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Abstract: Background: The challenge of emerging antimicrobial resistance and variation in antibiotic
use across provinces in China call for knowledge on antibiotic utilization at the regional level. This
study aims to evaluate the long-term trends and patterns of antibiotic usage in Xinjiang Province, the
largest provincial-level division located in the northwest of China, aiming to provide evidence in
enhancing provincial antimicrobial stewardship (AMS) and developing policy measures to optimize
regional antimicrobial use. Methods: This was an ecological study with temporal trend analysis
on inpatient antibiotic utilization, with antibiotic use data from 92 public hospitals covered by
Xinjiang’s Center for Antibacterial Surveillance from 2012 to 2022. Antibiotic use was measured
by the number of daily defined doses per 100 patient days (DDDs/100 pds). Patterns of antibiotic
use were described by Anatomical Therapeutic Chemical (ATC) subgroups and the Access, Watch,
Reserve (AWaRe) classification. The Average Annual Percent Change (AAPC) of antibiotic use and
the corresponding 95% confidence intervals (CIs) were calculated to describe the trend of antibiotic
use over time. Joinpoint regression was performed using the Weighted Bayesian Information Criteria
(WBIC) model with a parametric method. A pairwise comparison between secondary and tertiary
hospitals was conducted to explore disparities in antibiotic use across hospital levels. The most
commonly used antibiotics were also analyzed. Results: The total inpatient antibiotic use in Xinjiang
was 27.6 DDDs/100 patient days in 2022, with a significant decreasing trend during 2012–2022 (AAPC,
−2.0%; 95% CI, −3.6% to −0.4%). The Watch group antibiotics were the most used AWaRe category,
with the Access-to-Watch ratio decreasing significantly from 46.4% to 24.4% (AAPC, −6.8%; 95% CI,
−8.4% to −5.1%). No significant difference was found in the trend of total antibiotic use between
secondary and tertiary hospitals, but there were disparities across hospital levels in subgroups. Third-
generation cephalosporins, second-generation cephalosporins, and fluoroquinolones remained the
top three antibiotic class throughout the study period. The number of antibiotics accounting for 90%
of the total antibiotic use decreased from 34 antibiotics in 2012 to 18 antibiotics in 2022. Conclusions:
The decreasing trend of inpatient antibiotic use in Xinjiang’s public hospitals reflects the effects of
continuous AMS implementation. Patterns of antibiotic use underscore the need for further efforts
on evidence-based antibiotic selection and for analyses on the appropriateness of antibiotic use.

Keywords: inpatient; antibiotics use; surveillance data; China

1. Introduction

The challenge of antimicrobial resistance (AMR) has been an urgent global public
health problem worldwide [1]. It is estimated that, in 2019, there were approximately
4.95 million deaths associated with bacterial resistance worldwide, with 1.27 million deaths
directly attributable to AMR. Without proactive measures, it is projected that, by 2050,
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10 million people will die annually due to AMR, potentially causing a 1.1–3.8% decline in
the global annual GDP [2,3]. The irrational use of antibiotics is one of the main drivers of
the rapid development of AMR [4–6]. In China, antibiotic misuse has been a significant
issue. National monitoring of outpatient medication in secondary and tertiary hospitals
indicated that, between 2014 and 2018, approximately 18.85 million antibiotic prescriptions
were issued, with up to 9.69 million (51.4%) deemed inappropriate [7].

The World Health Organization (WHO) regards surveillance of antibacterial use as a
cornerstone of antimicrobial stewardship [8] and has been stressing the need for strength-
ening the knowledge and evidence base of AMR through surveillance and research [9]. The
WHO Global Antimicrobial Resistance and Use Surveillance System (GLASS) was launched
in 2015, and the monitoring of antimicrobial consumption (AMC) was incorporated in 2020.
The GLASS-AMC methodology has recently been developed [10–12] to assist countries
in monitoring antimicrobial medicines at the national level [1]. As one of the first patch
of lower-middle- and upper-middle-income countries (LMICs and UMICs, respectively)
echoing the WHO’s endeavors, China has established a national, budgeted operational plan
with monitoring networks to address AMR [13,14], including the continuous expansion
of a surveillance network in terms of antibacterial use and AMR. The former Chinese
health ministry established the Center for Antibacterial Surveillance (CAS) in 2005 and
has been making continuous efforts in improving the coverage and quality of surveil-
lance [15]. By 2021, it covered 2694 tertiary hospitals and 4100 secondary hospitals, which
accounted for 90% and 40% of all these hospitals, respectively, in mainland China [16–18].
The methodology for CAS surveillance is based on the Anatomical Therapeutic Chemical
(ATC) classification system and the defined daily doses (DDDs) methodology [15], which
is consistent with the methodology of the GLASS-AMC surveillance framework, thus
setting a solid foundation to generate quality representative data to inform national policy
development, evaluate trends, and allow for comparison across countries [1].

A previous study [15] found that there was a considerable variation in the trend of
antibiotic use between provinces in China, which warrants further studies on regional data
to support provincial antibiotic stewardship. However, there has been relatively fewer
published regional studies focused on underdeveloped remote regions of China. Current
studies have been characterized either by limited sample hospitals [19] or procurement
data analysis due to the limited usage data accessibility [20].

Thus, to provide tailored region-level support to optimize regional antimicrobial use,
it is necessary to evaluate up-to-date antibiotic usage over a long-time span at the province
level to reveal long-term trends and patterns of regional antibiotic utilization. Therefore, to
provide guidance in designing evidence-based policy measures in further strengthening
antibiotic stewardship at the regional level, this study aims to assess 11-year trends and
patterns in inpatient antibiotic use in Xinjiang’s public hospitals.

2. Results
2.1. Total Antibiotic Usage

The number of hospitals included in this study varied from 40 in 2012 to 78 in 2022
(Table S1). A total of 124 antibiotics were included, consisting of 24 antibiotic classes
(Table S2). In 2022, the total inpatient antibiotic use in all study hospitals in Xinjiang was
27.6 DDDs/100 patient days. Antibiotic use in secondary hospitals was slightly higher than
tertiary hospitals (28.5 vs. 27.2 DDDs/100 patient days). Between 2012 and 2022, the trend
of inpatient antibiotic use for all hospitals showed a statistically significant decreasing trend
(AAPC, −2.0%; 95% CI, −3.6% to −0.4%). While tertiary hospitals shared a similar trend
(AAPC, −1.6%; 95% CI, −3.7% to 0.5%), a much fluctuated downward trend was observed
for secondary hospitals (AAPC, −3.2%; 95% CI, −5.1% to −1.4%) (Figure 1). Yet, there
was no significant difference in the trends of total antibiotic use for tertiary and secondary
hospitals (Table S7).
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Figure 1. Total inpatient antibiotic use in secondary and tertiary hospitals in Xinjiang, 2012–2022.

