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Abstract

Background
One of the important ways to reduce medical costs and improve quality of care is to enable physicians to
provide standard medical services according to clinical guidelines, and the medical payment system is a
signi�cant means of guiding the behaviour of health service providers. This study aims to investigate
whether the diagnosis-related group (DRG) payment system can improve the consistency of health
services.

Method
Inpatients with three types of disease—chronic obstructive pulmonary disease (COPD), acute myocardial
infarction (AMI) and cerebral infarction (CI)—were enrolled from 25 county-level hospitals in a DRG pilot
city in China. Inpatients from hospitals that implemented DRG payment were selected as the intervention
group, and similar inpatient cases from hospitals that still implemented fee-for-services (FFS) payment
were designated as the control group. A propensity matching score (PSM) was used for data matching to
control for age, gender and disease severity. The variation of hospitalization expenditures and their trends
before and after implementation of the DRG policy were described by using these matched samples.

Results
After DRG implementation, the standard deviation (SD) of hospitalization expenditures in the COPD, AMI
and CI intervention groups decreased by 11094 yuan, 4833 yuan and 425 yuan, respectively, which were
5972, 2484, and 2938 yuan more than that in the control group. In each year after DRG implementation,
the interquartile range (IQR) of hospitalization expenditures was smaller in DRG group than that in FFS
group. In most years, the degree of variation in costs of the intervention group decreased more than that
of the control group. The medians of hospitalization expenditures of the intervention groups were lower
than the �xed cost, while most medians of the control groups were higher than the �xed cost.

Conclusion
A comparison of patients with similar demographics and disease characteristics revealed that patients in
the DRG group experienced a smaller degree of variation in hospitalization expenditures, and indicated
the expenditures had a tendency to become progressively more concentrated over time. It is suggested
that DRG system can promote better consistency in health services and reduce medical costs.

1. Background
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Many countries are concerned about the variation in health services, which is not only related to the
control of medical costs but also to the guarantee of quality of care. The relationship between the cost
and quality of health services is multifaceted. On the one hand, efforts to improve the quality of care will
increase the medical costs (1, 2), and the difference of medical costs at different levels of quality of care
will also increases. On the other hand, with the general improvement in quality of care, complications and
comorbidities will be mitigated, thus reducing medical costs (3), and the degree of variation between the
costs will also decline. In fact, the relationship between cost and quality depends on where doctors intend
to spend the money (4). Therefore, the general consensus of these studies is that doctors’ practices play
a crucial role in the production of these variations (5, 6).

It is the common hope of patients and even medical insurers that health service providers can provide
standard services according to clinical guidelines, which can also improve the consistency of services
and reduce the unnecessary waste. The medical payment system is an important means to guide the
behaviour of health service providers. However, there is little literature on whether the reform of payment
system can improve the consistency of health services.

The philosophy of health service consistency and DRG payment reform is particularly relevant. This is
due to the similarity in clinical process and resource consumption among patients in the same DRG
group (6).. For each DRG group, the hospitals are paid based on a �at rate rather than the actual medical
costs. Therefore, after DRG payment, health service providers are more motivated to reduce inpatients’
cost overruns (7). The induced demand is suppressed, and doctors are more motivated to implement the
treatment according to the clinical guidelines (8). Thus, the DRG policy incentivizes hospitals to
rationalize the diagnosis and treatment process (9). With DRG payment, treatment for similar patients will
be more consistent than those paid by FFS.

DRG payment reform has been piloted in China, and many experiences show that the implementation of
DRG shortened the length of hospital stay and controlled the costs (8). However, whether doctors’
practices are more normative, the difference between medical and surgical costs and the impacts of
disease severity on the difference remain to be measured. This study analyses the trends of the variation
in hospitalization expenditures among patients with same diseases and different payment methods,
attempts to �ll the knowledge gap between payment reform and health service consistency, and to
provide evidence to support the improvement of DRG payment reform.

