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Abstract

Background
In 2019, the Chinese government implemented the �rst round pilot of volume-based drug procurement in
4 municipalities and 7 sub-provincial cities, i.e. “4+7” policy. This study evaluated the impact of “4+7”
policy on the use structure of policy-related drugs.

Methods
Data of China Drug Supply Information Platform (CDSIP) database was used, covering 18,636 public
medical institutions from 9 pilot cities and 12 non-pilot provinces in mainland China. “4+7” policy-related
drugs were selected as study samples, including 25 drugs in the “4+7” procurement List and 83
alternative drugs that have an alternative relationship with “4+7” List drugs. “4+7” List drugs were divided
into bid-winning and bid-non-winning products. Drug Structure Index (DSI) was employed as the outcome
variable, and higher DSI refers to the use proportion of higher-DDDc (De�ned Daily Drug cost) drugs
increased. Difference-in-difference (DID) method was employed to estimate the net effect of “4+7” policy.

Results
After policy intervention, the DSI of bid-winning drugs signi�cantly decreased (β=-0.233, p<0.0001), while
non-winning drugs (β = 0.177, p<0.001) and “4+7” List drugs (β = 0.050, p<0.01) increased. No signi�cant
change was found for the overall DSI of alternative drugs (β = 0.013, p>0.05), while a remarkable increase
was found in primary healthcare settings (β = 0.033, p<0.05). In three post-“4+7” periods, the increments
of DSI for non-winning products were 17.54% (period 1), 18.35% (period 2), and 19.66% (period 3). The
DSI of “4+7” List drugs signi�cantly increased in post-“4+7” period 2 and 3 (all p-values<0.05).

Conclusions
The use proportion of higher-DDDc bid-winning drugs signi�cantly decreased after policy intervention.
However, among drugs not involved by NCDP policy, the use proportion of higher-DDDc drugs
signi�cantly increased after policy intervention, moreover, the increment was more pronounced at the
later periods of policy implementation. The clinical use monitoring and the physician’s prescription
behavior supervision should be strengthened.

1. Introduction
In China, the total pharmaceutical expenditure was 1914.90 billion yuan in 2018, accounting for 32.73%
of the total health expenditure [1], which was much higher than the average level of 17% in the
Organization for Economic Co-operation and Development (OECD) countries [2]. The �nancial
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relationship between pharmaceutical companies and physicians’ prescriptions is an important
contributing factor to the continued growth of drug costs [3, 4]. In China, medical institutions raised the
supply of products and services with higher pro�ts to make up for the decline in drug income [5]. Yip &
Hsiao [6] pointed out that although the medication markup has been abolished at the hospital level, some
doctors in Chinese public hospitals still prescribe unnecessary drugs and get rebates from
pharmaceutical enterprises. It is still a common phenomenon that medical institutions prefer to use high-
priced drugs in China [7, 8].

In order to reduce the patients’ burden of medication, cut off the gray interest chain between medical
institutions/doctors and pharmaceutical enterprises, and purify the environment of the medical industry,
in January 2019, the State Council of the People's Republic of China (PRC) issued the National
Centralized Drug Procurement (NCDP) policy [9]. In the �rst round pilot of the NCDP policy, 4
municipalities (Beijing, Tianjin, Shanghai, and Chongqing) and 7 sub-provincial cities (Shenyang, Dalian,
Xiamen, Guangzhou, Shenzhen, Chengdu, and Xi'an) in mainland China were selected as pilot cities, thus,
this pilot is also known as “4+7” policy. The highlight of "4+7" policy lies in the implementation of
“volume-based procurement”, in which “Trade-for-price” and “Guarantee of use” were taken as the core
policy measures [9]. As for the “Trade-for-price”, each public medical institution in the pilot cities was
required to submit the agreed procurement volume, and the National Healthcare Security Administration
(NHSA) of the PRC organized competitive bidding and price negotiation based on the overall annual
agreed procurement volume of 11 pilot cities. The pharmaceutical manufacturer with the lowest bid price
in each drug won the bid. On December 17, 2018, the bid winning results were announced, and the
average price reduction of 25 bid-winning products was 52% [10]. As for the “Guarantee of use”, eleven
pilot cities were required to start implementing the NHSA’s bid winning results before April 1, 2019. The
purchases of all the bid-winning products were carried out on the provincial drug bidding and
procurement platform. Besides, the use volume of each bid-winning product in each public medical
institution in pilot cities was examined by NHSA to ensure the completion of the agreed procurement
volume. Details of the NCDP policy elements were introduced in previous researches [11–13].

