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How do inpatients’ costs, length of stay, G

and quality of care vary across age groups
after a new case-based payment reform
in China? An interrupted time series analysis
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Abstract

Context A patient classification-based payment system called diagnosis-intervention packet (DIP) was piloted in a
large city in southeast China in 2018.

Objective This study evaluates the impact of DIP payment reform on total costs, out-of-pocket (OOP) payments,
length of stay (LOS), and quality of care in hospitalised patients of different age.

Methods An interrupted time series model was employed to examine the monthly trend changes of outcome vari-
ables before and after the DIP reform in adult patients, who were stratified into a younger (18-64 years) and an older
group (> 65 years), further stratified into young-old (65-79 years) and oldest-old (> 80 years) groups.

Results The adjusted monthly trend of costs per case significantly increased in the older adults (0.5%, P=0.002) and
oldest-old group (0.6%, P=0.015). The adjusted monthly trend of average LOS decreased in the younger and young-
old groups (monthly slope change: -0.058 days, P=0.035; -0.025 days, P=0.024, respectively), and increased in the
oldest-old group (monthly slope change: 0.107 days, P=0.030) significantly. The changes of adjusted monthly trends
of in-hospital mortality rate were not significant in all age groups.

Conclusion Implementation of the DIP payment reform associated with increase in total costs per case in the older
and oldest-old groups, and reduction in LOS in the younger and young-old groups without deteriorating quality of
care.

Keywords Payment reform, Case-based payment, Diagnosis-intervention packet, Cost, Out-of-pocket payment,
Quality of care, Older adult

Introduction

In China, health care spending has been increasing
rapidly since 2009, a growth rate of 14.1% from 2009
to 2019, higher than that of gross domestic product
(GDP) [1], given the aging population [2]. By 2030, those
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health care cost for older adults was increasing faster
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than other age groups [4]. Per capita health care cost
for older adults was about 3-5 times higher than costs
for other adults. It is estimated that China’s expenditure
with older adults will almost double over the next three
decades, increasing from 138 billion CNY in 2015 to 263
billion in 2050 [5].

In recent years, a new case-based payment system
called diagnosis-intervention packet (DIP) was devel-
oped and piloted in China to increase transparency of
resource consumption by standardising reimbursement
and achieve greater efficiency by reducing unnecessary
services. In 2018, DIP payment under regional global
budget pilot reform launched in a large city in southeast
China, relying on a new classification of patients based on
combinations of the principal diagnosis, identified by the
first four digits of ICD-10 code (International Classifica-
tion of Diseases-10th revision) and procedures, identified
by the ICD-9-CM3 code (International Classification of
Diseases-Ninth Revision, Clinical Modification), result-
ing in a thorough classification of more than 10,000
groups. It differs from the previous fixed rate per admis-
sion with a cap on annual total compensation policy pre-
viously implemented in the city. It is a type of case-based
payment under the regional global budget. Based on his-
torical cost data, relative weights are assigned to patient
groups to reflect market-wide (typically, at the prefec-
ture-city level) resource utilization relative to different
groups. Relative weights are then converted to payments
according to the global insurance budget of the market
[6]. Unlike the DRGs-based payment, DIP payment sys-
tem mainly uses the ICD-10 and ICD-9-CM3 to identify
the principal diagnosis and the procedure, respectively,
while demographic and administrative variables (such as
age, gender, and discharge status) are not used in classifi-
cation. In addition, unlike the usual practice of the DRG-
based payment in which the absolute reimbursements for
each case are fixed in advance, the actual monetary pay-
ments are determined ex post based on the point value,
although the relative values of DIP groups are fixed under
the DIP-based payment [7].

