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Background Drug shortage is a significant global public health challenge, threat-
ening both drug safety and patient health. While several studies concerning this 
issue have been conducted in the USA and in European countries, research in 
China remains limited. In this study, we aimed to analyse the characteristics 
and trends of drug shortage in China.

Methods We obtained monthly data reporting drug shortages from January 
2018 to December 2020 from 1124 medical institutions in 258 prefecture-level 
cities. We described the characteristics of drugs reported to be in shortage and 
calculated the occurrence, geographical coverage, and duration of drug short-
ages. We conducted the modified Mann-Kendall test to analyse trends in drug 
shortages at the city level over time.

Results We identified 2368 drugs from 121 814 shortage records. During the 
study period, the mean monthly occurrence of shortages for each drug was 1.2 
(standard deviation (SD) = 2.5), affecting on average 2.8 (SD = 4.0) cities, with 
a mean duration of 3.6 (SD = 5.7) months. Around half of the shortages influ-
enced only one city (n = 19 215, 51.6%) and lasted only one month (n = 19 024, 
55.8%). The occurrence (z-statistic (Z) = −3.83; P < 0.001), geographical coverage 
(Z = −2.02; P = 0.043), and duration (Z = −3.10; P = 0.002) of shortages showed 
decreasing trends over time. However, there was no significant change in the 
occurrence (Z = 0.90; P = 0.367), geographical coverage (Z = 1.70; P = 0.090), or 
duration (Z = −1.64; P = 0.102) of emergency medication shortages during the 
study period.

Conclusions Decreasing trends were observed for the occurrence, geographical 
coverage, and duration of drug shortages in China; most were observed only in 
limited geographical areas and lasted short periods. More efforts are needed to 
alleviate the shortage of emergency and antineoplastic medicines.

© 2024 The Author(s)

Drug shortages are a major public health threat worldwide [1–3], frequently leading 
to suboptimal treatment, increased medical costs, and increased risks of death for 
patients, particularly in developing countries with limited medical sources [4–7]. 
It was estimated that 38% of medical errors and an additional USD 359 million per 
year were directly related to drug shortages [8]. Despite measures to alleviate this 
issue [9], such as the 2012 Food and Drug Administration Safety and Innovation Act 
in the USA [10], shortages remained and even increased, especially for injections, 
gastroenterology medicines, and emergency medicines [11–14]. The most recent 
studies in European countries and the USA showed that over 95% of pharmacists 
have witnessed or are witnessing drug shortages [12,15].
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China, one of the largest and most populous developing countries, also suffers drug shortages, such as those 
of cytarabine and trastuzumab in 2018 [16–18]. In contrast to the USA and other developed countries, where 
numerous studies have investigated the full scope and changing trends of drug shortages [11–15,19], limited 
evidence is available for China [2]. Moreover, drug shortages in developing countries can have more serious 
clinical implications compared to developed countries, due to a lack of approved alternative treatments and 
limited capacity to predict and detect drug shortages [20]. For this reason, like many developed countries, 
China established a national drug shortage reporting system and a strategic national stockpile programme, 
as well as released a national catalogue of critical drugs on shortage [2,21–24]. Estimating the magnitude 
and identifying the changing trends of drug shortages in China may reveal the effectiveness of these policy 
tools, providing references for the design of relevant policies in developing countries.

In this study, we retrospectively described the characteristics of and trends in reported drug shortages in 
China using national records from 1124 hospitals in 256 prefecture-level cities between 2018 and 2020.

METHODS
Data source

The China Medical Economic Information (CMEI) database of the Chinese Pharmaceutical Association has 
been collecting monthly data on drug shortages from hospitals across the country. In this context, a shortage 
is defined as a drug either being out of stock or not being supplied on time at the reporting hospital during 
the month. A total of 1124 hospitals that consecutively reported drugs in shortage every month between 
2018 and 2020 were sampled. These hospitals covered 258 cities across 31 provinces in China, including 
four municipalities (Beijing, Tianjin, Shanghai and Chongqing) and 254 prefecture-level cities (spanning 
76.3% of the total 333 prefecture-level cities in China) [25]. The CMEI was responsible for checking the 
completeness of the reported data monthly.

