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Abstract Medical organizations adopt electronic health re-
cord (EHR) and health information exchange (HIE) interop-
erable technologies in order to provide vital medical
information needed for medical decision-making. The use
of such interoperable information may lead to increased
quality of care and reduced unnecessary costs. The goal of
this study was to characterize the specific data components
that improve the process of medical decision-making in an
emergency department (ED). The outcome measures were
the decision to admit/discharge a patient and differences in
single-day admission rates with/without using an interoper-
able EHR. A database containing 3.2 million ED referrals
from seven main Israeli hospitals was subjected to log-file
analysis. We found that viewing medical history via the
interoperable EHR significantly affects admission decisions.
The data show a reduction in the number of avoidable
single-day admissions, but also an increase in the rate of
prolonged admissions. Previous admissions, laboratory
tests, imaging and previous surgeries were the most influ-
ential information components.
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1 Introduction and background

The healthcare sector has adopted information technology in
recent years to improve the medical decision-making pro-
cess. These technologies, including the EHR and HIE sys-
tems, provide interoperability and enable the electronic
movement of health related information among units and
organizations in accordance to nationally recognized stand-
ards [15]. The ED is a major gateway for patient care, where
physicians need information not only about immediate
symptoms, but also past medical treatment, family history,
and lifestyle. The availability of patient long term health
conditions, including information about medications, diag-
noses, recent procedures, and recent laboratory tests, is
critical to forming an appropriate plan of care [2, 10]. When
asked, most physicians stated that all types of clinical infor-
mation are very important; however, most of them rated
their use of clinical information as moderate or low, and
only three types of information (diagnoses, previous medi-
cations and allergies) were rated high [9, 11].

In actual practice, physicians do not wait for the results of
time-consuming diagnostic procedures [20], and even when
such information is available, time constraints can restrict
access [16]. One study showed that even though many ED
physicians believe that the majority of their patients would
benefit from longitudinal patient health information, they
attempted to obtain such data less than 10 % of the time [10].

This article examines to what extent physicians utilize the
various information components in diagnosing and admitting
patients, especially in the highly-stressful ED context, with its
complex conditions for providing medical care including time
constraints and the enormous number of patients. The study
focused on the main health maintenance organization (HMO)
in Israel, which is also one of the world’s largest non-
governmental HMOs. The HMO owns seven general hospitals
(all surveyed in this research). In 2004, the HMO deployed the
EHR/HIE solution analyzed here. The EHR/HIE interoperable
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solution securely shares medical information, creating a virtual
patient record by logically connecting various healthcare in-
formation systems at the HMO’s hospitals and clinics. The
record contain historical data about the patient including chron-
ic medications, adverse reactions, detailed lab and imaging
results, past diagnoses, healthcare procedures, etc.

2 Objective and research hypotheses

2.1 Objective

The objective of this research is to assess the contribution of
various information components (listed at Table 1) retrieved
from an interoperable EHR (such as lab tests and previous
admissions) to the physician’s admission decisions in EDs.

2.2 Hypotheses

It was argued that there is a relationship between the viewing
of medical history and an improved medical care including
admission decisions [19]. To better understand this link, we
examined the relationship between interoperable EHR usage
and general admission decisions and formulated the following
hypotheses:

H1 There is a relationship between using information com-
ponents via the EHR and admission decision to a hospi-
tal. This was divided into two specific hypotheses:

H1.1 There is a positive relationship between using
information components via the EHR and the
decision to admit a patient to a hospital.

H1.2 There is a negative relationship between using
information components via the EHR and the
decision to admit a patient to a hospital, result-
ing in a single-day admission.

H2 The relationship between using local information com-
ponents and admission decisions is stronger than the
relationship between using external information com-
ponents and admission decisions.

3 Methods

The research method selected for this study is track log-
file analysis. This method typically employs statistical
tools such as T-tests and logistic regressions [18]. The
log-files were based on data from seven main hospitals
owned by the main HMO in Israel from 2004 to 2007,
which uses an EHR IS to share medical information
from distributed health suppliers. The log-file consisted
of about 3.2 million referrals i.e., the whole population
in these hospitals.

