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Objectives: This study analyzed the effects of computerization of medical information systems and a hospital payment
scheme on medical care outcomes. Specifically, we examined the effects of Electronic Medical Records (EMRs) and a diagnosis procedure combination/per-diem payment scheme (DPC/PDPS) on the average length of hospital stay (ALOS). Methods:
Post-intervention changes in the monthly ALOS were measured using an interrupted time-series analysis. Results: The level
changes observed in the monthly ALOS immediately post-DPC/PDPS were –1.942 (95% confidence interval [CI], –2.856 to
–1.028), –1.885 (95% CI, –3.176 to –0.593), –1.581 (95% CI, –3.081 to –0.082) and –2.461 (95% CI, –3.817 to 1.105) days in
all ages, <50, 50–64, and ≥65 years, respectively. During the post-DPC/PDPS period, trends of 0.107 (95% CI, 0.069 to 0.144),
0.048 (95% CI, –0.006 to 0.101), 0.183 (95% CI, 0.122 to 0.245) and 0.110 (95% CI, 0.054 to 0.167) days/month, respectively,
were observed. During the post-EMR period, trends of –0.053 (95% CI, –0.080 to –0.027), –0.093 (95% CI, –0.135 to –0.052),
and –0.049 (95% CI, –0.087 to –0.012) days/month were seen for all ages, 50–64 and ≥65 years, respectively. Conclusions:
The increasing post-DPC/PDPS trends offset the decline in ALOS observed immediately post-DPC/PDPS, and the observed
ALOS was longer than the counterfactual at the end of the DPC/PDPS study periods. Conversely, due to the downward trend
seen after EMR introduction, the actual ALOS at the end of the EMR study period was shorter than the counterfactual, suggesting that EMRs might be more effective than the DPC/PDPS in sustainably reducing the LOS.
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I. Introduction
Health systems have been taking measures to tackle escalating healthcare costs and ensure the delivery of high-quality,
including the introduction of new hospital reimbursement
schemes, such as the diagnostic related group-based prospective payment system (DRG/PPS), and the implementation of
Electronic Medical Record (EMR) systems. The DRG/PPS is
an activity-based hospital funding system in which clinically
similar groups of patients are classified by their treatments
and costs, and care providers are reimbursed a flat amount
per diagnosis group. Activity-based funding (ABF) schemes,
such as the DRG/PPS, have been introduced to increase
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the efficiency of healthcare services [1]. The reduction of
the length of stay (LOS) of inpatients is a strategy used to
achieve healthcare outcomes efficiently [2].
In 2003, Japan introduced a variant of DRG/PPS called
the diagnostic procedure combination/per-diem payment
system (DPC/PDPS), in which per-diem based payments for
medical services are pre-determined according to the classification of each inpatient activity by diagnosis, procedure,
and severity. Medical charges under DPC/PDPS consist of
inclusive (DPC) and fee-for-service (FFS) components. The
DPC component is used to pay for the basic hospital stays
and treatments with ≤1,000 points and is calculated by multiplying the per-diem payment rate set for each DPC group
by the LOS and a coefficient specific to each medical institution. The FFS part is used to calculate the reimbursements
for medical care and procedures with >1,000 points. If the
admission takes longer than the predetermined duration,
the DPC scheme is no longer used, and the costs are covered
through FFS. The per-diem allocated to admissions with
shorter LOS is higher than that of admissions with longer
LOS and, consequently, hospitals are expected to shorten the
average LOS (ALOS) [3]. The combination of both DRG and
FFS schemes, per diem-based payment, and the adjustment
of the DPC groups for LOS in calculating the medical costs
makes the DPC/PDPS different from the DRG/PPS and
unique to Japan [4] and the Republic of Korea (ROK) [5].
Although most of the literature on the effectiveness of
DRG-based schemes in Japan and elsewhere showed a positive contribution of the schemes to reducing healthcare costs
and LOS [5-11], a few of them revealed they did not bring
significant changes [12,13].
Meanwhile, to enhance the quality of healthcare, improve
efficiency and patient safety, hospitals have been adopting
health information technologies (HITs) such as computerized physician order entry (CPOE) and EMRs in recent
decades [14]. An EMR is defined as “an electronic version of
personal medical data maintained by the healthcare provider, and incorporates all the key administrative and clinical
data relevant to that person’s care under a specific provider”
[15]. The Japan Association of Medical Informatics (JAMI)
categorizes EMR implementation in Japan into two levels:
basic EMRs, which support order transmission; and paperless EMRs, which support order transmission, allow reference to the order results in all application areas, and enable
electronic management of all types of information constituting the medical record [16].
Theoretically, EMRs are supposed to improve the quality
of care and reduce healthcare costs and LOS by enabling
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prompt information sharing and retrieval, reducing medication errors, and curbing unnecessary tests and procedures.
However, studies focusing on the effects of EMRs have reported inconsistent results [17-24]. In Japan, EMR-related
studies have focused on levels of adoption and factors affecting adoption [25-27].
The existing evidence on the relationship between LOS
or cost of healthcare and DPC/PDPS in Japan has been
produced based on temporary or short-term effects that
were observed shortly after implementation of the scheme.
No studies in Japan have considered changes in postintervention trends that could demonstrate the long-term
effects of the scheme. Furthermore, the effects of EMRs on
LOS have yet to be explored in Japan. The existing literature
also does not provide evidence on the comparative effects
of both the payment system and electronic interventions on
hospital LOS or cost. To address these gaps and supplement
the existing research on the relationships between EMR or
ABF schemes and LOS, we measured and compared the
short- and long-term effects of the adoption of EMRs and
the DPC/PDPS on monthly ALOS in an advanced treatment
hospital. In this study, short-term effects refer to the changes
observed in the level of monthly ALOS (in days) immediately after implementation; and the long-term effects are the
changes observed in the trends of the monthly ALOS (in
days/month) during the post-implementation period.
The purpose of this study was to analyze the effects of
the computerization of medical information systems and a
hospital payment scheme on an outcome related to medical
care. We hypothesized that, as the main purpose of DPC/
PDPS is to reduce the LOS, it would be more effective than
EMRs in reducing the ALOS in the short and long term. The
research questions of this study were: (1) Do EMRs and the
reimbursement scheme contribute to reducing the monthly
ALOS immediately post-implementation? (2) Do both interventions alter the trend of monthly ALOS post-implementation? (3) Which of the interventions is more effective in
reducing the monthly ALOS immediately and sustainably?