In 2022, other β-lactam antibacterials (J01D) were the most used antibiotics, accounting
for over half of the total antibiotics use (55.3%), followed by quinolone antibacterials (J01M)
and β-lactam antibacterials and penicillins (J01C), accounting for 14.3% and 13.8% of the
total antibiotic use, respectively (Table 1). Other β-lactam antibacterials (J01D) decreased
significantly from 20.2 to 15.3 DDD/100 patient days (AAPC, −2.1%; 95% CI, −4.2% to
0.0%). A significant decreasing trend was also observed in penicillins (J01C) (AAPC, −3.6%;
95% CI, −5.5% to −1.6%), which was the second-most-used antibiotics classification from
2012 until 2017 but was surpassed by quinolone antibacterials (J01M) from 2018. Tetra-
cyclines (J01A) were the only pharmacological sub-group that demonstrated a potential
upward trend, even though this trend was not statistically significant (AAPC, 26.3%; 95%
CI, −7.2% to 71.8%). In the pairwise comparison, both the test of coincidence and the
test of parallelism showed significant differences in the antibiotic use of J01F and J01X
for secondary and tertiary hospitals, indicating the trends for J01F and J01X were neither
identical nor parallel between secondary and tertiary hospitals. (Table S7). The remaining
parallel pairwise tests were not significant. Coincidence pairwise tests showed significant
differences across hospital levels in all subgroups except J01C.
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Table 1. Inpatient antibiotic use by antibacterial classification (ATC Level 3) and hospital level in Xinjiang.

ATC
Codes
(Level 3)

Rate of Antibiotic Use Defined as Daily Doses Per 100 Patient Days (% of Total Antibiotic Use)

AAPC, % Lower
95% CI

Upper
95% CI p-ValueYear

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

All
Hospitals

36.9
(100.0)

36.5
(100.0)

36.3
(100.0)

38.3
(100.0)

38.1
(100.0)

31.9
(100.0) 37 (100.0) 35 (100.0) 32.1

(100.0)
34.6

(100.0)
27.6

(100.0) −2.0 −3.6 −0.4 0.018 *

J01A 0.1 (0.3) 0.1 (0.4) 1.1 (3.1) 2.3 (6.1) 0.8 (2.2) 0.6 (2.0) 1.0 (2.6) 0.7 (1.9) 0.6 (1.7) 1.6 (4.6) 0.9 (3.4) 26.3 −7.2 71.8 0.137
J01B 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) - - - -
J01C 5.0 (13.5) 5.3 (14.6) 5.3 (14.6) 5.2 (13.5) 5.7 (15.1) 4.3 (13.6) 4.8 (13.0) 4.5 (12.7) 3.6 (11.1) 4.1 (12.0) 3.8 (13.7) −3.6 −5.5 −1.6 0.003 **
J01D 20.2 (54.7) 19.9 (54.6) 19.1 (52.5) 20.2 (52.7) 20.0 (52.4) 18.7 (58.7) 20.6 (55.7) 20.4 (58.2) 19.7 (61.4) 19.4 (56.0) 15.3 (55.3) −2.1 −4.2 0.0 0.046 *
J01E 0.1 (0.3) 0.1 (0.2) 0.3 (0.9) 0.2 (0.5) 0.2 (0.4) 0.1 (0.4) 0.3 (0.7) 0.2 (0.5) 0.1 (0.3) 0.1 (0.4) 0.1 (0.4) −1.4 −10.2 8.2 0.735
J01F 3.6 (9.7) 3.3 (9.0) 3.5 (9.6) 3.4 (9.0) 4.1 (10.9) 2.9 (9.2) 3.0 (8.1) 2.6 (7.5) 2.0 (6.3) 3.2 (9.3) 2.2 (8.1) −4.3 −7.5 −0.9 0.018 *
J01G 1.8 (5.0) 1.2 (3.2) 0.8 (2.2) 0.6 (1.6) 0.6 (1.5) 0.6 (1.8) 0.6 (1.5) 0.4 (1.0) 0.3 (1.0) 0.2 (0.7) 0.2 (0.6) −18.3 −21.3 −15.1 <0.001 ***
J01M 4.2 (11.3) 4.7 (12.9) 4.4 (12.2) 4.8 (12.4) 5.1 (13.4) 3.2 (9.9) 5.4 (14.6) 5.1 (14.7) 4.6 (14.2) 4.6 (13.3) 4 (14.3) 0.0 −3.3 3.4 0.979
J01X 1.9 (5.2) 1.9 (5.2) 1.8 (4.9) 1.6 (4.2) 1.6 (4.1) 1.4 (4.3) 1.4 (3.7) 1.2 (3.4) 1.3 (4.0) 1.3 (3.7) 1.1 (4.0) −5.4 −6.4 −4.3 <0.001 ***
Tertiary
Hospitals

36.8
(100.0)

36.4
(100.0) 35 (100.0) 39.1

(100.0)
39.4

(100.0)
30.9

(100.0)
37.4

(100.0)
35.9

(100.0)
34.1

(100.0)
36.5

(100.0)
27.2

(100.0) −1.6 −3.7 0.5 0.111

J01A 0.1 (0.4) 0.1 (0.4) 1.3 (3.7) 2.8 (7.0) 1.1 (2.7) 0.8 (2.7) 1.3 (3.5) 0.9 (2.6) 0.8 (2.4) 2.3 (6.2) 1.2 (4.3) 30.1 −3.0 74.4 0.079
J01B 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) - - - -
J01C 5.0 (13.6) 5.3 (14.6) 5.1 (14.6) 5.2 (13.3) 5.9 (15.0) 4.0 (12.9) 4.7 (12.5) 4.2 (11.7) 3.5 (10.4) 4.1 (11.3) 3.7 (13.6) −3.9 −6.1 −1.6 0.004 **
J01D 19.9 (54.0) 19.5 (53.5) 18.0 (51.4) 20.0 (51.2) 19.9 (50.4) 17.3 (56.0) 19.5 (52.0) 19.7 (55.1) 20.0 (58.7) 19.0 (52.1) 14.2 (52.3) −2.4 −5.8 1.1 0.180
J01E 0.1 (0.2) 0.1 (0.3) 0.4 (1.0) 0.2 (0.6) 0.2 (0.5) 0.2 (0.5) 0.4 (1.0) 0.2 (0.6) 0.1 (0.4) 0.2 (0.6) 0.2 (0.6) 10.1 −8.9 33.1 0.321
J01F 3.6 (9.7) 3.2 (8.9) 3.2 (9.2) 3.5 (8.9) 4.4 (11.2) 3.2 (10.3) 3.3 (8.8) 2.9 (8.2) 2.3 (6.8) 3.9 (10.6) 2.4 (8.9) −2.6 −6.2 1.1 0.145
J01G 1.9 (5.3) 1.3 (3.5) 0.8 (2.3) 0.6 (1.6) 0.7 (1.7) 0.6 (1.9) 0.6 (1.6) 0.4 (1.2) 0.4 (1.2) 0.3 (0.8) 0.2 (0.7) −17.0 −20.5 −13.5 <0.001 ***
J01M 4.3 (11.6) 4.9 (13.5) 4.5 (12.8) 5.0 (12.8) 5.6 (14.3) 3.5 (11.2) 6.2 (16.6) 6.0 (16.8) 5.3 (15.6) 5.2 (14.2) 4.1 (15) 0.8 −3.1 4.9 0.650
J01X 1.9 (5.2) 1.9 (5.4) 1.7 (5.0) 1.7 (4.4) 1.7 (4.2) 1.4 (4.4) 1.5 (4.0) 1.3 (3.7) 1.5 (4.5) 1.5 (4.2) 1.3 (4.7) −3.6 −5.2 −1.9 0.001 **
Secondary
Hospitals