Data collection and processing

We obtained monthly drug shortage data between 2018 and 2020 from the CMEI database. This information 
included the hospital name, city name, and shortage month, as well as information on the drug reporting 
shortage, including the generic name of the drug, dosage form, and route of administration. Dosage forms 
were grouped into aerosol, capsule, drop, emulsion, gel, granule, liquid, ointment, patch, pill, powder, solu-
tion, suppository, suspension, syrup, tablet, tincture, and miscellaneous forms. Routes of administration 
were categorised as buccal, cutaneous, haemodialysis, inhalation, nasal, ophthalmic, oral, optic, parenteral, 
rectal, sublingual, and vaginal. We identified therapeutic areas of each drug according to the World Health 
Organization Anatomical Therapeutic Chemical Classification [26] and classified whether the drug was des-
ignated as an emergency medicine based on the list published by the Chinese Medical Association and the 
Chinese Medical Doctor Association [27].

We considered products with the same generic name, dosage form, and route of administration as the same 
drug. We then aggregated hospital-reported shortage data to create city-level summaries based on the loca-
tion of the hospitals for further analysis. If a hospital reported a drug shortage, that drug was considered to be 
in shortage for the entire city during the report month (Figure S1 in the Online Supplementary Document).

Outcome measures

Three outcomes were calculated using the city-level data to capture the landscape of drug shortages in Chi-
na (Figure S1 in the Online Supplementary Document). First, we calculated the occurrence of reported 
shortages of drugs by calculating the number of times that they were reported to be in shortage by cities 
during the month. Second, we assessed the geographical coverage of the shortage of every drug each month 
by calculating the number of cities reporting that the drug was in shortage during the month. Third, we as-
sessed the duration of each drug shortage in each city by counting the number of consecutive months when 
the drug was reported to be in shortage in that specific city.

Statistical analysis

We used descriptive analyses to describe the characteristics of drugs that experienced shortages during the 
study period, presenting continuous variables as means (x̄) and standard deviations (SDs) and categorical 
variables as numbers and proportions. Outcomes, including the overall and monthly occurrences, average 
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geographical coverages, and average durations of drug shortages, were calculated for all drugs. We conducted 
the modified Mann-Kendall test to analyse the changing trend in the monthly occurrence, average geograph-
ical coverage, and average duration of drug shortages during the study period [28]. To avoid bias stemming 
from the possibility that shortages starting earlier would expect longer duration, we performed trend tests 
for the duration of shortages after excluding data from the first and last six months (almost one SD of av-
erage shortage duration) of the study period. Subgroup analyses were conducted based on the dosage form 
of the drug, route of administration, therapeutic area, and whether it was included on the emergency list.

We performed all analyses in Microsoft Excel 2019 (Redmond, Washington, USA) and R, version 4.3.1 (R 
Core Team, Vienna, Austria). A two-sided P < 0.05 was considered statistically significant.

RESULTS
Characteristics of drugs in 
shortage

Overall, 121 814 drug shortage records and 
2368 drugs reporting shortages were iden-
tified in 258 cities between 2018 and 2020 
(Table 1). Among all drug shortage re-
cords, the most frequently observed dosage 
forms were solutions (n = 42 203, 34.6%), 
tablets (n = 42 150, 27.7%), and powders 
(n = 22 689, 18.6%). The most frequent-
ly observed routes of administration were 
parenteral (n = 59 004, 48.4%) and oral 
(n = 49 539, 40.7%). Among all therapeutic 
areas, drugs for antineoplastic and immuno-
modulating agents (n = 14 587, 12.0%) and 
anti-infectives for systemic use (n = 12 160, 
10.0%) contributed to a little over a fifth 
of all shortage records. Emergency medi-
cine drugs comprised 11.1% (n = 13 564) of 
all drug shortage records. Drugs that were 
most frequently reported to be in shortage 
were methotrexate, allopurinol, ketamine, 
cytarabine, nitroglycerin, vincristine, atro-
pine, vitamin K1, and posterior pituitary 
and pyridostigmine bromide (Table S1 in 
the Online Supplementary Document). 
Notably, seven out of these ten drugs were 
administered via parenteral injections.

Monthly number of reported drug shortages

The monthly occurrence of all drug shortages in the 258 cities showed a decreasing trend of 20.6%, from 
2655 times in January 2018 to 2109 times in December 2020 (z-statistic (Z) = -3.83; P < 0.001) (Figure 1, 
panel A; Table S2 in the Online Supplementary Document). Decreasing trends in the monthly numbers 
of reported shortages were also observed in the subgroup analyses of the five most commonly reported 
dosage forms, routes of administration, and therapeutic areas, except for drugs that are in the powder form 
(Z = 0.81; P = 0.416), administered via cutaneous (Z = -1.48; P = 0.139) and vaginal routes (Z = -1.54; P = 0.123), 
and for the therapeutic areas of the cardiovascular system (Z = -0.74; P = 0.485) and antineoplastic and im-
munomodulating agents (Z = -0.13; P = 0.900). We further observed a non-significant increasing trend for 
the monthly number of shortages of emergency medicine (Z = 0.90, P = 0.367).