Evidence from developed and developing countries
showed that a case-based case-mix funding system might
encourage inadequate practices, for example, selecting
low-severity patients. Moreover, physicians might refuse
complex patients because their treatment would lead to
more resource consumption [8]. In China, the few studies
that examined impacts of DRGs-based payment obtained
mixed results on length of stay (LOS), mortality, cost and
out-of-pocket (OOP) payments in all age groups [9-11].
In contrast, studies on this topic in European countries
focused on quality of care and health care expenditure
among inpatients. For instance, older patients, especially
those aged 75 to 80, were reported to have longer LOS
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and higher total costs under DRGs-based payment, as
well as more diagnoses per patient and a greater mortal-
ity than younger patients [12—14]. However, DesHarnais
et al. [15] showed that age alone, in the absence of comor-
bidities or complications, only slightly increased hospital
stay and resource consumption over most conditions for
older Medicare patients. Importantly, international stud-
ies demonstrated that older groups present a challenge to
the DRGs-based systems.

We hypothesized several changes following the DIP-
based payment implementation. First, incentives for
hospitals to decrease the probability of refusing elderly
patients within the actual DIP, as the weight for older
adults is recalibrated. Specifically, 1 percentage point will
be added if the proportion of the number of inpatients
of the elderly aged 60 or above in the designated medi-
cal institutions is equal to or greater than the average
level of the pilot city. Second, expenditures per admission
might increase, as the actual payments for cases treated
are flexible rather than fixed in advance to contain total
hospital reimbursements within the predetermined
regional healthcare budget, thus the demand for medical
services may be released. In addition, short anticipated
length of stays, in order to cost savings. Finally, under the
strong incentives of costs reducing, the quality might be
affected.

The association between case-based payment, health-
care quality, healthcare expenditure and OOP payments
in older adults have not been widely examined in China.
Internationally, there is significant inaccessibility to ser-
vice and unintended consequences with healthcare costs
and quality of care among older patients under prospec-
tive payment systems [16—18]. If the case-based reim-
bursement scheme is inequitable, the current prospective
payment system may provide a financial disincentive for
hospitals and have adverse effects on hospital behaviour.

This study evaluated the impact of a DIP payment
reform pilot in a large city in southeast China, in order
to examine its association with health care outcomes (in-
hospital mortality and LOS) along with its effect on total
costs per case and OOP payments in different age groups,
especially older patients. This study provides informa-
tion to hospital administrators for achieving better health
care services for older adults under the implementation
of DIP-based global budget payment.

Methods

Data and population

We acquired de-identified patient-level discharge data of
hospitalised patients in all contracted hospitals in the city
from 2016 to 2019. The dataset included information on
patient characteristics (e.g. age, sex, and insurance type),
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inpatient services (e.g. admission and discharge date, and
discharge status), diagnoses, procedures and costs, and
hospital level (tertiary, secondary and primary) and own-
ership (public and private).

The Health Security Administration of the city admin-
isters two main local social basic health insurance
schemes, i.e. the urban employee basic medical insur-
ance scheme (UEBMIS) and the residence basic medical
insurance scheme (RBMIS), accounting for 7.52 million
(50% of the population) and 4.96 million people (33%)
in 2018, respectively [19]. Since the reimbursement rate
of the RBMIS increased greatly in January 1%, 2018,
coinciding with the time of the DIP reform and affect-
ing OOP payments, we included only patients covered
by the UEBMIS to identify net effects of the payment
reform. To observe the impact of DIP reform across
different ages of patients, we stratified them: younger
(18-64 years) and an older group (>65 years), further
stratified into young-old (65-79 years) and oldest-old
(>80 years) group [20, 21].

Study variables

We selected four outcome variables: 1) costs: total costs
per case of discharged patients; 2) affordability of patients:
OOP payments per case; 3) efficiency: average LOS; and
4) quality: in-hospital mortality rate. Total costs and out-
of-pocket payments were adjusted to 2019 considering
inflation using annual consumer price index of China
[22]. LOS was calculated by the interval between admis-
sion and discharge dates. In-hospital mortality was identi-
fied by discharge status. Total costs, OOP payments and
LOS were continuous variables and in-hospital mortality
was constructed as a dichotomous variable (0 or 1) at the
patient-level. We used covariates of patient characteris-
tics: age, sex and Charlson Comorbidity Index (CCI), and
hospital characteristics: accreditation level and ownership
of hospitals. CCI was a measurement of patient severity
based on comorbidities and was calculated according to
ICD-10 codes of secondary diagnoses [23, 24].

