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Background: DIP is a new medical insurance payment system developed in China which was implemented in Guangzhou in 
January 2018, but few studies have focused on its intervention effect on the drug burden of elderly hypertensive patients.
Methods: Nine medical institutions in Guangzhou, China, were selected, among which, daily full medical orders of elderly 
hypertensive inpatients from 2016 to 2020 were randomly collected. To assess the impact of DIP policy intervention on patient 
drug burden, we took the data after policy implementation in January 2018, as the intervention data, and applied a segmented 
regression model with interrupted time series to analyze the trend and changes in average daily drug costs per month and medication 
structure, stratified by age, sex, and inpatient department.
Results: A total of 34,276 elderly hypertensive patients’ daily full medical orders were obtained. The immediate level change of drug 
costs after intervention was −23.884 RMB/month (P = 0.652), and the trend change was statistically significant (−15.642 RMB/month, 
P = 0.002). The relative cumulative effect at the end of the study was −78.860% (95% CI: −86.087% to −69.076%), and the 
intervention effect was more significant in surgical and male patients. The analysis of drug structure changes showed that after the 
implementation of the DIP policy intervention, the proportion of anti-infective drugs, anti-tumor drugs, and biological products all 
showed a significant downward trend (P < 0.05), while nutritional drugs showed a significant upward trend (P = 0.011), but no 
immediate horizontal change in slope was observed.
Conclusion: The typical practice in China showed that DIP policy intervention can improve the drug burden of elderly hypertensive 
hospitalized patients and has a stable long-term effect, and the intervention effect is not consistent across different clinical department 
and populations with different characteristics, and it would also cause changes in the medication structure.
Keywords: diagnosis-intervention packet policy, daily drug cost, interrupted time series analysis, elderly hypertension, medication 
structure

Introduction
The aging of the population and the increasing social demand for medical resources have caused the rapid growth of 
medical expenses in China.1,2 To control the unreasonable growth of medical expenses, the Chinese government is 
promoting the reform of multiple and compound medical insurance payment modes. Among them, Big Data Diagnosis- 
Intervention Packet (DIP) policy intervention,3 as original medical insurance payment mode, has been extensively piloted 
in many regions of China. With the continuous promotion of DIP policy, it can be predicted that shortly, China’s DIP 
policy will have an impact on the medical expenditure of hundreds of millions of inpatients.4
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Previous studies have found that DIP policy has a positive effect on reducing the medical expenditure but mainly 
focusses on the total cost of inpatients.5,6 With the drug zero addition reform promoted in recent years, drug costs have 
become a huge cost burden for hospitals under the DIP policy. There are few studies that rigorously evaluate the effects 
of the DIP policy on the changes in drug expenditure and medication structure.

The other hand, the elderly hypertensive population has become one of the largest chronic patient populations in 
China, and the prevalence of hypertension among the elderly over 60 years old in China has exceeded 50%.7 Elderly 
patients with hypertension as a special group, often accompanied by a variety of diseases, increased access to a variety of 
drug treatment after hospitalization. With the aging of the population, the hospitalization burden of elderly hypertensive 
patients will increase further.8 Patients are the main stakeholders of the DIP policy, and the impact of policy on drug costs 
can directly reflect the implementation effect of the policy.9 Guangzhou City has fully implemented DIP policy since 
January 1, 2018.5 To scientifically evaluate the design and implementation of the DIP policy intervention, this study 
provides systematic evidence on the medication of elderly hypertensive hospitalized patients in Guangzhou, China. We 
used the medication data before and after the implementation of the DIP policy from January 2016 to December 2020, 
the changing trend of drug expenses and the change in medication structure were compared following policy 
intervention.