The implementation of NCDP policy has achieved remarkable results in improving the accessibility of
policy-related drugs [14–16], promoting the substitution use of generic drugs [17], and increasing overall
drug use quality level of the public [18]. However, several previous studies reported an upward trend in the
consumption of policy-related drugs after the implementation of NCDP policy [11, 19], which should be
concerned, especially for the incrased consumption of drugs have not been covered by NCDP policy. For
drugs did not covered by volume-based procurement, the increase in usage might be explained that the
gray interest chain between physicians and pharmaceutical enterprises still exists, and physicians still
have the motivation to prescribe more medicines or choose higher-priced medicines [20]. Chen et al. [21]
analyzed the impact of “4+7” policy on drug use in Shenzhen using A.M. index method, and found that
the structural effects of non-winning products and basic alternative drugs were 1.38 and 1.02 respectively
(both greater than 1), indicating that the use proportion of drugs with higher daily costs increased after
policy intervention. To further reveal the changes of drug use structure in China’s public medical
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institutions under NCDP policy intervention, we conducted this exploratory study to quantitatively assess
the impact of “4+7” policy on the drug structure of “4+7” policy-related drugs.

2. Materials And Methods
2.1 Data sources

Data used in this study was obtained from the China Drug Supply Information Platform (CDSIP)
database. The CDSIP is a national drug database constructed and operated by the Statistical Information
Center of the National Health Commission of the PRC, and was o�cially launched on October 22, 2015.
Since then, health facilities upload information daily on ordering, storing and delivering, and medicines
settlement to the CDSIP; the government can monitor prices, quantities, distribution and warehousing,
and can organize medications purchased by medical institutions and strengthen management based on
relevant information . Thus, the CDSIP database covered drug procurement order data of all provincial
drug centralized procurement platforms from 31 provinces (autonomous regions and municipalities) in
mainland China. Under the zero-markup drug policy in China [22], the drug purchase prices in public
medical institutions are the same as the prices used by patients. Since 2015, it was required that all drugs
used by public medical institutions should be purchased through the provincial-level drug centralized
procurement platform [23]. Therefore, in mainland China, the drug purchase data of public medical
institutions in the CDSIP database is generally consistent with the drug use data.

In the CDSIP database, each drug purchase order record included the name of the medical institution,
purchase date, drug YPID (Yao Pin Identi�er) code, drug generic name, dosage form, speci�cation,
conversion factor, pharmaceutical manufacturer, price per unit, purchasing unit (by box, bottle, or branch),
purchase volume, purchase expenditures, etc. Details of the CDSIP database are available elsewhere
[18,24]. A total of 7,647 drugs (by generic name) and 141,624 products (by YPID code) were contained in
this national database.

2.2 Sample selection

The inclusion criteria of study samples was as follows: (a) The drug scope was “4+7” policy-related
drugs, including 25 drugs (by generic name) in the “4+7” List and the alternative drugs (supplementary
table 1). The alternative drugs referred to drugs that had an alternative relationship with “4+7” List drugs
in clinical use, and was determined following the Monitoring Plan for the Pilot Work of National
Centralized Drug Procurement and Use issued by the NHSA of the PRC [25]. The “4+7” List drugs were
then divided into bid-winning products and non-winning products according to the "4+7" city centralized
drug procurement bid-winning results announced by the Joint Procurement O�ce [10]. (b) The time
period was 23 months from January 2018 to November 2019. (c) The scope of regions was pilot cities
(i.e. pilot group) and non-pilot provinces (i.e. control group). The pilot group involved nine “4+7” pilot
cities, including Beijing, Shanghai, Chongqing, Tianjin, Chengdu, Xi'an, Shenyang, Dalian, and Xiamen. For
two (Guangzhou and Shenzhen) of the eleven “4+7” pilot cities that were not included in this study, their
purchase order data in the CDSIP database was incomplete. The control group involved 12 provinces
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without the implementation of “4+7” pilot policy, including Hubei, Hunan, Guizhou, Inner Mongolia, Jilin,
Heilongjiang, Anhui, Hainan, Gansu, Qinghai, Ningxia, and Xinjiang. (d) The scope of health facilities were
all the public medical institutions in the included 9 pilot cities and 12 non-pilot provinces, and were
divided into tertiary hospitals, secondary hospitals, and primary healthcare centers (PHCs). Purchase
order records with incomplete information were excluded.

Aggregated monthly drug procurement records of 4663 public medical institutions from 9 pilot cities and
13,973 public medical institutions from 12 non-pilot provinces were retrospectively analysed (Table 1). A
total of 108 policy-related drugs (by generic name) were included in this study, including 25 “4+7” List
drugs and 83 alternative drugs. The �ow chart of the sample selection process is shown in Figure 1.

Table 1. Distribution of sample medical institutions.

