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Abstract

Background Drug shortages significantly threaten public health and medical service provision worldwide. Research
evidence on the complete picture of drug shortages is currently scant in China. This study aimed to provide a
descriptive overview and a reference for alleviating of drug shortages in China.

Methods National and provincial lists of drug shortages issued in China from 2018 to 2021 were collected and
summarized. The information on essential medicines, medical insurance drugs, emergency drugs, and volume-based
purchasing drugs was then matched with a drug shortage list to analyse the characteristics, proportion and incidence
of drug shortage on each list based on the analysis of information such as dosage form, shortage frequency, and
Anatomical Therapeutic Chemical (ATC) classification of the drugs in shortage.

Results A total of 24 provinces issued drug shortages lists involving 408 drugs from 2018 to 2021. All 58 drugs in
the national drug list were included on the provincial drug shortage list. Among all the drugs in shortage, the most
significant shortage involved injections, accounting for 45.3% (185/408). Ninety-five drugs (23.3%) were in shortage
5 times (annual shortage > 1 time) or more in the provincial lists, and 199 drugs (48.8%) were on the shortage list
only once. In terms of therapeutic property, nearly all categories of drugs had been reported in shortage, among
which cardiovascular drugs, nervous system drugs, anti-tumor and immunomodulatory drugs, and blood and
hematopoietic organ drugs accounted for more than 10%. There is no significant difference in drug shortage among
economic regions. Comparing drugs in shortage and various lists, 81.9% (334/408), 51.0% (208/408) and 67.9%
(277/408) fell on the National Medical Insurance Drug List, National Essential Medicines List, and WHO Model List

of Essential Medicines, respectively, while the volume-based purchasing drugs accounted for 3.4% (14 drugs). The
incidence of drug shortages on NEML, WHO Model List of Essential Medicines and medical insurance category A was
significantly higher than that of medical insurance category B and volume-based purchasing drugs (P <0.05). Of the
Emergency Drugs List, 72.0% (36/50) also experienced shortages, significantly higher than all the above categories
(P<0.05).

Conclusions In China, drug shortages were severe and complicated. Drug shortages vary among economic regions
but are not significant. In comparison, the national procurement pattern of volume-based drug purchasing may be
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conducive to alleviating the drug shortage problem. Collaboration of all partners was recommended to ensure the

supply of clinically necessary drugs.

Keywords China;, Drug shortages,, Essential medicines;, Medical insurance,, Volume-based purchasings

Background

The World Health Organization (WHO) has considered
drug shortages a complex global challenge [1]. There is a
lack of a standardized definition of drug shortage globally
[2]. According to the WHO, a drug shortage is an insuf-
ficiency in the supply of medicines, health products, and
vaccines are identified by the health system as essential
to meet public health and patient needs [3]. It profoundly
impacts patient safety, clinical outcomes, quality control,
and healthcare facility management, posing complex
challenges for healthcare providers [4]. Drug shortages
have prevailed worldwide, affecting high-, middle-, and
low-income countries. From 2012 to 2018, shortages of
3,530 pharmaceutical products, including 1,833 differ-
ent active substances, were reported in France [5]. From
2014 to 2019, 209 drug shortages impacted medications
on the WHO Model List of Essential Medicines for Chil-
dren (EMLc), of which 77 (36.8%) remained unresolved
by 2019 in the United States [4]. In 2021,there were 114
drug shortages in the United States [6]; the Dutch Medi-
cines Evaluation Board received 3660 notifications of
a lack of 1,835 medicines [7]. Although high-, middle-
and low-income countries all deal with shortages, there
have been few research studies about the prevalence of
shortages in low- and middle-income countries [2]. Drug
shortages substantially increased from 2020 to May 2021
due to the COVID-19 pandemic. There were 399 drugs
classified as vital unavailable medicines in Colombia until
May 2021 [8].