Methods
Study Design
This study evaluated the implementation effect of DIP policy intervention through interrupted time-series (ITS) 
analysis.10 Taking medical institutions in Guangzhou, China, as the research background, through 60 months of 
continuous study, changes in inpatient drug costs before intervention (January 2016–December 2017) and after inter-
vention (January 2018–December 2020) for elderly hypertensive inpatients were evaluated. The study report follows the 
Transparent Reporting of Evaluations with Nonrandomized Designs (TREND) statement11 (Appendix 1) for improving 
the reporting quality of nonrandomized designs of public health interventions and the Template for Intervention 
Description and Replication (TIDieR) Checklist (Appendix 2).12

Data Sources
Data of this study are from the Hospital Prescription Cooperation Project (HPCP), which was initiated by the Hospital 
Pharmacy Professional Committee of the Chinese Pharmaceutical Association. These data have been utilized by 
previously published studies.13,14 The HPCP data were obtained by random sampling of the medication data of 
designated hospitals in China. This study adopted the medication data of hypertensive inpatients in Guangzhou in 
HPCP from 2016 to 2020 (Appendix 3 provides detailed hospital order information for different hospitals), from the 
departments where hypertensive patients are more, specifically including cardiology, neurosurgery, and cardiothoracic 
surgery departments. According to the standard for healthy Chinese older adults,15 the sampling method is extracting the 
daily full doctor orders of elderly inpatients diagnosed with hypertension and aged 60 years or older, not including 
hypertensive outpatients. The data extraction rule is 10 days are sampled in a quarter, including 2 non-consecutive 
Mondays to Fridays (national holidays are not sampled). Data extraction fields include prescription time, prescription 
number, prescription department, drug generic name, drug specification, the quantity of medicine taken, prescription 
amount, patient gender, patient age, and original diagnosis of prescription.

DIP Policy Intervention Measures
Guangzhou Healthcare Security Administration (GHSA) formulated specific intervention measures according to the 
overall requirements of China’s action plan for the reform of the medical insurance payment mode,16 which mainly 
includes four parts: the determination of the disease category grouping directory, the determination of the disease 
category score, the determination of the weight coefficient of medical institutions and the determination of the medical 
insurance payment fees. The intervention measures have been implemented since January 2018. The details are as 
follows:
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1. Determination of disease category grouping directory: based on the data of social medical insurance inpatient 
cases of designated medical institutions in Guangzhou from 2015 to 2017, according to the first clinical diagnosis 
code of discharged cases (ICD-10), combined with the surgery and operation code (ICD-9-CM-3), the relevant 
disease categories were selected and form a disease category directory for DIP.

2. Determination of disease score: when determining the disease score, “acute appendicitis: appendectomy, 
laparoscopy (K35.9:47.0101)” was taken as the benchmark disease, and each disease category score was 
determined according to the ratio of the average cost of each disease to the average cost of the benchmark 
disease. Among them, for the cases whose cost is more than 2 times the average cost of the same level in 
the previous year, the disease type score would be added, and for the disease type whose cost is less than 
50% of the average cost of the same level in the previous year, the settlement will be based on the actual 
score.

3. Determination of the weight coefficient of medical institutions: the weight coefficient is composed of the 
basic weight coefficient and the addition coefficient. The basic weight coefficients of the third-level medical 
institutions, the second-level medical institutions and the first-level medical institutions are 1, 0.728 and 
0.47, respectively. Appendix 4 provides the setting of the addition coefficient. The setting rules would be 
adjusted dynamically every year according to the actual situation.

4. Determination of medical insurance payment expense: according to the total medical insurance fund budget used 
to pay for hospitalization expenses in Guangzhou, determined by the disease category score of cases received by 
medical institutions and the weight coefficient of medical institutions.

Outcome Measures
The main outcome indicator of this study is the average daily drug cost per month of elderly hypertensive inpatients, and 
stratified analysis was conducted according to internal medicine, surgery, gender and age (60–69, 70–79, 80 and above) 
to evaluate the intervention effect of DIP policy on outcome indicators of different clinical departments and patients with 
different characteristics.

The secondary outcome indicator of this study is the proportion of drug expenditure of each category per 100 RMB, so as 
to evaluate the intervention effect of DIP policy on the change of medication structure in medical institutions. Among them, 
drug categories are mainly divided into 18 categories by reference to anatomical treatment and chemical classification (ATC 
classification), including respiratory drugs, musculoskeletal system drugs, hormone drugs, biological products, anti-infective 
drugs, anti-tumor drugs, urinary system drugs, immune system drugs, vitamins and minerals drugs, nervous system drugs, 
digestive system drugs, nutrition drugs, electrolytes and acid–base balance drugs, specialized drugs, blood system drugs, 
digestive system drugs, cardiovascular system drugs and other drugs, also including Chinese patent medicine.

