(0.055) ** 0.872(0.055) ** 

Fourth quintile 0.769(0.048) *** 0.772(0.048) *** 0.772(0.048) *** 

Fifth quintile 0.763(0.051) *** 0.765(0.05) *** 0.767(0.05) *** 

 
Constant 

 
*** P ≤.01; ** P ≤.05; * P ≤.10. 
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0.339(0.08) *** 0.383(0.092) *** 0.382(0.093) *** 

 

Abdominal Aortic Aneurysm Repair Mortality Rate   

Variables Model 1  Model 2  Model 3  

EHR stage 1 capability 0.969(0.042)    0.978(0.043) 

Surgical information systems   0.903(0.058)  0.908(0.06) 

Dedicated patient safety leadership 0.992(0.042)  0.99(0.042)  0.991(0.042) 

Academic hospitals 0.917(0.058)  0.923(0.059)  0.923(0.059) 

Teaching hospitals 1.037(0.045)  1.037(0.044)  1.038(0.045) 

For-profit hospitals 0.942(0.116)  0.926(0.113)  0.925(0.114) 

Multihospital system membership 0.976(0.106)  0.978(0.105)  0.981(0.107) 

Cardiac registry participation 0.895(0.052) * 0.896(0.052) * 0.897(0.053) * 

Nursing registry participation 0.974(0.048)  0.977(0.048)  0.978(0.048)  

Stroke registry participation 0.919(0.039) ** 0.917(0.038) ** 0.917(0.038) ** 

Urban 1.011(0.096)  1.023(0.098)  1.019(0.097)  

Nurse-to-bed ratio 0.889(0.023) *** 0.889(0.023) *** 0.89(0.023) *** 

 
Staffed beds size 

<100 [reference] 

 
 

– 

  
 

– 

  
 

– 

 

100 - 299 1.176(0.199)  1.195(0.196)  1.191(0.198)  

300 - 399 1.074(0.252)  1.11(0.254)  1.11(0.255)  

400 - 499 0.9(0.216)  0.926(0.217)  0.926(0.218)  

500+ 

EHR adoption propensity 

First quintile [reference]  

Second quintile  

       

0.756(0.173) 
 
 

– 

0.5(0.131) 

 
 
 

 

*** 

0.777(0.173) 
 
 

– 

0.475(0.124) 

 
 
 

 

*** 

0.777(0.175) 
 
 

– 

0.48(0.127) 

 
 
 

 

*** 
Third quintile 0.547(0.139) ** 0.513(0.128) *** 0.521(0.131) *** 

Fourth quintile 0.605(0.206)  0.559(0.187) * 0.569(0.192) * 

Fifth quintile 0.55(0.241)  0.509(0.22)  0.514(0.224)  

 

Historical composite quality  

First quintile [reference] –  –  –  

Second quintile 0.943(0.121)  0.933(0.12)  0.934(0.121)  

Third quintile 0.938(0.121)  0.925(0.12)  0.927(0.121)  

Fourth quintile 0.763(0.096) ** 0.749(0.095) ** 0.75(0.095) ** 

Fifth quintile 0.805(0.103) * 0.792(0.102) * 0.794(0.102) * 

 
Constant 

 
*** P ≤.01; ** P ≤.05; * P ≤.10. 



4  

0.061(0.023) *** 0.06(0.021) *** 0.062(0.023) *** 

 

Hip Fracture Mortality Rate   

Variables Model 1 Model 2 Model 3  
EHR stage 1 capability 0.92(0.023) ***   0.931(0.024) *** 

Surgical information systems   0.907(0.035) *** 0.925(0.036) ** 

Dedicated patient safety leadership 0.962(0.026)  0.963(0.026)  0.963(0.026)  

Academic hospitals 1.866(0.129) *** 1.875(0.13) *** 1.871(0.129) *** 

Teaching hospitals 1.149(0.039) *** 1.151(0.039) *** 1.146(0.039) *** 

For-profit hospitals 1.106(0.072)  1.102(0.071)  1.102(0.072)  

Multihospital system membership 1.025(0.059)  1.028(0.059)  1.028(0.06)  

Cardiac registry participation 0.754(0.033) *** 0.755(0.033) *** 0.756(0.033) *** 