  Pilot group Control group Overall

Tertiary 356 613 969

Secondary 488 1749 2237

Primary 3819 11611 15430

Total 4663 13973 18636

2.3 Outcome variables

This study employed the Drug Structure Index (DSI) as the main outcome variable. In 2002, Antonio Addis
and Nicola Magrini of the Italian Centre for Effectiveness Evaluation of Health Services constructed a
method for analyzing the drug cost variance factors, known as A.M. index method [26]. This method
divided drug cost changes into three parts: quantity factor, price factor, and structural factor, in which the
structural factor represents the concept of “price structure” and refers to the combined structure of drugs
at different prices. Based on the classical A.M. index system method, previous scholars constructed a
drug structure index  system, and has been applied in relevant studies [27,28]. The DSI represents the
changes in the combination of drugs with different De�ned Daily Drug cost (DDDc) in the same drug
group, showing the transfer of use from drugs with lower (higher) prices to drugs with higher (lower)
prices [29]. DSI is calculated as follows:



Page 6/24

In formula (1), Q represents the used quantity of drugs. The used quantity of each drug was measured
based on its De�ned Daily Dose (DDD), which is developed by WHO to compare drug consumptions and
refers to the average maintenance dose per day for a drug used for its main indication in adults [30]. In
this study, the DDD of the drugs which could not be coded in WHO’s ATC/DDD Index 2021 system was
determined based on the dosage regimen recommended in the manufacturers’ instructions, as approved
by China Food and Drug Administration. P represents the prices of drugs, which is expressed as DDDc.
DDDc was calculated as drugs costs per unit DDD (DDDc=expenditures/DDDs).

The numbers of subscripts represent periods, with 0 representing the baseline period and 1 representing
the reporting period. The higher the DSI, the higher the use proportion of drugs with higher DDDc in a
“basket” of drugs. DSI>1 means that the use proportion of higher DDDc drugs increased in the reporting
period compared with the baseline period; DSI<1 means that the use proportion of higher DDDc drugs
decreased in the reporting period compared with the baseline period; DSI=1 means that the use proportion
of higher DDDc drugs remains stable between reporting-period and baseline period.

This study observed the change of DSI in the pilot group and control group between the pre- and
post-“4+7” policy periods. In this study, January to March 2018 was assigned as the baseline period, and
April 2018 to November 2019 was assigned as reporting periods, involving a total of 20 reporting periods.
Finally, the time series of DSI for policy-related drugs were constructed containing 20 monthly time
points.

2.4 Statistical analysis

Descriptive analysis was used to describe the distribution of DSI in the pilot group and control group, pre-
and post-“4+7” policy periods, different drug categories, and different levels of medical institutions. The
line chart of DSI was drawn to describe the overall trend of drug structure changes from July 2018 to
November 2019.

Difference-in-difference (DID) is a method commonly used for the quantitative effect evaluation of public
policies or projects. By effectively combining “the difference before and after intervention” with “the
difference with or without intervention”, this method to a certain extent can control the in�uence of some
factors other than intervention, so as to estimate the net impacts of the intervention on the outcome
variable [31-33]. In order to eliminate the net effect of “4+7” policy on the DSI change of policy-related
drugs, we conducted DID models by using the DSI time series data in the pilot group and control group
constructed above. The DID model is expressed as follows:

In formula (2), Y is the outcome variable, i.e. DSI in this study. Tt refers to “4+7” policy intervention with
the value of 0 and 1, and 0 represents the pre-“4+7” policy period (from April 2018 to February 2019) and
1 represents the post-“4+7” policy period (from March 2019 to November 2019). Gt represents groups
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with the value of 0 and 1, and 0 represents the control group and 1 represents the pilot group. εt is the
error term, representing random errors that cannot be explained by variables in the model. β0 represents
the constant term. β1 estimates the change of DSI in the post-“4+7” policy period compared with the
pre-“4+7” policy period. β2 estimates the change of DSI in the pilot group compared with the control
group. β3 represents DID value between the Pilot Group and the Control Group, is the DID value, which
represents the interaction item between intervention measures and groups, that is, the net impacts of
NCDP policy on DSI. The relative change of DSI after “4+7” policy was expressed as β3/β0 [34]. In this
study, we observed the monthly trends of outcome variable between pilot group and control group before
the policy intervention, so as to verify if the DID model met the parallel trend conditions (supplementary
�gure 1) [35].

To further explore the change of DSI in different periods after the implementation of “4+7” policy, this
study divided the post-“4+7” policy period into three stages: Period 1 (March to May 2019), Period 2 (June
to August 2019), and Period 3 (September to November 2019). The net impact of “4+7” policy on the
change of DSI was estimated in each of the three post-intervention periods compared with the pre-“4+7”
policy period. Stata version 16.0 was used to perform the analyses above. A p-value <0.05 was
considered statistically signi�cant.