In China, drug shortage was defined as “the shortage
of drugs that are clinically necessary, irreplaceable or
not completely replaceable, and are in short supply or
unstable supply in a certain period of time or in a cer-
tain region after being approved by the National Medi-
cal Products Administration (NMPA)” [9]. Identifying
the characteristics of drug shortages can be beneficial
to implementing targeted preventive measures. A quali-
tative study on drug shortages in Shaanxi Province was
conducted in 2016, which indicated that drugs facing
shortages were increasing, and essential medicines were
mostly involved. The shortage of all 87 identified biologi-
cals and chemicals was reported by tertiary and second-
ary hospitals in Shaanxi Province [10]. In 2017, a study
to characterize the shortage of emergency drugs in China
showed that the shortage was very severe. According to
the survey, 90.7% of the respondents experienced drug
shortages during the previous year. More than half of the
physicians (65.7%) reported that drug shortages occurred
at least once a month [11]. In 2018, an analysis of 614

hospitals in China showed that the average frequency of
drug shortages in general hospitals was 56.1 times per
year [12]. A national list of drug shortages involving 58
drugs was also released by National Health Commission
of the People’s Republic of China on December 30th,
2020 [13].

The ongoing shortage of drugs has brought negative
effects to health care, such as treatment discontinuation
due to the unavailability of therapeutic drugs [11]. In par-
ticular, the shortage of some emergency medicines may
delay treatment and directly threaten patients’ lives [14,
15]. Drug regulatory agencies in various countries attach
more and more importance to drug shortages to solve
the problem. The Chinese government implemented the
national and provincial list management systems for drug
shortages, requiring each province to collect, analyse and
evaluate the information on drug shortages and formu-
late the provincial list of drug shortages and list of clini-
cally essential but liable to shortage drugs (hereinafter
referred to as “lists of drug shortages”).

Essential medicines were defined by WHO as a class
of drugs satisfying the population’s priority healthcare
needs and were defined in China as medicines that meet
essential medical and health needs, with appropriate dos-
age forms, reasonable prices, guaranteed supply, and fair
access to the public [16, 17]. To ensure public demands,
the model and system of essential medicines have been
established in China, and the “National Essential Medi-
cine List” (NEML) was formulated through scientific and
systematic selection [18]. The latest edition of the NEML
was developed in 2018 [19]. The “National Medical Insur-
ance Drug List” (NMIDL) is one of the carriers and mani-
festations of the basic Chinese medical insurance system.
It is used to guide the use and reimbursement of drugs,
reduce the burden of medical treatment, and protect the
rights and interests of universal health insurance [20].
According to different payment standards, drugs on the
list can be divided into category A and category B. Cat-
egory A drugs are clinically necessary, widely used, and
less expensive than other drugs with similar efficacy,
while category B drugs refer to drugs that are also clini-
cally necessary and effective but have a higher price than
category A. Category A drugs can be reimbursed 100%
through universal health insurance. In contrast, category
B drugs can be reimbursed at a certain proportion, usu-
ally between 70% and 90% depending on local policies
and specific drugs. The latest edition of the NMIDL was
developed in 2021 [21]. Since 2019, the volume-based
drug purchasing policy that aimed to further decrease
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drug prices by guaranteeing market shares was also
implemented in China, and five batches of this kind of
purchasing involving 218 drugs had been carried out suc-
cessfully by June 2021 [22].

However, no comprehensive study was conducted to
explore the full picture of drug shortages in China. This
study was to collect the lists of drug shortages issued in
China from 2018 to 2021 and summarize the characteris-
tics, to provide references for the solution to drug short-
ages in China.

Methods

Data sources

This was a cross-sectional study of drug shortages in
China from 2018 to 2021. We obtained drug shortage
data from the official websites of the health commission
and platforms of drug procurement and management in
all 31 provincial administrative units of China’s mainland.
The websites and platforms contain national and provin-
cial lists of drug shortages. The registration approvals
and manufacturer information of drugs and their active
pharmaceutical ingredients (APIs) were collected on the
NMPA website [23].

Six attributes were considered for the drugs: (1) the
ATC classification of the WHO, (2) the 2018 edition of
the NEML [16], (3) the 2021 edition of the WHO Model
List of Essential Medicines[23], (4) the 2021 edition of the
NMIDL [21], (5) the list of “Emergency (Rescue) Drugs
Directly Online Procurement of Demonstration Drugs
(Chemicals and Biological Products)” that involved 60
drugs and was released in 2015 (hereinafter referred to
as the “Emergency Drug List” [EDL]) [24], and (6) the
list of volume-based purchasing of five batches (herein-
after referred to as the “Volume-Based Purchasing List”
[VBPL)).