37.8
(100.0)

37.2
(100.0)

45.5
(100.0)

33.6
(100.0)

32.9
(100.0)

35.2
(100.0)

35.8
(100.0)

33.1
(100.0)

28.1
(100.0)

30.4
(100.0)

28.5
(100.0) −3.2 −5.1 −1.4 0.004 **

J01A 0.0 (0.1) 0.0 (0.1) 0.0 (0.1) 0.0 (0.0) 0.0 (0.0) 0.1 (0.2) 0.0 (0.1) 0.1 (0.2) 0.0 (0.1) 0.0 (0.1) 0.4 (1.4) 17.6 −6.2 47.6 0.140
J01C 4.6 (12.3) 5.5 (14.9) 6.7 (14.7) 4.9 (14.7) 5.0 (15.2) 5.5 (15.6) 5.2 (14.4) 5.0 (15.2) 3.6 (13.0) 4.2 (13.8) 4.0 (14.1) −1.9 −8.1 4.6 0.553
J01D 23.2 (61.6) 23.5 (63.1) 26.7 (58.6) 21.0 (62.5) 20.4 (61.9) 23.4 (66.5) 23.6 (65.9) 21.8 (65.8) 19.0 (67.8) 20.1 (66.3) 17.7 (62.0) −2.5 −4.3 −0.7 0.013 *
J01E 0.5 (1.4) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) −22.6 −33.4 −10.0 0.001 **
J01F 3.4 (9.0) 3.4 (9.3) 5.2 (11.3) 3.1 (9.2) 3.1 (9.4) 2.1 (6.1) 2.3 (6.3) 2.0 (6.0) 1.5 (5.2) 1.8 (5.9) 1.8 (6.5) −9.2 −13.1 −5.2 0.001 **
J01G 0.9 (2.5) 0.6 (1.5) 0.8 (1.7) 0.3 (1.0) 0.2 (0.7) 0.5 (1.3) 0.4 (1.2) 0.2 (0.6) 0.1 (0.4) 0.2 (0.5) 0.1 (0.4) −17.9 −24.2 −11.2 <0.001 ***
J01M 3.1 (8.2) 2.7 (7.4) 4.1 (9.0) 3.3 (9.8) 3.0 (9.2) 2.2 (6.3) 3.2 (8.9) 3.2 (9.7) 3.1 (10.9) 3.3 (11.0) 3.7 (13.0) 0.7 −2.8 4.3 0.670
J01X 1.9 (5.0) 1.4 (3.7) 2.1 (4.6) 0.9 (2.8) 1.2 (3.6) 1.4 (4.0) 1.1 (3.1) 0.8 (2.6) 0.8 (2.7) 0.7 (2.3) 0.7 (2.5) −9.3 −13.2 −5.3 0.001 **

Note 1: A blank in the table means no use of antibiotics of a given classification was reported in a given year. Note 2: The value of 0.0 in the table does not indicate an actual value of zero
but represents a number that has been rounded to one decimal place, with subsequent decimal places not visible due to rounding. AAPC: Average Annual Percent Change and CI:
confidence interval. * p < 0.05, ** p < 0.01, and *** p < 0.001.



Antibiotics 2024, 13, 732 5 of 14

2.2. Antibiotic Usage by AWaRe Classification

When looking at antibiotic use under AWaRe classification, antibiotic use in the Access
group decreased significantly from 10.0 to 4.7 DDD/100 patient days (AAPC, −6.7%; 95%
CI, −8.8% to −4.5%) between 2012 and 2022. The proportion of antibiotic use in the Access
group accounting for total antibiotic use dropped from 27.1% to 17.1% (Figure 2, Table
S3). Although the antibiotic use in the Watch group, which accounted for the most of all
antibiotic use, decreased slightly from 21.6 DDD/100 patient days in 2012 to 19.4 DDD/
100 patient days in 2022, its overall trend over the whole study period was not downward
(AAPC, 0.2%; 95% CI, −1.6% to 2.0%). The proportion of antibiotic use in the Watch group
was observed to rise from 58.4% to 70.3% accordingly. As a result, the Access-to-Watch
ratio decreased significantly from 46.4% in 2012 to 24.4% in 2022 (AAPC, −6.8%; 95%
CI, −8.4% to −5.1%) (Figure 2). Moreover, the proportion of antibiotic use in the Not
recommended group (14 antibiotics) accounted for more than 9.0% of the total use since
2013, even though its antibiotic use has moved downward in recent years. In addition,
both tertiary and secondary hospitals showed a significant decrease in the Access-to-Watch
ratio, with an AAPC of −7.9% (95% CI, −10.2% to −5.5%) and −3.1% (95% CI, −5.0% to
−1.2%), respectively (Figure 2, Tables S6 and S7). The Access-to-Watch ratio remained
above 30% for tertiary hospitals and higher than that for secondary hospitals until 2019,
albeit the latter showed a much-fluctuated trend with a relatively more steady trend. In the
pairwise comparison, a significant difference in the parallel test was found for antibiotic use
in the “Not included” group between secondary and tertiary hospitals, while significant
differences were found in the coincidence tests for the “Reserve” and “Not recommended”
groups between the secondary and tertiary hospitals (Table S7).
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2.3. DU90%

The number of antibiotics accounting for 90% of the total antibiotic use decreased from
34 antibiotics in 2012 to 18 antibiotics in 2022. Third-generation cephalosporins (J01DD,
28.6%), second-generation cephalosporins (J01DC, 20.6%), and fluoroquinolones (J01MA,
14.3%) were the top-three-used antibiotic classes during the study period. Antibiotic classes
consisting of DU90% were similar for tertiary hospitals and secondary hospitals (Table S4).