3. Results

3.1 Descriptive analysis results
As shown in Table 2, in the pilot group, the DSI of bid-winning products declined from 1.05 to 0.74 with a
decrease of 28.94% after the implementation of “4+7” policy, while non-winning products increased from
1.05 to 1.29 with an increase of 22.92%; the DSI of “4+7” List drugs, alternative drugs, as well as the
overall policy-related drugs increased by 6.41%, 7.21%, and 5.21%, respectively. In the control group, the
DSI of bid-winning products dropped by 3.51%, while non-winning products, “4+7” List drugs, alternative
drugs, and the overall policy-related drugs increased by 5.65%, 2.15%, 6.44%, and 4.97%, respectively.
Figure 2 presents the monthly trend of DSI of policy-related drugs in 9 pilot cities from April 2018 to
November 2019.
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Table 2
Drug structure index of policy-related drugs in the pre- and post-“4+7” policy periods.

  Pilot Group Control Group

  Pre- Post- GR (%) Pre- Post- GR (%)

Bid-winning drugs 1.05

(0.99,
1.13)

0.74

(0.72,
0.76)

-28.94 1.01

(0.98,
1.05)

0.98

(0.96,
1.02)

-3.51

Non-winning drugs 1.05

(1.02,
1.07)

1.29

(1.23,
1.34)

22.92 0.99

(0.96,
1.03)

1.05

(1.00,
1.09)

5.65

“4+7” List drugs 1.05

(1.02,
1.07)

1.12

(1.07,
1.15)

6.41 1.01

(0.98,
1.05)

1.03

(0.99,
1.07)

2.15

Alternative drugs 1.00

(0.96,
1.07)

1.07

(1.03,
1.09)

7.21 0.99

(0.94,
1.12)

1.06

(1.02,
1.10)

6.44

Overall policy-related
drugs

1.03

(1.00,
1.07)

1.08

(1.04,
1.11)

5.21 1.01

(0.97,
1.07)

1.06

(1.00,
1.10)

4.97

Note: Data are mean (min, max). Pre- refers to April 2018 to February 2019; Post- refers to March to
November 2019. GR, growth rate.

Table 3 demonstrates the change of DSI in different levels of public medical institutions. In the pilot
group, the DSI of bid-winning products decreased by 28.89%, 25.78%, and 25.24% in tertiary hospitals,
secondary hospitals, and PHCs respectively, while non-winning products increased by 16.47%, 20.55%,
and 14.88% respectively. The DSI of alternative drugs rose by 11.72%, 2.83%, and 3.88% in tertiary
hospitals, secondary hospitals, and PHCs respectively.
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Table 3
Drug structure index of policy-related drugs in different healthcare settings in the pre- and post-“4+7”

periods.

  Pilot Group Control Group

  Pre- Post- GR (%) Pre- Post- GR (%)

Bid-winning drugs            

Tertiary hospitals 1.05

(0.99,
1.16)

0.75

(0.70,
0.78)

-28.89 1.02

(0.99,
1.07)

0.99

(0.96,
1.04)

-2.98

Secondary hospitals 1.00

(0.98,
1.04)

0.75

(0.72,
0.77)

-25.78 1.02

(0.97,
1.12)

1.00

(0.95,
1.05)

-1.68

PHCs 1.06

(1.00,
1.10)

0.79

(0.77,
0.81)

-25.24 1.06

(0.99,
1.14)

1.01

(0.98,
1.08)

-4.15

Non-winning drugs            

Tertiary hospitals 1.05

(1.02,
1.07)

1.22

(1.17,
1.26)

16.47 0.96

(0.92,
1.00)

0.99

(0.96,
1.01)

2.33

Secondary hospitals 1.04

(1.01,
1.07)

1.25

(1.16,
1.35)

20.55 1.03

(1.01,
1.05)

1.08

(1.02,
1.11)

4.64

PHCs 1.05

(1.01,
1.08)

1.21

(1.12,
1.31)

14.88 1.07

(0.93,
1.17)

1.27

(1.18,
1.39)

18.90

“4+7” List drugs            

Tertiary hospitals 1.05

(1.02,
1.10)

1.08

(1.04,
1.13)

2.70 1.04

(0.99,
1.09)

1.04

(1.01,
1.07)

0.84

Secondary hospitals 1.04

(1.01,
1.06)

1.09

(1.04,
1.14)

5.57 1.02

(0.99,
1.06)

1.05

(1.00,
1.08)

3.50

Note: Data are mean (min, max). Pre- refers to April 2018 to February 2019; Post- refers to March to
November 2019. GR, growth rate. PHCs, primary healthcare centers.
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  Pilot Group Control Group

PHCs 1.05

(1.01,
1.08)

1.11

(1.02,
1.16)

5.81 1.03

(0.98,
1.09)

1.10

(1.05,
1.15)

6.61

Alternative drugs            

Tertiary hospitals 1.01

(0.97,
1.10)

1.13

(1.03,
1.18)

11.72 0.99

(0.95,
1.07)

1.07

(1.05,
1.12)

