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Background: Improving drug accessibility and rational drug use are major

challenges for China’s healthcare reform. In 2018, the Chinese government

introduced a novel nationwide policy of centralized drug procurement for off-

patent drugs, focusing on improving drug utilization patterns of public medical

institutions.

Objective: To estimate the impacts of the Chinese centralized drug

procurement policy (the so-called “4 + 7” policy) on drug utilization in

public medical institutions.

Methods: A retrospective natural experimental design and difference-in-

difference method were applied using cross-region data extracted from the

national procurement database. Eleven “4 + 7” pilot cities (intervention group)

and eleven non-pilot provinces (control group) were matched. In addition, “4 +

7” policy-related drugs (n = 116) were selected as study samples, including

25 drugs in the 4 + 7” procurement List (“4 + 7” List drugs) and their alternative

drugs (n = 91) that have not yet been covered by centralized procurement

policy. Then, the “4 + 7” List drugs were divided into bid-winning and non-

winning drugs according to the bidding results, and they were sorted into

generic and original drugs. Defined daily dose (DDD) was used to standardize

the quantity of drugs used.

Results: In the 1-year procurement period, the overall completion rate of

agreed procurement volume reached 191.4% in pilot cities. Owing to policy

impact, the consumption increased by 405.31% in bid-winning drugs (β = 1.62,

p < 0.001) and decreased by 62.28% (β = −0.98, p < 0.001) in non-winning

drugs. The overall use proportion of bid-winning drugs increased from 17.03%

to 73.61% with statistical significance (β = 1.48, p < 0.001), and increments were

also detected in all healthcare settings, regions, and anatomical therapeutic
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chemical (ATC) categories (all p-values < 0.05). Generics and originators were

detected with 67.53% increment (β = 0.52, p < 0.001) and 26.88% drop

(β = −0.31, p = 0.006) in consume volume. The use proportion of generics

increased from 59.23% to 78.44% with significance (β = 0.24, p < 0.001), as well

as in tertiary hospitals (β = 0.31), secondary hospitals (β = 0.23), and primary

healthcare centers (β = 0.11) (all p-values < 0.001). The use proportion of

relatively quality-guaranteed drugs (i.e. bid-winning and original drugs)

increased from 56.69% to 93.61% with significance (β = 0.61, p < 0.001), and

similar increments were also detected in all healthcare settings, regions, and

ATC categories (all p-values < 0.05).

Conclusion: Healthcare providers demonstrated good compliance with the “4

+ 7” policy in completing contracted procurement volume. Centralized drug

procurement policy promoted drug consumption gradually concentrated on

bid-winning drugs, generic drugs, and more importantly, quality-guaranteed

drugs.
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Introduction

In China, obtaining access to appropriate medicines at

affordable prices is still a pressing healthcare issue for

1.4 billion Chinese citizens (Fu, 2017; Shi, 2020). Medical

institutions are the primary setting of patients’ drug use in

China, and more than 80% of consumed drugs reached

patients through the medical institution channel (other than

retail pharmacies). However, it is known that a general benefit

connection existed between hospitals and pharmaceutical

enterprises, which lead to induced demands and made

physicians exhibit strong financial motivation to prescribe

more expensive drugs (Yip et al., 2012; Zeng et al., 2014).

Even after the abolition of hospital drug markups, the benefit

connection has not been completely severed (Yi et al., 2015). In

this context, drug spending in China constantly increased at a

growth rate of about 15% (Zeng, 2013; Zeng et al., 2014), and

from 2010 to 2018, it accounted for 30–40% of the total health

expenditures (NHC, 2020). More worryingly, no effective

incentive is found for rational drug production or drug

prescribing under the policy context (Hu and Mossialos, 2016).

In 2018, the Chinese government introduced the

implementation of national centralized drug procurement of

off-patent drugs, to explore the market-oriented drug price

formation mechanism. Except for the primary purpose of

price reduction by improving competition, the centralized

drug procurement policy bears the mission to cut off the

space of drug rebates and lead the standardized clinical

medication (General Office of the State Council, 2019a).

Through the policy measures of “guarantee of use” (Yang

et al., 2021a), physicians are encouraged to give priority to

prescribing bid-winning ones among products that share an

International Nonproprietary Name (INN). The first round

pilot of the centralized procurement policy was implemented

in four municipalities (Beijing, Tianjin, Shanghai, and

Chongqing) and seven subprovincial cities (Shenyang, Dalian,

Xiamen, Guangzhou, Shenzhen, Chengdu, and Xi’an) in

mainland China, thus known as the “4 + 7” pilot, with

25 drug INNs procured (Joint Procurement Office, 2018a).

Previous studies revealed fruitful evidence on drug utilization

change after the implementation of “4 + 7” centralized drug

procurement: for instance, the prominently increased use of bid-

winning drugs after policy intervention (Yang et al., 2021a; Yang

et al., 2021b; Chen et al., 2021; Wen et al., 2021; Wang et al.,

2022). Besides, Wang et al. (2022), Yang et al. (2022a), and Xie

et al. (2021) revealed the increase in substitution rate of generic

drugs based on the descriptive comparison before and after “4 +

7” policy. Wang Y. et al. (2021) reported a reduction in the

irrational utilization rate of antiplatelet drugs from 10.54 to

1.60% in one hospital. He et al. (2021) surveyed related

physicians and patients, and they reported their generally

good recognition and acceptance of bid-winning drugs.

However, the abovementioned research findings were mainly

derived from descriptive analysis derived from limited sampled

data, which might restrict causal inference and the extrapolation

of research findings. In addition, in China, drug utilization

condition varies between different healthcare settings,

geographical regions, drug therapeutic categories, etc. (Chinese

Pharmaceutical Association, 2020; Yang et al., 2022b). In light of

this, a need exists for comprehensive empirical studies to

systematically landscape the changing patterns in drug

utilization under the “4 + 7” policy implementation in

different regions, healthcare settings, and INN categories. In

the present study, we conducted a natural experiment using

the national centralized drug procurement data in China to

estimate the changing pattern of drug utilization in the
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context of the “4 + 7” centralized drug procurement pilot

implementation.

Research framework

Intervention elements

As a pharmaceutical reform with multidimensional target

attributes and multiple intervention measures, the policy

practices of the national centralized procurement policy has

been systematically introduced by previous scholars (Yang

et al., 2021a; Chang, 2021; Hu, 2021; Yuan et al., 2021). In

this study, we focus on the policy measures mostly directly

related to medical institutions’ drug utilization, which are

systematically elaborated as follows:

1) Drug selection and the determination of centralized

procurement List. Drug INNs with more historical clinical

consumption as well as high historical procurement costs

were selected as target procurement drugs to conduct

centralized bidding (General Office of the State Council,

2019a).