Geographical coverage of reported shortages

Each month, the drug shortages affected between 1 and 67 cities across 258 cities in China, with a mean 
of 2.8 (SD = 4.0) cities experiencing shortages. Among all drug shortages, around half (n = 19 215, 51.6%) of 

Table 1. Characteristics of reported shortages and included drugs

Characteristics Reported shortage 
(n = 121 814), n (%)

Drug  
(n = 2368), n (%)

Dosage form

Solutions 42 203 (34.6) 655 (27.7)

Tablets 42 150 (34.6) 702 (29.6)

Powders 22 689 (18.6) 391 (16.5)

Capsules 5858 (4.8) 272 (11.5)

Ointments 2312 (1.9) 51 (2.3)

Others* 6602 (5.4) 297 (12.5)

Route of administration

Parenteral 59 004 (48.4) 829 (35.0)

Oral 49 539 (40.7) 1142 (48.2)

Cutaneous 4525 (3.7) 175 (7.4)

Ophthalmic 4019 (3.3) 101 (4.3)

Vaginal 1607 (1.3) 45 (1.9)

Others† 3120 (2.6) 76 (3.2)

Therapeutic area

Alimentary tract and metabolism 16 904 (13.9) 397 (16.8)

Nervous system 16 502 (13.5) 289 (12.2)

Cardiovascular system 15 633 (12.8) 235 (9.9)

Antineoplastic and immunomodulating agents 14 587 (12.0) 209 (8.8)

Anti-infectives for systemic use 12 160 (10.0) 284 (12.0)

Others‡ 46 028 (37.8) 954 (40.3)

Emergency medicine 13 564 (11.1) 83 (3.5)

*Aerosol, drop, emulsion, gel, granule, liquid, patch, pill, suppository, suspension, syrup, 
tincture, and miscellaneous forms.
†Buccal, haemodialysis, inhalation, nasal, optic, rectal, and sublingual.
‡Antiparasitic products, insecticides and repellents, blood and blood-forming organs, der-
matological, genitourinary system and sex hormones, musculoskeletal system, respiratory 
system, sensory organs, systemic hormonal preparations (excluding sex hormones and in-
sulins), and others.
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shortages influenced only one city, while 10.4% (n = 3857) of shortages covered more than five cities (Fig-
ure 2, panel A).

The overall average shortage coverage in the 258 cities showed a downward trend from 2018 to 2020 
(Z = −2.02; P = 0.043) (Figure 2, panel B; Table S2 in the Online Supplementary Document). Similar decreas-
ing trends were observed in the subgroup analyses of the five most commonly reported dosage forms, routes 
of administration, and therapeutic areas during the study period, except for drugs that were in the powder 
forms (Z = 1.30; P = 0.192), administered via parenteral (Z = -1.16; P = 0.622) and vaginal routes (Z = −0.01; 
P = 0.995), and for the therapeutic areas of the cardiovascular system (Z = −0.74; P = 0.485) and antineoplas-
tic and immunomodulating agents (Z = −0.13; P = 0.900) (Figure 3; Table S2 in the Online Supplementary 
Document). A statistically insignificant increase in the coverage of shortages of emergency medicine was 
observed (Z = 1.70; P = 0.090) (Figure 3, panel A).

Duration of reported shortages

Overall, the duration of drug shortages in the 258 cities was between 1 and 36 months, with a mean of 3.6 
months (SD = 5.7). Among drug shortages, around half had a duration of one month (n = 19 024, 55.8%), 
while 13.1% (n = 4449) lasted more than six months (Figure 2, panel C).

Overall, the average drug shortage duration in the 258 cities showed a downward trend, with a decrease 
of 11.5% from 2.9 months in July 2018 to 2.6 months in June 2020 (Z = −3.10; P = 0.002) (Figure 2, pan-
el D; Table S2 in the Online Supplementary Document). Decreasing trends in the durations of report-
ed shortages were also observed in the subgroup analyses, except for drugs that were in the forms of 
solutions (Z = −1.46; P = 0.143) and capsules (Z = −1.36; P = 0.172), administered via the cutaneous route 
(Z = −1.61, P = 0.107), and for the therapeutic areas of alimentary tract and metabolism (Z = -1.46; P = 0.143) 
and anti-infectives (Z = −0.51, P = 0.613) (Figure 4; Table S2 in the Online Supplementary Document). 
There was no significant decrease in the shortage duration of emergency medicine (Z = −1.64, P = 0.102) 
(Figure 4, panel A).

