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Background: Danhong injection (DHI) accounts for the highest proportion of drug costs
for inpatients with coronary heart disease (CHD). However, if DHI price influences utilization
remains unclear.

Objective: The objective was to compare changes in the use of DHI for CHD patients
during three stages after two comprehensive reforms of public hospitals in Beijing. These
findings will provide support for controlling the drug burden of CHD patients and regulating
drug use behavior.

Research Design: CHD diagnosis and treatment data were extracted from the Hospital
Information System (HIS) of 33 public hospitals. Patients were grouped according to
different treatment methods and clinical classifications. Changes in the utilization of DHI,
including the use rate (the percentage of CHD patients using DHI), number of prescribed
units (average number of units of DHI prescribed per hospital stay), and cost of DHI per
hospital stay (equal to the unit price multiplied by the number of prescribed units) between
the three stages were statistically analyzed. Association rules were applied to identify
changes in drug combinations.

Results: After the two reforms, the unit price of DHI dropped from $6.46 to $5.61. At the
same time, the use rate increased from 20.77 to 24.00%, the number of prescribed units
dropped from 29.76 to 29.21, and the cost of DHI per hospital stay dropped from $192.12
to $163.96. The changes in the use rate and number of prescribed units varied among
patients with different clinical types and treatment methods, and the cost of CHI per
hospital stay was consistent with the overall situation. The variety of drugs used in
combination with DHI remained relatively stable.

Conclusion: The use rate of DHI for CHD patients increased, indicating increased
applications of DHI in clinical practice. Due to the drop in price, the cost of using DHI
decreased, and the financial burden of this drug was reduced.
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INTRODUCTION

Danhong injection (DHI) is a preparation extracted from the
traditional Chinese medicine Danshen and safflower according to
a scientific formula that has the function of promoting blood
circulation by eliminating blood stasis (Jing et al., 2011). In China,
DHI is widely used for the clinical treatment of various cardiovascular
and cerebrovascular diseases including stable or unstable angina,
acute coronary syndrome, acute myocardial infarction, stroke,
transient ischemic attack, and hypertension (Feng et al., 2019; Li
et al,, 2020). Nevertheless, a previous study found that DHI is the
most commonly used traditional Chinese medicine for patients with
coronary heart disease (CHD) (Li et al ., 2014).

Before 2009, China’s healthcare system reform focused on
setting prices for basic health services with a 15% markup allowed
for drug sales. The policy intended to keep basic health services
affordable and ensure widespread access, especially for poor
farmers. At the time, the government adopted a cost recovery
policy in hospital financing, so subsidies to hospitals were greatly
reduced. A bonus system was used to reward doctors based on the
monetary value of the medicines they prescribed. Thus, financial
pressures and the bonus system incentivized physicians to
generate revenue for the medical institution and themselves by
overprescribing medication (Zhu et al., 2019).

After 2017, China’s medical and health system reform entered a
new stage. To reduce the tendency of hospitals to overprescribe
drugs, drug markup in public hospitals in China was completely
abolished in 2018. Beijing launched two rounds of comprehensive
reforms of public hospitals on 8 April 2017 and 15 June 2019. In the
first round of reform, 15% of drug markups (except for Chinese
medicine decoction pieces) were abolished (Liu et al., 2019). In the
second round of reform, the medical consumables markup was
eliminated and volume-based procurement (VBP) of drug and
medical consumables was implemented (Gao et al., 2021).

Previous studies have demonstrated that drug fees were
effectively controlled after these reforms and that the
proportion of drug costs of total costs dropped significantly
(Liu et al, 2021). While the price of DHI fell after these
reforms, few studies have examined the effects of this price
change on the use of this drug.

To fill this research gap, this study analyzed changes in the use
of DHI by CHD patients before and after the two comprehensive
reforms of public hospitals in Beijing. These findings will provide
data on controlling the drug burden of CHD patients and
regulating drug use behavior.