2.4. Top-10 Antibiotics

Figure 3 lists the top-10 antibiotics used in each study year, and it illustrates how
the ranking of these antibiotics changed across from 2012 to 2022. Cefuroxime, cefopera-
zone/sulbactam, and levofloxacin were the most frequently used antibiotic
(Figure 3a). The rankings of ceftriaxone and ceftazidime have been going up since 2018,
while piperacillin/tazobactam has been ranked in the top 10 since 2020 for tertiary hospitals
(Figure 3b) and from 2022 for secondary hospitals (Figure 3c). In 2022, 8 out of the top
10 antibiotics were in the Watch group. The composition of the top-10 antibiotics has been
broadly similar in tertiary and secondary hospitals (Table S5).
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3. Discussion

This study provides the most-recent estimates on systemic antibiotic use in the North-
west region of China with the longest time span up to date, allowing us to observe the
secular trend of antibiotic use and quantifying the changes in antibiotic patterns over a
11-year period using the DDD metrics and AWaRe classification.

According to the national antibiotic stewardship requirement in 2015, the antibiotic
use in secondary and tertiary hospitals in the public sector shall not exceed 40 DDDs/
100 patient days [21]. This study found the total inpatient antibiotic use in Xinjiang between
2012–2022 to be lower than 40 DDDs/100 patient days, which is also lower than the
neighboring provinces and coastal regions in China [15,19]. Xinjiang also had a lower
antibiotic usage compared to some neighboring countries [22] and even some developed
countries [23–25].

Moreover, the downward trend of inpatient antibiotic use in Xinjiang during the
study period is in line with the national trend [15]. On the one hand, this suggests that
the long-term improvement is due to a series of regulatory measures that was launched
from 2011 with a 3-year national-level regulatory campaign that targeted public hospitals
for the purpose of curbing antibiotic use [26]. On the other hand, although the economic
development level of Xinjiang has been relatively lower compared with coastal regions,
part of the reason for its lesser antibiotic use might lie in the small population in Xinjiang
and the reduced severe disease spectrum, where patients with more-severe diseases would
seek treatment in hospitals from more-developed regions. Nonetheless, Xinjiang suffered
several surges of COVID-19 in the pandemic during 2020 and 2022, which led to a relatively
longer period of lockdown compared to other provinces. This could also be a reason for
the diminished number of hospitalization and, consequently, the decline in medical service
utilization and the lesser antibiotic use. Despite these potential reasons, the sensitivity
analysis results we performed on the data excluding 2020–2022 showed a decreasing trend
for total antibiotic use from 2012 to 2019, albeit with no statistical significance, which
supports the main finding in our base-case analysis.

Our findings indicate that the proportion of Access antibiotics continuously decreased
to less than 20% between 2012 and 2022. It is concerning that this trend is moving further
away from the goal set by WHO, where the Access group antibiotics should account
for no less than 60% of total antibiotic use [27]. The low Access group antibiotic use in
Xinjiang aligns with the national-level data, as well as other Asian countries [15,28]. One
of the possible reasons for the low Access group antibiotic use might be driven by the
guidance of the antibiotic restriction list, a critical regulation tool that was implemented
at the provincial level from 2012 to promote rational antibiotic use. The antibiotics in the
list were divided into three groups: non-restricted, restricted, and highly restricted. These
groups are based on the prevalence of resistance, drug safety and efficacy, and its economic
burden [17]. Hospitals are required to provide annual training on clinical knowledge
and the standardized management of antibiotic use for physicians and pharmacists, and
physicians are granted different levels of prescriptive authority for these antibiotics based
on their specialty, job title, and clinical experience. A previous study showed that there
is a large number of antibiotics classified as non-restricted in the Chinese restriction list
but are also in the Watch group in the WHO AWaRe classification, such as levofloxacin,
clarithromycin, azithromycin (oral form), and cefuroxime, the usage of which were among
the top-10-most-used antibiotics in 2022 [29].

In our study, third-generation cephalosporins, second-generation cephalosporins, and
fluoroquinolones remained the top-three antibiotic classes throughout the whole study
period. The high usage of cephalosporins was in agreement with other regions of China
and the national data [15,19]. The high usage of cephalosporins can be attributed not
only to the inpatient setting, but also to the recommendation by the Chinese national
guidelines for most perioperative prophylaxis indications [30]. This may partly be be-
cause penicillins require time-consuming skin allergy testing before administration, which
contributes to the preference in using cephalosporins. In addition, our study also found
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that the usage of fixed-dose combination antibiotics, most of which were in the “Not
recommended” group, takes a concerning proportion of the total antibiotic use, though
the “Not recommended” antibiotics have started to move downward in recent years. For
instance, cefoperazone/sulbactam, although used in China for decades but listed in the
not recommended group, has been one of the top-three antibiotics used in Xinjiang since
2013. This highlights the importance of an evidence-based regulation of antibiotics. Further
evidence in terms of the effectiveness and safety of these antibiotics are needed.

The disparities found in this study between tertiary and second hospitals on antibi-
otic usage, especially the significant differences found in the coincidence comparison in
most ATC-3 subgroups, the “Reserve” group, and the “Not recommended” group, reflect
structural differences in the antibiotic selection across hospital levels. China’s hospitals are
basically classified according to the level of care. Tertiary hospitals are at the highest level,
which provide specialist healthcare services, and the patients usually have more severe dis-
ease or present with more complicated conditions. Thus, the comparison findings stress the
need for strengthening knowledge on the clinical application of antibiotics to meet different
healthcare demands driven by various demographic and epidemiological patterns.

The major strengths of this study include the use of regional CAS data with broad
coverage over a long period. The analysis included the latest available year of regional
antibiotic use data. The use of Joinpoint regression for time-trend analysis allowed us to
better interpret the longitudinal data. With its reliability and flexibility in dealing with large
datasets, which has been demonstrated in previous studies [31,32], Joinpoint regression and
the modified BIC method generates robust temporal-trend analysis results. Therefore, with
regional representative data covering the largest sample size for Xinjiang public hospitals
by far (to our knowledge), this comprehensive analysis of inpatient antibiotic usage in
Xinjiang fills the region-specific evidence gaps. The valuable insights revealed in this
study could serve as an instrumental monitoring tool to guide regional strategies more
accurately in containing the impact of AMR. Furthermore, by following the methodology
recommended by the WHO surveillance system and using indicators comparable over time
and system, these temporal-trend analysis results provide a quantitative measure of the
magnitude of change, and hence a means to reflect the efforts of the regional surveillance
network, which allows for a progress comparison across regions.