3.1 The dependent variables

3.1.1 Admission decisions

One of the most important decisions in an ED is whether
to admit or discharge a patient. We thus analyzed the
impact of using various information components via the
EHR on the proportion of admissions (out of the total
number of referrals to the EDs). Admission decision was
defined as a dichotomous variable to admit the patient to
the ED (1 for admit decision and value=0 for discharge
decision). This measurement scale has been used in pre-
vious research [12].

3.1.2 Single-day admission

Quantified whether a patient, as a result of the decision
to admit, was admitted for a single day (coded 1) or for
a longer period of time (coded 0). Existing scales have
shown that such short-term admissions can be reduced
using medical information [1, 7, 14]. We examined
whether the proportion of single-day admissions fluctu-
ates when patients’ medical history is viewed via EHR.
Similar to many EDs around the world, hospitals in
Israel maintain observation wards in which patients are
monitored for a period of 12–24 h. This period of
observation was not included in the calculations of
single-day admissions.

3.2 Main independent variables

3.2.1 Using the EHR

The patients in our study were divided into two groups:
patients whose medical history was viewed via the EHR

Table 1 Types of patient medical history data available to physicians
via the EHR

Medical information
components

Specifics

Hospitalizations Previous visits and hospitalizations

Blood pressure Patient’s prior blood tests results

Community records The patient’s community visits

Laboratories Previous lab tests

Pathology history Patient’s pathological history

Imaging An online retrieval of patient’s
imaging

Demography details Information regarding the
demography of the patient

Surgical history A list of previous surgeries
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and patients whose medical history was not viewed. Vest
[17] found that system access was not random, and that
specific patient factors increased the odds of information
access. Shabtai et al. [14] showed that the use of medical
records depends on the patients’ specific problem, and Ben-
Assuli et al. [1] showed that the use of medical IS depends
also on the crowdedness level at the point of care. The term ’
Using the EHR’ refers to access to at least one of several
medical information components in the EHR (see Table 1).
This was measured as a dichotomous variable (1=the EHR
was accessed; 0 if not).

We created a set of dichotomous variables to measure the
impact of medical components on the dependent variables.
These variables were measured as dichotomous variables (as
used at Table 3):

1. Value=1: If a specific information component was
viewed via the EHR during the period of evaluation in
the ED.

2. Value=0: If a specific information component was not
viewed via the EHR during the period of evaluation in
the ED.

3.2.2 Type of insurance

The parameter of insurance is highly important for distin-
guishing between cases in which the medical history of
patients is available and cases in which it is only partially
available. A previous study [4] shows that EDs internals
(patients with prior information in the EHR upon ED pre-
sentation) had lower odds of mortality if hospitalized, re-
quired fewer laboratory tests during the ED visit as well as
fewer medications than the external population.

The EHR chosen for this study only provides full interop-
erable information on patients belonging to the main HMO,

and only information regarding previous admissions to the
same hospital are available for patients from other HMOs. To
control for major discrepancies in the quality and the amount
of medical information between the HMOs, a dichotomous
variable was created (1—if the patient was a member of the
main HMO or 0—if the patient was from other HMO).

4 Results

In order to test for differences in the continuous variables
between the two groups, a t-test for independent samples
was performed. To test for differences in continuous varia-
bles between more than two variables, a one-way analysis of
variance (one-way ANOVA) was performed. Associations
between dichotomous variables were tested by the Pearson
Chi-Square test (the standard test to compare proportions) or
Fisher’s Exact Test.

4.1 Descriptive statistics

Table 2 below indicates that the majority of the ED patients
in the seven hospitals belonged to the main HMO
(2,358,896 out of a total of 3,219,910 referrals). It is impor-
tant to note that the medical history of the patient was
viewed in only 16.12 % of all the referrals to hospitals.
Thus, 83.88 % of all referrals did not include any use of
medical history. Moreover, in approximately a quarter of the
admissions to an ED (23.73 %), medical history was viewed
whereas in more than 76 % of all admissions medical history
was not viewed at all. Thus consistent with previous studies,
there was a relatively low level of use of medical history.
Furthermore, there was greater use of medical history for
patients who were members of the main HMO, for whom
more extensive data were collected, compared to other

Table 2 The distribution of referrals by type of insurance and viewing medical history