Statistical Analysis
The continuous variables were expressed in mean (standard deviation) or median (interquartile interval), and the 
categorical variables were expressed in percentage. This study evaluated the effect of DIP policy intervention from the 
perspective of drug utilization. The ITS model was applied to evaluate the impact of DIP policy intervention on drug 
costs and medication structure of patients. ITS is a commonly used method to evaluate the changes in longitudinal 
sequence after quasi-trial intervention at a fixed time point.10 The time when Guangzhou implemented the DIP policy in 
January 2018 is considered the intervention time point of ITS analysis. We utilized a piecewise regression model of 
baseline trend control to estimate the level and trend change of each outcome variable after DIP policy intervention. The 
assumption of model specification was that the introduction of DIP policy intervention would affect the drug cost and 
medication structure of inpatients, and ITS regression model constructed was as follows: 

Yt=β0+β1×Tt+β2×Interventiont+β3×Timeafterinterventiont +εt 

Yt was the outcome variable. β0 was the estimated value of the outcome variable baseline level at the beginning of the 
study; β1 was the slope before intervention; β2 was the immediate level change of outcome variables after intervention; β3 
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was the long-term trend of outcome variables after intervention; Tt was the time counting variable; Interventiont was the 
intervention indicator variable; Timeafterinterventiont was the time counting variable after intervention; εt was the 
estimated value of the random error at time t. The autocorrelation level of the model was estimated through the 
Durbin–Watson test.17 If there was autocorrelation, the Prais–Winston method was used to estimate the regression, 
and the adjusted Durbin–Watson (DW) value was used to judge the adjustment effect of the model on autocorrelation.18 

The previously described method was used to estimate the relative and absolute changes of outcome variables,19 and the 
bootstrapping method was used to estimate the 95% confidence interval (CI) of the absolute and relative changes of 
cumulative effects.20 The normality test of model residuals was evaluated by the Shapiro–Wilk test. All statistical tests 
were conducted on both sides, and the difference was considered statistically significant if P < 0.05. R software was used 
for all statistical analysis, version 3.6.1 (http://www.R-project.org).

Results
Basic Characteristics
This study included 34,276 daily full medical orders of elderly hypertensive inpatients from 9 medical institutions in 
Guangzhou. The median value of the number of patients per month was 560 (quartile range: 478.25–707.25). The 
average age of patients was 73.76 years. Male patients accounted for 46.09%. Cardiology patients accounted for 87.15%. 
Local medical insurance patients accounted for 88.20%. Refer to Table 1 for data distribution in different years from 
2016 to 2020; The data of 16,770 patients were included before DIP policy intervention, and 17,506 patients were 
included after DIP policy intervention. The average daily drug cost of patients decreased from 482.98 RMB in 
January 2016 to 240.79 RMB in December 2020, and the decrease rate is 50.14% (Figure 1).

The Impact of DIP Policy Intervention on the Medication Structure
ITS modeling was carried out with the proportion of medication of each category per 100 RMB as the dependent 
variable. Autocorrelation test displayed that the distribution range of DW value or adjusted DW value was between 1.423 
and 2.508. Table 2 provides detail model parameters. The results showed that after intervention, the use of anti-infective 
drugs, anti-tumor drugs and biological products showed significant downward trends, and the trend change was 
statistically significant, with data of −0.351%/month (P = 0.012), −0.227%/month (P = 0.019) and −0.076%/month 
(P = 0.025), respectively.

In addition, before intervention, the proportion of medication in the digestive system showed an upward trend 
(0.133%/month, P = 0.029), and after intervention, the upward trend of the proportion of medication changed, with 
a trend of −0.081%/month (P = 0.259). The proportion of Chinese patent medication showed a downward trend before 
intervention (−0.042%/month, P = 0.015), and the downward trend of such drugs disappeared after the intervention. The 
proportion of nutritional medication showed a downward trend before intervention (−0.204%/month, P = 0.033), while 
after intervention, the proportion of such medication changed to an upward trend, which was statistically significant 
(0.303%/month, P = 0.011).