This study has several limitations. First, the participation of the sample hospitals in
CAS was voluntary-based, which may affect the representativeness due to selection bias.
However, according to the China Health Statistic Yearbook, our sample hospitals accounted
for 23.9% and 61.8% of the total number of secondary and tertiary public hospitals in
Xinjiang [33]. In addition, the exclusion of ten hospitals from the original sample size may
bring some bias, but the impact could be very limited. Nine of the ten hospitals were
excluded because they did not report any inpatient antibiotic use data to the system at all,
and the one hospital that was excluded due to key information missing is a psychiatric
hospital with limited inpatients. According to the 2022 data, the only study year the given
hospital reported inpatient-day numbers was when its annual inpatient days accounted
for approximately 0.5% of the total inpatient days of all hospitals included in the analysis.
Second, the lack of route of administration data in drug information makes it difficult to
calculate the number of DDDs of antibiotics, including ornidazole, tinidazole, streptomycin,
vancomycin, neomycin, and colistin, as well as the AWaRe classification of fosfomycin
and minocycline, for which we classified into the reserve group regardless of route of
administration. This would overestimate the use of these antibiotics. Third, the CAS
database does not cover antibiotic use in primary health care institutions. However, this
study is still of great value since we limited our analysis in the scope of inpatients, where the
healthcare services were mainly provided by secondary and tertiary hospitals. Fourth, CAS
only collect aggregated data for analysis, meaning no patient-level data of antibiotic use was
available for further assessing the appropriateness of antibiotic use at the individual level.
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4. Materials and Methods
4.1. Study Design

This was a cross-sectional analysis of an ecological study with a time-trend analysis
on the inpatient antibiotic use in public hospitals in Xinjiang Uygur Autonomous Region
of China from 1 January 2012 to 31 December 2022.

4.2. Setting

Xinjiang Uygur Autonomous Region is located in the northwestern part of China.
It spans an area of 1.66 million square kilometers, constituting roughly one sixth of the
country’s total land area. It is one of the largest provincial-level divisions in China with
the longest land border, sharing borders with eight countries from Mongolia, Russia, and
Kazakhstan in the north, all the way to Pakistan and India in the south. As of 2022, the
region is inhabited by an estimated multi-ethnic population of around 26 million people [33].
The per capita GDP level of the region is USD 10.2 thousand, ranking 18th among the
mainland provinces nationwide [33].

4.3. Data Source

This study utilized data from the Xinjiang’s Center for Antibacterial Surveillance
(CAS) database, which is part of the national CAS database and is, by far, the largest
nationwide surveillance database collecting data on antibacterial use from the 31 provinces
of mainland China (excluding the Hong Kong Special Administrative Region, the Macao
Special Administrative Region, and Taiwan, China). Participating hospitals of CAS upload
quarterly data using a website-based system. The details of CAS have been published
elsewhere [15]. This study was based on the secondary aggregated data on antibiotic use
at the hospital level. No data of any kind on the individual level were involved. As such,
ethical approval was not required.

We first included all 102 hospitals, including 40 tertiary hospitals and 62 secondary
hospitals, which reported antibiotic use to Xinjiang’s CAS database at least once during
the study period from January 2012 until December 2022. Ten hospitals were excluded
due to their incomplete data. Nine hospitals were excluded because no inpatient antibiotic
use data were uploaded to the system, and one hospital was excluded due to a lack of key
information, such as the number of inpatient days. Finally, a total of 92 hospitals, including
37 tertiary hospitals and 56 secondary hospitals, were included in this study.

4.4. Data Collection

This study covered all antibiotics for systemic use, as defined by WHO’s Anatomical
Therapeutic Chemical (ATC) classification J01 [34]. Hospital information including hospital
name, hospital level, and the number of inpatient days were extracted from the database.
Information on each antibiotic included the following: (i) the generic name; (ii) the drug
classification; and (iii) the usage volume (i.e., the number of doses administered per quarter).
Antibiotic use was expressed as the number of defined daily doses (DDDs) per patient days
at the level of active substance. The usage of antibiotic was aggregated annually at the level
of active substances (ATC Level 5) for each participating hospital in the CAS system and
then exported for analysis.

4.5. Data Analysis

The trends and patterns of total antibiotic use were analyzed, and these were further
described by different ATC level subgroups. The usage percentage of antibiotics under ATC
levels in any given year was calculated by dividing the usage volume for each classification
or individual antibiotic, as appropriate, by the total usage volume of all antibiotics in that
year. The WHO Access, Watch, Reserve (AWaRe) classification of antibiotics (2023 ver-
sion) [35] was employed to classify antibiotics to reflect their availability and potential
impact on antimicrobial resistance. Other than the four groups of AWaRe classification
(Access, Watch, Reserve, and Not Recommended), we introduced the fifth group of “Not
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Included” to specify antibiotics that are not in WHO’s AWaRe classification but were used
in clinical practices in Xinjiang’s hospitals. The indicator of Access-to-Watch ratio was
calculated to capture the composition of antibiotic use [36], which serves as an instrument
to gauge the rational use of antibiotics.

Joinpoint regression was used to quantify the time trends of antibiotic use from 2012 to
2022. The average annual percentage changes (AAPCs) [37] with 95% confidence intervals
(CIs) for the antibiotic usage over the study period were calculated using the weighted
Bayesian Information Criteria (WBIC) model with a parametric method [38,39]. Pairwise
comparison was further performed to test the parallelism and coincidence of antibiotic use
between tertiary and secondary hospitals [40]. The parallel comparison examines whether
the slopes of the regression lines are significantly different between the groups, while the
coincident comparison examines whether the regression lines are significantly different
from each other in both the slope and intercept [41].

Then, the number of antibiotics constituting 90% of the total antibiotic use (Drug
Utilization 90, DU90%), measured at the level of chemical subgroups (ATC Level 4), were
also analyzed. To better identify the most-commonly used antibiotics over time, we
also tracked the rankings of the top-10 antibiotics used for each year at the chemical
substance level (ATC Level 5) during the study period. All analyses mentioned above were
further stratified by hospital levels. Considering the potential impact of the COVID-19
pandemics, we also performed a sensitivity analysis with the exclusion of data from 2020,
2021, and 2022.

4.6. Statistical Analysis

Descriptive analyses of antibiotic use were conducted. A p-value less than 0.05 was
considered statistically significant. The data were managed, analyzed, and visualized
using Microsoft Excel 2018 and Stata/SE 15.1 (StataCorp LLC, College Station, TX, USA),
and Joinpoint regression was performed with Joinpoint Regression Program version 5.2.0
(National Cancer Institute, Calverton, MD, USA) [42].