Figure 1. Trends in the monthly number of reported shortages for all drugs and different subgroups between 2018 and 2020: Panel A. 
Emergency medicines and non-emergency medicines. Panel B. Dosage forms. Panel C. Route of administrations. Panel D. Therapeu-
tic areas.
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Figure 2. Distribution of and trends in geographical coverage and duration of reported shortages from 2018 to 2020: Panel A. Number 
of reported shortages for different levels of geographical coverage. Panel B. Monthly trends in the average geographical coverage of re-
ported shortages. Panel C. Number of reported shortages for different durations. Panel D. Monthly trends in the average duration of 
reported shortages. To avoid possible bias stemming from the possibility that shortages starting earlier would expect longer duration, 
trend tests for the duration of shortages were performed after excluding data from the first and last six months (almost one standard 
deviation of average shortage duration) of the study period.

Figure 3. Monthly trends in the geographical coverage of reported shortages for different subgroups from 2018 to 2020: Panel A. Emer-
gency medicines and non-emergency medicines. Panel B. Dosage forms. Panel C. Route of administrations. Panel D. Therapeutic ar-
eas.
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DISCUSSION
To the best of our knowledge, this is the first study to evaluate drug shortages across China using a nation-
ally representative data of records reporting drug shortages. Our findings showed that the overall occur-
rence, geographical coverage, and duration of drug shortages showed decreasing trends between 2018 and 
2020. After aggregating hospital-level into city-level data, the influence of over half of the drug shortages 
did not extend to more than one city or one month. However, drug shortages for emergency drugs did not 
show significant alleviation in either occurrence or coverage over time.

The overall geographical coverage of drug shortages in China was limited, and the average duration of 3.6 
months was significantly shorter than that of six to nine months that have been reported by studies in the 
USA and Belgium [29–32]. This discrepancy may be attributed to the different causes of drug shortages in 
China, the USA, and European countries. For example, over 70% of drug shortages in the USA and Europe 
were caused by problems with drug manufacturing and lack of raw materials [33–38], while most drug 
shortages in China were caused by problems with drug tendering and pricing [35]. The limited geograph-
ical coverage of drug shortages in this study also indicated that temporary disruptions in the tendering, 
procurement, or distribution contributed to most drug shortages in China, as disruptions in pharmaceuti-
cal manufacturing usually resulted in national drug shortages, such as the national shortage of cytarabine 
and trastuzumab in 2018 [16–18]. Therefore, improving clarity and transparency of information about drug 
pricing, tendering, and inventory to better distribute drugs can help hospitals and cities recover from drug 
shortages in China [39,40].

Our results further highlight that drug shortages in China were alleviated despite disruptions rising from 
the coronavirus disease 2019 (COVID-19) pandemic, as shown by significant downward trends in the over-
all occurrence, geographical reach, and duration of drug shortages. This contradicts results from the USA 
and European countries, such as France and Italy [12,41,42]. According to the 2022 Food and Drug Admin-
istration Drug Shortage Report, the number of ongoing drug shortages nearly doubled from 2017 to 2020 
[12]. A study based on the French national drug shortage reporting system also showed a 4-fold increase 
in drug shortages during the study period [41]. The difference in changing trends can be explained by the 

Figure 4. Monthly trends in the duration of reported shortages for different subgroups from 2018 to 2020: Panel A. Emergency medi-
cines and non-emergency medicines. Panel B. Dosage forms. Panel C. Route of administrations. Panel D. Therapeutic areas. To avoid 
possible bias stemming from the possibility that shortages starting earlier would expect longer duration, trend tests for the duration of 
shortages were performed after excluding data from the first and last six months (almost one standard deviation of average shortage 
duration) of the study period.
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different reasons behind the drug shortages. Drug shortages in developed countries are mostly caused by a 
lack of raw materials and issues concerned with the quality of drug manufacturing, like the 2019 cefazolin 
shortage in Japan and the 2023 cisplatin shortage in the USA [43,44]. In contrast, drug shortages in China 
are usually caused by problems with drug tendering and pricing, and serval policy tools have proven effec-
tive in addressing these problems. To ensure a stable supply of drugs with small market demand and low 
prices, such as methimazole and digoxin, the Chinese government has been establishing designated fac-
tories to produce these drugs through bidding since 2012, which proved to increase drug availability [45]. 
Provinces also have their stockpile plans for drugs susceptible to shortages, including emergency medicines 
and drugs with small market demand, to further mitigate the effects of these shortages [9,46]. Additionally, 
the national drug shortage monitoring system and collaborative initiatives involving multiple stakeholders 
(including provincial regulators, drug distributors, and manufacturers) contributed to the earlier detection 
of and response to drug shortages, especially shortages that were derived from disruptions in the process 
of tendering, procurement, and distribution of drugs [46]. However, efforts are still needed to improve the 
transparency of designating drug factories and stockpile plans and to align these decisions with evidence 
in China. A previous study also showed complaints that collaborative efforts were time-consuming and of-
ten delayed response to short shortages, aside from a low sensitivity of detection of these shortages in the 
first place [47]. Therefore, systematic evaluations of the effectiveness of these policies and evidence-based 
efforts are urgently needed.