Nursing registry participation 0.936(0.032) ** 0.939(0.031) * 0.939(0.032) * 

Stroke registry participation 0.887(0.032) *** 0.882(0.032) *** 0.886(0.032) *** 

Urban 0.945(0.046)  0.951(0.046)  0.947(0.046)  

Nurse-to-bed ratio 0.849(0.018) *** 0.847(0.018) *** 0.849(0.018) *** 

 
Staffed beds size 

<100 [reference] 

 
 

– 

  
 

– 

  
 

– 

 

100 - 299 0.67(0.061) *** 0.672(0.061) *** 0.671(0.061) *** 

300 - 399 0.502(0.07) *** 0.503(0.069) *** 0.505(0.07) *** 

400 - 499 0.442(0.063) *** 0.441(0.062) *** 0.445(0.063) *** 

500+ 0.392(0.057) *** 0.393(0.056) *** 0.395(0.057) *** 

EHR adoption propensity 

First quintile [reference] – – – 
Second quintile 1.565(0.588) 1.625(0.559) 1.602(0.575) 

Third quintile 1.571(0.609) 1.622(0.58) 1.616(0.6) 

Fourth quintile 1.554(0.629) 1.613(0.604) 1.602(0.622) 

Fifth quintile 1.442(0.627) 1.494(0.606) 1.48(0.62) 

 

Historical composite quality  

First quintile [reference] –  –  –  

Second quintile 0.844(0.04) *** 0.846(0.041) *** 0.848(0.041) *** 

Third quintile 0.862(0.044) *** 0.863(0.045) *** 0.867(0.045) *** 

Fourth quintile 0.758(0.036) *** 0.76(0.036) *** 0.761(0.036) *** 

Fifth quintile 0.758(0.038) *** 0.757(0.038) *** 0.761(0.038) *** 

 

Constant 
 
*** P ≤.01; ** P ≤.05; * P ≤.10. 
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0.002(0.001) *** 0.002(0.001) *** 0.002(0.001) *** 

 

Non-Death-Related Patient Safety Measures 

 

Accidental Puncture or Laceration Rate   

  Variables  Model 1  Model 2  Model 3   

EHR stage 1 capability 0.945(0.037)    0.967(0.04)  

Surgical information systems   0.853(0.041) *** 0.861(0.043) *** 

Dedicated patient safety leadership 1.015(0.04)  1.015(0.039)  1.015(0.039)  

Academic hospitals 1.334(0.094) *** 1.333(0.093) *** 1.334(0.093) *** 

Teaching hospitals 1.14(0.057) *** 1.136(0.056) *** 1.136(0.056) *** 

For-profit hospitals 0.983(0.106)  0.985(0.105)  0.985(0.106)  

Multihospital system membership 1.067(0.087)  1.063(0.087)  1.064(0.087)  

Cardiac registry participation 0.751(0.044) *** 0.758(0.044) *** 0.757(0.045) *** 

Nursing registry participation 0.956(0.045)  0.96(0.046)  0.963(0.046)  

Stroke registry participation 0.795(0.045) *** 0.791(0.045) *** 0.792(0.045) *** 

Urban 0.997(0.075)  1.014(0.077)  1.011(0.076)  

Nurse-to-bed ratio 0.979(0.012) * 0.977(0.012) ** 0.977(0.011) ** 

 
Staffed beds size 

<100 [reference] 

 
 

– 

  
 

– 

  
 

– 

 

100 - 299 0.447(0.081) *** 0.446(0.083) *** 0.448(0.082) *** 

300 - 399 0.322(0.08) *** 0.322(0.081) *** 0.325(0.081) *** 

400 - 499 0.27(0.068) *** 0.268(0.068) *** 0.27(0.068) *** 

500+ 0.191(0.046) *** 0.191(0.047) *** 0.192(0.047) *** 

EHR adoption propensity 

First quintile [reference]  

   Second quintile   

       

 
 

– 

0.634(0.159) 

 
 
 
* 

 
 

– 

0.66(0.159) 

 
 
 
* 

 
 

– 

0.662(0.159) 

 
 
 
* 

Third quintile 0.617(0.187)  0.661(0.193)  0.664(0.194)  

Fourth quintile 0.621(0.227)  0.668(0.238)  0.67(0.239)  