5. Conclusions

In conclusion, our study found that the temporal trend of inpatient antibiotic use at
tertiary and secondary hospitals in the Xinjiang region decreased significantly between
2012 and 2022. This could probably reflect the positive effects of continuous AMS im-
plementation during the past decade. However, the patterns of antibiotic use based on
evidence need to be emphasized in terms of antibiotic selection. More effort is needed to
expand surveillance data, in addition to aggregated data, to the patient level in order to
provide opportunity to further optimize the appropriateness of antibiotic use.
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Author Contributions: Conceptualization, K.A. and H.W.; methodology, A.A. and X.Z.; software,
N.W. and W.L.; validation, N.W. and J.Z.; formal analysis, X.Z. and J.Z.; resources, K.A. and H.W.;
data curation, N.W.; writing—original draft preparation, A.A. and X.Z.; writing—review and editing,
H.W.; visualization, N.W. and W.L.; supervision, K.A. and H.W.; funding acquisition, H.W. All
authors have read and agreed to the published version of the manuscript.

https://www.mdpi.com/article/10.3390/antibiotics13080732/s1


Antibiotics 2024, 13, 732 12 of 14

Funding: This research was funded by the National Natural Science Foundation (grant number
72374009). The funders were not involved in the design of this study; the collection, analysis, and
interpretation of data; or the writing of the manuscript.

Institutional Review Board Statement: Ethical review and approval were waived for this study
because this study was based on the secondary aggregated data on antibiotic use at the hospital
level. No data of any kind on the individual level were involved. As such, ethical approval was
not required.

Informed Consent Statement: Not applicable.

Data Availability Statement: The extracted data that support the findings of this study are available
from Xinjiang’s Center for Antibacterial Surveillance (CAS) database, but restrictions apply to the
availability of these data, which were used under license for the current study, and thus are not
publicly available. Data are, however, available from the authors upon reasonable request and with
the permission of CAS.

Acknowledgments: We would like to thank colleagues from the First Affiliated Hospital, Xinjiang
Medical University for providing assistance during this study.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. WHO Global Antimicrobial Resistance and Use Surveillance System (GLASS): Global Antimicrobial Resistance and Use Surveil-

lance System (GLASS) Report. 2022. Available online: https://www.who.int/publications/i/item/9789240062702 (accessed on
10 July 2024).

2. Jonas, O.B.; Irwin, A.; Berthe, F.C.J.; Le Gall, F.G.; Marquez, P.V. Drug-Resistant Infections: A Threat to Our Economic Future
(Vol. 2): Final Report (English). HNP/Agriculture Global Antimicrobial Resistance Initiative Washington, D.C.: World Bank
Group. Available online: http://documents.worldbank.org/curated/en/323311493396993758/final-report (accessed on 11 July
2024).

3. Murray, C.J.L.; Ikuta, K.S.; Sharara, F.; Swetschinski, L.; Aguilar, G.R.; Gray, A.; Han, C.; Bisignano, C.; Rao, P.; Wool, E.; et al.
Global burden of bacterial antimicrobial resistance in 2019: A systematic analysis. Lancet 2022, 399, 629–655. [CrossRef] [PubMed]

4. World Health Organization. Optimizing Use of Antimicrobial Medicines. Available online: https://www.who.int/activities/
optimizing-selection-and-use-of-antimicrobial-medicines (accessed on 26 March 2024).

5. Laxminarayan, R.; Van Boeckel, T.; Frost, I.; Kariuki, S.; Khan, E.A.; Limmathurotsakul, D.; Larsson, D.G.J.; Levy-Hara, G.;
Mendelson, M.; Outterson, K.; et al. The Lancet Infectious Diseases Commission on antimicrobial resistance: 6 years later. Lancet
Infect. Dis. 2020, 20, e51–e60. [CrossRef] [PubMed]

6. Holmes, A.H.; Moore, L.S.P.; Sundsfjord, A.; Steinbakk, M.; Regmi, S.; Karkey, A.; Guerin, P.J.; Piddock, L.J.V. Understanding the
mechanisms and drivers of antimicrobial resistance. Lancet 2016, 387, 176–187. [CrossRef] [PubMed]

7. Zhao, H.; Wei, L.; Li, H.; Zhang, M.; Cao, B.; Bian, J.; Zhan, S. Appropriateness of antibiotic prescriptions in ambulatory care in
China: A nationwide descriptive database study. Lancet Infect. Dis. 2021, 21, 847–857. [CrossRef] [PubMed]

8. Tackling Drug-Resistant Infections Globally: Final Report and Recommendations; Wellcome Trust: London, UK, 2016. Available online:
https://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover.pdf (accessed on 10 March 2022).

9. Global Antimicrobial Resistance and Use Surveillance System (GLASS); World Health Organization: Geneva, Switzerland, 2015.
Available online: https://www.who.int/initiatives/glass (accessed on 6 October 2022).

10. GLASS Methodology for Surveillance of National Antimicrobial Consumption; World Health Organization: Geneva, Switzerland, 2020.
Available online: https://iris.who.int/bitstream/handle/10665/336215/9789240012639-eng.pdf (accessed on 6 October 2022).

11. GLASS Manual on the Management of Antimicrobial Consumption Data; World Health Organization: Geneva, Switzerland, 2020.
Available online: https://www.who.int/publications/i/item/9789240010192 (accessed on 6 October 2022).

12. GLASS Guide for National Surveillance Systems for Monitoring Antimicrobial Consumption in Hospitals; World Health Organization:
Geneva, Switzerland, 2020. Available online: https://www.who.int/publications/i/item/9789240000421 (accessed on 6 October
2022).

13. Xiao, Y.; Li, L. China’s national plan to combat antimicrobial resistance. Lancet Infect. Dis. 2016, 16, 1216–1218. [CrossRef]
[PubMed]

14. Ding, L.; Hu, F. China’s new national action plan to combat antimicrobial resistance (2022-25). J. Antimicrob. Chemother. 2023, 78,
558–560. [CrossRef] [PubMed]

15. Wushouer, H.; Zhou, Y.; Zhang, W.; Hu, L.; Du, K.; Yang, Y.; Yao, G.; Little, P.; Zheng, B.; Guan, X.; et al. Inpatient antibacterial use
trends and patterns, China, 2013–2021. Bull. World Health Organ. 2023, 101, 248–261B. [CrossRef] [PubMed]