Table 1 Basic Characteristics of Daily Full Medical Orders in Sample Hospital from 2016 to 2020

2016 (%) 2017 (%) 2018 (%) 2019 (%) 2020 (%)

N 9039 7731 7222 6239 4045
Age, Mean (SD), y 73.8 (8.73) 74.28 (8.72) 73.89 (8.84) 73.60 (8.92) 73.04 (8.53)

Male 4387 (48.53) 3447 (44.59) 3345 (46.32) 2826 (45.30) 1729 (42.74)

Treatment department
Internal medical 8223 (90.97) 6730 (87.05) 6070 (84.05) 5420 (86.87) 3515 (86.90)

Surgery 816 (9.03) 1001 (12.94) 1152 (15.95) 819 (13.13) 530 (13.10)

Types of insurance
Non-local insurance 1990 (22.02) 658 (8.51) 568 (7.87) 485 (7.78) 342 (8.45)

Local insurance 7049 (77.98) 7073 (91.49) 6654 (92.14) 5754 (92.23) 3703 (91.55)
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The Impact of DIP Policy Intervention on Drug Burden
ITS modeling was carried out based on the dependent variables of patients’ average daily drug cost per month. The DW 
value or adjusted DW value was from 1.835 to 2.043, indicating that the model data finally included in the analysis met 
the autocorrelation test requirements.21 Table 3 shows the model parameters. The results indicated that before interven-
tion, the average daily drug cost of elderly hypertensive inpatients per month showed an upward trend (4.080 RMB/ 
month, P = 0.271), and the immediate level change of drug cost after intervention decreased (−23.884 RMB/month, P = 
0.652), and the trend change was statistically significant (−15.642 RMB/month, P = 0.002). At the end of the study, the 
estimated value of the relative cumulative effect was −78.860% (95% CI: −86.087% to −69.076%), suggesting that an 
average of −586.986 RMB was saved for each patient within 36 months after the intervention (Figure 2).

Figure 1 Trend of average daily expenses of elderly hypertensive inpatients in Guangzhou from 2016 to 2020.

Table 2 Trends of the Proportion of Different Drugs Used After Implementation of DIP Policy Intervention

Constant Pre-Intervention Trend (P) Change in Level (P) Change in Slope Per Month (P)

Pc with Chinese patent drugsa 3.033 −0.042 (0.015) −0.217 (0.459) −0.001 (0.968)
Pc with Respiratory drugsa 2.070 0.012 (0.690) 0.215 (0.695) −0.003 (0.929)

Pc with musculoskeletal drugsb 0.669 0.012 (0.539) −0.056 (0.852) −0.011 (0.567)

Pc with hormone drugsa 2.724 −0.024 (0.256) 1.188 (0.003) 0.026 (0.274)
Pc with anti-tumor drugsb 0.546 0.104 (0.206) 1.329 (0.356) −0.227 (0.019)

Pc with anti-infective drugsb 12.967 0.074 (0.527) 2.969 (0.147) −0.351 (0.012)

Pc with Urinary system drugsa 0.566 0.011 (0.336) 0.037 (0.864) 0.006 (0.647)
Pc with Immune system drugsb 7.094 −0.027 (0.735) −1.303 (0.356) −0.147 (0.137)

Pc with other drugsa 5.100 −0.065 (0.130) 0.151 (0.843) 0.102 (0.038)

Pc with nervous system drugsb 19.869 0.044 (0.861) −3.305 (0.391) 0.002 (0.995)
Pc with biological producta 0.012 0.040 (0.176) 0.601 (0.258) −0.076 (0.025)

Pc with vitamins minerals drugsb −0.158 −0.049 (0.797) −0.295 (0.793) 0.463 (0.092)

Pc with nutrition drugsb 11.118 −0.204 (0.033) 0.800 (0.594) 0.303 (0.011)
Pc with Specialist medicationa 0.342 −0.001 (0.932) 0.196 (0.434) −0.005 (0.756)

Pc with blood system drugsa 5.439 0.006 (0.918) 0.697 (0.522) 0.032 (0.643)

Pc with digestive system drugsb 5.175 0.133(0.029) −0.743(0.463) −0.081 (0.259)
Pc with cardiovascular drugsa 22.075 −0.023(0.800) 0.192(0.907) 0.091 (0.381)