It is worth noting that the monthly occurrence and coverage of shortages of emergency medicine were not 
alleviated during the study period; instead, they showed upward trends, similar to findings observed in the 
USA [11,30]. Additionally, the geographical coverage of shortages of emergency medicines was wider than 
that of other drugs. Possible reasons may be that emergency medicines are generally lower priced and lack 
alternatives [48]. The unpredictable clinical demand for emergency medicines may worsen their shortage 
and make them harder to prevent and prepare for. Additionally, during the COVID-19 pandemic, the clini-
cal demand for essential life-saving drugs (e.g. norepinephrine) increased while the manufacturing of these 
medicines was shut down due to quarantine measures, resulting in a serious imbalance between supply and 
demand [49]. Alongside current policies and interventions, actions like appropriate ration plans shall be tak-
en to manage the emergency medicine shortage and to prepare for possible future shortage incidences [50].

We also discovered that nearly 10% of shortages influenced more than five cities and over 6% of shortages 
lasted for over a year. Qualitative research suggested that manufacturing problems and single-source provid-
ers are contributors to drug shortages with wider or more long-lasting influence [35,51], such as the short-
age of methotrexate in 2019 that was derived from the discontinuation of one manufacturer. Our findings 
also suggested that the geographical coverage of shortages of drugs administered parenterally contributed 
the most to lasting shortages, consistent with results from other countries [19,52]. Seven out of ten drugs 
most frequently reported as being in shortage were administered via parenteral injections. Parenteral drugs 
are more difficult to produce and transport than other drugs and thus are more susceptible to disruptions 
in manufacturing and delivery [53]. Consistent with previous studies in the USA and Europe [41,52], an-
ti-infective, cardiovascular, and antineoplastic drugs contributed significantly to the occurrence of drug 
shortages. The shortages of drugs like benzylpenicillin and vincristine are likely caused by a lack of market 
incentives and low profitability [54,55]. With increasing occurrence and geographical coverage of shortages 
of these drugs, they became a greater threat to public health [56,57]. Future research should seek to design 
targeted measures to reduce the risks these shortages pose to patient health.

Strengths and limitations

The strength of our study is that, to our knowledge, it is the first estimate the nationwide magnitude and 
changing trends of drug shortages in China using data reporting drug shortages across the country. Previ-
ous studies were mostly conducted based on data from a single hospital or province obtained through ques-
tionnaires [35,48,58–60], making it hard to generalise the results to the entire country.

This study also has several limitations. First, caution should be taken while extrapolating our results to hos-
pitals not included in our sample. Nevertheless, the sampled hospitals were from nearly 80% of all prefec-
ture-level cities in China, spanning cities with different levels of economic development and health care re-
sources, and thus our data set was nationally representative and provided the most comprehensive pool of 
drug shortage data during the study period. Second, the uncertainty of study results may arise from varying 
criteria for delayed supply. Sampled hospitals had differing definitions for timely drug restocking, preventing 
more accurate estimations of drug shortages in China. Still, the CMEI database is the largest in China, re-
porting drug shortages and providing the most detailed information. We also aggregated the data at the city 
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level to further mitigate the effect of the varying criteria and enhance the robustness of our results. Third, 
our study design was not powered to draw causal effects between concerned policy tools and the number 
of drug shortages in China. Further studies using rigorous study designs, such as difference-in-difference or 
interrupted time-series analysis, are needed to evaluate the effect of these tools in different settings. Lastly, 
we lacked data on the characteristics of manufacturing, prices, and distribution of drug products. Future 
work needs to incorporate these factors to analyse the causes of drug shortages, especially for emergency 
and antineoplastic medicines.

CONCLUSIONS
We found decreasing trends in the occurrence, geographical coverage, and duration of drug shortages be-
tween 2018 and 2020 in China. Most drug shortages observed covered limited geographical areas and last-
ed short periods. However, for emergency medicines with no therapeutic alternative available, continued 
efforts and interventions by the industry and the government are needed, such as mandating the reporting 
of production discontinuation and strategic stockpiling. Further studies should focus on understanding the 
root causes and estimating the social and patient losses due to drug shortages.
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