Data analysis

Summarize each province’s drug shortages from 2018
to 2021, and count their generic name, dosage form,
province, WHO classification of ATC, and the cumula-
tive number of shortages in four years. The list can be
obtained by sorting the above drugs in descending order
according to the frequency of shortages.

For drugs with a shortage frequency>5 times (an
annual shortage>1 time), compare them with the
national list of drug shortages, and inquire about the
manufacturer information of pharmaceutical drugs and
APIs on the official website of the NMPA.

Compare the drug shortages list with the 2018 NEML,
2021 WHO Model List of Essential Medicines, 2021
NMIDL, 2015 EDL and VBPL, and determine the pro-
portions of drug shortages in each list and drugs con-
tained in other drug lists in shortages list. A chi-square
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test is used to check whether there is a difference in the
ratio of drug shortage in each list.

The provinces are divided into four regions accord-
ing to their geographical location and economic devel-
opment level, and the provinces in each region are
geographically adjacent and have a similar level of eco-
nomic development. From high to low, the order of Gross
Domestic Product is eastern, central, western and north-
east [25]. ANOVA is used to determine whether there
is a difference in the average annual number of drugs in
shortages between economic regions.

IBM SPSS Statistics for Windows 26 is used for analysis
with a significance level of 0.05.

Patient and public involvement

All material in this study is derived from an official open
access list and therefore does not require a research
license or an ethics committee evaluation. Appropriate
scientific practices and research ethics standards were
followed throughout the research process.

Results

A total of 408 drugs were involved in the issued provin-
cial lists of drug shortages in China from 2018 to 2021
(Table S1 in Supplementary Material).

Dosage form characteristics of drug shortages

Regarding dosage forms, oral dosage and injection
accounted for 88.7% in total, with 43.4% (177/408) for
oral and 45.3% (185/408) for injection, while topical
(including eye drops, lotion, eye substance, cream, nasal
drops, etc.) and others only accounted for 11.3%. Rank
the list according to the shortage frequency. Injections
accounted for 88.2% (45/51) of the top 25% and 76.5%
(78/102) among the top 50%.

All top 5 drugs in shortages were injections: (1) metho-
trexate injection, (2) vitamin K1 injection, (3) posterior
pituitary injection, (4) urokinase injection, and (5) prot-
amine injection (Table 1).

Ratio of drug shortages

In total, 48.8% (199/408) of the drugs were involved in the
provincial lists once, and 15.7% (64/408) were involved
twice (Figure S1 in Supplementary Material). The drugs
with a shortage frequency of less than 5 (annual short-
age frequency<1) account for about 3/4 of all the drugs
in shortage; 93.1% (54/58) of the drugs on national drug
shortage list appeared 5 times or more in provincial drug
short orders (Table S1 in Supplementary Material).

All 95 drugs with a frequency>5 were produced by at
least one manufacturer approved by the NMPA. There
were 4 drugs (carbidopa/levodopa controlled / sustained-
release tablet, clofazimine capsule, acetamide injec-
tion and estriol cream) that were produced by only one
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manufacturer, accounting for 4.2% (4/95), and 12 drugs
were produced by fewer than three manufacturers. Most
(73/95) were produced by a number of manufactur-
ers ranging from 3 to 50, and 10 were even produced by
more than 50 approved manufacturers. For APIs, 92.6%
(88/95) were produced by at least one manufacturer. The
frequency and manufacturer information for 95 drugs
follow in Table 1.

Regional characteristics of drug shortages
Except for Anhui Province, Fujian Province, Henan Prov-
ince, Zhejiang Province, Qinghai Province, Tibet Auton-
omous Region and Chongqing Municipality, a total of 24
provinces issued a list of drug shortages in the past four
years (Table 2). In terms of the average number of annual
drugs in shortage, the western region is the most seri-
ous (41.67£29.55), while the northeast region is the least
serious (18.6714.04). However, there is no significant
difference in drug shortages among economic regions
(F=0.829, P=0.493>0.05).

Gansu Province leads the list with a shortage of 106
drugs/year on average. Sichuan Province has the fewest
shortage, with only 6 drugs.

Therapeutic categories of drug shortages

Among 408 drugs, chemical medicine accounted for
94.1%, while traditional Chinese medicine accounted
for 5.9%. According to the principles of the ATC clas-
sification of the WHO, chemical medicine shortages
included 14 categories, with cardiovascular drugs, ner-
vous system drugs, antineoplastic and immunomodulat-
ing agents, and drugs for blood and blood forming organs
over 10% (Table 3). The most common cardiovascular
drugs in shortage were nitroglycerin, epinephrine, and
norepinephrine.