2) Eligibility criteria for bidding in terms of drug quality. The

Generic Consistency Evaluation (GCE), which was

introduced by the National Medical Products

Administration (NMPA) to ensure the quality of Chinese

generic drugs, is equivalent to their counterpart originators

and was set as the eligibility criteria for some particular drugs

to be able to participate in bidding activities. In this regard,

only the generic drugs passed the GCE, and original drugs

were considered eligible to participate in the “4 + 7”

centralized procurement (General Office of the State

Council, 2019a).

3) Ancillary supporting policy measures by healthcare

commissions. The National Health Commission (NHC)

introduced the supporting policy to encourage the priority

use of bid-winning drugs in public medical institutions. To

ensure the completion of the contracted procurement

volume, a standardized assessment mechanism has been

established (NHC, 2019a; NHC, 2019b).

4) Ancillary supporting policy measures by the healthcare

insurance sector. The National Healthcare Security

Administration (NHSA) launched a supporting policy to

reward behaviors to save medical insurance funds by using

low-priced bid-winning drugs (NHSA, 2019a).

Analytical framework

Metrics for measuring pharmaceutical policy outcomes

linked to core objectives can be classified as a framework

consisted of input, process, and output parameters. In this

study, the abovementioned policy measures related to drug

utilization were considered as input parameters. The process

parameter refers to the path that leads to changes in drug use

after the implementation of policy measures, defined as “medical

institutions purchase and use contacted procurement quantity of

the bid-winning drugs in the contracted procurement period.”

Next, the output parameter refers to the outcomes emerged after

the implementation of the policy over a specific period, which

was defined as drug utilization changes. In this study, the drug

utilization changes under policy implementation were measured

from two dimensions: consumption volume dimension and drug

use structure dimension, which were defined in detail below (the

Methods section). Furthermore, we analyzed the change in drug

use among different anatomical therapeutic chemical (ATC)

classifications, different healthcare settings, and different

geographical regions. Figure 1 outlined the framework of this

study.

Methods

Study design

This study adopted a natural experimental study design with a

standard difference-in-difference (DID) analysis method. One of

the preconditions of constructing the standard DID model is that

the target intervening measure only affects relevant factors in the

treatment group and demonstrates no effect on the control

group. Previous literature provided evidence that the influence

of centralized procurement policy may involve different drug

dimensions: drugs covered by the policy and those alternatives

that were not, drugs that won the bid and those that did not, and

generic and original drugs (Chen et al., 2020; Yang et al., 2021a;

Wang et al., 2022). Therefore, in this study, the design of the DID

model mainly discussed differences in regional and time

dimensions. Further, we evaluated drug utilization changes in

the treatment group (regions covered by the centralized

procurement policy) vs. control group (regions where the policy

did not cover) before and after policy implementation. The design

of the empirical analysis strategy and the reporting of research

results followed the reporting guideline for natural experiments

issued by the Medical Research Council (Craig et al., 2012).

Intervention time point
In this study, the implementation of “4 + 7” bid-winning

results was defined as the intervention measure. As the 11 “4 + 7”

pilot cities start purchasing bid-winning drugs between 15March

2019 and 1 April 2019, in this study, we determined March

2019 as the implementation ending time point of the “4 + 7” pilot.

Intervention group
In the present study, all eleven “4 + 7” pilot cities were

assigned to the intervention group, namely Beijing, Shanghai,
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Tianjin, Chongqing, Guangzhou, Shenzhen, Xiamen, Shenyang,

Dalian, Xi’an, and Chengdu. According to the geographical

region of China, the 11 pilot cities are distributed in east

China (Shanghai, Xiamen), North China (Beijing, Tianjin),

Central China (Guangzhou, Shenzhen), Northeast China

(Dalian, Shenyang), Southwest China (Chengdu, Chongqing),

and Northwest China (Xi’an).

Control group
The determination of a comparable control group to the

intervention group is the key step in natural experiment design.

Considering China’s regional variation in drug use habits,

pharmaceutical industry distribution, economic level, and

health resources (Li et al., 2013; Zhang and Zhang, 2015; Yan

and Yan, 2019), we first stratify the observation area samples by

geographical regions, and then, we determine comparable

control area samples within each geographical region.

According to Li et al. (2021) and Tang (2016)’s method, the

unweighted TOPSIS (technique for order performance by

similarity to ideal solution) method was adopted to identify

control samples with the highest matching degree (the closest

TOPSIS score) among the provinces that did not implement “4 +

7” pilot as the control group. Nine matching variables were

considered, including per capita gross domestic product (GDP),

population size, number of health institutions, number of

hospital beds, number of skilled health workers, number of

licensed (assistant) doctors, per capital health expenditure,

annual average clinical visits, and annual hospitalization rate.

Twenty-one provinces that did not implement the “4 + 7” policy

were initially available for matching, and finally, eleven provinces

with the closest TOPSIS score of the pilot cities were included as

the control group. Details of the TOPSIS results are listed in

Supplementary Table S1.

Data sources

The data used in this study came from the China Drug

Supply Information Platform (CDSIP) (NHC, 2015), which

covered the drug procurement order data of all provincial

centralized procurement platforms across 31 provinces

(autonomous regions and municipalities) in the mainland

China. The data of CDSIP exhibit the features of great

authenticity, integrality, and representativeness, and the details

and sample coverage of the CDSIP database were introduced in

the previous study by our team (Yang et al., 2022b).

The procurement data extracted from the CDSIP database

include drug name, the name of medical institution, procurement

date, dosage form, specification, packaging, manufacturer, unit

price, procurement unit (by box, bottle, or branch), procurement

quantity, procurement expenditures, etc. In the present study, we

selected “4 + 7”-related drugs as study samples (Wang N. et al.,

2021; Yang et al., 2022a;Wang et al., 2022), which were defined as

drug INNs in the “4 + 7” procurement List (“4 + 7” List drugs) as

well as their alternative drugs that have not yet been covered by

the “4 + 7” procurement policy. Next, the identification of

alternative drugs followed the definition of the NHSA in the

Monitoring Plan for Centralized Drug Procurement and Use

Pilot Work (NHSA, 2019b), which refers to the clinically

substitutable drugs of the same kind with “4 + 7” List drugs.

The list of included drugs is presented in Supplementary

Table S2.

FIGURE 1
Research framework. Note: ATC, anatomical therapeutic chemical.
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Then, the “4 + 7” List drugs were divided into bid-winning

and non-winning drugs based on the “4 + 7” city procurement

bid-winning results (Joint Procurement Office, 2018a), and they

were sorted into off-patent original branded products and

generic products according to the Catalogue of Marketed

Drug in China (NMPA, 2017) (Figure 2). Since the Chinese

government implemented the GCE work, generic drugs that pass

the pharmacokinetics equivalence and bioequivalence trials are

certified for quality and efficacy consistency to their

corresponding originators. The assumption exists that

certificated generics are of the same quality level as

originators, and they demonstrate a higher quality level than

uncertificated generics. Therefore, we defined bid-winning drugs

and non-winning originators as relatively quality-guaranteed

drugs, as only certificated generics and originators can

participate and win the bid according to the policy

requirements (General Office of the State Council, 2019a). In

addition, included drug INNs were aggregated into 8 ATC

groups: C-cardiovascular system (n = 8), N-nervous system

(n = 7), L-antineoplastic and immunomodulating agents (n =

3), J-antiinfectives for systemic use (n = 3), A-alimentary tract

and metabolism (n = 1), B-blood and blood forming organs (n =

1), M-musculoskeletal system (n = 1), and R-respiratory system

(n = 1). Next, public medical institutions were divided into

tertiary hospitals, secondary hospitals, and primary healthcare

centers (PHCs). Then, finally, in this study, a total of 116 drug

INNs (twenty-five “4 + 7” List drugs and 91 alternative drugs)

were included.