II. Methods
1. Study Setting and Data
The study was conducted in the inpatient departments of an
advanced treatment university hospital in Japan. The hospital
was established in the early 1980s and has been equipped with
a CPOE since its establishment. The hospital subsequently
incorporated computerized medical imaging and nursing record systems into the CPOE and in 2007, it introduced a pa-
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perless EMR system that curbed paper-based activities. The
hospital also became part of the DPC/PDPS in June 2003.
Deidentified data that consisted of sex, age at admission,
LOS, and admission year and month of inpatients admitted
in 2000–2010 were obtained from the hospital’s information
center. Cases with LOS >90 days (a small percentage of inpatients who were primarily admitted for geriatric, psychiatric,
hematologic, and gastrointestinal conditions) were excluded
as such cases could not be reasonably affected by the interventions studied. Finally, inpatients were grouped by admission year and month and their LOS was averaged to extract
the monthly ALOS.
The differences in the monthly ALOS before and after the
introduction of the DPC/PDPS and EMR system were examined to determine their effects on changes in levels and
the post-intervention trends by controlling for the existing
trends caused by factors other than the interventions investigated. The monthly ALOS data from January 2000 to
December 2006 (84 months) and January 2003 to December
2010 (96 months) were used to evaluate the impact of the
DPC/PDPS and EMR, respectively. The 41 months of December 2000 to May 2003 and the subsequent 43 months
were taken as the pre-DPC/PDPS and post-DPC/PDPS periods, respectively. Similarly, January 2003 to December 2006
and January 2007 to December 2010 were used as pre-EMR
and post-EMR periods, respectively. The overlapping of the
pre-EMR periods with the post-DPC/PDPS does not affect
the estimates of the level changes and post-EMR trends as
the pre-EMR events are controlled by the coefficient that re
presents the existing (pre-intervention) trends (β1, explained
in Section II-3). As the monthly ALOS was significantly different among inpatients in various age categories, the statistical analyses were performed on four sets of data (all ages and
subgroups of <50, 50–64, and ≥65 years of age at admission).
2. Study Design
An interrupted time-series (ITS) analysis, a regression-based
quasi-experimental study design [28,29] was used to evaluate the effectiveness of the interventions. Three independent
variables were created to perform the analysis:
T: months covering the study periods sequentially, increasing by 1 each month,
Xt: a dummy variable indicating the pre-intervention period (coded 0) or the post-intervention period (coded 1)
for each intervention, and
Ttr: t he post-intervention period, which was assigned a
value of 0 for all pre-intervention series and increased
with a unit representing months after the intervention.
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3. Statistical Analysis
The following segmented regression model was used to obtain the coefficients:
Monthly ALOS = β0 + β1T + β2Xt + β3Ttr + εt
where β0 represents the baseline monthly ALOS at T = 0, β1
is the change in outcome associated with T representing the
underlying pre-intervention (existing) trends, β2 is the level
change following the intervention, and β3 indicates the trend
change following the intervention.
Plots of the autocorrelation function (ACF) and partial
autocorrelation function (PACF) of the residuals of the ordinary least square regression models of each set of data were
used to diagnose autocorrelation, and the relevant statistical
tests were used to diagnose heteroscedasticity and seasonality of the series. The statistical and visual diagnostics showed
the presence of serial correlation and seasonality in the series. Hence, the serial correlation was adjusted by employing
generalized least square (GLS) regression. The GLS models
with first-order serial correlation (autoregression moving average (ARMA(1,0)) were selected for all sets of data among
the several GLS models constructed based on the lags indicated by the ACF and PACF plots. The Bayesian information
criterion was used to select the best model. The seasonality
of the series was adjusted by introducing the Fourier series
to the selected GLS model. The 95% confidence interval (CI)
of the estimates was used to establish associations. Microsoft
Structured Query Language Server Management Studio version 17.9.1 was used to query and manage the data, and R
version 4.0.3 was used for analyses.
4. Ethical Consideration
The study protocol for this study was submitted for ethical
consideration by the Ethics Review Board of the university
and, as personally identifiable information was not included,
the Board decided to waive ethical review.