16. Notice of the Ministry of Health on Strengthening the Clinical Application of Antibacterials; Ministry of Health: Beijing, China, 2012.
Available online: http://www.gov.cn/gzdt/2012-06/11/content_2158064.htm (accessed on 8 August 2021). (In Chinese)

https://www.who.int/publications/i/item/9789240062702
http://documents.worldbank.org/curated/en/323311493396993758/final-report
https://doi.org/10.1016/S0140-6736(21)02724-0
https://www.ncbi.nlm.nih.gov/pubmed/35065702
https://www.who.int/activities/optimizing-selection-and-use-of-antimicrobial-medicines
https://www.who.int/activities/optimizing-selection-and-use-of-antimicrobial-medicines
https://doi.org/10.1016/S1473-3099(20)30003-7
https://www.ncbi.nlm.nih.gov/pubmed/32059790
https://doi.org/10.1016/S0140-6736(15)00473-0
https://www.ncbi.nlm.nih.gov/pubmed/26603922
https://doi.org/10.1016/S1473-3099(20)30596-X
https://www.ncbi.nlm.nih.gov/pubmed/33515511
https://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover.pdf
https://www.who.int/initiatives/glass
https://iris.who.int/bitstream/handle/10665/336215/9789240012639-eng.pdf
https://www.who.int/publications/i/item/9789240010192
https://www.who.int/publications/i/item/9789240000421
https://doi.org/10.1016/S1473-3099(16)30388-7
https://www.ncbi.nlm.nih.gov/pubmed/27788972
https://doi.org/10.1093/jac/dkac435
https://www.ncbi.nlm.nih.gov/pubmed/36575634
https://doi.org/10.2471/BLT.22.288862
https://www.ncbi.nlm.nih.gov/pubmed/37008266
http://www.gov.cn/gzdt/2012-06/11/content_2158064.htm


Antibiotics 2024, 13, 732 13 of 14

17. Regulations for Clinical Use of Antimicrobials; Ministry of Health: Beijing, China, 2012. Available online: http://www.gov.cn/flfg/
2012-05/08/content_2132174.htm (accessed on 8 March 2018). (In Chinese)

18. National Action Plan for Containing Antimicrobial Resistance (2016–2020); National Health and Family Planning Commission: Beijing,
China, 2016. Available online: http://www.gov.cn/xinwen/2016-08/25/content_5102348.htm (accessed on 2 March 2018).
(In Chinese)

19. Yan, K.; Xue, M.; Ye, D.; Yang, C.; Chang, J.; Jiang, M.; Zhao, M.; Zhang, H.; Fang, Y. Antibiotic prescribing practices in secondary
and tertiary hospitals in Shaanxi province, western China, 2013–2015. PLoS ONE 2018, 13, e0207229. [CrossRef] [PubMed]

20. Cao, W.; Feng, H.; Ma, Y.; Zhao, D.; Hu, X. Long-term trend of antibiotic use at public health care institutions in northwest China,
2012–2020—A case study of Gansu Province. BMC Public Health 2023, 23, 27. [CrossRef] [PubMed]

21. National Health and Family Planning Commission of the People’s Republic of China. Notice on Further Strengthening the
Management of Clinical Application of Antimicrobial Drugs (27 August 2015). Available online: https://www.gov.cn/xinwen/
2015-08/27/content_2920789.htm (accessed on 1 May 2024).

22. Acharya, U.; Mahat, R.; Acharya, S.P.; Pahari, B.; Tripathi, P. Prescribing pattern and utilization of selected antimicrobials in a
tertiary hospital of Nepal. Grande Med. J. 2019, 1, 96–102. [CrossRef]

23. Khan, S.; Bond, S.E.; Lee-Milner, J.; Conway, B.R.; Lattyak, W.J.; Aldeyab, M.A. Antimicrobial consumption in an acute NHS Trust
during the COVID-19 pandemic: Intervention time series analysis. JAC Antimicrob. Resist. 2024, 6, dlae013. [CrossRef] [PubMed]

24. De Greeff, S.C.; Mouton, J.W.; Schoffelen, A.F.; Verduin, C.M. NethMap 2019: Consumption of Antimicrobial Agents and Antimicrobial
Resistance among Medically Important Bacteria in the Netherlands/MARAN 2019: Monitoring of Antimicrobial Resistance and Antibiotic
Usage in Animals in the Netherlands in 2018; Stichting Werkgroep Antibioticabeleid: Leiden, The Netherland, 2019. Available online:
https://rivm.openrepository.com/handle/10029/623134 (accessed on 25 March 2024).

25. Swedres Svarm. Sales of Antibiotics and Occurrence of Resistance in Sweden. Solna: Public Health Agency of Sweden and
National Veterinary Institute. 2019. Available online: https://www.sva.se/media/0hihej1c/swedres-svarm-2019.pdf (accessed
on 25 March 2024).

26. Ministry of Health of the People’s Republic of China. Notification on Launching National Regulatory Campaign of Clinical
Application of Antibacterial Drugs (19 April 2011). Available online: http://www.moh.gov.cn/mohyzs/s3586/201104/51376
.shtml (accessed on 28 April 2017).

27. World Health Organization. In the Face of Slow Progress, WHO Offers a New Tool and Sets a Target to Accelerate Action against
Antimicrobial Resistance. 2019. Available online: https://www.who.int/news/item/18-06-2019-in-the-face-of-slow-progress-
who-offers-a-new-tool-and-sets-a-target-to-accelerate-action-against-antimicrobial-resistance (accessed on 26 March 2024).

28. Klein, E.Y.; Milkowska-Shibata, M.; Tseng, K.K.; Sharland, M.; Gandra, S.; Pulcini, C.; Laxminarayan, R. Assessment of WHO
antibiotic consumption and access targets in 76 countries, 2000–2015: An analysis of pharmaceutical sales data. Lancet Infect. Dis.
2021, 21, 107–115. [CrossRef] [PubMed]

29. Wushouer, H.; Yang, Y.; Deng, Y.; Zheng, B.; Shi, L.; Guan, X. A comparative study of antibiotic use in China under Chinese
restriction list and world health organization AWaRe classification. Clin. Microbiol. Infect. 2023, 29, 545–547. [CrossRef] [PubMed]

30. Department of Medical Administration and Committee of Experts on Rational Drug Use; National Health and Family Planning
Commission of the People’s Republic of China. National Antimicrobial Therapy Guidance, 1st ed.; People’s Medical Publishing
House Co., Ltd.: Beijing, China, 2012.

31. Kim, J.; Kim, H.J. Consistent Model Selection in Segmented Line Regression. J. Stat. Plan. Inference 2016, 170, 106–116. [CrossRef]
[PubMed]

32. Gillis, D.; Edwards, B.P.M. The utility of joinpoint regression for estimating population parameters given changes in population
structure. Heliyon 2019, 5, e02515. [CrossRef] [PubMed]

33. National Health Commission. 2022 China Health Statistics Yearbook; Peking Union Medical College Press: Beijing, China, 2022;
p. 14.