Outcome measures

The standardization of drug use quantity is the primary work

of drug utilization research (Hollingworth and Kairuz, 2021). In

this study, following the recommendation of the World Health

Organization (WHO), we applied defined daily dose (DDD)

(WHO Collaborating Centre for Drug Statistics Methodology,

2020) as the measurement unit to standardize the quantity of

drugs used, to ensure the comparability of drugs in quantity with

different generic names, dosage forms, and specifications. The

DDD of several drugs, which could not be coded inWHO’s ATC/

DDD Index 2021 system, was determined based on the

recommended daily dosage in the manufacturers’ instructions,

as approved by the China Food and Drug Administration (WHO

Collaborating Centre for Drug Statistics Methodology, 2021).

The calculation of drug use is as follows:

Y � ∑n
i�1
( UiPi

DDDi
× Ni) (1)

where Y is DDDs and represents the consumed volume of a

certain drug (or a group of drugs); DDDi refers to the DDD value

of drug product i; Ui refers to the unit ingredient of product i; Pi

refers to the packing specification of product i; andNi refers to

the number of product i.

In addition to the primary volume indicator for drug use,

four drug use structure indicators were included for measuring

drug utilization by referring to government assessment

documents (General Office of the State Council, 2019b;

NHSA, 2019b) and relevant literature (Xie et al., 2021; Yang

et al., 2022a; Luo et al., 2022; Wang et al., 2022), including the use

proportion of bid-winning drugs, the proportion of generics, the

proportion of bid-winning and originators, and the proportion of

“4 + 7” List drugs. Also, an indicator—the “procurement

completion rate”—was included as the process parameter

according to the NHC documents (NHC, 2019a; NHC, 2019b).

procurement completion rate

� actual procurement volume of bid − winning drugs
agreed procurement volume

× 100%

(2)
In Eq. 2, the “agreed procurement volume” refers to the

purchase volume to be completed by the pilot cities as published

by the Joint Procurement Office (2018b), which is generated

based on reports from medical institutions of each pilot city. The

“actual procurement volume of bid-winning drugs” refers to the

volume of drugs actually purchased by each pilot city during the

one-year procurement cycle.

FIGURE 2
The classification of included drugs.
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bid − winning drugs% � volume of bid − winning drugs
volume of ″4 + 7″ List INNs × 100%

(3)
generics% � volume of generics

volume of ″4 + 7″ List INNs × 100% (4)
bid − winning& originators%

� volume of bid − winning& originators
volume of ″4 + 7″ List INNs × 100% (5)

″4 + 7″ List INNs%

� volume of ″4 + 7″ List INNs
volume of ″4 + 7″ List and alternative INNs × 100% (6)

In Eqs. 3–6, the “volume of “4 + 7” List INNs” refers to the

volume of “4 + 7” List INNs purchased in a certain observation

region in a certain time. The “volume of bid-winning drugs”

refers to the volume of bid-winning drugs purchased in a certain

observation region in a certain time. Next, the “volume of

generics” refers to the volume of generic drugs in the “4 + 7”

List purchased in a certain observation region at a certain time.

The “volume of bid-winning and originators” refers to the overall

volume of bid-winning drugs and non-winning original drugs in

the “4 + 7” List purchased in a certain observation region at a

certain time. Further, the “volume of “4 + 7” List and alternative

INNs” refers to the overall volume of “4 + 7” List INNs and

alternative INNs purchased in a certain observation region at a

certain time, respectively.

Statistical analysis

Descriptive analysis
First, we applied the descriptive statistical methods to

quantify the change in drug use volume of each category and

drug use structure in the pre- and post-intervention periods, as

well as stratified changes by healthcare settings, geographical

regions, and ATC classes. Next, to visualize the policy’s effects,

we plotted monthly trends of drug use structure variables.

Difference-in-difference modeling
We adopted the DID approach to estimate the impact of the

“4 + 7” pilot, where we performed generalized linear models to

quantify the associations of policy intervention with the changes

in the outcome indicators. The basic regression model is specified

as follows:

Yit � α + β(Di · Tt) + μit + δit + εit (7)

where Yit refers to outcome variables of region i in month t. Next,

Di is a dummy variable of policy intervention groups, coded 1 if

region i belongs to the treatment group and coded 0 in the

control group. Tt is a dummy variable of policy intervention

time, coded 0 in the month i before policy implementation

(January 2018–February 2019) and coded 1 after policy

intervention (March–December 2019). μit and δit are fixed

effects of months and regions. εit refers to the random error

term. Di · Tt is the interaction term between study group and

time, and its coefficient β refers to the DIDs effect associated with

policy intervention.

Common pre-trend tests
Common trend refers to the idea that the treatment group

would have evolved with the same trend as the control group

with the absent of treatment, which is the premise of DID

method to identify causal effects. Next, strictly, the common

trend cannot be directly observed and tested, and it is usually

done by common pre-trend tests to prove that the outcome

variable demonstrates the same time-varying trend between the

intervention group and control group in the pre-intervention

period (Huang et al., 2022), with the following regression

model:

Yit � α + ∑TD−2

s�1
βpres (Di · Ts

t) + ∑T
s�TD

βposts (Di · Ts
t) + θWit + μit + δit

+ εit
(8)

where Yit refers to outcome variables. Di is a dummy variable of

policy intervention groups, with the intervention group (“4 + 7”

pilot cities) being coded as 1 and the control group coded as 0. Ts
t

is the time dummy of period s. βpres and βposts refer to the

differences of outcome variables between the intervention

group and the control group before and after policy

implementation in period s, compared with the differences of

outcome variables in the base period (assigned to the first month

of observation period). If the coefficient βpres demonstrates no

statistical significance, it indicates a common trend of the

corresponding outcome variable in intervention and control

group.

Results

Completion rate of agreed procurement
quantity

We calculated the completion rate of pooled procured drugs

based on the annual agreed procurement volume of each drug (by

INN) in each pilot city (Joint Procurement Office, 2018b).

During one-year policy implementation (April 2019–March

2020), the actual procurement volume of bid-winning drugs

reached 2.37 billion DDDs in pilot cities, with a total

procurement completion rate of 191.4%. Figure 3 indicates the

completion rate of each “4 + 7” bid-winning drug. Except for

Olanzapine (91.0%), the procurement completion rates of other

24 drugs exceeded 100%, ranging from 143.3 to 556.7%. Next, a

completion rate of more than 200% was observed in twelve drugs

(12/25). Also, the separated analysis of each pilot city indicated
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FIGURE 3
The completion rate of agreed procurement quantity of each “4 + 7” List drug during one-year agreement period.