Drug shortages in China on each list

Among 408 drugs that have experienced shortages, the
essential medicines in NEML and WHO Model List
accounted for 51.0% (208/408) and 67.9% (277/408),
respectively, with 25.5% (104/408) in both lists, including
neostigmine, pyridostigmine bromide, ketamine, pheno-
barbital sodium, diazepam, magnesium sulfate, etc. The
complete information on 104 drugs is in Table S2 of Sup-
plementary Material.

Compared with NMIDL and VBPL, 81.9% (334/408) of
drugs in shortage fell in NMIDL, with 54.9% (224/408)
in category A and 27.0% (110/408) in category B. Only
3.4% (14/408) was in VBPL (Table S3 in Supplementary
Material).

The analysis of variance showed that the drug short-
age incidence of NEML, the WHO Model List of Essen-
tial Medicines and Medical insurance category A was
significantly higher than that of medical insurance
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category B and VBPL (P <0.05), (Table S3 in Supplemen-
tary Material)

Notably, 72.0% (36/50) of the drugs in EDL experienced
shortages (Table 4). It was significantly higher than all
other lists (P <0.05).

Discussions

In this study, 408 drugs have been in shortage in the last
four years in China. Meanwhile, like the United States,
France, and other countries [5, 8, 26], China’s drug short-
age has shown an upward trend in recent years. It indi-
cated the drug shortage’s severity.

Of the 671 medicines in shortage in Europe, including
Belgium, the Netherlands, the United Kingdom, Italy,
Germany, Spain, and France from 2010 to 2013, 51% were
oral, and 40% were injection, but 52% were injectable,
and 40% were oral among 200 essential medicines [27].
In France, injections and oral agents accounted for 47.5%
and 43.3% of the 3,530 drugs in shortage during the
7-year period from 2012 to 2018 [5]. In the United States,
most drugs affected by shortages from 2014 to 2019 were
parenteral (61.2%), followed by oral (25.4%) [4]. Consis-
tent with our findings, the largest proportion of drugs in
shortage were injections. The underlying cause of many
drug shortages is a lack of profit due to low prices, in
which case injections are likelier to be in shortage due to
their higher cost than other dosage forms [28].

Drug shortages causes are multifactorial. The drug
shortages caused by raw material shortages and produc-
tion issues have been considered globally [29]. Moreover,
the number of hospital patients, as a variable significantly
affecting shortage frequency, may indicate that the great
demand for drugs will also lead to the emergence of
shortages [11]. Low margins, rather than low prices, lack
of incentives for high-quality drugs in the generic market,
and complexity of drug logistics and regulations further
complicate restoring the supply after the market disrup-
tions [28, 30]. As indicated by this study, 3 to 50 manu-
facturers produced 76.8% (73/95) of the drugs in shortage
with a frequency>5. The lack of manufacturers could not
explain the shortage of all drugs. However, some drugs
were in shortage and APIs were only produced by fewer
than three manufacturers, indicating a potential risk
of supply interruption and needed to be closely moni-
tored. To solve this problem, fixed-point productions
for some shortages of drugs were conducted in China.
The Chinese government invites bids from manufactur-
ers for drugs that are clinically necessary and shortages,
and the bid-winning enterprises will conduct fixed-point
production. The government-run primary medical and
health institutions and public hospitals are required to
be equipped with fixed-point production varieties and
pay in time according to the contract. At the same time,
other medical and health institutions are encouraged to
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Table 1 The manufacturer information for drugs with a frequency > 5 in the provincial lists of drug shortages in China, 2018-2021