Fifth quintile 0.554(0.233)  0.598(0.247)  0.599(0.247)  

 

Historical composite quality  

First quintile [reference] –  –  –  

Second quintile 0.892(0.053) * 0.903(0.055
) 

* 0.903(0.055) * 

Third quintile 0.92(0.056)  0.928(0.056
) 

 0.93(0.057)  

Fourth quintile 0.811(0.053) *** 0.821(0.054
) 

*** 0.821(0.054) *** 

Fifth quintile 0.865(0.061) ** 0.872(0.06) ** 0.874(0.061) ** 

 
Constant 

 
*** P ≤.01; ** P ≤.05; * P ≤.10. 
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EHR stage 1 capability surgical 

Information systems  

Dedicated patient safety leadership 

0.905(0.034) 
 
 

1.009(0.04) 

*** 
 
 

0.766(0.037) *** 

1.011(0.039) 

0.95(0.036) 

0.779(0.039) *** 

1.01(0.039) 
Academic hospitals 1.283(0.076) *** 1.28(0.075) *** 1.282(0.075) *** 

Teaching hospitals 1.203(0.058) *** 1.194(0.055) *** 1.192(0.055) *** 

For-profit hospitals 0.963(0.097)  0.979(0.098) 0.978(0.098) 

Multihospital system membership 1.166(0.087) ** 1.146(0.086) * 1.149(0.086) * 

Cardiac registry participation 0.681(0.038) *** 0.689(0.038) *** 0.689(0.038) *** 

Nursing registry participation 0.895(0.038) *** 0.906(0.04) ** 0.91(0.039)   ** 

Stroke registry participation 0.824(0.048) *** 0.815(0.046) *** 0.818(0.047) *** 

Urban 1.051(0.071)  1.084(0.073) 1.08(0.072) 

Nurse-to-bed ratio 0.989(0.011)  0.987(0.011) 0.987(0.011) 

 
Staffed beds size 

<100 [reference] 

 
 

– 

  
 

– 

 
 

– 
100 - 299 0.472(0.07) *** 0.463(0.07) *** 0.468(0.07)   *** 

300 - 399 0.34(0.07) *** 0.334(0.07) *** 0.338(0.07)   *** 

400 - 499 0.262(0.056) *** 0.256(0.055) *** 0.26(0.056)   *** 

500+ 0.209(0.041) *** 0.205(0.041) *** 0.208(0.041) *** 

 
First quintile [reference]  

Second quintile 

 
– 

0.688(0.144) 

 
 
* 

 
– 

0.743(0.148

) 

 
– 

0.743(0.147

) Third quintile 0.599(0.15) ** 0.685(0.164) 0.686(0.164) 

Fourth quintile 0.618(0.187)  0.717(0.21) 0.716(0.209) 

Fifth quintile 0.558(0.198) * 0.657(0.226) 0.654(0.224) 

 
Historical composite quality 

First quintile [reference] 

 
 

– 

  
 

– 

 
 

– 
Second quintile 0.852(0.04) *** 0.869(0.041) *** 0.871(0.041) *** 

Third quintile 0.862(0.045) *** 0.875(0.046) *** 0.878(0.047) ** 

Fourth quintile 0.799(0.045) *** 0.816(0.046) *** 0.817(0.046) *** 

Fifth quintile 0.761(0.044) *** 0.773(0.044) *** 0.775(0.045) *** 
 
Constant 

 
0(0) 

 
*** 

 
0(0) *** 

 
0(0) *** 

 

Iatrogenic Pneumothorax Rate   

Variables Model 1 Model 2 Model 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EHR adoption propensity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

*** P ≤.01; ** P ≤.05; * P ≤.10. 
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0.07(0.021) *** 0.079(0.024

) 

*** 0.08(0.025) *** 

 

Postoperative Respiratory Failure Rate   

Variables Model 1  Model 2  Model 3  

EHR stage 1 capability 0.857(0.038) ***   0.893(0.04) *** 

Surgical information systems   0.719(0.051) *** 0.741(0.054) *** 

Dedicated patient safety leadership 0.94(0.04)  0.935(0.039)  0.938(0.039)  

