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Purpose: To explore the prescription patterns and usage trends of antibiotics within primary care institutions located in under-
developed regions of China from 2017 to 2022.

Methods: A retrospective analysis of antibiotic prescriptions was conducted from 25 primary care institutions in Guizhou Province
during the period of 2017-2022. Antibiotic prescriptions were categorized into appropriate and inappropriate use. Appropriate use is
further categorized into preferred medication, and antibiotics can be used or substituted. Inappropriate use is further categorized into
unnecessary use, incorrect spectrum of antibiotics and combined use of antibiotics. Factors associated with inappropriate use were
investigated using generalized estimation equations. Holt-Winters and SARIMA models were employed to predict the number of
inappropriate antibiotic prescriptions as the alternative model.

Results: A total of 941,924 prescriptions were included, revealing a decreasing trend in both the number and inappropriate rates of
antibiotic prescriptions from 2017 to 2022. Diseases of the respiratory system (70.66%) was the most frequent target of antibiotic use,
with acute upper respiratory infections of multiple and unspecified sites representing 52.04% of these cases. The most commonly used
antibiotics were penicillins (64.44%). Among all prescriptions, inappropriate antibiotic prescriptions reached 66.19%. Physicians aged
over 35, holding the title of associate chief physician and possessing more than 11 years of experience were more likely to prescribe
antibiotics inappropriately. The phenomenon of inappropriate antibiotic use was commoner among children aged five or younger. By
comparing model parameters, it was determined that the SARIMA model outperforms the Holt-Winters model in predicting the
number of inappropriate antibiotic prescriptions among primary care institutions.

Conclusion: The number and inappropriate rates of antibiotic prescriptions in southwest China exhibited a downward trend from
2017 to 2022, but inappropriate prescription remains a serious problem in primary care institutions. Therefore, future efforts should
focus on strengthening physician education, training, and clinical practice. Additionally, physicians’ awareness of common miscon-
ceptions about inappropriate antibiotic use must be improved, and the prescribing behavior of physicians who fulfill patients’
expectations by prescribing antibiotics needs to be modified.
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Introduction

The discovery of antibiotics has played a pivotal role in combating bacterial infections and prolonging human life expectancy.'~
Regrettably, inappropriate prescribing has contributed to the escalating problem of antimicrobial resistance,® ® which can lead to
heightened disease severity, mortality rates, and complications that further burden healthcare systems.”*®

Between 2000 and 2015, global antibiotic consumption witnessed a significant increase of 39%. This surge was
primarily observed in middle- and low-income countries.” An investigation carried out in India revealed a rising tendency
in antibiotic usage from 2008 to 2017."° The utilization of antibiotics in Chinese hospitals witnessed a significant
increase of 39.6% from 2011 to 2018, as revealed by a study conducted in China.'' The escalating antibiotic usage is
expected to lead to an upsurge in inappropriate antibiotic prescriptions. The World Health Organization (WHO) has
emphasized the importance of controlling inappropriate antibiotic prescriptions.'?

Worldwide, over 50% of antibiotic prescriptions in hospitals are deemed inappropriate.'>'® In high-income countries like
the Netherlands and Qatar, studies have shown that approximately 45% of antibiotics were prescribed inappropriately.'®'?
Studies conducted in Italy and the United States estimated that more than 55% of antibiotics were prescribed without any
indication.”>*' The inappropriate use of antibiotics is likely to be more prevalent in certain middle- and low-income areas.
Studies conducted in Pakistan, Uganda, and Ecuador showed that up to 70.3%, 82.2% and 90.25% of antibiotics were
prescribed inappropriately within healthcare institutions.>'** Similarly, studies conducted in India and Ethiopia revealed that
approximately half of all antibiotic prescriptions were also used inappropriately.' "