Statistical analysis

Patient characteristics and outcome variables were
first compared before and after the DIP reform using
t-test and chi-square test. Then we applied a quasi-
experimental interrupted time series (ITS) study
design to examine change of monthly trend of four
outcome variables in hospitalised patients covered by
the UEBMIS before (January 1%, 2016 to December
31%, 2017) and after (January 1%, 2018 to December
31%%, 2019) the DIP reform. We used segmented regres-
sion model as specified:
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Yy = Bo+ 1T: + B2DIPt + B3sDIP Ty + aX; + &

(1)
where Y; represents the aggregated outcome variable
in each month. Total costs per case and OOP pay-
ments per case were logarithmically transformed to
adjust the skewed distribution. T, is a monthly lin-
ear time trend of 48 months; DIP, is a dummy vari-
able, which equals 0 before the DIP reform and equals
1 after the reform; and DIP,T, is their interaction. X,
is a vector of control variable at the year-month level,
including the number of discharge cases, age, sex,
CClI, hospital level, hospital ownership, and season-
ality. The intercept Bp represents the baseline level
of the outcome variable, and B is the monthly slope
(trend) of the outcome variable before the DIP reform.
B2 and B3 are change of the level and slope of the out-
come variable after the reform, respectively. We han-
dled the autocorrelation by fitting a Prais-Winsten
estimation with the Durbin-Watson statistic, and used
robust standard error [25, 26].

We first estimated the impacts on outcome variables in
all adult patients covered by the UEBMIS. Then, we per-
formed stratified analyses between the younger patients
and the older ones, and between the young-old patients
and oldest-old patients. We used 5% as the significance
level. All analyses were conducted using Stata 16.0 for
Windows.

Results

Descriptive statistics

Table 1 summarised the sample characteristics. We iden-
tified 1,721,889 discharge cases covered by the UEBMIS
before the DIP reform, and 2,106,654 cases after the
reform. The proportion of younger patients and oldest-
old patients slightly increased after the reform. More
than 80% and 90% of the patients were from the tertiary
and public hospitals, respectively. In the whole sam-
ple, the total costs per case and OOP payments per case
increased significantly (P=0.000) after the DIP payment
reform, while the average LOS and in-hospital mortal-
ity rate decreased significantly (?P=0.000). In different
age groups, the change patterns of outcome variables
were similar, except for total costs per case and OOP
payment per case in patients aged 80 and above, which
decreased after the reform; and average LOS in this
group increased after the DIP reform. When comparing
across age groups, total cost per case was higher in older
adults, while OOP payments per case was the lowest in
the oldest-old group. Average LOS and in-hospital mor-
tality rate both increased with age.
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Variables Before DIP reform, 2016-2017 After DIP reform, 2018-2019 P value
Patient characteristics
Discharge cases, No 1,721,889 2,106,654
Age, No. (%) 0.000
18-64 1,032,761 (59.98) 1,276,735 (60.60)
65-79 444,244 (25.80) 520,388 (24.71)
>80 244,884 (14.22) 309,531 (14.69)
Male sex, No. (%) 783,263 (45.49) 972,573 (46.17) 0.000
Charlson Comorbidity Index, mean (SD) 0.77 (1.33) 0.96 (1.52) 0.000
Hospital level, No. (%) 0.000
Tertiary 1,431,706 (83.15) 1,749,473 (83.05)
Secondary 233,494 (13.56) 278,935 (13.24)
Primary 56,689 (3.29) 78,246 (3.71)
Hospital ownership, No. (%) 0.000
Public 1,631,031 (94.72) 1,990,426 (94.48)
Private 90,858 (5.28) 116,228 (5.52)
Patient outcomes, mean (SD)
All patients
Total costs per case (RMB) 16,187.40 (19,901.94) 16,657.84 (19,705.70) 0.000
Out-of-pocket payments per case (RMB) 6373.27 (12,672.19) 6524.58 (12,427.80) 0.000
Length of stay (days) 9.68 (11.49) 932(11.27) 0.000
In-hospital mortality (%) 1.39(11.71) 1.28 (11.25) 0.000
Age group: younger (18-64)
Total costs per case (RMB) 15,521.60 (19,404.23) 16,108.73 (19,430.28) 0.000
Out-of-pocket payments per case (RMB) 652832 (12,51891) 6873.86 (12,360.19) 0.000
Length of stay (days) 8.49 (10.07) 7.96 (9.81) 0.000
In-hospital mortality (%) 0.64 (7.96) 0.54 (7.34) 0.000
Age group: young-old (65-79)
Total costs per case (RMB) 17,885.85 (21,436.15) 18,538.62 (21,498.90) 0.000
Out-of-pocket payments per case (RMB) 6813.50 (13,717.18) 6988.48 (13,618.09) 0.000
Length of stay (days) 10.63 (11.80) 10.26 (11.19) 0.000
In-hospital mortality (%) 1.65(12.74) 1.51(12.19) 0.000
Age group: oldest-old (80+)
Total costs per case (RMB) 15,921.15(1884.18) 15,770.71 (17,346.11) 0.002
Out-of-pocket payments per case (RMB) 4926.84 (11,150.59) 4301.29 (10,166.95) 0.000
Length of stay (days) 12.97 (15.16) 1336 (15.21) 0.000
In-hospital mortality (%) 4.10(19.83) 3.96 (19.51) 0.010