Propertiesa Number of referrals Number of admissions
Total study sample: n=3,219,910 (100 %) Total study sample: n=921,386 (100 %)

All insurances (%)*** EHR IS accessed 519,132 (16.12 %) 218,606 (23.73 %)

EHR IS not accessed 2,700,778 (83.88 %) 702,780 (76.27 %)

The main HMO (%)*** EHR IS accessed 410,959 (17.42 %) 175,933 (25.20 %)

EHR IS not accessed 1,947,937 (82.58 %) 522,265 (74.80 %)

Other HMO (%)*** EHR IS accessed 108,173 (12.56 %) 42,673 (19.12 %)

EHR IS not accessed 752,841 (87.44 %) 180,515 (80.88 %)

a The total number of referrals and admissions is divided into patients whose historical data were viewed via the EHR and patients whose were not,
and also between the main HMO population and other HMO populations. Each of these groups was similarly divided in terms of viewing or not
viewing patients’ historical data. For instance, if we add the number of main HMO admissions whose historical data were viewed (175,933) to the
number of other HMOs admissions whose historical data were viewed (42,673), the result is the total number of patients whose historical data were
viewed (218,606)

*** p<0.001, ** p<0.01, * p<0.05, + p<0.1; n/a not applicable (All tables below use same conventions)
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HMOs (25.20 % in the main HMO compared to 19.12 % to
the others). Still, even among members of the main HMO,
the extent of use of medical history was low.

4.2 Results of regressions of information components

Multivariate logistic regressions were calculated on the inde-
pendent variables: Admission Decisions and Single-Day
admissions (yes/no). Three blocks of variables were run: 1)
Block 1: Treatment variables (EHR component (see at Table 1)
viewing, age, insurance provider and gender), 2) Block 2:
Control variables for type of department (for example internal
medicine and surgical), and 3) Block 3: Control variables for
different hospitals (due to various differences such as poli-
cies). These regressions reflected the pure contribution of
EHRs’ information components to the rate of admissions
and single-day admissions.

Table 3 presents the impact of medical components on
admission decisions adjusted for age, type of insurance, gen-
der, type of department and type of hospital. Past surgeries had
the greatest impact on admission decision; when viewing this
information component, the total number of admissions in-
creased by 62.2 %. This component affected single-day
admissions as well, leading to a 17.3 % reduction. Another
reverse admission/single-day admission effect was found with
regard to previous hospitalizations where viewing such pro-
tocols increased (52.3 %) the total number of admissions and
decreased (12.4 %) the number of single-day admissions. A
similar effect was found for the pathology component as well.

Generally, viewing information components led to a de-
crease in the number of single-day admissions and to an
increase in the amount of the longer admissions (supporting
our two hypotheses). However, viewing laboratory results
from the system reduced both the number of admissions and
the number of single-day admissions. Demography and
community record results were not significant. Therefore,
the use and consumption of medical services appears to
depend on the patients’ specific problem.

4.3 Results of regressions of information components – local
vs. external

The examined interoperable EHR collects two types of
historical medical information that contributes to admission
decisions - local and external. Local refers to information
created locally at the same hospital while external refers to
information created at different hospitals and other points of
care.

Table 4 shows the impact of viewing information com-
ponents on admission decisions divided into viewing local
vs. external data. Table 5 shows the impact of viewing
information components on single-day admission decisions
divided into viewing local vs. external data.

An interesting result was obtained regarding the impact
of the local vs. external history on admission decisions.
When admission decision was the dependent variable, the
results show that when external information was viewed the
number of admissions increases by 16.6 % (p<0.001) while

Table 3 Logistic regression on admission decision and on single-day admissions

Theory variables in the equation Admission decision/single-day admission B S.E. OR [95.0 % C.I.]