8.24

Secondary hospitals 0.99

(0.95,
1.06)

1.01

(1.00,
1.03)

2.83 0.98

(0.94,
1.04)

1.02

(0.99,
1.05)

4.18

PHCs 0.99

(0.97,
1.03)

1.03

(1.00,
1.04)

3.88 1.01

(0.97,
1.06)

1.02

(0.99,
1.04)

0.61

Overall policy-related
drugs

           

Tertiary hospitals 1.04

(1.01,
1.09)

1.11

(1.05,
1.15)

6.21 1.02

(0.98,
1.06)

1.07

(1.03,
1.11)

4.95

Secondary hospitals 1.01

(0.99,
1.05)

1.03

(0.99,
1.05)

1.63 1.02

(1.00,
1.09)

1.09

(1.04,
1.13)

6.57

PHCs 1.03

(1.00,
1.05)

1.06

(1.00,
1.07)

2.87 1.03

(0.97,
1.11)

1.08

(1.05,
1.11)

4.54

Note: Data are mean (min, max). Pre- refers to April 2018 to February 2019; Post- refers to March to
November 2019. GR, growth rate. PHCs, primary healthcare centers.

3.2 DID analysis results
Table 4 summarizes the results of DID analysis for the DSI of policy-related drugs in different healthcare
settings. The DSI of bid-winning products decreased signi�cantly (β= -0.233, p <0.0001), among which
signi�cant decreases were observed in tertiary hospitals (β= -0.239, p <0.0001), secondary hospitals (β=
-0.205, p <0.0001), and PHCs (β= -0.207, p <0.0001). The DSI of non-winning products decreased
signi�cantly in all medical institutions (β = 0.177, p <0.0001). A signi�cant increase in the DSI of non-



Page 11/24

winning products was observed in the healthcare settings of tertiary (β = 0.147, p <0.0001) and secondary
hospitals (β = 0.162, p <0.0001), while no signi�cant change was found in PHCs (β= -0.042, p >0.05).
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Table 4
Difference-in-difference analysis for the change of drug structure index of policy-related drugs in different

healthcare settings.

  All institutions Level of institution

Tertiary Secondary PHCs

Bid-winning drugs        

Constant, β0 1.013

(0.999, 1.027)***

1.023

(1.009, 1.036)***

1.023

(0.996, 1.051)***

1.049

(1.018, 1.079)***

Treat, β1 -0.041

(-0.057,
-0.026)***

-0.038

(-0.059, -0.017)**

-0.026

(-0.061, 0.008)

-0.033

(-0.070, 0.004)

Group, β2 0.008

(-0.052, 0.068)

0.001

(-0.060, 0.061)

-0.043

(-0.100, 0.014)

-0.011

(-0.072, 0.051)

Treat*Group, β3 -0.233

(-0.294,
-0.172)***

-0.239

(-0.305,
-0.173)***

-0.205

(-0.268,
-0.143)***

-0.207

(-0.273,
-0.142)***

R2 0.794 0.788 0.789 0.745

Relative change
(%)

-23.00 -23.36 -20.04 -19.73

Non-winning drugs        

Constant, β0 0.996

(0.982, 1.010)***

0.967

(0.952, 0.983)***

1.035

(1.025, 1.046)***

1.079

(1.030, 1.128)***

Treat, β1 0.055

(0.031, 0.079)***

0.019

(-0.002, 0.040)

0.046

(0.025, 0.067)***

0.204

(0.138, 0.270)***

Group, β2 0.066

(0.031, 0.102)**

0.090

(0.061, 0.118)***

0.015

(-0.014, 0.044)

-0.021

(-0.073, 0.030)

Treat*Group, β3 0.177

(0.128, 0.225)***

0.147

(0.106, 0.188)***

0.162

(0.105, 0.220)***

-0.042

(-0.117, 0.032)

R2 0.893 0.903 0.822 0.732

Relative change
(%)

17.77 15.20 15.65 -3.89

Note: ***p-value <0.001, **p-value <0.01, *p-value <0.05. PHCs, primary healthcare centers.
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  All institutions Level of institution

Tertiary Secondary PHCs

“4+7” List drugs        

Constant, β0 1.012

(0.999, 1.026)***

1.036

(1.021, 1.051)***

1.019

(1.006, 1.032)***

1.032

(1.010, 1.054)***

Treat, β1 0.022

(-0.004, 0.048)

0.008

(-0.015, 0.030)

0.032

(0.008, 0.056)**

0.072

(0.039, 0.104)***

Group, β2 0.038

(0.021, 0.055)***

0.017

(-0.003, 0.038)

0.016

(0.001, 0.032)*

0.015

(-0.011, 0.041)

Treat*Group, β3 0.050

(0.019, 0.081)**

0.027

(-0.006, 0.060)

0.032

(-0.001, 0.066)