DIP denoted the Diagnosis-Intervention Packet payment reform. Total costs and out-of-pocket payments were adjusted to 2019 considering inflation using annual

consumer price index of China

Total costs per case

The adjusted monthly trend of total costs per case in
all adult patients covered by the UEBMIS showed an
insignificant reduction (-0.3% per month, P=0.067)
in the pre-DIP period (Table 2 and Fig. 1A). The DIP
reform resulted in a significant increase of its imme-
diate level at 4.1% (P=0.016) and increase of monthly
trend at 0.5% per month (P=0.060). In the stratified
analysis (Fig. 2A), the level of costs per case was always
higher in older adults compared to the younger group.

Before the reform, the adjusted monthly trend was not
significant in any group. While after the reform, total
costs per case in older adults showed a significant
increase of the immediate level (2.8%, P=0.013) and
the monthly slope (0.5%, P=0.002). When comparing
the young-old and oldest-old groups (Fig. 3A), total
costs per case of the latter were lower than the former.
The monthly trend both increased in the post-DIP
period, but only increased significantly in the oldest-
old patients (0.6%, P=0.015).
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Fig. 1 Monthly trends in adjusted total costs per case (in log form), out-of-pocket payments per case (in log form), length of stay and in-hospital
mortality rate of hospitalized adult patients covered by the urban employee basic medical insurance

Out-of-pocket payments per case

OOP payments per case in all patients showed an
increase while not significant monthly trend (1.6%,
P=0.301) before the DIP payment reform, and the
change of its monthly slope was negative but not signifi-
cant (-1.1%, P=0.713) either (Table 2 and Fig. 1B). The
baseline monthly trends and monthly slope changes in
the younger, older adult and young-old groups showed
a similar pattern with the whole sample (Figs. 2B and
3B). While in the oldest-old group, OOP payments per
case decreased by 1.0% per month (P=0.255) before the
reform and increased by 2.5% per month (P=0.057) after
the DIP payment reform occurred.