FIGURE 4
Trends in the volume proportion of bid-winning drugs during January 2018 to November 2019: (A) volume proportion of bid-winning drugs in
the intervention group and control group (B) volume proportion of bid-winning drugs in intervention group by healthcare setting. Note: PHCs,
primary healthcare centers.
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that all 11 pilot cities fulfilled their agreed procurement tasks in

excess.

Drug utilization changes

Bid-winning and non-winning drugs
Figure 4 visualizes the trends in monthly volume proportion

of bid-winning drugs. Before policy intervention, the proportion

in the intervention group and control group generally remained

the same level (about 20%). After policy intervention in March

2019, the proportion in the intervention group drastically

increased to about 70%, while the proportion in the control

group maintained at previous level (Figure 4A). Under policy

intervention, in all three types of medical institutions, markable

increases were found in the volume proportion of bid-winning

drugs (Figure 4B).

As shown in Table 1, DID analysis revealed that the monthly

volume of bid-winning drugs increased significantly (β = 1.62,

p < 0.001) after policy intervention, with a 405.31% increment

when some transformations of the coefficients were made (Kim

and Skordis-Worrall, 2017; Zhang et al., 2017; Li et al., 2021). The

volume of non-winning drugs was associated with a 62.28%

reduction (β = −0.98, p < 0.001). The volume proportion of bid-

winning drugs raised from 17.03% in the pre-intervention period

to 73.61% in the post-intervention period, and the increase was

detected with significance in the DID analysis (β = 1.48, p <
0.001).

Considering the type of medical institution, significant

increases in bid-winning drugs were observed in the

healthcare setting of tertiary hospitals (346.83%), secondary

hospitals (175.94%), and PHCs (890.46%) (all p-values <
0.001). Significant decreases of non-winning drugs were

observed in tertiary hospitals (−53.79%), secondary hospitals

(−86.00%), and PHCs (−64.62%) (all p-values < 0.001). As for

the volume proportion of bid-winning drugs, a prominent

increase of 264.01, 355.85, and 523.39% were detected in

tertiary hospitals (β = 1.29, p < 0.001), secondary hospitals

(β = 1.52, p < 0.001), and PHCs (β = 1.83, p < 0.001), respectively.

Generic and original drugs
Figure 5 outlines the monthly trends of volume proportion of

generic drugs. During the whole observation period, the

proportion in the control group remained stable, while the

proportion in the intervention group increased suddenly after

the implementation of the policy in March 2019 (Figure 5A).

TABLE 1 Impact of the “4 + 7” pilot on monthly volumes of bid-winning or non-winning drugs, stratified by healthcare settings.

Categories Descriptive change (million DDDs) DID estimate

Pre Post Change (%) β 95% CI Change (%)

Overall

Bid-winning drugs 345.00 1690.00 389.86 1.62 (1.45, 1.79)*** 405.31

Non-winning drugs 1681.00 606.00 −63.95 −0.98 (−1.21, −0.74)*** −62.28

Bid-winning% 17.03 73.61 56.58 1.48 (1.39, 1.57)*** 337.54

Bid-winning drugs

Tertiary hospitals 150.30 675.50 349.43 1.50 (1.32, 1.68)*** 346.83

Secondary hospitals 64.34 297.40 362.20 1.02 (0.78, 1.25)*** 175.94

PHCs 130.40 717.30 450.08 2.29 (1.99, 2.60)*** 890.46

Non-winning drugs

Tertiary hospitals 668.80 287.90 −56.95 −0.77 (−0.99, −0.55)*** −53.79

Secondary hospitals 239.10 64.90 −72.86 −1.97 (−2.23, −1.70)*** −86.00

PHCs 773.50 253.20 −67.27 −1.04 (−1.40, -0.68)*** −64.62

Bid-winning%

Tertiary hospitals 18.35 70.12 51.76 1.29 (1.20, 1.39)*** 264.01

Secondary hospitals 21.21 82.09 60.88 1.52 (1.41, 1.63)*** 355.85

PHCs 14.43 73.91 59.48 1.83 (1.65, 2.01)*** 523.39

Note: *p< 0.05.

**p< 0.01.

***p< 0.001.

Pre refers to March–November 2018; Post refers to March–November 2019; Bid-winning% refers to the volume proportion of bid-winning drugs in the “4 + 7” List drugs.

DDDs, defined daily doses; DID, difference-in-difference; CI, confidence interval; PHCs, primary healthcare lefts.
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Among the medical institutions, the proportion of generic drugs

was lower in tertiary hospitals than in secondary hospitals and

PHCs, and the proportion increased remarkedly in all healthcare

settings with the implementation of the “4 + 7” pilot (Figure 5B).

Table 2 demonstrates the changing pattern in generic and

original drugs. After policy intervention, the procurement

volume of generic drugs in the “4 + 7” List INN increased by

67.53% (β = 0.52, p < 0.001), while original drugs decreased by

FIGURE 5
Trends in the volume proportion of generic drugs during January 2018 to November 2019: (A) volume proportion of generic drugs in the
intervention group and control group (B) volume proportion of generic drugs in intervention group by healthcare setting. Note: PHCs, primary
healthcare centers.

TABLE 2 Impact of the “4 + 7” pilot on monthly volumes of generic or original drugs, stratified by healthcare settings.

Categories Descriptive change (million DDDs) DID estimate

Pre Post Change (%) β 95% CI Change (%)

Overall

Generics 1200.00 1801.00 50.08 0.52 (0.34, 0.69)ppp 67.53

Originators 826.80 495.00 −40.13 −0.31 (−0.54, −0.09)pp −26.88

Generics% 59.23 78.44 19.21 0.24 (0.20, 0.28)ppp 27.12

Generics

Tertiary hospitals 363.90 701.90 92.88 0.61 (0.42, 0.79)ppp 83.68

Secondary hospitals 209.30 313.30 49.69 −0.12 (−0.35, 0.11) −11.57

PHCs 626.60 786.00 25.44 0.60 (0.34, 0.86)ppp 81.85

Originators

Tertiary hospitals 455.10 261.50 −42.54 −0.24 (−0.45, −0.04)p −21.65

Secondary hospitals 94.13 48.98 −47.97 −1.17 (−1.43, 0.92)ppp −69.06

PHCs 277.30 184.50 −33.47 −0.03 (−0.39, 0.34) −2.57

Generics%

Tertiary hospitals 44.43 72.86 28.42 0.31 (0.27, 0.34)ppp 35.66

Secondary hospitals 68.98 86.48 17.49 0.23 (0.17, 0.29)ppp 25.86

PHCs 69.32 80.99 11.67 0.11 (0.07, 0.16)ppp 12.08

pNote: p < 0.05.

ppp < 0.01.

pppp < 0.001.