0.004

(-0.035, 0.042)

R2 0.766 0.390 0.621 0.624

Relative change
(%)

4.94 2.61 3.14 0.39

Alternative drugs        

Constant, β0 0.997

(0.967, 1.027)***

0.994

(0.971, 1.017)***

0.985

(0.968, 1.002)***

1.010

(0.990, 1.030)***

Treat, β1 0.061

(0.026, 0.095)**

0.079

(0.052, 0.107)***

0.035

(0.014, 0.057)**

0.008

(-0.015, 0.031)

Group, β2 0.005

(-0.031, 0.042)

0.025

(-0.010, 0.060)

0.002

(-0.024, 0.029)

-0.020

(-0.044, 0.003)

Treat*Group, β3 0.013

(-0.029, 0.056)

0.044

(-0.007, 0.095)

-0.008

(-0.038, 0.022)

0.033

(0.005, 0.060)*

R2 0.478 0.673 0.283 0.296

Relative change
(%)

1.30 4.43 -0.81 3.27

Overall policy-

related drugs

       

Note: ***p-value <0.001, **p-value <0.01, *p-value <0.05. PHCs, primary healthcare centers.
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  All institutions Level of institution

Tertiary Secondary PHCs

Constant, β0 1.015

(0.994, 1.036)***

1.022

(1.007, 1.038)***

1.024

(1.005, 1.043)***

1.032

(1.011, 1.054)***

Treat, β1 0.049

(0.016, 0.081)**

0.048

(0.023, 0.072)***

0.062

(0.033, 0.090)***

0.048

(0.021, 0.074)**

Group, β2 0.017

(-0.007, 0.040)

0.020

(-0.003, 0.042)

-0.011

(-0.033, 0.011)

-0.009

(-0.033, 0.014)

Treat*Group, β3 0.010

(-0.025, 0.045)

0.023

(-0.012, 0.057)

-0.039

(-0.071, -0.006)*

-0.008

(-0.037, 0.020)

R2 0.544 0.628 0.547 0.486

Relative change
(%)

0.99 2.25 -3.81 -0.78

Note: ***p-value <0.001, **p-value <0.01, *p-value <0.05. PHCs, primary healthcare centers.

The DSI of “4+7” List drugs signi�cantly increased (β = 0.050, p <0.01). No statistical signi�cance was
observed for the change of DSI for alternative drugs (β = 0.013, p >0.05), while a remarkable increase was
found in the DSI of “4+7” List drugs in PHCs (β = 0.033, p <0.05). The DSI of overall policy-related drugs
showed no statistical difference after the implementation of “4+7” policy (β = 0.010, p >0.05), while the
DSI of overall policy-related drugs in the secondary hospitals showed a notable decrease (β= -0.039, p
<0.05).

3.3 Subgroup analysis for different post-intervention
periods
Table 5 shows the DID analysis for the change of DSI of policy-related drugs in different post-“4+7” policy
periods. The DSI of bid-winning products substantially decreased in Period 1 (β= -0.288, p <0.001), Period
2 (β= -0.264, p <0.001), and Period 3 (β= -0.252, p <0.001), and the relative change in three periods
showed a downward trend (-28.43%, -26.06%, and -24.88%). The DSI of non-winning products
signi�cantly increased in Period 1 (β = 0.174, p <0.001), Period 2 (β = 0.182, p <0.001) and Period 3 (β = 
0.195, p <0.001), and the relative change in three periods showed an upward trend (17.54%, 18.35%, and
19.66%).
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Table 5
Difference-in-difference analysis for the change of drug structure index of policy-related drugs in different

post-“4+7” policy periods.

  Period 1 Period 2 Period 3

Bid-winning drugs      

Constant, β0 1.013 (0.997, 1.029)*** 1.013 (0.997, 1.029)*** 1.013 (0.997, 1.029)***

Treat, β1 -0.027 (-0.062, 0.008) -0.038 (-0.060, -0.015)** -0.042 (-0.061,
-0.023)***

Group, β2 0.035 (0.007, 0.063)* 0.035 (0.007, 0.063)* 0.035 (0.007, 0.063)*

Treat*Group, β3 -0.288 (-0.333,
-0.242)***

-0.264 (-0.300,
-0.227)***

-0.252 (-0.282,
-0.221)***

R2 0.917 0.915 0.914

Relative change
(%)

-28.43 -26.06 -24.88

Non-winning drugs      

Constant, β0 0.992 (0.979, 1.006)*** 0.992 (0.979, 1.006)*** 0.992 (0.979, 1.006)***

Treat, β1 0.042 (0.022, 0.061)*** 0.075 (0.059, 0.091)*** 0.051 (0.006, 0.097)*

Group, β2 0.054 (0.037, 0.072)*** 0.054 (0.037, 0.072)*** 0.054 (0.037, 0.072)***