Average length of stay

The average LOS significantly decreased 0.051 days per
month before the DIP payment reform (P=0.001), and
this declining trend remained unchanged after the reform
(-0.008 days per month, P=0.709) overall (Table 2 and
Fig. 1C). The adjusted average LOS both decreased for
younger and older groups but was only significant for

older adults (0.019 days, P=0.286; 0.059 days, P=0.000,
respectively) before the reform. After the reform, the
average LOS only decreased significantly in the younger
group (0.058 days, P=0.035) (Fig. 2C). The average LOS
in the young-old group showed a significantly declining
baseline monthly trend (0.038 days, P=0.000) and a sig-
nificantly decreasing monthly trend change (0.025 days,
P=0.024) associated with the DIP reform. In the oldest-
old group, the average LOS also decreased significantly
in the baseline period (0.097 days per month, P=0.001),
while showed a significant positive change of monthly
slope (0.107 days per month, P=0.030) in the post-
reform period (Fig. 3C).

In-hospital mortality rate

The overall adjusted in-hospital mortality rate presented
a descending, but not significant, monthly trend before
the DIP payment reform (Table 2 and Fig. 1D). After the
reform, the immediate level change and monthly slope
change were both not significant. In each age group, the
in-hospital mortality rate showed a similar decreasing
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Fig. 2 Monthly trends in adjusted total costs per case (in log form), out-of-pocket payments per case (in log form), length of stay and in-hospital
mortality rate in hospitalized patients covered by the urban employee basic medical insurance with different age groups (younger patients aged

18-64 vs older patients aged 65 +)

trend in the baseline, monthly slope (younger group:
-0.011 percentage points, P=0.021; elderly group: -0.013
percentage points, P=0.303; young-old group: -0.010
percentage points, P=0.184; oldest-old group: -0.039
percentage points, P=0.182), and the monthly slope
change after the DIP payment reform was not signifi-
cant (younger group: 0.012 percentage points, P=0.058;
elderly group: -0.030 percentage points, P=0.229;
young-old group: -0.014 percentage points, P=0.274;
oldest-old group: -0.009 percentage points, P=0.869)
(Figs. 2D and 3D).

Discussion

In this study, the implementation of DIP-based pay-
ment system was associated with significantly increase of
monthly trend of total costs per case in the whole sam-
ple and older adult group. OOP payments presented an
upward trend in the oldest-old group after the DIP-based
payment. DIP reform resulted in a slight reduction of

monthly trend of LOS in the young-old group and a sig-
nificant increase in the oldest-old group. The in-hospital
mortality showed a monthly downward trend in the older
group after the DIP-based payment, while the result was
not statistically significant.

The supply of medical services among the older
group might increase in the period after the reform,
thus improving patient accessibility. Total costs per
case tend to be greatest among oldest-old group—
associated with long lengths of stay and more intensive
medical investments. The incidence of comorbidities
and functional impairment is higher in older adults:
oldest-old patients had more diagnoses and higher
severities and the cost typically exceed those in other
age groups [27]. Previous studies arrived at simi-
lar conclusions, suggesting that resource use within
DRGs-based payment may vary according to health
severity [28-31]. Current findings support the view
that DIP-based payment system will account for the
most differences in costs.
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Fig. 3 Monthly trends in adjusted total costs per case (in log form), out-of-pocket payments per case (in log form), length of stay and in-hospital
mortality rate in hospitalized patients covered by the urban employee basic medical insurance aged above 65 years (young-old patients aged

65-79 vs oldest-old patients aged 80 +)

DIP-based global payment system implementation
was associated with an increase of monthly trend in
OOP payment among the oldest-old group, but no sig-
nificant differences were found, possibly since DIP pay-
ment reform itself has no inherent incentive for changes
in OOP payment. It also implies that physicians did not
significantly increase OOP use, not placing the burden
on patients, despite the increase in the annual total costs
per case. The DIP payment reform implementation might
have the smaller effect of relieving the financial burden
on severe patients. Furthermore, although there is a
risk of hospitals mainly focus on patients whose treat-
ment costs are borne by themselves, and reject or just
avoid Medicare patients, our study did not observe this
phenomenon.