2. Methods

2.1 Study design
Discharge data for bene�ciaries of the Urban Employee Basic Medical Insurance were used to analyse
reductions in the variation of hospitalization expenditures in a DRG pilot city of China. In 2012, the
payment method began to shift from FFS payment to DRG payment in some hospitals, which served as
intervention groups in this study. To generate the best comparison, we ensured that the types of patients,



Page 4/16

the number of beds, the hospital grades and the doctors in the control hospitals that still implemented
FFS payment were similar to those in the intervention hospitals. The zero-markup drug policy in 2016 had
a great impact on the hospitalization expenditures in both intervention and control of hospitals.
Therefore, to ensure accurate measurement of the impacts of DRG payment, the study only observed the
patient data from 2010 to 2016.

2.2 Selection of participants
To avoid the in�uence of outliers, the study limited the sample to inpatients whose hospitalization days
were less than or equal to 60 days and whose total cost was more than 0 yuan. Patients with AMI were
selected as representatives of the surgical group, and patients with either COPD or CI were selected as
representatives of the internal medicine group. The main diagnostic codes for AMI, CI and COPD started
with I21.0, I63.0 and J44.0, respectively. The severity of the disease was assessed by the Charlson
Comorbidity Index (CCI) based on secondary diagnoses. All cost data were adjusted for in�ation using
the city’s consumer price index (CPI) from the o�cial website of the China Bureau of Statistics.

2.3 Statistical analysis
The intervention group and the control group were matched by 1:1 PSM year after year. To exclude the
in�uence of individual differences on the outcome, the propensity score was obtained by logistic
regression of the patients’ age, gender, and CCI. The Caliper value of the matching accuracy was 0.02.
The policy was implemented in 2012, so the patients in the intervention group before 2012 were matched
with the patients in the intervention group after PSM matching in 2012, and then the patients in the
control group before 2012 were matched.

The medical costs varied signi�cantly among the different DRG groups. To further ensure the
comparability and the application scope of the study, the DRG group with the largest number of patients
with the same disease was selected for analysis. The DRG group of patients with COPD was de�ned as
“COPD without complications and concomitant disease group”, the DRG group of patients with AMI was
de�ned as “coronary drug-eluting stent implantation with important complications group”, and the DRG
group of patients with CI was de�ned as “cerebral ischaemic diseases with important complications and
concomitant diseases group”. The study compared the change trends of hospitalization expenditures and
its variation between the intervention group and the control group before and after the implementation of
DRG payment.

3. Results

3.1 Basic information
From 2010 to 2016, 14,094, 17,897 and 26,063 patients with COPD, AMI and CI were assessed by the DRG
grouping apparatus, respectively. After PSM matching, 6,238, 11,086, and 14,906 patients with COPD,
AMI, and CI were enrolled in the study respectively, with half in the control group and half in the
intervention group.
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Table 1 shows the sociodemographic characteristics of patients in the control and intervention groups by
disease type after PSM matching, including the number of patients by age, gender, and disease severity.
In COPD patients, the number of males was twice more than that of females, more than 80% patients
were over 59 years old, and more than 80% patients had less severe diseases. In AMI patients, the number
of males was four times more than that of females, more than 90% patients were aged 40 to 79, and 82%
patients had less severe diseases. In CI patients, the number of males was approximately three times of
females, more than 80% patients were aged 40 to 79, and more than 50% patients had severe diseases.
After matching, there was no signi�cant difference in the distribution of age, gender or disease severity
between the control and the intervention groups.
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Table 1
Sociodemographic characteristics

Diseases Variables Control Group Intervention Group

N % N %

COPD Gender Male 2172 69.64 2160 69.25

Female 947 30.36 959 30.75

Age 18-39 3 0.10 2 0.06

40-59 329 10.55 340 10.90

60-79 1966 63.03 1983 63.58

≥80 821 26.32 794 25.46

CCI 0 1279 41.01 1245 39.92

1 1300 41.68 1311 42.03

≥2 540 17.31 563 18.05

Count   3119 100 3119 100

AMI Gender Male 4461 80.48 4456 80.39

Female 1082 19.52 1087 19.61

Age 18-39 130 2.35 162 2.92

40-59 2450 44.20 2474 44.63

60-79 2633 47.50 2587 46.67

≥80 330 5.95 320 5.77

CCI 0 2335 42.13 2293 41.37

1 2252 40.63 2286 41.24

≥2 956 17.25 964 17.39

Count   5543 100 5543 100

CI Gender Male 5538 74.31 5447 73.08

Female 1915 25.69 2006 26.92

Age 18-39 161 2.16 151 2.03

40-59 2531 33.96 2527 33.91

60-79 3977 53.36 3994 53.59

≥80 784 10.52 781 10.48
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CCI 0 649 8.71 403 5.41