Treat*Group, β3 0.174 (0.138, 0.211)*** 0.182 (0.134, 0.230)*** 0.195 (0.124, 0.267)***

R2 0.948 0.954 0.929

Relative change
(%)

17.54 18.35 19.66

“4+7” List drugs      

Constant, β0 1.011 (0.996, 1.027)*** 1.011 (0.996, 1.027)*** 1.011 (0.996, 1.027)***

Treat, β1 0.008 (-0.015, 0.032) 0.044 (0.022, 0.066)*** 0.013 (-0.035, 0.061)

Group, β2 0.038 (0.019, 0.057)*** 0.038 (0.019, 0.057)*** 0.038 (0.019, 0.057)***

Treat*Group, β3 0.039 (-0.004, 0.083) 0.043 (0.012, 0.074)** 0.054 (0.003, 0.106)*

R2 0.639 0.794 0.685

Relative change
(%)

3.86 4.25 5.34

Note: ***p-value <0.001, **p-value <0.01, *p-value <0.05.
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  Period 1 Period 2 Period 3

Alternative drugs      

Constant, β0 0.993 (0.960, 1.025)*** 0.993 (0.960, 1.025)*** 0.993 (0.960, 1.025)***

Treat, β1 0.055 (0.022, 0.088)** 0.087 (0.050, 0.124)*** 0.050 (0.007, 0.093)*

Group, β2 0.007 (-0.033, 0.047) 0.007 (-0.033, 0.047) 0.007 (-0.033, 0.047)

Treat*Group, β3 0.011 (-0.039, 0.061) -0.016 (-0.072, 0.039) 0.030 (-0.020, 0.079)

R2 0.309 0.419 0.357

Relative change
(%)

1.11 -1.61 3.02

Overall policy-

related drugs

     

Constant, β0 1.012 (0.989, 1.035)*** 1.012 (0.989, 1.035)*** 1.012 (0.989, 1.035)***

Treat, β1 0.038 (0.013, 0.062)** 0.077 (0.050, 0.104)*** 0.036 (-0.020, 0.093)

Group, β2 0.019 (-0.007, 0.045) 0.019 (-0.007, 0.045) 0.019 (-0.007, 0.045)

Treat*Group, β3 0.003 (-0.039, 0.046) -0.013 (-0.047, 0.021) 0.020 (-0.038, 0.078)

R2 0.355 0.596 0.404

Relative change
(%)

0.30 -1.28 1.98

Note: ***p-value <0.001, **p-value <0.01, *p-value <0.05.

For “4+7” List drugs, The DSI did not change signi�cantly in Period 1 (β = 0.039, p >0.05), while
signi�cantly increased in Period 2 (β = 0.043, p <0.01) and Period 3 (β = 0.054, p <0.05). In terms of the
alternative drugs and the overall policy-related drugs, no statistical signi�cance was observed in the
change of DSI at all three periods (all p-values >0.05). In addition, the DID analysis of different levels of
medical institutions at different post-intervention periods showed (supplementary table 2) that the DSI of
alternative drugs increased signi�cantly in tertiary hospitals (β = 0.075, p <0.01) and PHCs (β = 0.032, p
<0.05) in post-“4+7” policy period 3.

4. Discussion
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This study analyzed the changes in DSI of policy-related drugs before and after “4+7” policy. After the
implementation of “4+7” policy, the use proportion of higher DDDc drugs in the bid-winning products
decreased signi�cantly. Signi�cant increases were observed in the DSI of non-winning products in the
healthcare settings of secondary and tertiary hospitals, and the DSI of alternative drugs in PHCs. This
study also found that the increment of DSI showed an increasing trend in the three post-“4+7” periods.

In this study, we found that the DSI of bid-winning products dropped signi�cantly, that is, “4+7” policy
directly promoted the substitution use of lower DDDc drugs on higher DDDc drugs. This effect is mainly
attributed to the NCDP policy element of "guaranteed use" [36, 9]. The NHSA monitored and assessed the
clinical use of bid-winning drugs in each public medical institution in pilot cities, which greatly promoted
the increasing use of drugs with lower daily costs. In addition, compared with the bid-winning prices of
each drug, it can be seen that the lower-DDDc drugs among “4+7” bid-winning products are mainly
cardiovascular system drugs [10]. It indicated that “4+7” policy played positive roles in ensuring the
medication of patients with chronic diseases. Besides, it is worth mentioning that a slight decline was
also observed in non-pilot areas (control group) for the DSI of bid-winning products, re�ecting a certain
cross-regional positive effect of “4+7” policy.