III. Results
1. C
 haracteristics of the Participants and Changes in the
ALOS during the Study Period
Between 2000 and 2010, a total of 86,769 (43,962; 50.666%
females) admissions for all causes with LOS ≤365 days took
place, with an ALOS of 23.036 days. Among them, 84,026
(96.839%) had an LOS ≤90 days, from whom the monthly
ALOS was derived. The ALOS of these cases between 2000
and 2010 was 19.327 days (Table 1, Figure 1).
The ALOS and its post-intervention changes were not significantly different between females and males. However,
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ALOS (95% CI)

Female

Male
n

<50 yr
ALOS (95% CI)

n

ALOS (95% CI)

50-64 yr

23.725
7,007
19.408
4,549
25.905
(23.337, 24.116)
(18.995, 19.821)
(25.331, 26.479)

ALOS (95% CI)

8,558

n

26.781
(26.357, 27.205)

ALOS (95% CI)

≥65 yr

3.227 / 16.305
(2.979, 3.475)

3.393 / 17.109
(3.046, 3.740)

3.057 / 15.478
(2.701, 3.413)

2.330 / 14.862
(1.901, 2.759)

3.750 / 17.928
(3.226, 4.274)

3.798 / 17.442
(3.435, 4.161)

ALOS: average length of hospital stay, DPC/PDPS: diagnosis procedure combination/per-diem payment scheme, EMR: Electronic Medical Record, CI: confidence interval, n: number of admissions.