Changes in LOS were observed in young-old groups.
The implementation of DIP-based payment may have
stimulated behavioural changes leading to efficient dis-
charge planning, higher reimbursement for older adults
with higher severity [26]. On one hand, the increased

severity of diseases found in young-old patient group
may be mainly chronic and lead to more frequent dis-
charges rather than more intensive care during individual
discharges. On the other hand, compared with increasing
LOS, more cost-effective mechanisms might be provided
by the hospital for young-old patients to reduce mortal-
ity. Further, hospitals have the choice of either providing
more nursing care (or other support) for patients over 80
or keep them longer under DIP.

Several factors may be behind the monthly down-
ward trend of in-hospital mortality in the older Medi-
care patient group, partly because a shorter LOS per se
is due to less time facing risks. Hospitals may tend to
develop clinical pathways for more efficient care deliv-
ery without deteriorating the healthcare outcomes
under the implication of DIP [32]. However, the pre-
vious literature does not examine the impact of DRG-
based payment systems on in-hospital mortality across
different ages. Quality outcomes, in terms of mortality,
are helpful indicators to evaluate DRGs-based payment
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but have been criticised as insufficiently sensitive for
healthcare quality [33].

The DIP reform has received the attention of policy-
makers in China. Current findings suggest that DIP-
based payment can achieve real changes in the delivery
of health care in hospitals. There is no discrimination
against specific types of patients. Our results suggest
that hospital reimbursement would be more equitable if
age (especially> 65 years) was considered in determin-
ing hospital reimbursement. Importantly, DIP-based
payment facilitates the comparison of the difference in
treatment costs between different medical institutions
for the same illness combination, effectively promot-
ing the professional division of labour and competition
among medical institutions in the region, which can con-
tribute towards assessing and supervising of competent
departments [34]. This is the first study to evaluate the
effect of DIP-based payment on cost, quality of care, and
OOP payments across different age groups. It can enable
the development of efficient and appropriate healthcare
strategies to improve care quality. Moreover, it encour-
ages further large-scale, multicentre studies.

Our study has some limitations. First, the sample are
patients covered by the urban employee basic health
insurance scheme (UEBHIS), limiting the generalisability.
But individuals with UEBHIS represent most of the med-
ical insurance population and demonstrated the great-
est effect of DIP care quality and cost. Second, our study
included only a short-term implementation period of the
DIP-based global payment. Future studies are needed to
evaluate the long-term impact of the DIP-based global
system on cost, quality, and OOP payments. Third, our
study included patients at all age groups but did not con-
sider possible variations in health during different ages.
Fourth, findings are likely to be influenced by additional
factors, health status, severity of illness and social set-
tings, which should be explored.

Conclusion

The DIP-based payment system slightly increased the total
cost per case of older and oldest-old adults, and reduced
LOS of younger and young-old patients without dete-
riorating quality of life. The oldest-old group had more
diagnoses and higher admission severity of diagnosis per
patient, demonstrating higher OOP payment and longer
LOS. These findings suggested that the DIP-based pay-
ment system may be adequate for older adults and support
the continued implementation and enlargement of the
DIP-based payment system in China, given its potential for
inducing a shift in hospital supply services. Further studies
are required to evaluate the association of the DIP-based
payment system with in-hospital care to improve both the
effectiveness and medical quality of the health care system.
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DIp Diagnosis-intervention packet

OOP Out-of-pocket payments

LOS Length of Stay

GDP Gross Domestic Product

ICD-10 code International Classification of Diseases-10th revision

ICD-9-CM3 code  International Classification of Diseases, Ninth Revision, Clinical

Modification

UEBMIS The Urban Employee Basic Medical Insurance Scheme
RBMIS The Residence Basic Medical Insurance Scheme

ca Charlson Comorbidity Index

ITS Interrupted Time Series
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