This study found a prominent rise in DSI for non-winning products after the implementation of “4+7”
policy, that is, the proportion of higher DDDc drugs among non-winning products increased. On the one
hand, this situation may stem from reasonable clinical demands that patients still have a greater use
demand for the original branded drugs in the non-winning products. For example, He et al. [37] surveyed
�ve “4+7” pilot cities and found that some prescribing physicians and patients believed the quality gap
between bid-winning generic drugs and original branded drugs, and therefore tended to insist on using
non-winning original branded drugs; Qu et al. [17] also mentioned that pharmacists in China still have
concerns regarding the reliability and quality of generic drugs. On the other hand, China's public medical
institutions lack the motivation to actively reduce the use of high-priced drugs [7, 8], thus the increased
DSI for non-winning products in this study may be related to the change of physicians’ prescription
behavior induced by enterprise sales behavior [20]. In addition, we also found that the increase in DSI of
non-winning products was mainly re�ected in the healthcare settings of tertiary and secondary hospitals,
suggesting that it is necessary to strengthen the monitoring and supervision of prescriptions for “4+7”
List drugs in these hospitals in the future.

In this study, we analyzed the change of DSI for the drugs that have an alternative relationship with “4+7”
List drugs in clinical use, and no signi�cant change was found in tertiary and secondary hospitals, while
a prominent increase in DSI for alternative drugs was observed in primary healthcare settings. Previous
studies found that, after the implementation of NCDP policy, the use volume and costs of the alternative
drugs signi�cantly increased [21, 11], which has weakened the cost-saving effect of the policy to a certain
extent. Neither the increase in the overall use volume and cost of alternative drugs, nor the increase in the
use proportion of higher DDDc drugs among alternative medicines, is what policymakers want to see. To
some extent, these phenomena might be related to physicians’ attempts to obtain bene�ts by prescribing
non-centralized purchased drugs [20]. The �nding of this study indicated that, under NCDP policy, the
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clinical use monitoring should focus not only on “4+7” List drugs, but also drugs that have an alternative
relationship with “4+7” List drugs in clinical use. And drug use monitoring regarding policy-related drugs
in primary healthcare settings might be particularly important.

This study found that, compared with the pre-“4+7” policy period, the DSI changes of policy-related drugs
in different post-“4+7” periods were quite different. In the three post-“4+7” periods, the DSI of non-winning
products increased signi�cantly compared to the pre-“4+7” policy period, with the relative changes
increasing by 17.54% (post-intervention period 1), 18.35% (post-intervention period 2), and 19.66% (post-
intervention period 3), respectively, as the policy progressed. The analysis of “4+7” List drugs in different
post-intervention periods should that the DSI did not change signi�cantly in the post-intervention period 1,
while increased signi�cantly in the post-intervention period 2 and 3, with relative changes of 4.25%
(period 2) and 5.35% (period 3). It can be seen that, with the progress of NCDP policy, the use proportion
of higher DDDc drugs among policy-related drugs was increasing, mainly re�ected in non-winning
products. This may be related to the physicians’ prescription switching after the use target of bid-winning
products has been completed at the later periods of policy implementation. Therefore, it is recommended
to strengthen the whole-process drug use monitoring in the NCDP policy implementation process, and to
reduce unnecessary prescription conversion of patients.

Several potential limitations should be reported regarding the present study. First, “4+7” policy was
implemented in 11 pilot cities, while this study only included 9 pilot cities for analysis due to the
incomplete data of two pilot cities (Guangzhou and Shenzhen) in the CDSIP database. This study used
data from January 2018 to November 2019, while the policy implementation was less than one complete
procurement cycle during this period. Thus, in terms of the sample cities and the study periods, this study
failed to conduct a comprehensive assessment of the �nal effect of the policy. Second, the results of this
study were based on drug purchase data, rather than drug use data (such as prescriptions). Although
there is strong consistency between purchase data and use data under a series of policies. However, there
is still a possibility that the two data sources may not exactly match, so there are certain limitations.

5. Conclusion
This study assessed the impact of “4+7” policy on the DSI of policy-related drugs. A satisfying effect was
observed that the use proportion of higher DDDc drugs in the bid-winning products decreased
signi�cantly. However, we found signi�cant increases in the use proportion of higher DDDc drugs among
non-winning products and alternative drugs after the implementation of “4+7” policy. Moreover, the
increase in the use proportion of higher DDDc drugs was more pronounced at the later periods of policy
implementation. Thus, it is necessary to strengthen the clinical use monitoring and the physicians'
prescription behavior supervision under NCDP policy, and the monitoring should focus not only on “4+7”
List drugs, but also on drugs that have an alternative relationship with “4+7” List drugs in clinical use.
Moreover, the clinical use monitoring of NCDP policy-related drugs should be strictly executed in the
whole policy implementation process, and to reduce the unnecessary prescription conversion of patients
during the policy implementation cycle.
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Figure 1

The �ow chart of the sample selection process.
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Figure 2

presents the monthly trend of DSI of policy-related drugs in 9 pilot cities from April 2018 to November
2019.
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