Changes in ALOS/
% change (95% CI)

16.564
18,773
16.439
18,231
16.693
9,885
13.348
8,604
17.167
18,515
18.002
(16.407, 16.721)
(16.220, 16.658)
(16.468, 16.918)
(13.069, 13.627)
(16.835, 17.499)
(17.777, 18.227)

37,004

5.170 / 19.305
(4.662, 5.678)

2007–2010
(Post-EMR)

5.038 / 19.448
(4.330, 5.746)

19.791
14,958
19.832
14,749
19.750
8,716
15.678
7,139
20.917
13,852
21.800
(19.594, 19.988)
(19.557, 20.107)
(19.468, 20.031)
(15.349, 16.007)
(20.504, 21.330)
(21.508-22.092)

3.998 / 20.600
(3.466, 4.530)

29,707

4.103 / 17.294
(3.625, 4.581)

2003–2006
(pre-EMR)

4.670 / 19.225
(4.207, 5.133)

19.622
13,514
19.621
13,394
19.622
7,858
15.410
6,447
20.867
12,603
21.611
(19.417, 19.827)
(19.335, 19.907)
(19.328, 19.916)
(15.070, 15.751)
(20.431, 21.303)
(21.307, 21.915)

9,831

n

Age

4.392 / 18.291
(4.060, 4.725)

26,908

June 2003–Dec 2006
(post-DPC/PDPS)

n

24.014
10,283
24.291
(23.746, 24.283)
(23.918, 24.664)

ALOS (95% CI)

Sex

Changes in ALOS/
% change (95% CI)

20,114

n

Jan 2000–May 2003
(pre-DPC/PDPS)

Admission date

Total

Table 1. ALOS (in day) before and after the implementation of DPC/PDPS and the EMR system
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Monthly ALOS in the study site, 2000 2010

30
25
20
15
10

Figure 1. Monthly ALOS in the hospital during the study period,
5
2000–2010. ALOS: average
0
length of hospital stay, DPC/
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 101106111116121126131
PDPS: diagnosis procedure
Months
combination/per-diem payEMR introduced
Monthly ALOS, all age
DPC/PDPS introduced
ment scheme, EMR: ElecMonthly ALOS, age > 65
Monthly ALOS, age 50 64
Monthly ALOS, age 0 49
tronic Medical Record.

inpatients <50 years of age had shorter LOS than older ones.
The ALOS of inpatients <50, 50–64 and ≥65 years of age
pre-DPC/PDPS introduction was 19.408 (95% CI, 18.995–
19.821), 25.905 (95% CI, 25.331–26.479), and 26.781 (95%
CI, 26.357–27.205) days, respectively; post-DPC/PDPS,
they were 15.410 (95% CI, 15.070–15.751), 20.867 (95% CI,
20.431–21.303), and 21.611 (95% CI, 21.307–21.915) days,
respectively. The proportional decline in LOS following
DPC/PDPS implementation was larger in the <50 years age
group (20.600%) than in the ≥65 years age group (19.305%)
(Table 1).
The ALOS of the <50, 50–64, and ≥65 years age groups
pre-EMR was 15.678 (95% CI, 15.349–16.007), 20.917 (95%
CI, 20.504–21.330), and 21.800 (95% CI, 21.508–22.092)
days, respectively. Post-EMR, it was 13.348 (95% CI, 13.069–
13.627), 17.167 (95% CI, 16.835–17.499), and 18.002 (95%
CI, 17.777–18.227) days, respectively. The reduction in the
LOS post-EMR was significantly larger in the ≥65 years age
group (17.442%) than in the <50 years age group (14.862%)
(Table 1).
2. Effects of DPC/PDPS on Monthly ALOS
The segmented regression model showed that the ALOS
decreased shortly post-DPC/PDPS implementation by
1.942 (95% CI, –2.856 to –1.028), –1.885 (95% CI, –3.176 to
–0.593), –1.581 (95% CI, –3.081 to –0.082), and –2.461 (95%
CI, –3.817 to –1.105) days for all ages and the <50, 50–64
and ≥65 years age groups, respectively (Table 2). During the
41 months of the pre-DPC/PDPS period, there were downward trends in the monthly ALOS in all groups—–0.117 (95%
CI, –0.145 to –0.090), –0.078 (95% CI, –0.117 to –0.039),
–0.186 (95% CI, –0.232 to –0.141), and –0.125 (95% CI,
Vol. 28 • No. 1 • January 2022