1 3062 41.08 3225 43.27

≥2 3742 50.21 3825 51.32

Count   7453 100 7453 100

Table 2 shows the composition and proportion of hospitalization expenditure in the intervention group
and the control group by disease type, including drug expenditure, medical material expenditure, other
hospitalization expenditure and their proportions respectively. In patients with COPD and CI, the drug
expenditure was the highest, accounting for approximately 50%, and the medical material expenditure
was the lowest, accounting for approximately 10%. The expenditure of medical material was the main
expense for AMI patients, accounting for more than 70%. After matching, there was no signi�cant
difference in the distribution of health expenditures between the control and the intervention groups.

 
Table 2

Composition of hospitalization expenditure of patients
Diseases Group Drug Expenditure Material Expenditure Other Expenditure

Yuan % Yuan % Yuan %

COPD Control Group 7937.14 52.05 1513.26 9.92 5798.31 38.02

Intervention Group 7423.55 52.47 1459.50 10.32 5264.79 37.21

AMI Control Group 5386.27 8.55 46355.30 73.58 11254.61 17.87

Intervention Group 4649.69 8.51 39928.32 73.09 10052.18 18.40

CI Control Group 9550.41 49.18 2012.43 10.36 7854.91 40.45

Intervention Group 7184.32 50.41 1221.47 8.57 5846.70 41.02

3.2 Main results for patients with COPD
Table 3 and Figure 1 show the variation in hospitalization expenditures of COPD patients in two
dimensions, standard deviation (SD) and interquartile range (IQR), respectively. The “Change” column in
Table 3 shows the difference between the current year’s SD value and the previous year’s SD value. The
double-difference value was obtained through subtracting change value of the control group from the
change value of the intervention group, which represents the variation of the intervention group compared
with the control group. In the intervention group, hospitalization expenditures decreased the most in the
�rst year of DRG payment implementation, and decreased by 5,972 yuan more than the control group.
The SD of the intervention group was smaller than that of the control group every year after DRG
payment was implemented.
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Table 3
The SD and double-difference value of hospitalization expenses of patients with COPD

Year Control Group Intervention Group Double-Difference
Value

SD Change SD Change

Before (FFS payment only)          

2010 17536.87 - 22798.05 - -

2011 15337.87 -2199.00 17587.92 -5210.13 -3011.13

After (DRG payment in pilot
hospitals)

         

2012 10215.21 -5122.67 6493.26 -11094.66 -5971.99

2013 7037.40 -3177.81 5778.24 -715.02 2462.78

2014 9009.47 1972.07 5789.14 10.91 -1961.16

2015 13955.59 4946.12 6538.47 749.32 -4196.79

2016 7037.71 -6917.88 5681.75 -856.71 6061.16

Figure 1 shows the median, 75th percentile, 25th percentile, upper adjacent value, and lower adjacent
value of the hospitalization expenditures for COPD patients from 2010 to 2016. The length of the grey
portion represents the IQR for each year. The red line represents the payment rate set for that DRG group.
It can be seen that IQR is similar in the control and intervention groups before the reform. After
implementing the DRG payment, the IQR of the intervention group decreased rapidly, and its value in each
year was smaller than that of the control group. The difference between the lower adjacent value and
upper adjacent value of the intervention group was much smaller than that of the control group, and there
was a signi�cant downward trend from 2010 to 2013. The control group did not see a signi�cant
reduction in the variation of hospitalization expenditures. After the reform, the median of hospitalization
expenditures of the intervention group was basically stable and below the payment rate.