Hospitalizations Admission decision .421*** .013 1.523 [1.484–1.564]

Single-day Admission −.132*** .025 .876 [0.834–0.921]

Blood pressure Admission decision −.047n/a .061 .954 [0.846–1.076]

Single-day admission .209+ .124 1.232 [0.967–1.570]

Community records Admission decision .027n/a .029 1.028 [0.971–1.087]

Single-day admission .047n/a .060 1.048 [0.931–1.180]

Laboratories Admission decision −.071*** .005 .932 [0.923–0.941]

Single-day Admission −.227*** .010 .797 [0.781–0.814]

Pathology Admission decision .125*** .024 1.134 [1.081–1.189]

Single-day admission −.080+ .050 .923 [0.836–1.018]

Imaging Admission decision .159*** .007 1.173 [1.157–1.188]

Single-day admission −.262*** .015 .770 [0.748–0.792]

Demography Admission decision −.041n/a .032 .960 [0.902–1.022]

Single-day admission .016n/a .064 1.016 [0.896–1.151]

Surgical Admission decision .484*** .024 1.622 [1.546–1.702]

Single-day admission −.190*** .049 .827 [0.752–0.911]

Block 2 (control for type of department), Block 3 (control for type of hospital) are not shown here, but were also included in the regression

(All tables below use same blocks)
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when local information was viewed the number of admis-
sions increases by 42.9 % (p<0.001). Analyzing the contri-
bution of the various components on admissions show that
when local information was used blood pressure and past
surgeries contributes to the increase in admissions while
other components contributes to the decrease in admissions.
When external information was used, imaging, past surger-
ies and hospitalization are the components that most con-
tribute to increase in admissions.

When single-day admissions was the dependent vari-
able, the results show that when external information was

viewed the number of single-day admissions decreases by
12.7 % (p<0.001) while when local information was
viewed the number of single-day admissions decreases
by 14.7 % (p<0.001). Analyzing the contribution of the
various components on single-day admissions show that
when local information was used past surgeries, imaging,
labs and hospitalization contributes to the decrease in
single-day admissions. When external information was
used, imaging contributed to the decrease in single-day
admissions. The results show that, in most cases, infor-
mation created locally has much stronger relationship

Table 4 Logistic regression on admission decision – local vs. external

Theory variables in the equation Local/External B S.E. OR [95.0 % C.I.]

Hospitalizations Local information .047+ .034 1.048 [0.980–1.121]

External information .112*** .057 1.119 [1.000–1.252]

Blood pressure Local information .288*** .087 1.334 [1.124–1.583]

External information −.164*** .083 .849 [0.722–.998]

Community records Local information −.055+ .030 .946 [0.892–1.003]

External information .200+ .049 1.020 [0.926–1.123]

Laboratories Local information −.404*** .008 .668 [0.658–0.678]

External information −.182+ .137 .834 [0.638–1.090]

Pathology Local information −.086*** .029 .918 [.867–.971]

External information .041+ .041 1.042 [0.962–1.129]

Imaging Local information −.251*** .008 .778 [0.765–0.791]

External information .181*** .018 1.198 [1.156–1.241]

Demography Local information −.251*** .035 .778 [0.727–0.833]

External information .009+ .067 1.009 [0.885–1.152]

Surgical Local information .124*** .027 1.132 [1.074–1.192]

External information .228*** .053 1.256 [1.131–1.394]

Table 5 Logistic regression on single-day admission decision – local vs. external

Theory variables in the equation Local/External B S.E. OR [95.0 % C.I.]

Hospitalizations Local information −.180*** .071 .836 [0.727–0.960]

External information .055+ .119 1.057 [0.837–1.334]

Blood pressure Local information .161+ .174 1.175 [0.836–1.651]

External information .136+ .176 1.146 [0.811–1.618]

Community records Local information .131*** .063 1.140 [1.008–1.289]

External information −.051+ .109 0.950 [0.767–1.177]

Laboratories Local information −.180*** .015 .835 [0.811–0.860]

External information −.189+ .253 0.828 [0.504–1.360]

Pathology Local information −.067+ .062 0.935 [.829–1.056]

External information −.018+ .088 0.982 [0.827–1.166]

Imaging Local information −.203*** .018 0.816 [0.788–0.845]

External information −.261*** .040 0.771 [0.713–0.833]

Demography Local information .061+ .071 1.063 [0.924–1.223]

External information .014+ .144 1.014 [0.764–1.346]

Surgical Local information −.288*** .054 0.750 [0.674–0.834]

External information −.090+ .113 0.914 [0.732–1.142]
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with admission decisions than information that gathered
from external sources.