Ranking Name Dosage form Frequency in Number of API Number of drug Whether in
the provincial  manufacturers manufacturers the national
shortage lists” list of drug

shortages

1 Methotrexate Injection 26 5 12 YES

2 Vitamin K Injection 22 4 20 YES

3 Posterior pituitary Injection 21 2 YES

4 Urokinase Injection 21 2 YES

5 Protamine Injection 21 5 29 YES

6 Atropine Injection 20 3 84 YES

7 Lobeline Injection 19 0 10 YES

8 Bleomycin Injection 18 2 YES

9 Deslanoside Injection 18 1 YES

10 Nikethamide Injection 17 5 5 YES

11 Nitroglycerin Injection 17 2 3 YES

12 Neostigmine Injection 17 2 28 YES

13 Pyridostigmine Bromide Tablet 17 7 YES

14 Nitroglycerin Tablet 17 7 13 YES

15 Ethacridine Injection 17 2 YES

16 Noradrenaline/Norepinephrine Injection 16 2 YES

17 Isoprenaline Injection 16 1 YES

18 Cytarabine Injection 15 3 YES

19 Allopurinol Tablet 15 2 21 YES

20 Calcium gluconate Injection 15 3 14 YES

21 Propafenone Injection 15 4 43 YES

22 Adrenaline Injection 15 13 5 YES

23 Dobutamine Injection 14 3 8 YES

24 Mitoxantrone Injection 14 3 7 YES

25 Benzathine Benzylpenicillin Injection 14 3 25 YES

26 Pralidoxime Chloride Injection 14 4 4 YES

27 Phentolamine Injection 13 5 9 YES

28 Mitomycin Injection 13 1 4 YES

29 Ketamine Injection 13 2 8 NO

30 Bleomycin A5 Injection 13 1 3 YES

31 Phenobarbital Injection 12 3 6 YES

32 Sodium Thiosulfate Injection 12 0 4 YES

33 Oxytocin Injection 12 4 21 YES

34 Verapamil Injection 12 2 7 YES

35 Metaraminol Injection 12 1 12 NO

36 Adrenocorticotropine Injection M 1 2 YES

37 Diazepam Injection 11 4 20 YES

38 Dopamine Injection il 2 9 YES

39 Furosemide Injection 11 3 58 YES

40 Magnesium Sulfate Injection 11 5 19 YES

41 Vincristine Injection 1 3 10 YES

42 Thiamazole Tablet 10 1 16 YES

43 Arginine Injection 10 12 13 YES

44 Acetamide Injection 10 0 1 YES

45 Oryzanol Tablet 10 3 200 NO

46 Tetanus antitoxin Injection 10 0 2 NO

47 Hydroxycarbamide Tablet 10 1 5 NO

48 Cyclophosphamide Injection 9 5 4 YES

49 Methylene Blue Injection 9 1 3 YES

50 Pralidoxime lodide Injection 9 2 7 NO

51 Chlorpromazine Injection 9 4 28 NO
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Table 1 (continued)

Ranking Name Dosage form Frequency in Number of API Number of drug Whether in
the provincial  manufacturers manufacturers the national
shortage lists” list of drug