–0.167 to –0.084) days/month—for all ages and the <50,
50–64, and ≥65 years age groups, respectively. However, the
implementation of the scheme was associated with an upward trend in ALOS—0.107 (95% CI, 0.069–0.144), 0.183
(95% CI, 0.122–0.245), and 0.110 (95% CI, 0.054–0.167)
days/month—for all ages, the 50–64 years age group, and
the ≥65 years age group, respectively, during the 43 months
post-DPC/PDPS (Table 2).
3. Effects of EMR on Monthly ALOS
Like the pre-DPC/PDPS period, the pre-EMR period also
saw a negative trend in monthly ALOS, except for the age
group of 50–64 years (p = 0.4084) (Table 3). The 48 months
of the post-EMR period saw significant downward trends
in the monthly ALOS in all groups except the <50 years age
group (p = 0.5889) in which the ALOS declined by rates of
–0.053 (95% CI, –0.080 to –0.027), –0.093 (95% CI, –0.135
to –0.052), and –0.049 (95% CI, –0.087 to –0.012) days/
month for all ages, the 50–64 years age group, and the ≥65
years age group, respectively. However, no short-term reduction in ALOS was observed post-EMR in all groups (Table 3).

IV. Discussion
In this study, it has been revealed that the DPC/PDPS was associated with a reduction of ALOS by 1.942 days (p < 0.0001)
shortly post-implementation. This finding has been corroborated by other studies from other countries implementing
ABF [5-9] and Japan [10,11]. A meta-analysis showed that
the DRG-based scheme was associated with a shorter LOS—
pooled effect, –8.07% (95% CI, –13.05% to –3.10%) [7]. A
review of the effectiveness of ABF systems also revealed that
www.e-hir.org
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<0.0001
0.0011

–1.942 (–2.856, –1.028)

0.107 (0.069, 0.144)

Xt

Ttr

Age <50 yr

0.048 (–0.006, 0.101)

–1.885 (–3.176, –0.593)

–0.078 (–0.117, –0.039)

21.169 (20.226, 22.111)

Coefficients (95% CI)

0.0846

0.0054

0.0002

<0.0001

p-value

Age 50–64 yr

0.183 (0.122, 0.245)

–1.581 (–3.081, –0.082)

–0.186 (–0.232, –0.141)

30.109 (29.019, 31.199)

Coefficients (95% CI)

DPC/PDPS

<0.0001

0.0419

<0.0001

<0.0001

p-value

0.3415
0.0002

–0.362 (–1.103, 0.380)

–0.053 (–0.080, –0.027)

Xt

Ttr

Age <50 yr

–0.011 (–0.053, 0.030)

0.747 (–0.385, 1.878)

–0.057 (–0.086, –0.028)

17.084 (16.265, 17.902)

Coefficients (95% CI)

0.5889

0.1990

0.0002

<0.0001

p-value

EMR

EMR: Electronic Medical Record, ALOS: average length of hospital stay, CI: confidence interval.

0.0020

–0.031 (–0.050, –0.012)

T

<0.0001

20.571 (20.036, 21.105)

p-value

Intercept

Coefficients (95% CI)

All age

Table 3. Effects of the EMR system on monthly ALOS in the hospital

0.2180
<0.0001

–0.093 (–0.135, –0.052)

0.4084

<0.0001

p-value

–0.729 (–1.881, 0.423)

–0.013 (–0.042, 0.017)

21.191 (20.364, 22.019)

Coefficients (95% CI)

Age 50–64 yr

DPC/PDPS: diagnosis procedure combination/per-diem payment scheme, ALOS: average length of hospital stay, CI: confidence interval.