3.2 Main results for patients with AMI
Table 4 and Figure 2 show the changes in SD and IQR of hospitalization expenditures for AMI patients,
respectively. As shown in Table 4, the SD of hospitalization expenditures decreased more in the
intervention group than in the control group from 2012 to 2013. In 2012, the SD of hospitalization
expenditures of the intervention group decreased by 2,483 yuan more than the control group, and further
decreased by 4,112 yuan more than the control group in 2013. From 2014 to 2016, the SD of
hospitalization expenditures of the intervention group increased, but the value was still less than that of
the control group. After the implementation of DRG payment, the dispersion degree of hospitalization
expenditures declined.
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Table 4
The SD and double-difference value of hospitalization expenses for patients with AMI

Year Matched Group Intervention Group Double-Difference
Value

SD Change SD Change

Before (FFS payment only)          

2010 28310.83 - 26213.95 - -

2011 27514.44 -796.39 24327.57 -1886.38 -1089.99

After (DRG payment in pilot
hospitals)

         

2012 25165.85 -2348.59 19495.07 -4832.50 -2483.91

2013 26146.35 980.50 16363.33 -3131.73 -4112.24

2014 26776.27 629.92 18002.29 1638.96 1009.04

2015 28379.07 1602.80 18546.57 544.28 -1058.52

2016 28120.67 -258.40 20323.44 1776.87 2035.27

As shown in Figure 2, after DRG payment was implemented, the hospitalization expenditures of the
patients in the intervention group became increasingly concentrated. The IQR of the intervention group’s
hospitalization expenditures decreased signi�cantly especially in 2012 and 2013. After the reform, the
IQR value of the intervention group was smaller than that of the control group every year. From 2010 to
2016, the median of hospitalization expenditures was less than the DRG payment rate in both groups,
and the median of the intervention group was smaller than that of the control group.

3.2 Main results of patient with cerebral infarction
Table 5 and Figure 3 show changes in the SD and IQR of hospitalization expenditures for CI patients.
There were no patients with “cerebral ischaemic diseases with important complications and concomitant
diseases group” in 2010, only data from 2011 to 2016 were available for CI patients. After the reform, the
SD of hospitalization expenditures for patients in the intervention group continued to decline, and
decreased more in the intervention group than in the control group, except in 2014. The variation degree
of hospitalization expenditures in the intervention group decreased year after year, and the SD in each
year was less than that in the control group.
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Table 5
The SD and double-difference value of hospitalization expenses for patients with cerebral infarction

Year Matched Group Intervention Group Double-Difference
Value

SD Change SD Change

Before (FFS payment only)          

2011 15755.92 - 13571.37 - -

After (DRG payment in pilot
hospitals)

         

2012 13612.52 -2143.39 8583.88 -4987.49 -2844.09

2013 16126.07 2513.55 8159.43 -424.45 -2938.00

2014 11558.56 -4567.51 6681.67 -1477.76 3089.75

2015 12238.64 680.08 6076.18 -605.49 -1285.56

2016 14112.71 1874.07 5967.37 -108.82 -1982.89

As shown in Figure 3, prior to the implementation of the policy, the IQR was similar for patients in the
intervention and control groups. The variation in hospitalization expenditures was large in both groups.
After the beginning of the policy, the IQR decreased signi�cantly in the intervention group. Since 2013, the
median of hospitalization expenditures was lower than the �xed payment rate of DRG payment. In the
control group, the variance in hospitalization expenditures had no downward trend, and the median was
always higher than the payment rate of DRG payment.

4. Discussion
It is widely recognized that DRG is one of the most advanced and scienti�c payment methods in the
world. Under the implementation of DRG payment, hospitals can keep any savings but also bear any cost
overruns (8). That is, the source of pro�t under FFS payment, such as drugs and medical materials, can
become the source of costs under the DRG system (10). Therefore, �nancial risk is further transferred to
the provider. In particular, when the hospitalization expenditures exceed the DRG payment rates, the
provider has more initiative to reduce the overrun cost (7). Induced demand will be suppressed, which will
help doctors implement standard treatment regimens in accordance with authoritative clinical guidelines.
By analysing the trend of variation in hospitalization expenditures for patients with similar medical
conditions, we can analyse whether DRG payment can contribute to the consistency of health services.

The study found that when there were no signi�cant differences in age, gender, disease severity, or
disease type, the variation of hospitalization expenditures and its changing trend with time were still
different among patients with different payment methods. Compared with the patients under FFS
payment, patients under DRG payment had less variation in hospitalization expenditures. The variation in
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most years showed a downward trend, and the decrease was larger in the intervention group than that in
the control group. The median of hospitalization expenditures for the intervention group was lower than
the payment rate, and the opposite was observed in the control group. This indicates that the policy has
played a certain role in reducing hospitalization expenditures and their variation. In patients with the three
disease types, the use of clinical resources was more consistent after DRG payment. Since key clinical
decisions are made by doctors, it can be assumed that the reduction in the variation in hospitalization
expenditures presented in the study is due to more consistent treatment behaviours by doctors. This
supports the premise that DRG payment helps suppress the induced-demand of FFS payment and
promotes a more standard treatment plan that is closer to clinical guidelines.