Research Hypothesis

We predict that, after the implementation of the reforms leading to
the decrease in the price of DHI, the use rate of DHI for CHD
patients increased and the cost of DHI per hospital stay decreased.

METHODS

Data Sources
Data were obtained from the Hospital Information System
(HIS) of 33 public hospitals in Beijing, which ensures the
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authenticity, accuracy, and completeness of the data. Data
from the “Medical Record Table,” “Diagnosis Record Table,”
and “Charge Details Table” were obtained. The “Medical
Record Table” mainly includes basic information such as
the patient’s admission date, discharge date, and hospital
name. The discharge date was used to determine the stage
of the reform when the patient was treated. The “Diagnosis
Record Table” includes information related to the patient’s
condition and treatment, including main diagnosis, secondary
diagnosis, main surgery/operation, and secondary surgery/
operation. In this study, the main diagnosis was used to
identify CHD patients and the main surgery/operation was
used to identify the treatment methods. The “Charge Details
Table” includes detailed information about the name of the
diagnosis and treatment item, item category, item unit price,
and quantity of items used. The name of the diagnosis and
treatment item was used to determine whether a patient was
treated with DHI.

Data Processing

First, we extracted the data of patients for who the first three digits
of the main diagnosis ICD-10 code ranged from 120 to 125 and
whose discharge date was between 1 January 2016 and 31
December 2019. Next, the data were cleaned to delete
duplicate records, records with missing key fields, and
abnormal data. Lastly, records with a primary diagnosis of
CHD were included and any records with a secondary
diagnosis were excluded. This resulted in a total of 66,647
medical and diagnosis records and 24,371,139 charge details
records being included in the final analysis.

Since there are many clinical types of CHD, only types with a
sufficient number of medical records were selected. Unstable
angina pectoris (120.0), acute subendocardial myocardial
infarction (I21.4), and arteriosclerotic heart disease (I125.1)
had a considerable number of patient records. Thus, these
three clinical types were selected for further analysis. Due to
large differences in costs, the various treatment types were
divided into three categories: medical treatment,
percutaneous coronary intervention (PCI), and coronary
artery bypass grafting (CABG).

Based on the timing of the hospital stay relative to the
implementation of the two hospital reforms, the included
patient records were divided into three stages: 1) the pre-
reform stage, with discharge dates between 1 January 2016
and 7 April 2016; 2) the first reform stage, with an admission
date on or after 8 April 2017 and a discharge date before 14 June
2019; and 3) the second reform stage, with an admission date on
or after 15 June 2019 and a discharge date before 31
December 2019.

All cost estimates were converted to United States dollars ($)
based on 2019 exchange rates (1 USD = 6.8967 CNY).

Statistical Analysis

Statistical analysis was performed using Excel software
(Microsoft). The use rate, number of prescribed units, and
cost of DHI per hospital stay were calculated separately for
each of the three stages. The following formulas were used:
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Use rate = Z (number of hospitalizations using DHI)

/total number of hospitalizations,
Number of prescribed units = Z (number of DHI uses)
/total number of hospitalizations,
Cost of DHI per hospital stay = z (cost of DHI use in the hospital)

/total number of hospitalizations.

Association Rules
Association rules are a data mining (DM) method that aims to
discover the association relationships between data (Bayardo and
Agrawal, 1999). It was first applied to the problem of shopping basket
analysis to discover connections between different commodities in
consumer transaction data to identify consumer purchase behavior
patterns in order to enable better formulation of marketing strategies
(Chenguang and Guifa, 2021). In recent years, association rules have
also been applied in medical fields (Shi et al., 2019).

Association rules involve the three main indicators of support,
confidence, and promotion (Cai, 2020), as detailed in the
following.

1) Support represents the probability of item set {X, Y} appearing
in the total item set. The formula is

Support(X - Y) =P(X,Y)/P(I) =P(X U Y)/P(I)
= num(X U Y)/num(I),

where I represents the total transaction set and num () represents
the number of occurrences of a specific item set in the transaction
set. For example, num (I) represents the number of total
transaction sets, while num (XUY) represents the number of
transaction sets containing {X, Y}.