5 Discussion

Using historical medical information provided by EHR/HIE
interoperability technologies including various information
components contributes to admission decisions and clearly
reduces the number of single-day admissions for all patients,
especially for main HMO patients. Additionally, there were
higher accessing rates for patients insured by the main HMO,
as compared to other HMOs, although both figures remained
strikingly low.

A possible explanation for the differences between types of
insurance is that the medical history of patients not insured by
the main HMO is supplied by a system whose sole source of
information is based on the same hospital as the current referral,
rather than on interoperable medical information; therefore, this
information may have been considered less comprehensive [3].
By contrast, for the main HMO patients, medical history is
collected from previous hospitalizations in all hospitals as well
as from many health suppliers such as laboratories; therefore,
the information is regarded as exceptionally comprehensive
and thus motivates physicians to use the system.

One possible explanation for the increase in ED admis-
sion decisions after accessing the interoperable EHR com-
ponents could be related to the nature of medical problems
that may tend to be more severe. Another explanation is that
due to the decrease in single-day admissions the rate of long
admissions increases. However, the findings suggest that
short unnecessary admissions which are more related to lack
of access to information can be prevented, in significant
percentages, by using EHR components during the course
of evaluation in the ED. The information components that
contributed the most to reducing single-day admissions
were previous hospitalizations, past laboratory results, im-
aging, and past surgeries. These components should thus be
readily available for viewing to assist single-day admission
decisions. In addition, when we analyzed the use of local vs.
external information the results indicate that, in most cases,
information created locally has much stronger relationship
with admission decisions than information that gathered
from external sources.

Thus, the decision not to view important information may
actually reflect physicians’ lack of time. This may encour-
age them to admit patients for a redundant single–day ad-
mission even if the information is readily available [10]. An
example from this study results shows that viewing the
information component of imaging, gathered from external
sources can reduce the amount of single-day admissions in
22.9 % and thus help avoiding redundant short term admis-
sions and saving costs.

5.1 Research contribution

The main goal in this study was to characterize the data
components that improve the process of medical decision-
making in EDs. Previous research has pinpointed differ-
ences in the use of information components across clinical
specialties [14]. This characterization may help improve the
appropriateness of test orders [11].

Second, we expanded research on admission decisions.
We extended the results of a critical question in the ED:
whether or not to admit the patient. We expanded our
analysis to other outcomes (as compared to studies [5] and
[14]). We used a unique comprehensive dataset since our
population of patients consisted of the whole population.
Consequently, our data included all the general hospitals
that use the EHR IS.

Third, the findings may enable developers and designers
of EHR/HIE technologies to better understand the specific
components that affect IS meaningful use and the value of
information. This, in turn, may help integrate the necessary
information components into new and existing interoperable
systems. The results suggest that, several changes may be
worthwhile to implement in ISs. First, information compo-
nents in the system screens could be changed to fit specific
clinical case properties. It was already found that even when
users were shown that previous data were available and the
display was integrated into the user’s normal workflow, they
generally accessed the data less than half the time [10].
Therefore, it is crucial to supply and promote substantial
data for each type of decision and diagnosis [10]. Informa-
tion components should be designed to help physicians
make meaningful use of information, to consider this infor-
mation properly, and to arrive at good decisions [8]. Poorly
organized information can cause as many errors in decisions
as having too little information [16].

Primary care providers find it difficult to keep up with
information generated across different episodes of care. This
situation is exacerbated when it is not from the same provider
[3, 11]. Understanding the most significant information com-
ponents may provide some guidance in the allocation of
resources in this difficult endeavor of keeping up with
patients’ medical information.

5.2 Avenues for future research

Adding the physician’s attributes to the log-file such as per-
sonal identification might facilitate research on network ex-
ternalities, diffusion theory and TAM [6]. Second, a more in-
depth analysis of information components regarding several
main differential diagnoses, may improve our understanding
on the issue. Such specific results may even prove helpful in
modifying long-held medical guidelines [13]. Third, the
results from this research could be used to formulate
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questionnaires to evaluate physicians’ priorities regarding dif-
ferent information components and required medical tests.

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Ben-Assuli O, Leshno M, Shabtai I. Using electronic medical record
systems for admission decisions in emergency departments: examin-
ing the crowdedness effect. J Med Syst. 2012;36:3795–803.