shortages

52 Phenylephrine Injection 9 1 2 NO

53 Nystatin Tablet 9 2 15 NO

54 Sodium Dimercaptopropane Injection 8 1 3 YES

Sulfonate

55 Hydrocortisone Injection 8 7 43 YES

56 Mercaptopurine Tablet 8 3 5 YES

57 lodinated Oil Injection 8 2 3 NO

58 Scopolamine Injection 8 2 9 NO

59 Promethazine Injection 8 4 24 NO

60 Penicillamine Tablet 7 2 4 YES

61 Amiodarone Injection 7 2 4 YES

62 Digoxin Oral liquid 7 0 1 YES

63 Etoposide Injection 7 3 14 YES

64 Haloperidol Injection 7 2 6 NO

65 Heparin Injection 7 12 18 NO

66 Suxamethonium Chloride Injection 7 2 3 NO

67 Chymotrypsin Injection 7 1 4 NO

68 Chorionic Gonadotrophin Injection 7 4 14 NO

69 Sodium Bicarbonate Tablet 7 4 124 NO

70 Clofazimine Capsule 6 1 1 YES

71 Thrombin Lyophilizing 6 2 20 YES

Powder

72 Sodium Nitroprusside Injection 6 5 12 YES

73 Aminophylline Injection 6 7 45 NO

74 Bupivacaine Injection 6 2 9 NO

75 Estriol Cream 6 0 1 NO

76 Etamsylate Injection 6 5 57 NO

77 Metoclopramide Injection 6 2 15 NO

78 Labetalol Injection 6 2 2 NO

79 Propranolol Tablet 6 4 58 NO

80 Human albumin Injection 6 0 44 NO

81 Isoniazid Injection 6 4 18 NO

82 Testosterone Undecanoate Capsule 6 1 2 NO

83 Stanozolol Tablet 6 2 4 NO

84 Aminophylline Tablet 5 7 135 NO

85 Testosterone Propionate Injection 5 3 4 NO

86 Progesterone Injection 5 11 12 NO

87 Metoclopramide Tablet 5 2 71 NO

88 Carbidopa and Levodopa Controlled/Sus- 5 0 1 NO

tained-release
Tablet

89 Rifapentine Capsule 5 2 6 NO

90 Procaine Injection 5 5 95 NO

91 Anisodamine Tablet 5 1 2 NO

92 Folic acid Tablet 5 3 29 NO

93 Dextran 40 Sodium Chloride Injection 5 0 26 NO

94 Aminomethylbenzoic Acid Injection 5 5 36 NO

95 Menadione Sodium Bisulfite Injection 5 5 23 NO

“Number of occurrences in different years in different provinces
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Table 2 Drug shortages in provinces in China, 2018-2021
NO. Provinces economic area Number of drugs in short supply Total* Drugs/year
2018 2019 2020 2021
1 Gansu province Western 150 61 UR UR 211 106
2 Guangxi Zhuang Autonomous Region Central 39 65 UR 62 166 72
3 Shanghai Eastern 37 38 29 37 141 58
4 Tianjin Western UR 20 UR 69 89 57
5 Yunnan province Western 68 UR UR 10 78 55
6 Hubei province Eastern UR UR UR 72 72 45
7 Jiangsu province Western UR UR 25 44 69 42
8 Ningxia Hui Autonomous Region Western 41 UR 25 UR 66 39
9 Hunan province Eastern 41 UR 26 UR 67 36
10 Beijing Eastern UR UR 58 UR 58 35
1 Inner Mongolia Autonomous Region Eastern 57 UR UR UR 57 35
12 Guizhou province Central UR 24 14 13 51 34
13 Hainan province Western UR UR 22 31 53 33
14 Xinjiang Uygur Autonomous Region Eastern UR UR UR 42 42 29
15 Liaoning province Eastern UR UR 25 20 45 27
16 Shaanxi province Eastern UR 18 22 UR 40 26
17 Shanxi Province North East UR UR 33 8 41 23
18 Hebei province Central 36 UR UR UR 36 21
19 Guangdong province Western UR 26 UR UR 26 20
20 Shandong province Central UR UR UR 29 29 20
21 Jilin province North East UR UR 18 UR 18 18
22 Jiangxi province Western UR UR UR 20 20 17
23 Heilongjiang province North East UR UR 15 UR 15 15
24 Sichuan province Western UR UR UR 6 [§ 6
Total 469 252 312 463 1496 374

“Duplicate drugs were not excluded; UR: Unreleased

purchase and use designated production varieties. Rel-
evant departments shall monitor the production and
supply of designated production enterprises, coordinate
and solve existing problems, and ensure stable produc-
tion and effective supply [31]. Furthermore, regulatory
issues such as lack of monitoring systems or policies and
unavailability of communication among stakeholders can
also affect drug shortages [2]. National and provincial
monitoring systems for drug shortages have been estab-
lished in China since 2016 [32]. However, drug shortage
information was mostly reported by medical institu-
tions, and reporting of drug manufacturers was generally
insufficient, resulting in the delay of warning for 3 to 6
months [33, 34]. A multi-source information collection
platform for drug shortages was launched in November
2021 to realize information interconnection and shar-
ing among drug manufacturers, distributors, and medi-
cal institutions; facilitate the joint response to shortages;
and improve the sensitivity and timeliness of monitoring
and response. It is a national-level platform for monitor-
ing and early warning. Based on this platform, we suggest
establishing a shared drug inventory database to place
the warning even earlier. Demand issues also causes of
drug shortages. Emergency drugs, such as protamine,
pralidoxime chloride, and sodium thiosulfate are likely

to be in short supply due to low market demand. Yang et
al. proposed establishing a reserve system for drug short-
ages to reserve specific medicines, such as emergency
medicines and orphan drugs [10].