<0.0001

–0.117 (–0.145, –0.090)

T

<0.0001

26.612 (25.947, 27.277)

p-value

Intercept

Coefficients (95% CI)

All age

Table 2. Effects of DPC/PDPS on monthly ALOS in the hospital

Age ≥65 yr

–0.049 (–0.087, –0.012)

–0.747 (–1.780, 0.285)

–0.037 (–0.064, –0.011)

22.769 (22.023, 23.516)

Coefficients (95% CI)

Age ≥65 yr

0.110 (0.054, 0.167)

–2.461 (–3.817, –1.105)

–0.125 (–0.167, –0.084)

29.580 (28.588, 30.572)

Coefficients (95% CI)

0.0121

0.1595

0.0072

<0.0001

p-value

<0.0001

<0.0001

<0.0001

<0.0001

p-value
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these schemes decreased the LOS in England, Germany, Ireland Finland, and public hospitals in France [6].
In the ROK, where three hospital reimbursement systems—FFS, DRG/PPS (since 2002), and Korean diagnosis
procedure combination (KDPC) (since 2009) [5]—are used,
the ABF systems have been consistently shown to reduce
the LOS [5,8,9]. The implementation of DRGs in the field
of obstetrics and gynecology at Korean tertiary hospitals led
to reductions in the LOS for inpatients receiving cesarean
sections, hysterectomies, adnexectomies, and simultaneous
surgical procedures, in whom the LOS declined from 8.0 ±
6.9, 7.4 ± 3.5, 6.3 ± 3.6, 6.6 ± 3.2 days pre-DRG to 6.0 ± 2.3,
6.4 ± 2.7, 6.2 ± 4.0, and 5.8 ± 2.4 days post-DRG, respectively
(p < 0.001) [8]. Another study also showed that the DRG
payment system led to a reduction of LOS in the ROK [9]. A
comparison of the effectiveness of the DRG and KDPC on
the LOS showed that, although both schemes were designed
to reduce the LOS, the reduction was stronger for the DRG
than for the DPC payment system [5].

In Japan, an analysis of administrative data for acute myocardial infarction showed that DPC/PDPS significantly
reduced the LOS by 2.29 days (95% CI, –3.71 to –0.88) [10].
Similarly, among hip-fracture inpatients at the Japanese Red
Cross medical centers, the reduction of ALOS among DPC/
PDPS-implementing hospitals (30.1 days pre-DPC/PDPS to
23.5 days post-DPC/PDPS) were significantly higher than
those hospitals without DPC/PDPS (38.5 to 36.4 days during
the same periods) (p = 0.003) [11]. As the primary purpose
of ABF schemes is to reduce LOS and costs, the reported results are in line with the expected outcomes. However, a few
studies have reported results inconsistent with the current
study, finding that the DRG-based schemes were not associated with the LOS [12,13].
In this study, there were existing downward trends in the
monthly ALOS of –0.117 (p < 0.0001), –0.078 (p = 0.00012),
–0.186 (p < 0.0001), and –0.125 (p < 0.0001) days/month for
all ages and the <50, 50–64 and ≥65 years age groups during
the pre-DPC/PDPS period, respectively (Table 2). These pre-

Observed and counterfactual monthly ALOS before and after DPC/PDPS implementation

A

All age
DPC/PDPS introduced
Observed pre-DPC/PDPS ALOS
Observed post-DPC/PDPS ALOS
Counterfactual

30
25
20
15
10

Monthly ALOS in days

30
25
20
15
10
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Months in the years 2000 2006

Months in the years 2000 2006

Age 50 64 years

35

DPC/PDPS introduced
Observed pre-DPC/PDPS ALOS
Observed post-DPC/PDPS ALOS
Counterfactual

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

DPC/PDPS introduced
Observed pre-DPC/PDPS ALOS
Observed post-DPC/PDPS ALOS
Counterfactual