2. Cabrnoch M, Hasić B. Electronic health book—a unique Czech
solution for eHealth. Heal Technol. 2011;1:57–69.

3. Coleman EA. Falling through the cracks: challenges and opportu-
nities for improving transitional care for persons with continuous
complex care needs. J Am Geriatr Soc. 2003;51:549–55.

4. Connelly DP, Park YT, Du J, Ampornpunt NT, Gordon BD,
Bershow BA, et al. The impact of electronic health records on
care of heart failure patients in the emergency room. J Am Med
Informa Assoc. 2011. doi:10.1136/amiajnl-2011-000271.

5. Cooke MW, Higgins J, Kidd P. Use of emergency observation and
assessment wards: a systematic literature review. Br Med J.
2003;20:138.

6. Davis FD. Perceived usefulness, perceived ease of use, and user
acceptance of information technology. MIS Q. 1989;13(3):318–40.

7. Denman JM, Bingham P, George S. A confidential enquiry into
emergency hospital admissions on the Isle of Wight, UK. Br Med
J. 1997;51:386–90.

8. Elwyn G, Frosch D, Volandes AE, Edwards A, Montori VM.
Investing in deliberation: a definition and classification of decision
support interventions for people facing difficult health decisions.
Med Decis Making. 2010;30(6):701–11.

9. Heiro E, Mäntymäki M. Managing medication information with
electronic patient records—a Finnish clinicians’ perspective. Heal
Technol. 2012;2:113–22.

10. Phansalkar S, Edworthy J, Hellier E, Seger DL, Schedlbauer A,
Avery AJ, et al. A review of human factors principles for the design
and implementation of medication safety alerts in clinical informa-
tion systems. J Am Med Inform Assoc. 2010;17(5):493–501.

11. Raja AS, Ip IK, Prevedello LM, Sodickson AD, Farkas C, Zane
RD, et al. Effect of computerized clinical decision support on the
use and yield of CT pulmonary angiography in the emergency
department. Radiology. 2012;262:468–74.

12. Richardson D. No relationship between emergency department ac-
tivity and triage categorization. Acad Emerg Med. 1998;5:141–5.

13. Rokos IC, French WJ, Mattu A, Nichol G, Farkouh ME, Reiffel J, et
al. Appropriate cardiac cath lab activation: optimizing electrocardio-
gram interpretation and clinical decision-making for acute ST-
elevation myocardial infarction. Am Heart J. 2010;160:995–1003.

14. Shabtai I, Leshno M, Blondheimc O, Kornbluth J. The value of
information for decision-making in the healthcare environment.
Med Care Compunetics. 2007;4:91–7.

15. The National Alliance for Health Information Technology,
Defining key health information technology terms, Report to the
Office of the National Coordinator for Health Information
Technology, April, 28 2008.

16. Tierney WM. Improving clinical decisions and outcomes with
information: a review. Int J Med Inform. 2001;62(1):1–9.

17. Vest JR. Health information exchange and healthcare utilization. J
Med Syst. 2009;33:223–31.

18. Vest JR, Jasperson JS, Zhao H, Gamm LD, Ohsfeldt RL. Use of a
health information exchange system in the emergency care of
children. BMC Med Inform Decis Making. 2011;11:78.

19. Walker J, Pan E, Johnston D, Milstein JA, Bates DW, Middleton B.
The value of health care information exchange and interoperability.
Heal Aff. 2005;24:10–8.

20. Walter S, Kostopoulos P, Haass A, Lesmeister M, Grasu M,
Grunwald I, et al. Point-of-care laboratory halves door-to-therapy
decision time in acute stroke. Ann Neurol. 2011;69:581–6.

Health Technol. (2013) 3:29–35 35

http://dx.doi.org/10.1136/amiajnl-2011-000271

	The influence of EHR components on admission decisions
	Abstract
	Introduction and background
	Objective and research hypotheses
	Objective
	Hypotheses

	Methods
	The dependent variables
	Admission decisions
	Single-day admission

	Main independent variables
	Using the EHR
	Type of insurance


	Results
	Descriptive statistics
	Results of regressions of information components
	Results of regressions of information components – local vs. external

	Discussion
	Research contribution
	Avenues for future research

	References