2) Confidence is the probability that Y is derived from the
association rule “X—Y” when prerequisite X occurs. In an
item set containing X, the possibility of containing Y is defined
by the following formula:

Confidence (X — Y) = P(Y|X) = P(X,Y)/P(X)
=P(XUY)/P(X).

3) Lift represents the ratio of the probability of including X and
the probability of Y occurring at the same time. The formula is
as follows:

Lift (X — Y) = P(Y|X)/P(Y).

The effectiveness of an association rule is judged as follows: a
rule that satisfies the minimum support and minimum confidence
is called a “strong association rule” (the researcher must usually set
the parameters in advance). Among strong association rules, there
are effective strong association rules and invalid strong association
rules. If Lift (X—Y) > 1, the rule “X—Y” is a valid strong
association rule; if Lift (X—Y) < 1, then the rule “X—Y” is an
invalid strong association rule; and if Lift (X—Y) = 1, this means
that X and Y are independent of each other.

Price and Utilization of Danhong Injection

In the present study, structured query language (SQL) was
used to implement association rules and to identify what
medicine(s) co-occurred most frequently with DHI. The
conditions of the association rules were as follows: confidence
>0.8, support >0.4, and promotion >1. When more than 10
association rules met these conditions, the first 10 were selected.

RESULTS

The unit prices of DHI for the three reform stages were $6.46,
$5.61, and $5.61, respectively.

Figure 1 shows the use rate of DHI among inpatients with
different clinical types of CHD and treatment methods in the three
stages. The use rate of DHI among all included CHD patients
increased from 20.77 to 24.00% from the pre-reform stage to the
second reform stage. For patients receiving medical treatment, the
use rate of DHI among the three CHD types was lower than before
the reforms. For patients receiving PCI therapy, the use rate of DHI
decreased slightly among 120.0 patients but increased significantly
among 121.4 and 125.1 patients. For patients receiving CABG
treatment, the use rate of DHI decreased among all three CHD
types after the reforms, especially 120.0 patients.

Figure 2 shows the average number of prescribed units of DHI
among CHD patients in the three stages. The number of prescribed
units of DHI among all CHD patients decreased slightly from 29.76
to 29.21. For patients receiving medical treatment, the number of
prescribed units of DHI increased among both 120.0 and 121.4
patients, but decreased among 125.1, compared with before the
reforms. For patients receiving PCI treatment, the number of
prescribed units of DHI decreased among 120.0 and I25.1
patients but increased among 1214 patients. For patients
receiving CABG treatment, the number of prescribed units of
DHI decreased among 120.0 and 121.4 patients.

Figure 3 shows the average cost of DHI per hospital stay among
CHD patients in the three stages. The cost of DHI per hospital stay
dropped from $192.12 to $163.96. For patients receiving medical
treatment, the cost of DHI per hospital stay increased among 120.0
patients after the reforms but decreased among both 121.4 and
125.1 patients. For patients receiving PCI treatment, the cost of
DHI per hospital stay for all three clinical types of CHD patients
decreased. For patients receiving CABG treatment, the cost of DHI
per hospital stay decreased among both 120.0 and 121.4 patients.

Table 1 shows the association rules and support for the
combined use of DHI and another drug in the three stages.
After the reforms, the types of drugs used in conjunction with
DHI remained relatively stable. They included Western
medicines commonly used for the clinical treatment of CHD,
such as aspirin, clopidogrel bisulfate, heparin sodium injection,
isosorbide mononitrate, nitroglycerin, metoprolol tartrate, and
rosuvastatin. There were also dilute solutions commonly used in
clinical drugs, such as sodium chloride injection and glucose
injection. Among them, sodium chloride injection-DHI
consistently showed the highest degree of support, and the
probabilities of this drug combination for the three stages
were 96.40, 98.58, and 99.04%, respectively. The probability of
the combination of trimetazidine hydrochloride and DHI before
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FIGURE 1 | Use rate (%) of DHI among patients with different treatment methods and clinical types of coronary heart disease.
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the reforms was 43.61%, while its probabilities after the two
reforms were 40.68 and 33.35%, respectively. Trimetazidine
hydrochloride is a cytoprotective drug (Atia et al., 2019) used
for the preventative treatment of angina pectoris.