Unlike our study, Yang et al. showed that there was no
significant difference in the frequency of drug shortages
in different regions, but that the number of emergency
medicine shortages in eastern regions was significantly
higher than the number of shortages in western and cen-
tral regions [11]. The difference may be because it only
investigated the shortages of emergency medicine and
the number of drugs in shortage or because the scope of
the investigation was significantly narrower than in our
study. In general, according to our study, some drugs
were in shortage nationwide and others only in several
specific provinces. It presented the characteristics of
national shortages accompanied by regional shortages in
China. This may be related to the differences in disease
distribution [35]. Local medicine policies, drug inventory,
economic development, and transportation convenience,
as well as the pharmaceutical industry, may also influence
drug supply. Studies have shown that the drug supply in
central China is better than in eastern and western China
[36].
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Table 3 The therapeutic categories of chemical medicine in
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Table 4 Emergency drugs in shortage in China, 2018-2021

shortage in China, 2018-2021 No. Drug name Dosage form
No. Therapeutic category Num- Frequencyin  Proportion’ 1 Dopamine Injection
berof the provin.cial (%) 2 Norepinephrine Injection
drugs shortage lists 3 Metaraminol Injection
i 0,
1 Cardiovascular system 42 254 17.0% 4 Phentolamine Injection
0,
2 Nervous system >3 204 13.6% 5 Sodium Nitroprusside Injection
' ) 0
3 _Antlneoplastlc am.d 31 181 12.1% 6 Nitroglycerin Injection
immunomodulating : . o
7 Isosorbide nitrate Injection
agents T
4 Blood and blood form- 42 159 10.6% 8 Esmolol Injection
ing organs 9 Metoprolol Injection
5 Alimentarytractand 42 128 86% 10 Propafenone Injection
metabolism 11 Heparin Sodium Injection
6 Anti-infectives for 47 m 7.4% 12 Heparin Calcium Injection
systemic use 13 Urokinase Injection
7 Various 21 105 7.0% 14 Protamine Injection
8 Genito urinary system 24 84 5.6% 15 Tranexamic Acid Injection
and sex hormones 16 Amino caproic Acid Injection
9  Systematichormonal 14 77 51% 17 Posterior Pituitary Injection
preparat\ons, se>§ hor- 18 Mannitol Injection
mones and insulins ) ) ) o
) 19 Succinylcholine Chloride Injection
10 Respiratory system 18 76 51% . L
. 20 Haloperidol Injection
11 Dermatologicals 18 39 2.6% ) o
21 Magnesium Sulfate Injection
12 Musculo-skeletal 7 36 2.4% o o
22 Neostigmine Injection
system e ) o
13 Sensory organs 18 30 20% 23 PraI{dox?me Chlgrlde InJlectﬁon
14 Antiparasitic prod- 7 19 08% 24 Pralidoxime lodide Injection
ucts, insecticides and 25 Sodium Thiosulfate Injection
repellents 26 Naloxone Injection
“Proportion of frequency of drug shortages 27 Methylene Blue Injection
28 Acetamide Injection
In terms of therapeutic properties, nearly all categories 29 Sodium Dimercaptopropyl Sulfonate  Injection
of drugs had been reported to be in short supply. The dis- 30 Antivenin Injection
tribution of therapeutic categories for drug shortages in 31 Tetanus Antitoxin Injection
China was similar to other countries such as the United 32 Tetanus Human Immunoglobulin Injection
States, Europe and Australia, and was an international 33 Glucose Injection
public health challenge. In many countries, including 34 Sodium Bicarbonate Injection
China, the cardiovascular system, nervous system, anti- 35 Dextran (40) Sodium Chloride Injection
neoplastic and immunomodulating agents and Anti- 36 Dextran (40) Glucose Injection

infectives for systemic use are among the top categories
with the most serious shortage [5, 27, 37]. As the first-line
therapy for several cardiovascular diseases, the shortage
of antianginals, inotropes, and vasopressors may result
in serious health consequences, such as an unsatisfactory
effect or increased risk of side effects [38]. An upward
trend was also observed in the number of cardiovascu-
lar drugs in short supply reported each year in the United
States, according to the UUDIS database, from 2017 to
2021 [6]. Ongoing shortages of cardiovascular drugs may
have a major impact on public health. Neostigmine, the
most commonly used acetylcholinesterase inhibitor in
perioperative medicine, was the most common nervous
system drug in shortage not only in China but also in
the United States [39]. Similarly, pyridostigmine bro-
mide was also in short supply. The shortage of antineo-
plastic drugs was a particular challenge. There are also

shortages of many drugs that played an important role in
cancer treatment, such as methotrexate, bleomycin, cyta-
rabine and mitoxantrone. The previous studies reported
increased tumor recurrence and impaired survival in
cancer patients treated with non-standard therapy during
shortages [40]. In addition, there was also a high risk of
shortages of blood system drugs such as vitamin K1 and
urokinase in China according to this study as well as the
previous study [41].