Pre refers to March–November 2018; Post refers to March–November 2019; Generics% refers to the volume proportion of generic drugs in the “4 + 7” List drugs.

DDDs, defined daily doses; DID, difference-in-difference; CI, confidence interval; PHCs, primary healthcare lefts.
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26.88% (β = −0.31, p = 0.006). Next, the volume proportion of

generic drugs in the “4 + 7” List INN increased from 59.23% in

the pre-intervention period to 78.44% in the post-intervention

period, and the increment was statistically significant (β = 0.24,

p < 0.001).

Significant increases of 83.68% and 81.85% were associated

with the volume of generic drugs in tertiary hospitals (β = 0.61,

p < 0.001) and PHCs (β = 0.60, p < 0.001), respectively, while the

change in secondary hospitals was not statistically significant

(β = −0.12, p = 0.296). The volume of original drugs significantly

decreased by 21.65% and 69.06% in tertiary (β = −0.24, p = 0.022)

and secondary (β = −1.17, p < 0.001) hospitals, respectively, while

the volume in PHCs exhibited no significant change (β = −0.03,

p = 0.890). The volume proportion of generic drugs increased by

28.42 (tertiary hospitals), 17.49 (secondary hospitals), and 11.67

(PHCs) percentage points, and the increases were significant

from the DID analysis (all p-values < 0.001).

Use proportion of bid-winning and original
drugs

Figure 6 displays the monthly trends of volume proportion of

bid-winning and original drugs. The proportion in the control

group remained stable (about 45%) during the whole observation

period. The proportion in the intervention group increased

remarkedly with the implementation of the “4 + 7” pilot in

March 2019 (Figure 6A). Among the medical institutions, before

policy intervention, the highest proportion in the intervention

group was observed in tertiary hospitals (about 70%), followed by

secondary hospitals (about 50%) and PHCs (about 40%). With

the implementation of the “4 + 7” pilot in March 2019, the

FIGURE 6
Trends in the volume proportion of bid-winning and originators during January 2018 to November 2019: (A) volume proportion of bid-winning
and originators in the intervention group and control group (B) volume proportion of bid-winning and original drugs in intervention group by
healthcare setting. Note: PHCs, primary healthcare centers.

TABLE 3 Impact of the “4 + 7” pilot on the volume proportion of bid-winning and originators, stratified by healthcare settings.

Categories Descriptive change (million DDDs) DID estimate

Pre Post Change (%) β 95% CI Change (%)

Overall 56.69 93.61 36.93 0.61 (0.57, 0.64)*** 83.31

Tertiary hospitals 72.49 95.42 22.93 0.43 (0.41, 0.46)*** 53.88

Secondary hospitals 51.32 94.13 42.82 0.64 (0.59, 0.69)*** 89.27

PHCs 44.19 91.63 47.45 1.12 (0.97, 1.27)*** 206.18

Note: *p < 0.05.

**p < 0.01.

***p < 0.001.

Pre refers to March–November 2018; Post refers to March–November 2019.

DID, difference-in-difference; PHCs, primary healthcare lefts; CI, confidence interval.
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proportion in all types of medical institutions prominently

increased, up to approximately 95% (Figure 6B).

As shown in Table 3, the volume proportion of bid-winning and

original drugs in the “4 + 7” List INN increased from 56.69% in the

pre-intervention period to 93.61% in the post-intervention period,

with a significant increase of 83.31% (β = 0.61, p < 0.001). Further, an

increase in bid-winning and original drugs’ volume proportions were

demonstrated in all types of medical institutions, and the figure

FIGURE 7
Trends in the volume proportion of “4 + 7” List drugs during January 2018 to November 2019: (A) volume proportion of “4 + 7” List drugs in the
intervention group and control group (B) volume proportion of “4 + 7” List drugs in intervention group by healthcare setting. Note: PHCs, primary
healthcare centers.

TABLE 4 Impact of the “4 + 7” pilot on monthly volumes of “4 + 7” List drugs and their alternative drugs, stratified by healthcare settings.

Categories Descriptive change (million DDDs) DID estimate

Pre Post Change (%) β 95% CI Change (%)

Overall

“4 + 7” List INNs 2026.00 2296.00 13.33 0.30 (0.11, 0.48)** 34.45

Alternative INNs 2340.00 2591.00 10.73 0.01 (−0.16, 0.17) 0.50

“4 + 7” List INNs% 46.40 46.98 0.58 0.18 (0.15, 0.22)*** 20.08

“4 + 7” List INNs

Tertiary hospitals 819.00 963.40 17.63 0.32 (0.14, 0.51)** 37.99

Secondary hospitals 303.40 362.30 19.41 −0.36 (−0.59, −0.13)** −30.44

PHCs 903.90 970.50 7.37 0.49 (0.23, 0.75)*** 62.74

Alternative INNs

Tertiary hospitals 898.00 952.60 6.08 0.14 (−0.04, 0.31) 14.57

Secondary hospitals 362.90 412.40 13.64 −0.58 (−0.79, −0.38)*** −44.23

PHCs 1079.00 1226.00 13.62 −0.02 (−0.27, 0.24) −1.69

“4 + 7” List INNs%

Tertiary hospitals 47.70 50.28 2.58 0.11 (0.08, 0.14)*** 11.52

Secondary hospitals 45.53 46.77 1.24 0.18 (0.13, 0.22)*** 19.12

PHCs 45.58 44.17 −1.41 0.40 (0.33, 0.47)*** 48.59

Note: *p < 0.05.

**p < 0.01.

***p <0.001.
Pre refers to March–November 2018; Posaefers to March–November 2019; “4 + 7” List INNs% refers to the volume proportion of “4 + 7” List INNs, in the total volume of “4 + 7” List and

alternative INNs.

DDDs, defined daily doses; DID, difference-in-difference; CI, confidence interval; INN, international nonproprietary name; PHCs, primary healthcare lefts.
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reached 95.42% (tertiary hospitals), 94.13% (secondary hospitals), and

91.63% (PHCs) in the post-intervention period. Next, DID analysis

revealed that the proportion significantly increased by 53.88%,

89.27%, and 206.18% in tertiary hospitals (β = 0.43, p < 0.001),

secondary hospitals (β = 0.64, p < 0.001), and PHCs (β = 1.12, p <
0.001), respectively.

“4 + 7” List and alternative drugs
Figure 7 demonstrates the monthly trends of volume

proportion of “4 + 7” List drugs. The proportion in the

intervention group prominently improved in the early periods

of policy implementation (March to April 2019) (Figure 7A).

Also, a similar increment was observed in three medical

institution types in this period (Figure 7B).

Table 4 presents the change of “4 + 7” List drugs and their

alternative drugs. After policy intervention, the volume of “4 + 7”

List drugs significantly increased by 34.45% (β = 0.30, p = 0.002).