Notes: aCalculated by interrupted time-series analysis; bCalculated by Prais–Winston method; Pc, Percentage.
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Table 3 Segmented Regression Analyses for the Average Daily Drug Cost per Month of Elderly Hypertensive Inpatients

Constant Pre-Intervention 
Trend (P)

Change in Level (P) Change in Slope Per 
Month (P)

Absolute Change by the End of the 
Study (95% CI)

Relative Effect by the End of the 
Study (95% CI)

Total numberb 499.518 4.080 (0.271) −23.884 (0.652) −15.642(0.002) −586.986 (−791.259 to −383.693) −78.860% (−86.087% to −69.076%)

Treatment 
department

Internal 

medicineb

484.979 2.404(0.394) −69.722(0.125) −11.622(0.001) −488.127 (−659.351 to −317.401) −77.577% (−84.779% to −67.130%)

Surgerya 522.177 28.124(<0.001) −149.342(0.229) −49.635(<0.001) −1936.218 (−2603.071 to −1302.150) −87.626% (−94.108% to −78.483%)

Genders

Maleb 463.152 11.071(0.017) −45.608(0.500) −25.319(<0.001) −957.0794 (−1212.292 to −703.822) −84.893% (−90.454% to −78.020%)
Femaleb 509.360 1.104(0.670) −78.393 (0.081) −9.718(0.002) −428.238 (−608.852 to −251.364) −74.395% (−83.091% to −60.796%)

Ages

60–69b 417.375 9.751(0.004) −101.659(0.075) −21.236(<0.001) −866.138 (−1121.401 to −618.964) −86.405% (−92.262% to −78.982%)
70–79b 459.694 9.989(0.005) −112.237(0.060) −22.047(<0.001) −905.922 (−1153.747 to −661.345) −85.541% (−91.148% to −78.379)

>80b 571.2189 −0.459(0.916) −37.849(0.586) −8.935(0.098) −359.4981 (−625.834 to −99.872) −66.122% (−80.557% to −33.361%)

Notes: aCalculated by interrupted time-series analysis; bCalculated by Prais-Winston method.
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The subgroup analysis is shown in Table 3. The relative cumulative effect of surgical patients at the study cutoff point 
after DIP policy intervention was −87.626% (95% CI: −94.108% to −78.483%), and the trend change was −49.635 RMB/ 
month (P < 0.001), displaying a more evident daily drug cost decrease compared to internal medicine patients. The 
relative cumulative effect of male patients at the study cutoff point was −84.893% (95% CI: −90.454% to −78.020%), 
and the trend change amount was −25.319 RMB/month (P < 0.001).

Compared with patients aged 60–69 years and 70–79 years, among patients aged 80 years and above, DIP policy 
intervention showed no significant impact on the trend change of patient monthly average daily drug costs (−8.935 RMB/ 
month, P = 0.098) (Figure 2, Table 3).

Discussion
As far as we know, this study is the first to utilize the real-world medication data of sample hospitals, rather than survey 
data or public drug procurement data, and quantitatively analyzed the drug costs and medication structure of hypertensive 
inpatients before and after DIP policy intervention.

Figure 2 Effect of Diagnosis-Intervention Packet (DIP) policy intervention on Drug Burden of Elderly Hypertensive Inpatients. 
Notes: (A) The intervention effect of all populations; (B) aged 60–69; (C) aged 70–79; (D) elderly people aged 80 and above.
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Our results indicated that DIP policy intervention can improve the drug burden of elderly hypertensive inpatients. The 
research conclusion is basically consistent with the previous qualitative research,5 which involves all disease types. Our 
study further found that during the period from 2016 to 2020, the implementation of DIP policy reduced the drug burden 
of elderly hypertensive inpatients by 78.860%, and its intervention effect was particularly significant among the elderly 
aged 60–69 and 70–79. With the continuous promotion of DIP policy,4 it can be predicted that shortly, China’s DIP 
policy will benefit a wider range of patients.