Academic hospitals 1.22(0.099) ** 1.218(0.098) *** 1.22(0.098) *** 

Teaching hospitals 1.278(0.07) *** 1.27(0.067) *** 1.262(0.066) *** 

For-profit hospitals 0.991(0.119)  0.991(0.119)  0.989(0.118)  

Multihospital system membership 1.085(0.107)  1.077(0.105)  1.083(0.106)  

Cardiac registry participation 0.513(0.043) *** 0.517(0.045) *** 0.517(0.045) *** 

Nursing registry participation 0.829(0.046) *** 0.838(0.046) *** 0.841(0.047) *** 

Stroke registry participation 0.84(0.055) *** 0.828(0.053) *** 0.833(0.054) *** 

Urban 0.868(0.077)  0.89(0.078)  0.881(0.078)  

Nurse-to-bed ratio 0.794(0.027) *** 0.792(0.026) *** 0.797(0.027) *** 

 
Staffed beds size 

<100 [reference] 

 
 

– 

  
 

– 

  
 

– 

 

100 - 299 0.656(0.124) ** 0.646(0.118) ** 0.654(0.12) ** 

300 - 399 0.558(0.155) ** 0.552(0.149) ** 0.563(0.153) ** 

400 - 499 0.449(0.135) *** 0.441(0.13) *** 0.452(0.133) *** 

500+ 0.341(0.095) *** 0.337(0.091) *** 0.344(0.094) *** 

EHR adoption propensity 

First quintile [reference]  

Second quintile 

 
 

– 

2.143(0.629) 

 
 
 
*** 

 
 

– 

2.124(0.629) 

 
 
 
*** 

 
 

– 

2.133(0.638) 

 
 
 
*** 

Third quintile 2.137(0.707) ** 2.198(0.728) ** 2.225(0.743) ** 

Fourth quintile 1.732(0.695)  1.82(0.724)  1.83(0.733)  

Fifth quintile 1.362(0.64)  1.441(0.667)  1.439(0.671)  

 

Historical composite quality  

First quintile [reference] –  –  –  

Second quintile 0.824(0.067) ** 0.836(0.069) ** 0.837(0.069) ** 

Third quintile 0.791(0.064) *** 0.795(0.066) *** 0.801(0.067) *** 

Fourth quintile 0.644(0.053) *** 0.651(0.055) *** 0.653(0.054) *** 

Fifth quintile 0.669(0.058) *** 0.676(0.059) *** 0.679(0.059) *** 

 

Constant 
 
*** P ≤.01; ** P ≤.05; * P ≤.10. 
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0.049(0.017) *** 0.052(0.017) *** 0.052(0.018) *** 

 

Postoperative Pulmonary Embolism (PE) or Deep Vein Thrombosis (DVT) Rate   

Variables Model 1  Model 2  Model 3  

EHR stage 1 capability 0.962(0.035)    0.998(0.037) 

Surgical information systems   0.786(0.047) *** 0.787(0.048) *** 

Dedicated patient safety leadership 0.98(0.035)  0.978(0.034)  0.978(0.034)  

Academic hospitals 1.512(0.106) *** 1.519(0.108) *** 1.519(0.108) *** 

Teaching hospitals 1.219(0.063) *** 1.211(0.06) *** 1.21(0.061) *** 

For-profit hospitals 0.851(0.093)  0.845(0.092)  0.845(0.092)  

Multihospital system membership 1.242(0.099) *** 1.247(0.099) *** 1.247(0.099) *** 

Cardiac registry participation 0.449(0.027) *** 0.454(0.028) *** 0.454(0.028) *** 

Nursing registry participation 0.961(0.044)  0.969(0.045)  0.969(0.045)  

Stroke registry participation 0.878(0.046) *** 0.874(0.045) *** 0.874(0.046) *** 

Urban 0.835(0.059) *** 0.846(0.06) ** 0.846(0.06) ** 

Nurse-to-bed ratio 0.786(0.024) *** 0.788(0.024) *** 0.788(0.024) *** 

 
Staffed beds size 

<100 [reference] 

 
 

– 

  
 

– 

  
 

– 

 

100 - 299 0.518(0.078) *** 0.523(0.079) *** 0.524(0.079) *** 

300 - 399 0.474(0.105) *** 0.486(0.107) *** 0.486(0.107) *** 

400 - 499 0.395(0.091) *** 0.404(0.094) *** 0.404(0.093) *** 

500+ 0.315(0.067) *** 0.322(0.068) *** 0.322(0.068) *** 

EHR adoption propensity 

First quintile [reference] 