The volume change of alternative drugs was not statistically

significant (β = 0.01, p = 0.956). As for the proportion of “4 +

7” List drugs in the total volume of “4 + 7” List drugs and alternative

drugs, a prominent increase was observed after intervention (β =

0.18, p < 0.001).

In different healthcare settings, the volume of “4 + 7” List drugs

significantly increased by 37.99% in tertiary hospitals (β = 0.32, p =

0.001) and 62.74% in PHCs (β = 0.49, p < 0.001), and it significantly

decreased by 30.44% (β = −0.36, p = 0.002) in secondary hospitals after

policy intervention. The volume of alternative drugs significantly

decreased by 44.23% in secondary hospitals (β = −0.58, p < 0.001),

and no significant changes were seen in tertiary hospitals (β = 0.14, p =

0.128) and PHCs (β=−0.02, p= 0.895). The volume proportion of “4 +

7” List drugs increased by 11.52%, 19.12%, and 48.59% in tertiary

hospitals (β = 0.11, p< 0.001), secondary hospitals (β = 0.18, p< 0.001),

and PHCs (β = 0.40, p < 0.001), respectively.

Drug utilization changes by subgroup

Geographical region
Table 5 demonstrates the change in drug utilization among

different geographical regions. After policy intervention, the

TABLE 5 Subgroup analyses on the impacts of “4 + 7” pilot on drug use structure by geographical region.

Regions Bid-winning% Generics% Bid-winning &
originators%

“4 + 7” list INNs%

Pre Post Change
(%)

Pre Post Change
(%)

Pre Post Change
(%)

Pre Post Change
(%)

Descriptive change

East China 18.45 84.94 66.49 76.20 88.89 12.68 41.52 95.05 53.53 45.21 40.77 -4.44

North China 17.15 62.20 45.05 50.05 68.73 18.67 65.38 91.49 26.12 45.91 46.55 0.64

Central China 8.48 77.78 69.30 46.53 78.58 32.05 61.24 97.68 36.44 52.79 55.87 3.08

Northeast China 14.61 78.64 64.03 53.51 82.11 28.60 60.05 94.79 34.74 39.31 46.18 6.87

Southwest China 21.74 81.33 59.60 66.25 87.10 20.85 55.06 92.95 37.89 48.23 52.48 4.25

Northwest China 33.25 83.43 50.18 63.87 85.11 21.24 67.90 97.47 29.57 38.78 53.48 14.69

Regions Bid-winning% Generics% Bid-winning and Originators% “4 + 7” List INNs%

β p Change (%) β p Change (%) β p Change (%) β p Change (%)

DID estimate

East China 1.79 < 0.001 496.55 0.21 < 0.001 22.88 0.82 < 0.001 126.82 0.03 0.572 2.74

North China 1.31 < 0.001 269.14 0.21 < 0.001 23.37 0.48 < 0.001 62.09 0.18 < 0.001 19.60

Central China 1.32 < 0.001 272.48 -0.001 0.979 -0.10 0.86 < 0.001 136.08 0.36 < 0.001 42.62

Northeast China 1.42 < 0.001 311.65 0.45 < 0.001 57.46 0.37 < 0.001 44.63 0.09 0.002 8.98

Southwest China 1.62 < 0.001 404.30 0.31 < 0.001 36.21 0.59 < 0.001 79.68 0.20 < 0.001 22.63

Northwest China 1.46 < 0.001 330.60 0.34 < 0.001 40.21 0.50 < 0.001 64.38 0.29 < 0.001 33.24

Note: Bold values indicate regression coefficients with statistical significance (p-value < 0.05). Pre refers to March–November 2018; Post refers to March–November 2019; Bid-winning%

refers to the volume proportion of bid-winning drugs in the “4 + 7” List INNs; Generics% refers to the volume proportion of generic drugs in the “4 + 7” List INNs; Bid-winning &

Originators% refers to the volume proportion of bid-winning products or original products in the “4 + 7” List INNs; “4 + 7” List INNs% refers to the volume proportion of “4 + 7” List INNs,

in the total volume of “4 + 7” List and alternative INNs.

INN, international nonproprietary name; DID, difference-in-difference.
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volume proportion of bid-winning drugs significantly increased

in all six regions: 496.55% (east China), 269.14% (North China),

272.48% (Central China), 311.65% (Northeast China), 404.30%

(Southwest China), and 330.60% (Northwest China) (all

p-values < 0.001). In the post-intervention period, bid-

winning drugs’ volume proportion reached between 62.20%

and 84.94% in the six regions.

Among the six geographical regions, the change in

volume proportion of generic drugs in central China was not

statistically significant (β = −0.001, p = 0.979), while significant

increases were observed in other five regions (all p-values <
0.001): 22.88% (east China), 23.37% (north China), 57.46%

(northeast China), 36.21% (southwest China), and 40.21%

(northwest China).

The volume proportion of bid-winning and original drugs

significantly increased in all the six regions after policy

intervention: 126.82% (east China), 62.09% (north China),

136.08% (central China), 44.63% (northeast China), 79.68%

(southwest China), and 64.38% (northwest China) (all

p-values < 0.001). Next, in the post-intervention period, the

volume proportion of bid-winning and original drugs ranged

from 91.49% to 97.68% among the six regions.

Among the six geographical regions, the change in volume

proportion of “4 + 7” List drugs in east China was not statistically

significant (β = 0.03, p = 0.572), while prominent increases were

detected in other five regions (all p-values < 0.01): 19.60% (north

China), 42.62% (central China), 8.98% (northeast China), 22.63%

(southwest China), and 33.24% (northwest China).

ATC classification
In this study, the included drugs covered eight ATC

classifications. As shown in Table 6, the volume proportion of

bid-winning drugs significantly increased after policy

intervention in all the ATC classes (all p-values < 0.001).

TABLE 6 Subgroup analyses on the impacts of “4 + 7” pilot on drug use structure by ATC classification.

ATC
class

Bid-winning% Generics% Bid-winning &
originators%

“4 + 7” list INNs%

Pre Post Change
(%)

Pre Post Change
(%)

Pre Post Change
(%)

Pre Post Change
(%)

Descriptive change

ATC-C 13.21 72.65 59.44 57.90 77.35 19.45 54.32 93.83 39.51 49.35 48.52 −0.84

ATC-N 31.84 67.08 35.24 72.18 82.50 10.31 59.65 84.58 24.93 33.67 33.44 −0.23

ATC-L 25.96 65.91 39.96 72.43 59.17 −13.26 34.89 73.02 38.14 73.00 69.90 −3.10

ATC-J 28.32 84.57 56.25 78.00 89.85 11.85 50.32 94.70 44.39 53.58 68.23 14.64

ATC-A 2.68 73.46 70.78 71.15 93.01 21.87 31.53 80.44 48.91 19.40 17.42 −1.98

ATC-B 36.83 75.42 38.60 58.77 78.54 19.77 78.08 96.90 18.82 34.59 38.87 4.28

ATC-M 97.86 93.92 −3.94 2.14 6.08 3.94 97.86 93.92 −3.94 19.92 18.78 −1.14

ATC-R 0.00 69.99 69.99 39.43 76.73 37.29 60.57 93.26 32.69 78.28 73.25 −5.03

ATC class Bid-winning% Generics% Bid-winning and
Originators%

“4 + 7” List INNs%

β p Change (%) β p Change (%) β p Change (%) β p Change (%)