The study also found that patients with AMI had the least reduction in the variation of hospitalization
expenditures before and after DRG payment. This may be explained as that the treatment regimen of AMI
has been very mature before the implementation of the policy, and universal consensus with clinical
guidelines has already been established, so doctors’ behaviours have been regulated by a certain degree.
Therefore, the effect of DRG payment on the variation in AMI hospitalization expenditures is not as
obvious as that of other diseases. In addition, according to the analysis of hospitalization expenditures’
composition, most expenditures in the internal medicine group belong to drug expenditures, while medical
materials are the greatest source of expenditures in the surgical group. It can be inferred that in the
management of DRG payment, the internal medicine group and the surgical group can make medical
services more consistent by regulating the use of drugs and medical materials, respectively.

Previous studies have shown that compared with FFS, DRG payment has achieved shorter hospital stays
(8), slower medical cost growth (11), better care processes (9), more e�cient management (12, 13) and a
more reasonable cost structure. Past experience shows that the variation in hospitalization expenditures
will decrease after DRG payment implementation (6)which is largely consistent with the results of this
study. Based on this effect, we tried to explore the main factors behind the decrease. The causes of
variation in DRG internal resource utilization are complex. Obviously, one potential explanatory variable is
the severity of the disease, but this is not the only variable or the most important one. The study showed
that the average cost of the same procedure varied among surgeons (14), and the differences between
doctors are even greater than those between hospitals (15). Therefore, doctors must be a primary control
variable (16) in interpreting DRG internal resource changes. Studies have shown that changes in doctors’
practice can reduce the variation in hospitalization expenditures more than the severity of illness (16).
The decrease in hospitalization days was due more to changes in doctors’ behaviour than to a decrease
in disease severity (5, 6). This provides further support for the results of this study. After controlling for
individual difference, the reduction in the variation in hospitalization expenditures is more likely due to a
more consistent clinical practice among doctors.

Limitations

1. In this study, the impacts of doctors’ behaviour on the reduction of variation in hospitalization
expenditures were examined by controlling the individual differences of patients. However, the reduction



Page 12/16

in the variation of hospitalization expenditures is not the same as the regulation of doctors’ practices. In
the future, detailed measurement of doctors’ practices should be conducted based on information such
as speci�c treatment programs.

2. Although the results show a reduction in the variation of hospitalization expenditures, the consistency
of hospitalization expenditures is not always equivalent to the standardization of health services. It
remains to be analysed whether the clinical resources of patients are used in the most rational way and
whether there is a risk of inadequate services affecting the quality of care. Future research should focus
on which types of expenditures are most effective in improving quality and which types of expenditures
represent waste. A complete list of necessary treatments should be established. The balance between
reasonable cost control and reasonable diagnosis and treatment under DRG should be analysed.

Conclusions
Compared with FFS, DRG payment has resulted in a consistent trend in health expenditures for patients
with similar conditions. It is suggested that the policy can encourage health service providers to actively
control costs and promote more consistent behaviour among doctors. This is helpful in forming a
dynamic control system for medical costs based on clinical pathway management, and it is a step
towards achieving the goal of reducing costs and improving quality of care. However, the consistency of
hospitalization expenditures is not equal to the standardization of health services. Hospitals should
better understand the source of the decrease in the variation of hospitalization expenditures, give
attention to the construction and implementation of clinical pathways, and set up corresponding
evaluation systems based on diagnosis and treatment protocols, and �nally promote the standardization
of doctors’ practices. These practices play an important role in achieving the goal of the DRG policy,
which is a win–win situation for all three parties: health insurers, hospitals and patients.
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Figure 1

Box chart of hospitalization expenses of patients with COPD

Figure 2

Box chart of hospitalization expenses for patients with AMI
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Figure 3

Box chart of hospitalization expenses of patients with cerebral infarction