D

30
25
20
15
10

Age >65 years

35

Monthly ALOS in days

C

Age <50 years

35

Monthly ALOS in days

Monthly ALOS in days

35

B

DPC/PDPS introduced
Observed pre-DPC/PDPS ALOS
Observed post-DPC/PDPS ALOS
Counterfactual

30
25
20
15
10

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Months in the years 2000 2006

Months in the years 2000 2006

Figure 2. Observed pre- and post-DPC/PDPS monthly ALOS and the counterfactuals: (A) all age, (B) age <50 years, (C) age 50–64 years,
(D) age ≥65 years. DPC/PDPS: diagnosis procedure combination/per-diem payment scheme, ALOS: average length of hospital stay.
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DPC/PDPS trends are attributed to factors other than the intervention studied. Attempts were made to reduce the LOS in
Japan even before the introduction of the DPC/PDPS [3] and
the observed existing trend could be related to these efforts.
However, the pre-DPC/PDPS downward trends were diminished by the upward trend in the ALOS observed during
the post-DPC/PDPS period. The DPC/PDPS initiated an upward trend of monthly ALOS by 0.107 days/month (all ages)
post-implementation (p < 0.0001). The rate of increment
in the trend of ALOS was higher in the age group of 50–64
years (0.183 days/month, p < 0.0001) (Table 2). Hence, the
observed ALOS a few months after the implementation of
this intervention was longer than the counterfactual in all
groups (Figure 2). This finding suggests that the DPC/PDPS
might have had a counterproductive effect on efforts to reduce the LOS in the long term.
Regarding the effect of EMRs on ALOS, unlike in the case
of DPC/PDPS, no significant changes in the monthly ALOS
were observed in any of the age groups immediately post-

EMR introduction (Table 3), but a negative existing trend
was observed during the pre-EMR period, except for the
age group of 50–64 (p = 0.4084) (Table 3). The post-EMR
period also saw statistically significant negative trends in the
monthly ALOS in inpatients of age ≥50. After EMR adoption, the monthly ALOS significantly decreased in the groups
of all ages, 50–64 years, and ≥65 years by rates of –0.053
(p = 0.0002), –0.093 (p < 0.0001), and –0.049 (p = 0.0121)
days/month, respectively. Consequently, the observed ALOS
during the study periods was significantly shorter than the
counterfactual for inpatients age ≥50 (Figure 3). However,
no significant association was observed between EMR adoption and the trend or level of ALOS for inpatients <50 years
(Table 3). This could have been because the LOS was already
short in that age group and no further reduction could be
achieved.
Similar studies employing the same study design as the
current one has reported similar findings, in which EMRs
did not change the ALOS at hospitals instantly post-EMR,

Observed and counterfactual monthly ALOS before and after EMR implementation
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All age
EMR introduced
Observed pre-EMR ALOS
Observed post-EMR ALOS
Counterfactual

25
20
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Age <50 years
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Observed post-EMR ALOS
Counterfactual