DID estimate

ATC-C 1.69 < 0.001 444.12 0.26 < 0.001 29.43 0.66 < 0.001 92.90 0.14 < 0.001 15.03

ATC-N 0.72 < 0.001 104.83 0.01 0.541 0.90 0.57 < 0.001 76.12 0.09 0.003 9.53

ATC-L 0.93 < 0.001 153.96 −0.38 < 0.001 −31.89 0.88 < 0.001 141.09 −0.06 0.002 -5.73

ATC-J 0.87 < 0.001 137.98 0.03 0.004 3.46 0.77 < 0.001 116.84 0.11 < 0.001 11.74

ATC-A 2.48 < 0.001 1090.55 0.36 < 0.001 43.19 1.02 < 0.001 176.77 −0.23 < 0.001 −20.55

ATC-B 1.05 < 0.001 186.91 0.67 < 0.001 96.21 0.16 < 0.001 17.47 0.50 < 0.001 65.37

ATC-M 0.12 < 0.001 13.20 −0.39 0.249 −32.50 0.24 < 0.001 26.87 0.71 < 0.001 103.60

ATC-R 4.60 < 0.001 9858.38 0.65 < 0.001 91.17 0.47 < 0.001 59.84 −0.01 0.709 −1.19

Note: Bold values indicate regression coefficients with statistical significance (p-value < 0.05). Pre refers to March–November 2018; Post refers to March–November 2019; Bid-winning%

refers to the volume proportion of bid-winning drugs in the “4 + 7” List INNs; Generics% refers to the volume proportion of generic drugs in the “4 + 7” List INNs; Bid-winning &

Originators% refers to the volume proportion of bid-winning products or original products in the “4 + 7” List INNs; “4 + 7” List INNs% refers to the volume proportion of “4 + 7” List INNs,

in the total volume of “4 + 7” List and alternative INNs.

ATC, anatomical therapeutic chemical; INN, international nonproprietary name; DID, difference-in-difference.
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As for the volume proportion of generic drugs, no significant

change was observed in ATC-N (β = 0.01, p = 0.541) and ATC-M

(β = -0.39, p = 0.249). By contrast, significant increases were

found in ATC-C (29.43%), ATC-J (3.46%), ATC-A (43.19%),

ATC-B (96.21%), and ATC-R (91.17%), while a significant

decrease was found in ATC-L (-31.89%).

For the volume proportion of bid-winning and original

drugs, prominent increases were detected in all eight ATC

classes (all p-values < 0.001), with the increment ranged from

17.47% to 176.77%. During the post-intervention period, the

proportion of bid-winning and original drugs in eight ATC

classes was between 73.02% and 96.90%.

In terms of the volume proportion of “4 + 7” List drugs,

among the eight ATC classes, five (ATC-C, ATC-N, ATC-J,

ATC-B, and ATC-M) demonstrated significant increases (all

p-values < 0.05), two (ATC-L and ATC-A) showed significant

decreases (all p-values < 0.05), and one (ATC-R) indicated no

significant change (β = −0.01, p = 0.709).

Common pre-trends tests for DID

According to the direct observation of the monthly trend chart

above, it can be shown that, to some extent, the monthly trends of

change in drug use were similar between the intervention group

and control group prior to the “4 + 7” pilot implementation.

Furthermore, we conducted common pre-trends tests for each

outcome variable based on Eq. 8. As shown in Supplementary

Figure S1, the coefficients of the interaction terms were all

statistically insignificant in the pre-intervention periods—the

point estimates and 95% confidence intervals of the interaction

terms’ coefficients were not different from zero. Next, the results

appeared that the outcome variables demonstrate the same time-

varying trend between the intervention group and control group

before policy implementation, thus clearly suggesting that the

common trends assumption could not be rejected.

Discussion

In this study, we quantified the change in drug utilization in

China’s public medical institutions under the impact of the “4 + 7”

centralized procurement policy, by using data of drug

procurement order from an authoritative national database.

Natural experimental design and difference-in-difference

method were applied to estimate policy impacts. Overall, within

the one-year agreed procurement period, the procurement tasks of

bid-winning drugs were well completed in each “4 + 7” pilot city.

After the implementation of the “4 + 7” policy, the use of policy-

related drugs in China’s public medical institutions significantly

changed, where drug use became more concentrated on bid-

winning drugs, generic drugs, quality-guaranteed drugs, and

drug INNs covered by centralized procurement list. Besides, a

gradually decreasing difference existed in drug use structure

among different healthcare settings and geographical areas.

First of all, results of this study showed that the accumulative

actual procurement volume of bid-winning drugs in “4 + 7” pilot

cities during the one-year procurement period (April 2019–March

2020) reached about two times the agreed volume; the procurement

of a majority of drug INNs were also over-fulfilled. The present

findings are generally consistent with the findings reported by

NHSA (2020), reflecting good policy acceptance and compliance

of healthcare providers. However, our investigation revealed that the

published agreed procurement volume in the 11 pilot cities only

accounted for approximately 45% of the actual procurement volume

in 2018 (Joint Procurement Office, 2018b), which is markedly lower

than the projected amount of 60–70% (General Office of the State

Council, 2019a), and the underreporting was particularly prominent

in several pilot cities. This findingmay implicate the phenomenon

of underreporting of procurement demands in public medical

institutions to relieve their pressure of assessment, which was

also reported in a previous study (Yu, 2020). Next, the

accurate identification of demands for drugs is the

foundation for conducting centralized drug bidding and

procurement, as well as for assessing the medical

institutions. Therefore, in the future, to promote authentic

reporting of drug use demands in medical institutions, a more

comprehensive mechanism for reporting drug procurement

volume and a reform of assessment approach are warranted.

Second, a significant increase was found in usage of bid-

winning drugs following the policy intervention, while the

opposite trend was observed in the non-winning drugs. As a

consequence, bid-winning drugs became more dominant in use

among the centralized procurement drugs, increasing from 14 to

74%. Also, these results are in line with the body of literature

(Chen et al., 2020; Yang et al., 2021a; Chen et al., 2021; Wen et al.,

2021; Yang et al., 2022a; Wang et al., 2022). In particular, such

changes were found to be more prominent in PHCs, compared to

those in secondary and tertiary hospitals, which indicated that

the bid-winning drugs among the centralized procurement drugs

may be more reflective to the drug demands at PHC level.

Following the implementation of the “4 + 7” policy, the bid-

winning drugs have become more accessible at community level

(NHSA, 2022), which complies with the original policy intention

of improving drug accessibility.