ITS design is considered to be the best quasi-experimental design to evaluate the vertical effect of policy intervention.22 

Compared with randomized controlled trials (RCT), ITS analysis has broad population qualification and optimizes the external 
validity of the study.23 DIP policy is a payment mode based on the basic theory of diagnosis-related groups (DRGs),3 

distinguishing the combination of disease types according to the disease classification logic of DRGs and formulating 
corresponding scores, and settles accounts according to the score. The disease combination of DIP is formed by exhausting 
the random combination of “disease diagnosis” and “treatment method” in real-world medical records, and the payment 
standard of each combination is determined, and then implemented by the hospital. The published research shows that since 
the implementation of the DIP policy in Guangzhou, the total health expenditure has decreased by 3.5%.5

Our study further found that for elderly hypertensive inpatients, the intervention effect on surgical patients was more 
significant, and the average daily drug cost decreased by 87.626%. In our study, among all the surgical departments, 
neurosurgery and cardiothoracic surgery were selected where the majority of hypertension population are received, 
because the two complications, stroke and cardiovascular disease, may be treated there.24,25 Generally, surgery is 
dominated by surgical treatment, while each disease in the DIP has a fixed score, and the drug costs have been converted 
into department medical costs.3,5 To obtain better benefits, surgeons are more motivated to reduce using non-essential 
drugs, thereby reducing drug expenditure.

In addition, the intervention effect on patients of different genders is not consistent, especially for male patients, 
whose drug cost decreased by 84.893% after intervention, which may be related to the difference in the comorbidity of 
hypertensive patients of different genders.26 Some studies have shown that male patients have a higher risk of developing 
diabetes,27 CCDs than female patients,28 and male patients are more likely to be accompanied by smoking, drinking and 
obesity,29 which leads to an increased number of comorbidities, and further give rise to drug costs.30 Therefore, before 
intervention, male patients may afford high drug costs and see large invention space. On the other hand, excessive 
reduction of drug costs may also cause insufficient treatment. Therefore, the difference in comorbidity patterns resulted 
from different patient characteristics should be taken into account in the control of drug costs for elderly hypertensive 
inpatients by DIP policy, and corresponding and targeted measures should be executed.

DIP policy will also cause changes in the drug structure of elderly hypertensive patients. The meaning of drug 
structure is the types of drugs used by patients during hospitalization. Our study shows that after the policy intervention, 
the uses of anti-infective drugs, anti-tumor drugs, and biological products all showed a significant downward trend, 
which may also be related to the “4+7” volume-based drug procurement (“4+7” policy) and National Reimbursement 
Drug List Negotiation (NRDLN) by the Chinese government.31,32 These two superimposed policies involve multiple 
anti-infective drugs and anti-tumor drugs. However, the price of “4+7” policy drugs and NRDLN drugs generally 
declined significantly, which may lead to superimposed effects on the results of this study.33 Moreover, it is worth noting 
that after DIP policy intervention, the proportion of nutritional medication showed a significant upward trend, and the 
clinic should be alert to the risk of such irrational medication.

Finally, this study has several limitations. Firstly, this study is only conducted in Guangzhou, which may not represent 
the overall situation in China. However, as a practical case, this study serves to illustrate that the rapid growth of drug 
costs can be effectively controlled in China. Secondly, the confusion of other policy interventions may lead to deviation 
in ITS analysis. For example, the “4+7” policy and NRDLN policy.32,33 Therefore, this study may overestimate the 
impact of DIP policy. In addition, for individual patients, we must further consider the consistency between diagnosis and 
treatment, between comorbidity states and treatment. The COVID-19 pandemic may also affect on medical expenditures 
and medical structure. Lastly, this study focused on the macro-policy level, and did not conduct follow-up studies on 
individual patients based on the consideration of data size and data accessibility. In the future, it is necessary to collect 
relevant data to study the change of drug burden from the individual patient level.
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Conclusions
In this study, 34,276 daily full medical orders of elderly hypertensive patients from 9 medical institutions in Guangzhou 
from 2016 to 2020 were used to make ITS study, and to prove that DIP policy intervention can improve the drug burden 
of elderly hypertensive inpatients. The effect is higher on surgical inpatients than internal medical inpatients, higher on 
male patients than female patients. In addition, the implementation of the DIP policy intervention has also led to changes 
in the medication structure of patients. In the future, the Chinese government should continue to play a leading role, and 
pay attention to the impact of DIP policy on different characteristic patients and different departments of the hospital, so 
as to optimize medication structure and achieve reasonable control of drug costs.
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