
I. Introduction

Health systems have been taking measures to tackle escalat-
ing healthcare costs and ensure the delivery of high-quality, 
including the introduction of new hospital reimbursement 
schemes, such as the diagnostic related group-based prospec-
tive 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 clas-
sification 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 mul-
tiplying the per-diem payment rate set for each DPC group 
by the LOS and a coefficient specific to each medical institu-
tion. 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 posi-
tive 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 computer-
ized 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 provid-
er, 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 paper-
less EMRs, which support order transmission, allow refer-
ence to the order results in all application areas, and enable 
electronic management of all types of information constitut-
ing the medical record [16].
 Theoretically, EMRs are supposed to improve the quality 
of care and reduce healthcare costs and LOS by enabling 

prompt information sharing and retrieval, reducing medica-
tion errors, and curbing unnecessary tests and procedures. 
However, studies focusing on the effects of EMRs have re-
ported inconsistent results [17-24]. In Japan, EMR-related 
studies have focused on levels of adoption and factors affect-
ing 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 post-
intervention 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) immedi-
ately 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 inter-
ventions alter the trend of monthly ALOS post-implemen-
tation? (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 re-
cord 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 inpa-
tients who were primarily admitted for geriatric, psychiatric, 
hematologic, and gastrointestinal conditions) were excluded 
as such cases could not be reasonably affected by the inter-
ventions studied. Finally, inpatients were grouped by admis-
sion 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 ex-
amined 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 in-
vestigated. 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 De-
cember 2000 to May 2003 and the subsequent 43 months 
were taken as the pre-DPC/PDPS and post-DPC/PDPS peri-
ods, 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 dif-
ferent among inpatients in various age categories, the statisti-
cal 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 evalu-
ate the effectiveness of the interventions. Three independent 
variables were created to perform the analysis:
 T:  months covering the study periods sequentially, increas-

ing by 1 each month, 
 Xt:  a dummy variable indicating the pre-intervention pe-

riod (coded 0) or the post-intervention period (coded 1) 
for each intervention, and 

 Ttr:  the 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.

3. Statistical Analysis
The following segmented regression model was used to ob-
tain 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 ordi-
nary 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 seasonal-
ity of the series. The statistical and visual diagnostics showed 
the presence of serial correlation and seasonality in the se-
ries. Hence, the serial correlation was adjusted by employing 
generalized least square (GLS) regression. The GLS models 
with first-order serial correlation (autoregression moving av-
erage (ARMA(1,0)) were selected for all sets of data among 
the several GLS models constructed based on the lags indi-
cated 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 ver-
sion 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.  Characteristics 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 sig-
nificantly different between females and males. However, 
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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 down-
ward 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, 

–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 up-
ward 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 reduc-
tion 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 as-
sociated with a reduction of ALOS by 1.942 days (p < 0.0001) 
shortly post-implementation. This finding has been corrob-
orated 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 

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96101106111116121126
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Figure 1.   Monthly ALOS in the hospi-
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these schemes decreased the LOS in England, Germany, Ire-
land Finland, and public hospitals in France [6]. 
 In the ROK, where three hospital reimbursement sys-
tems—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 myo-
cardial 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 re-
sults 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 associ-
ated 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-
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DPC/PDPS trends are attributed to factors other than the in-
tervention 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 di-
minished by the upward trend in the ALOS observed during 
the post-DPC/PDPS period. The DPC/PDPS initiated an up-
ward 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 re-
duce 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 adop-
tion, 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 adop-
tion 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, 
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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 re-
ported 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 differ-
ent 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 post-
implementation could be that the introduction of new tech-
nologies 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 pro-
fessionals involved in care, reducing medical errors, improv-
ing 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-

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 improve-
ments 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 contribut-
ing 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. Consequent-
ly, policymakers should consider both long- and short-term 
effects of these schemes instead of focusing on the short-
term 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 dis-
eases/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 long-
term 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 spe-
cific departments, as our data would not be adequate to con-
duct 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 diseas-
es, or socioeconomic status might have confounded the esti-
mates in this study. These limitations should be considered 
when interpreting the results of this study.
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