Table 2 shows the association rules and support for the
combination of two drugs plus DHI in the three stages. The
frequency of the “aspirin-sodium chloride injection-DHI” rule
was always the highest, and it continued to rise after the reforms
with support rising from 86.59 to 92.10%. The “clopidogrel
bisulfate-sodium chloride injection-DHI” and “aspirin-clopidogrel
bisulfate-DHI” also appeared frequently, but the frequency was

lower after the reforms. In general, the two drugs used in
combination with DHI have commonly used drugs in clinical
practice and the drug association rules were basically unchanged

after the reforms, though the support fluctuated slightly.

DISCUSSION

This study reports the changes in price, use rate, prescribed
amount, and cost of DHI per hospital stay among CHD
patients and changes in the combined use of drugs after the
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TABLE 1 | The support of DHI combined with one drug based on association rules.

Pre-reform stage

First reform stage

Second reform stage

Drug association Support (%) Drug association

rules rules

Sodium chloride injection 96.40 Sodium chloride injection
Aspirin 89.60 Aspirin

Clopidog hydrogen sulfate 84.03 Clopidogrel bisulfate
Glucose injection 68.73 Nitroglycerin

Heparin sodium injection 66.51 Heparin sodium injection
Isosorbide mononitrate 64.41 Isosorbide mononitrate
Nitroglycerin 63.88 Rosuvastatin

Metoprolol tartrate 56.85 Metoprolol tartrate
Rosuvastatin 53.40 Glucose injection
Trimetazidine hydrochloride 43.61 Potassium chloride

implementation of the comprehensive drug pricing reforms in
China. The results indicate that the policy to abolish drug markup
caused the price of DHI to drop significantly after the two rounds
of medical reforms. From the perspective of utilization, the
utilization rate of DHI increased overall, which is consistent
with our hypothesis. This result may be related to the drop in
the price of DHI, which increased patients’ demand for higher-
priced drugs. Notably, the utilization rates varied for patients with
different CHD clinical types and treatment methods. The
utilization rate among patients treated with drugs and CABG
decreased. For patients receiving PCI treatment, the utilization
rate among 120.0 patients decreased while the utilization rate
among 121.4 and 125.1 patients increased. This result indicates
that the overall increase in DHI utilization rate is mainly due to
121.4 and 125.1 patients also receiving PCI.

The outcome of the number of prescribed units indicated that
the average number of DHI uses remained basically unchanged
pre- to post-medical reform. This suggests that there was no

Support (%) Drug association Support (%)

rules
98.58 Sodium chloride injection 99.04
91.74 Aspirin 92.89
85.27 Clopidogrel bisulfate 79.85
70.35 Nitroglycerin 69.02
69.18 Heparin sodium injection 62.53
65.90 Metoprolol tartrate 52.77
63.32 Isosorbide mononitrate 52.65
62.45 Glucose injection 51.47
52.68 Rosuvastatin 42.72
46.24 Atorvastatin 41.14

overuse of DHI by medical institutions or inpatients after the
price drop. This is because medical institutions could no longer
profit from drug markup after markup was abolished no matter
how many drugs are prescribed. Therefore, the reform policy has
had a positive effect on regulating the behavior of medical
institutions. However, the number of units prescribed for
patients with different clinical types and treatments varied.
The number of prescribed units of DHI among 120.0 and
121.4 patients receiving drug therapy increased, while the
number of prescribed units of DHI among patients receiving
CABG treatment decreased. The number of prescribed units of
DHI also decreased among 125.1 patients treated with medication
and PCIL

From the perspective of average cost over time, after two
rounds of medical reforms, the cost of DHI per hospital stay
continued to decline, in line with the hypothesis. As mentioned
earlier, the number of prescribed units did not change much.
Therefore, we speculate that the decrease in the cost of DHI is
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TABLE 2 | Supporting degree of DHI combined with two drugs based on association rules.