Second quintile 

 
 

– 

0.804(0.264) 

  
 

– 

0.826(0.265

) 

  
 

– 

0.826(0.265

) 

 

Third quintile 0.61(0.212)  0.651(0.222)  0.651(0.222)  

Fourth quintile 0.519(0.201) * 0.556(0.213)  0.556(0.213)  

Fifth quintile 0.369(0.164) ** 0.392(0.172) ** 0.392(0.172) ** 

 

Historical composite quality  

First quintile [reference] –  –  –  

Second quintile 0.767(0.05) *** 0.787(0.053) *** 0.787(0.053) *** 

Third quintile 0.765(0.054) *** 0.781(0.056) *** 0.781(0.056) *** 

Fourth quintile 0.665(0.044) *** 0.679(0.046) *** 0.679(0.046) *** 

Fifth quintile 0.621(0.045) *** 0.633(0.045) *** 0.633(0.045) *** 

 

Constant 
 
*** P ≤.01; ** P ≤.05; * P ≤.10. 
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0.044(0.008) *** 0.045(0.009) *** 0.046(0.009) *** 

 

Postoperative Wound Dehiscence Rate   

Variables Model 1 Model 2 Model 3  
EHR stage 1 capability 0.912(0.026) ***   0.93(0.025) *** 

Surgical information systems   0.881(0.042) *** 0.902(0.042) ** 

Dedicated patient safety leadership 0.979(0.029)  0.98(0.029)  0.98(0.029)  

Academic hospitals 1.114(0.114)  1.111(0.113)  1.112(0.114)  

Teaching hospitals 1.126(0.049) *** 1.125(0.047) *** 1.12(0.046) *** 

For-profit hospitals 1.104(0.061) * 1.102(0.061) * 1.102(0.061) * 

Multihospital system membership 1.055(0.057)  1.057(0.057)  1.056(0.058)  

Cardiac registry participation 0.543(0.03) *** 0.545(0.03) *** 0.545(0.03) *** 

Nursing registry participation 0.896(0.028) *** 0.902(0.029) *** 0.904(0.029) *** 

Stroke registry participation 0.846(0.044) *** 0.838(0.043) *** 0.843(0.043) *** 

Urban 0.999(0.049)  1.007(0.05)  1.003(0.049)  

Nurse-to-bed ratio 0.801(0.02) *** 0.8(0.02) *** 0.802(0.02) *** 

 
Staffed beds size 

<100 [reference] 

 
 

– 

  
 

– 

  
 

– 

 

100 - 299 0.614(0.056) *** 0.613(0.055) *** 0.614(0.055) *** 

300 - 399 0.475(0.064) *** 0.473(0.063) *** 0.476(0.063) *** 

400 - 499 0.396(0.058) *** 0.393(0.057) *** 0.397(0.057) *** 

500+ 0.289(0.041) *** 0.289(0.041) *** 0.29(0.041) *** 

EHR adoption propensity 

First quintile [reference] 

Second quintile 

 
 

– 

1.494(0.266) 

 
 
 
** 

 
 

– 

1.512(0.274

) 

 
 
 
** 

 
 

– 

1.505(0.276

) 

 
 
 
** 

Third quintile 1.501(0.295) ** 1.522(0.303) ** 1.526(0.307) ** 

Fourth quintile 1.404(0.312)  1.431(0.32)  1.434(0.323)  

Fifth quintile 1.328(0.346)  1.349(0.352)  1.351(0.356)  

 

Historical composite quality  

First quintile [reference] –  –  –  

Second quintile 0.904(0.038) ** 0.91(0.038) ** 0.909(0.038) ** 

Third quintile 0.877(0.04) *** 0.882(0.041) *** 0.884(0.041) *** 

Fourth quintile 0.805(0.036) *** 0.811(0.036) *** 0.81(0.036) *** 

Fifth quintile 0.766(0.042) *** 0.77(0.041) *** 0.77(0.041) *** 

 
Constant 

 
*** P ≤.01; ** P ≤.05; * P ≤.10. 

 