34. Bureau of Statistics of Xinjiang Uygur Autonomous Region. Statistical Communiqué of Xinjiang Uygur Autonomous Region on
the 2022 Economic and Social Development (24 March 2023). Available online: https://tjj.xinjiang.gov.cn/tjj/tjgn/202303/6fc0
1f2b37a84efaa38fd34363c0a84e.shtml?eqid=db33eaac0000009d00000003647e7bfb (accessed on 23 March 2024).

35. World Health Organization. The 2023 WHO Aware Classification of Antibiotics for Evaluation and Monitoring of Use. Available
online: https://qualityhealthservices.who.int/quality-toolkit/qt-catalog-item/the-2023-who-aware-classification-of-antibiotics-
for-evaluation-and-monitoring-of-use (accessed on 17 June 2024).

36. World Health Organization Collaborating Centre for Drug Statistics Methodology; Norwegian Institute of Public Health.
ATC/DDD Index. Available online: https://www.whocc.no/atc_ddd_index/ (accessed on 1 May 2024).

37. Clegg, L.X.; Hankey, B.F.; Tiwari, R.; Feuer, E.J.; Edwards, B.K. Estimating average annual per cent change in trend analysis. Stat.
Med. 2009, 28, 3670–3682. [CrossRef] [PubMed]

38. Kim, H.J.; Chen, H.S.; Midthune, D.; Wheeler, B.; Buckman, D.W.; Green, D.; Byrne, J.; Luo, J.; Feuer, E.J. Data-Driven Choice of a
Model Selection Method in Joinpoint Regression. J. Appl. Stat. 2023, 50, 1992–2013. [CrossRef] [PubMed]

39. Kim, H.J.; Chen, H.S.; Byrne, J.; Wheeler, B.; Feuer, E.J. Twenty Years Since Joinpoint 1.0: Two Major Enhancements, their
Justification, and Impact. Stat. Med. 2022, 41, 3102–3130. [CrossRef] [PubMed]

40. Kim, H.J.; Fay, M.P.; Yu, B.; Barrett, M.J.; Feuer, E.J. Comparability of segmented line regression models. Biometrics 2004, 60,
1005–1014. [CrossRef] [PubMed]

http://www.gov.cn/flfg/2012-05/08/content_2132174.htm
http://www.gov.cn/flfg/2012-05/08/content_2132174.htm
http://www.gov.cn/xinwen/2016-08/25/content_5102348.htm
https://doi.org/10.1371/journal.pone.0207229
https://www.ncbi.nlm.nih.gov/pubmed/30540753
https://doi.org/10.1186/s12889-022-14944-6
https://www.ncbi.nlm.nih.gov/pubmed/36604660
https://www.gov.cn/xinwen/2015-08/27/content_2920789.htm
https://www.gov.cn/xinwen/2015-08/27/content_2920789.htm
https://doi.org/10.3126/gmj.v1i2.27089
https://doi.org/10.1093/jacamr/dlae013
https://www.ncbi.nlm.nih.gov/pubmed/38328263
https://rivm.openrepository.com/handle/10029/623134
https://www.sva.se/media/0hihej1c/swedres-svarm-2019.pdf
http://www.moh.gov.cn/mohyzs/s3586/201104/51376.shtml
http://www.moh.gov.cn/mohyzs/s3586/201104/51376.shtml
https://www.who.int/news/item/18-06-2019-in-the-face-of-slow-progress-who-offers-a-new-tool-and-sets-a-target-to-accelerate-action-against-antimicrobial-resistance
https://www.who.int/news/item/18-06-2019-in-the-face-of-slow-progress-who-offers-a-new-tool-and-sets-a-target-to-accelerate-action-against-antimicrobial-resistance
https://doi.org/10.1016/S1473-3099(20)30332-7
https://www.ncbi.nlm.nih.gov/pubmed/32717205
https://doi.org/10.1016/j.cmi.2022.12.011
https://www.ncbi.nlm.nih.gov/pubmed/36526258
https://doi.org/10.1016/j.jspi.2015.09.008
https://www.ncbi.nlm.nih.gov/pubmed/26858507
https://doi.org/10.1016/j.heliyon.2019.e02515
https://www.ncbi.nlm.nih.gov/pubmed/31768426
https://tjj.xinjiang.gov.cn/tjj/tjgn/202303/6fc01f2b37a84efaa38fd34363c0a84e.shtml?eqid=db33eaac0000009d00000003647e7bfb
https://tjj.xinjiang.gov.cn/tjj/tjgn/202303/6fc01f2b37a84efaa38fd34363c0a84e.shtml?eqid=db33eaac0000009d00000003647e7bfb
https://qualityhealthservices.who.int/quality-toolkit/qt-catalog-item/the-2023-who-aware-classification-of-antibiotics-for-evaluation-and-monitoring-of-use
https://qualityhealthservices.who.int/quality-toolkit/qt-catalog-item/the-2023-who-aware-classification-of-antibiotics-for-evaluation-and-monitoring-of-use
https://www.whocc.no/atc_ddd_index/
https://doi.org/10.1002/sim.3733
https://www.ncbi.nlm.nih.gov/pubmed/19856324
https://doi.org/10.1080/02664763.2022.2063265
https://www.ncbi.nlm.nih.gov/pubmed/37378270
https://doi.org/10.1002/sim.9407
https://www.ncbi.nlm.nih.gov/pubmed/35522060
https://doi.org/10.1111/j.0006-341X.2004.00256.x
https://www.ncbi.nlm.nih.gov/pubmed/15606421


Antibiotics 2024, 13, 732 14 of 14

41. National Cancer Institute Surveillance Research Projects. Joinpoint Help System, Pairwise Comparison. Available online: https:
//surveillance.cancer.gov/help/joinpoint/setting-parameters/advanced-analysis-tools-tab/pairwise-comparison (accessed on
17 July 2024).

42. National Cancer Institute. Joinpoint Trend Analysis Software. Available online: https://surveillance.cancer.gov/joinpoint/
(accessed on 14 June 2024).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://surveillance.cancer.gov/help/joinpoint/setting-parameters/advanced-analysis-tools-tab/pairwise-comparison
https://surveillance.cancer.gov/help/joinpoint/setting-parameters/advanced-analysis-tools-tab/pairwise-comparison
https://surveillance.cancer.gov/joinpoint/

	Introduction 
	Results 
	Total Antibiotic Usage 
	Antibiotic Usage by AWaRe Classification 
	DU90% 
	Top-10 Antibiotics 

	Discussion 
	Materials and Methods 
	Study Design 
	Setting 
	Data Source 
	Data Collection 
	Data Analysis 
	Statistical Analysis 

	Conclusions 
	References