The results of a previous survey of 236 emergency
department physicians showed that most respondents
agreed that original medicines, injections, essential
medicines, medicines without alternative agents, and
cheap medicines were more susceptible to shortages than
generics, orals, nonessential medicines, medicines with
alternative agents and expensive medicines, respectively
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[11]. In China, 30.4% of essential medicines are in short-
age, accounting for 51.0% of the shortage. China had
severe essential medicine shortages, consistent with pre-
vious surveys in other countries. In a European survey,
30% of drugs with reported shortages were the WHO
essential medicines [27]. Shortages of essential medicines
have also been reported frequently in some countries in
North America, Asia, and South America [42—-44]. Global
access to essential medicines remains problematic.

Furthermore, most drugs in shortage were medical
insurance drugs in our study. Essential medicines and
medical insurance drugs have the characteristics of clini-
cal necessity, safety, effectiveness, reasonable price and
guaranteed quality. Therefore, more attention should be
paid to these drugs’ shortages. The supply guarantee of
such drugs is highly significant to ensure basic medical
services for the public.

Consistent with other studies [45], we also found that
emergency drugs were likelier to be in short supply. If
these drugs are unavailable, the common clinical effect of
emergency drug shortages on patients is to delay treat-
ment [11]. Patients may miss the best treatment opportu-
nity and face serious risks if these drugs are unavailable.

This study also found that drug shortage incidence
(5.9%) and the VBPL proportion in the drug shortage list
(3.4%) were very low, significantly lower than other lists.
Therefore, the national procurement pattern of VBPL
may effectively decrease drug shortages. This pattern
realized the procurement alliance and the inter-provin-
cial adjustment. Its biggest advantage is to ensure the
number of transactions and the government will pay a
certain percentage of the transaction as the advance pay-
ment to guarantee enterprises’ production, so the unit
price is low and the total profit of enterprises is sufficient.
In the United States, the European Union and some other
countries, extensive research has been conducted on mit-
igation strategies. Many measures have been proposed to
cope with drug shortages. In addition to the above mea-
sures, risk assessment procedures, national mitigation
guidelines, public service obligations on drug suppliers,
expediting of drug reviews to restore production, and
other measures have good reference significance for the
management of drug shortages in China [46—48].Gen-
erally, drug shortages are a global problem that requires
international collaboration to develop global mitigation
strategies. In high-income countries, almost all catego-
ries of drugs have experienced shortages during different
periods. In low- and middle-income countries, previous
studies mainly focused on the affordability/availabil-
ity of some essential medicines [2]. Compared to the
United States and European countries, less research on
drug shortages has been conducted in China. The goal of
this study is to comprehensively collect and analyze the
national and provincial lists of drug shortages issued in
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China over the past four years. This will provide refer-
ences for solving the problem.

Some limitations to this study should be noted. Due to
the lack of data in many provinces, there may be some
bias in this study. The ATC classifications and manufac-
turers of the drugs in the list were manually matched.
Due to the short implementation time and the absence
data from seven provinces, our study was not able to
adequately analyze drug shortage trends and assess the
effects of new policies or measures. Further research is
needed on the causes, trends and effects of intervention.

Conclusion

The overview of drug shortages in China was summa-
rized and analyzed in this study. Drug shortages in China
has been severe and complicated, and the shortage of
injections has been the worst. The number of drugs in
shortage was different but not significant among differ-
ent economic regions, among which the western region
had the most shortages, and the northeast region had
the fewest shortages. The incidence of drug shortages on
the Volume-Based Purchasing List is significantly lower
than that of the WHO Model List of Essential Medicines,
NEML, NMIDL and EDL. National procurement pattern
of volume-based drug purchasing may be conducive to
alleviating the problem of drug shortages. The collabo-
ration of all partners was recommended to ensure the
supply of clinically necessary drugs. This study enabled
all practitioners to comprehensively understand the
shortage of drugs in China and provided references for
improvement.
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