30

Monthly ALOS in days

Monthly ALOS in days
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Figure 3. Observed pre- and post-EMR monthly ALOS and the counterfactuals: (A) all age, (B) age <50 years, (C) age 50–64 years, (D)
age ≥65 years. EMR: Electronic Medical Record, ALOS: average length of hospital stay.
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but led to a reduction in the long-term trends of the ALOS
[22,23]. Two studies from two large hospitals in China reported that the trend changes in ALOS reversed from 0.004
days/month to –0.070 days/month; p < 0.001) [22] and from
0.027 to –0.043 bed-days/month in the post-EMR period
(p < 0.001) [23]. In acute care facilities in California, the
overall LOS was reduced by 3% for all inpatients admitted at
hospitals that used EMRs meaningfully compared to those
without meaningful use of EMRs [21].
Nevertheless, other studies documented that EMRs had no
significant impacts on the LOS. A meta-analysis concluded
that electronic interventions did not have significant effects
on the LOS and costs of medical care [17]. Primary studies
[18-20] also reported that the lack of association between
EMR adoption and LOS. A comparison of the LOS between
hospitals showed that the LOS was not significantly different between hospitals with HIT experience for <5 years and
>5 years [18]. It was also demonstrated that the ALOS was
not different at Medicare hospitals with and without EMRs
[19]. A study that compared the ALOS and other patient
outcomes of medical and surgical inpatients in six states in
the United States implementing no, partial, and full EMRs
found that there were no significant differences in patient
outcomes among the hospitals [20].
A reason for the negative trend during the post-EMR
period but no change in the level of ALOS shortly postimplementation could be that the introduction of new technologies requires substantial time to get used to and to be
integrated into the institutional culture before realizing the
anticipated outcomes. Furthermore, the primary purpose of
EMRs is to enhance the quality of care and patient safety by
providing complete access to patient information to the professionals involved in care, reducing medical errors, improving care coordination, reducing workloads, and improving
decision-making processes. Reductions in LOS and the cost
of care are realized after these quality outcomes are achieved.
As a result, the EMR-induced reduction in LOS may not be
achieved instantly following its adoption.
Through a comparison of the observed changes in the LOS
during the DPC/PDPS and EMR evaluation periods, we
have shown that the short-term effect of the reimbursement
system in reducing ALOS was offset by the post-DPC/PDPS
upward trends associated with the scheme. In contrast, EMR
implementation was associated with a reduction of LOS over
the long term, hinting that EMRs might be more effective in
sustainably reducing the LOS.
Nonetheless, as EMRs affect the activities involved in
medical care, the use of DPC/PDPS could be boosted follow-
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ing the adoption of an EMR. Although there is no evidence
showing the interaction of HITs and the payment schemes
to improve medical care outcomes, the observed change in
the trends of ALOS in this study could result from improvements in the DPC/PDPS practice because of EMR adoption.
Further studies are needed to demonstrate if there is such an
interaction between the two systems and to establish a causal
relationship between EMR implementation and LOS.
This study showed that introduction of an EMR system
was associated with a sustainable reduction of LOS, while
the DPC/PDPS was related to an increasing trend in LOS
even though the level of LOS fell instantly post-DPC/PDPS
implementation. We also suggest that the observed reduction
of the ALOS in the long term might have resulted from the
interaction of the EMR system with the DPC/PDPS. These
findings suggest that EMRs could improve efficiency either
by improving the practicability of other interventions and
activities, such as hospital funding systems, or by contributing to improvements in the quality of healthcare, leading to
reductions in LOS and cost. However, DPC/PDPS may not
be effective at delivering its expected outcomes. Consequently, policymakers should consider both long- and short-term
effects of these schemes instead of focusing on the shortterm results. It is also noteworthy that supporting medical
care-related interventions with infrastructure that enables
better implementation of interventions such as EMRs could
lead to better healthcare outcomes.
For researchers, studies that evaluate the effectiveness of
EMR and the DPC/PDPS on short- and long-term medical
care outcomes need to be carried out based on data from
multiple sites. A comparison of the effects of EMR and DPC/
PDPS on healthcare outcomes, such as LOS, for specific diseases/conditions or departments also could provide better
information for evidence-based practice.
The primary strength of this study is that it applied the
strongest quasi-experimental design, ITS analysis, which
makes it possible to control for temporal confounders that
could exist in the study period and provide more accurate
estimates. We also made efforts to capture changes in LOS in
the long term (11 years) and compared the short- and longterm effects of interventions.
The possible limitations of this study are as follows. First,
the analysis was based on data from a single site and we
could not focus on data from a specific disease or from specific departments, as our data would not be adequate to conduct an ITS analysis. Second, due to practical constraints,
we could not use other hospitals that had not adopted EMRs
and DPC/PDPS as controls. Instead, we used before/after
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control groups for the analysis. Third, although we made
sure that no interventions that could significantly affect the
outcome variable had taken place during the study period, it
remains possible that unidentified non-temporal variables,
such as changes in clinical guidelines, the severity of diseases, or socioeconomic status might have confounded the estimates in this study. These limitations should be considered
when interpreting the results of this study.
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