Pre-reform stage

First reform stage

Price and Utilization of Danhong Injection

Second reform stage

Drug association Support Drug association Support Drug association Support

rules (%) rules (%) rules (%)

Aspirin-sodium chloride injection 86.59 Aspirin—sodium chloride injection 90.52 Aspirin-sodium chloride injection 92.10

Clopidogrel bisulfate—sodium chloride 81.67 Clopidogrel bisulfate-sodium chloride 84.43 Clopidogrel bisulfate-sodium chloride 79.29

injection injection injection

Aspirin—clopidogrel bisulfate 77.39 Aspirin—clopidogrel bisulfate 80.09 Aspirin—clopidogrel bisulfate 76.30

Heparin sodium injection—sodium 65.96 Nitroglycerin—sodium chloride injection 70.16 Nitroglycerin—sodium chloride injection 68.85

chloride injection

Glucose injection—sodium chloride 65.13 Heparin sodium injection—sodium 69.00 Heparin sodium injection—sodium 62.47

injection chloride injection chloride injection

Nitroglycerin—sodium chloride injection 63.62 Heparin sodium injection—clopidogrel 64.66 Heparin sodium injection—-nitroglycerin 58.35
bisulfate

Heparin sodium injection—-clopidogrel 62.79 Rosuvastatin-sodium chloride injection 62.76 Heparin sodium injection—clopidogrel 55.25

bisulfate bisulfate

Glucose injection—clopidogrel bisulfate 59.19 Heparin sodium injection—nitroglycerin 62.26 Metoprolol tartrate—sodium chloride 52.26

injection

Heparin sodium injection—nitroglycerin 56.06 Metoprolol tartrate—sodium chloride 61.78 Glucose injection—-sodium chloride 50.51
injection injection

Metoprolol tartrate—sodium chloride 55.21 Metoprolol tartrate—clopidogrel bisulfate 55.21 Metoprolol tartrate-clopidogrel bisulfate 43.74

injection

mainly related to the decrease in the price of DHL This finding CONCLUSION

further illustrates that the elimination of drug markup not only
reduces the unit price of DHI but also reduces the overall cost of
hospital use of DHI. This proves that the two comprehensive
reforms had a positive effect on reducing the cost burden of DHI
treatment. In terms of different clinical types and treatment
methods, the cost of DHI per hospital stay for most patients
decreased compared to before the reforms, which is consistent
with the overall situation.

The results of combination therapy showed that when one or
two drugs are used in combination with DHI, the types of drugs
remained steady after the reforms, indicating that the reforms had
little effect on the types of drugs used in combination with DHI.
However, the frequency of the combined drugs showed a slight
fluctuation, which may be related to changes in the use rate of
DHI. Among the drug combinations, the frequency of both
“sodium chloride injection-DHI” and “aspirin-sodium chloride
injection-DHI” rules increased. This may have occurred because
the reforms changed the use rate of DHI, which also affected the
frequency of combination therapy.

LIMITATION

Due to data limitations, this study was not able to explore economic
indicators such as the cost-effectiveness of the drug. Although the
cost of DHI has been discussed by some scholars (Yang et al.,
2020), there is limited economic evaluation research of traditional
Chinese medicine and the quality of such studies is generally low
(Yang et al., 2021). Further research on pharmaceutical economics
is, thus, warranted.

This study examined changes in the use of DHI for CHD patients
treated in public hospitals in Beijing after comprehensive drug
pricing reforms. The results indicated that the use rate of DHI
increased overall, indicating increased applications of DHI in
clinical practice to a certain extent. In addition, due to the drop in
price, the cost of using DHI decreased, and the financial burden of
this drug was reduced.
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