Third, we also observed a significant increase in usage of generic

drugs under the impact of the “4 + 7” policy implementation, while

the opposite trendwas seen in the original drugs. The usage of generic

drugs has become more dominant, increasing from 59% to 78%; the

increment was the largest in tertiary hospitals, followed in order by

secondary hospitals and PHCs. In China, the high reliance of use in

original drugs has long existed, especially in large hospitals; also, an

increasing use of original drugs is found year by year (Li et al., 2013;

Zeng, 2013; Tang, 2016; Li et al., 2021; Huang et al., 2022), which

appears to be contradicted to the situation in the United State where

the generic drugs reached 90% of the prescriptions (FDA, 2019).
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Next, the low utilization rate of the generic drugs in China could be

attributed to a number of factors, including the lack of sufficient

understanding in the trust to the quality and efficacy of domestic

generic drugs among the physicians, pharmacists, and patients (Oncu

et al., 2020; Li et al., 2021), as well as the incentives for markups or

rebates of high-priced drugs (such as the imported original drugs)

(Zeng et al., 2014). After the implementation of the “4 + 7”

centralized procurement policy, the long-standing problem of low

utilization rate of generic drugs in public hospitals has been

reversed; also, the variations in the utilization rate of generic

drugs among healthcare settings and geographical regions also

gradually reduced. In the future, persistent publicity and

education of knowledge on generic drugs are needed to

further reverse the misunderstandings of the generic drugs

among the general public (Qu et al., 2021). Moreover, further

improving the establishment of drug quality standard is urgent,

to promote the monitoring and evaluation on the efficacy and

safety of generic drugs that passed the GCE using real-world

data and to consolidate the foundation for the substitution use

of generic drugs.

Forth, since the centrally procured bid-winning drugs and the

imported original drugs are of relatively high quality assurance, in

this study, they were regarded as quality-guaranteed drugs. Analysis

of the current work revealed that a tremendous upsurge was found

in the overall utilization of these quality-guaranteed drugs from

57 to 94% following the policy implementation, which is consistent

with the reports released by NHSA (2020) and Wang et al. (2022).

Of note, the increment was more prominent in PHCs, as compared

to that in the secondary and tertiary hospitals. More importantly,

the utilization rate of these quality-guaranteed drugs increased

consistently in all geographical regions and all ATC classes. In

China, there has been a long-standing concern on the quality of

generic drugs, as well as among different brands, which impeded

improvement in the quality of drugs used among the general public

(Tian, 2014; Chen et al., 2021). Next, fortunately, following the

implementation of the “4 + 7” centralized procurement policy, the

utilization rate of the quality-guaranteed drugs, at least among the

“4 + 7” List drugs, remarkably improved, reflecting an overall

improvement of the quality of drugs used at the population level.

Meanwhile, the increase in themarket share of high quality generics

under the influence of the centralized procurement policy would

encourage the development of the Chinese domestic

pharmaceutical industry (Mao et al., 2020). In the long run, the

advance of the policy may be conducive to guiding pharmaceutical

enterprises to paymore attention to drug quality and innovation. In

light of this, we recommend to expand the coverage of centralized

procurement drugs in order to benefit more patients and,

meanwhile, to get rid of the use of low-quality drugs, such as

generic drugs that failed to pass the GCE assessment.

Moreover, the quantity and proportion in use of the “4 + 7”

List drugs significantly increased after the policy intervention,

which might be ascribed to the release of some previously unmet

drug demands after drug price reduction. Besides, we found that

the increment in the utilization proportion of “4 + 7” List drugs took

place mostly during early months of the policy implementation,

which then generally returned to the pre-intervention level. These

results suggested that excessive procurement and use of related drugs

might be found in medical institutions in the early stage of policy

implementation, (Yang et al., 2021b), which deserves a full attention

in policy monitoring in the future.

Centralized public procurement is an effective approach to

redress the imbalance in pharmaceutical market leverage between

supply and demand, with the logical underpinnings that the

consolidation of purchasing power produces economies of scale

and brings many benefits such as price reduction, improved quality

assurance, rationalized choice, etc. (Huff-Rousselle, 2012). The

principle for the impact of centralized procurement on hospitals’

drug utilization lies in the reshaping of the market pattern under the

alliance mechanism—the influence of the centralized procurement

mechanism on drug market varied by existing competition patterns,

drug attributes, and buyers’ demands (Dubois et al., 2021;Wang and

Zahur, 2022). Existing literature noted that centralized procurement

mechanism demonstrated no limit on product choices of healthcare

providers (Callea et al., 2017; Wang and Zahur, 2022), nor did we

observe in this study; therefore, reasons exist to believe that changes

in drug utilization may be largely derived from the increased

efficiency of the procurement system and improved rationality of

decision-making about drug procurement (Bandiera et al., 2008;

Huff-Rousselle, 2012). In China’s current public procurement

practice, our findings indeed indicated significant changes in

drug utilization of policy-related drugs after the implementation

of the centralized drug procurement policy, and the variations in

drug use structure among healthcare settings and geographical

regions were gradually diminished. Next, the promotion of

overall quality of drugs used and the homogenization of drug use

structure might be conducive to hierarchical diagnosis and

treatment, as well as enhancement in the fairness of drug usage

at population level in China.

This study demonstrates a few limitations. First, provincial

procurement data (i.e., population level data), rather than the

clinical medicine use of patients (such as prescriptions), were

analyzed in this study. Although the research method for drug

utilization is internationally accepted, the resultingDDDdata cannot

be followed back to the demand in individual patients. Therefore, in

the future, patient- and prescriber-level research might be needed to

identify the direct causes behind the observed changes in drug

utilization under the “4 + 7” policy. Second, due to the lack of

city-level data from non-pilot areas, in this study, we matched the

control group by province (rather than by city), which might be an

imperfection regarding the establishment of the control group. Also,

it should be noted that the “4 + 7” pilot cities are China’s top

developed areas; therefore, it is difficult to assign a control group in

mainland China that completely matched the pilot group in terms of

population size, economic development, medical resources, etc. In

this study, wemade further explorations based on our previous work

(Wang et al., 2022), such as the TOPSIS matching and the stratified
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matching by geographical region, in an attempt to improve the

comparability between intervention and control group to the greatest

extent. Next, luckily, the common trends tests supported our

hypothesis. Despite that, the present findings might also be

confronted with the risk of bias, and one should be cautious

when interpreting the results.

Conclusion

During the 1-year contracted procurement period, the agreed

procurement tasks of medical institutions were mostly well

fulfilled in pilot cities, with an overall completion rate of

191.4%. After policy intervention, the drug utilization of

China’s public medical institutions significantly changed, and

the consumption became more concentrated to bid-winning

drugs and generic drugs. Next, the variations in drug use

among healthcare settings and geographical regions were

gradually narrowed. Moreover, “4 + 7” centralized procurement

policy significantly promoted the use proportion of quality-

guaranteed drugs consistently in all regions, healthcare settings,

and ATC classes. In the future, policy improvement is still needed

to expand the influence coverage on drug utilization and promote

equity in drug use in China.
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