In China, half a billion of the 1.4 billion people live in rural areas** and rely primarily on primary care institutions for
medical services. According to the National Health Commission’s 2020 report,” out of a total of 7.74 billion hospital visits
nationwide, 4.12 billion individuals (53.23%) sought treatment at primary care institutions®® where antibiotics were
frequently prescribed in outpatient settings.?®* Studies have indicated that over 50% of antibiotic prescriptions in primary
care institutions are inappropriate.'*'>* In the past decade, the Chinese government has implemented a series of policies
and measures to address the issue of overuse and misuse of antibiotics.>*** While these policies aim to target all levels of
healthcare institutions, most are better suited for secondary and tertiary hospitals with ample medical resources.?’**° The
implementation of these policies and measures in primary care institutions is insufficient and impractical.'*'>-*¢

Currently, research on antibiotics primarily centers around prescription patterns and influencing factors,>” > common

4243 and epidemic trends of antibiotic prescription.'%-3>44-46

types of antibiotics used,***! analysis of antibiotic resistance
One study discovered that the growth of antibiotic consumption in middle- and low-income areas was significantly higher
than that in high-income countries.” However, there were few long-term studies on antibiotic prescriptions in in middle- and
low-income areas.*” Therefore, our study aims to examine the prescription patterns and usage trends of antibiotics in
primary care institutions located in underdeveloped regions of China from 2017 to 2022. It can also establish a theoretical
foundation for the development of antibiotic diagnosis and treatment guidelines in primary care institutions located in

underdeveloped regions.

Materials and Methods
Study Design
In China, the public hospital is stratified into three levels from top to bottom: tertiary hospitals, secondary hospitals, and
primary care institutions. The latter category encompasses township hospitals and community health service centers as
described in this study.*® Guizhou, province that has been lagging in development, boasts 1399 primary care institutions.
Among them, 132 are utilizing the health information system (HIS) developed by the Guizhou LianKe Weixin Co., LTD.
(LWTC). The LWTC is a technology service company primarily focused on the development, promotion, implementa-
tion, and operation of medical health information systems in Guizhou Province. It serves nearly 1500 medical institu-
tions, both public and private, including those at the township, community, and some county-levels across nine
prefectural-level cities in Guizhou Province.

The study’s inclusion criteria consisted of antibiotics prescribed by general practitioners who maintained their
positions in the outpatient department of public primary care institutions in Guizhou Province, China, between 2017
and 2022. Exclusion criteria included prescriptions given for tuberculosis treatment, as it follows a standardized regimen.
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In the end, a total of 96 physicians from 25 primary care institutions who met these requirements were included in our
retrospective observational study.

Data Collection

This study has been authorized by the Information Center of Guizhou Provincial Health Commission, and a data
collection agreement has been signed with LWTC. The study data were obtained through the electronic information
system’s data port of the primary care institutions, which were authorized by LWTC engineers. The dataset comprises
information on outpatient antibiotic prescriptions, patient’s demographic information (including gender, age, disease, and
health insurance, etc.). Physician’s characteristics such as sex, age, education level, title and work experience were
obtained from the Personnel Management Department of primary care institutions.

Appropriateness of Antibiotic Prescriptions

Currently, the 11th edition of the International Classification of Diseases has been published, but the Guizhou region is
still based on the 10th edition of the International Classification of Diseases (ICD-10). Therefore, ICD-10 was used as the
classification standard of disease in this study.*’ According to the Essential Medicines list published by the WHO, in
conjunction with China’s clinical application guidelines for antibiotics and the common types of antibiotics used in

primary care institutions,'*2%->!

this study categorized antibiotics into seven main classes: penicillins, cephalosporins,
macrolides, quinolones, lincosamides, nitroimidazoles and aminoglycosides. The focus of this study was on systemic
antibiotics, topical antibiotics such as eye drops and ointments were excluded.

According to 1) the 2015 Guiding Principles for Clinical Antibiotic Use issued by the National Health Commission of
China,>* 2) the United States Centers for Disease Control and Prevention (CDC) Guidelines for antibiotic use,>® 3) our

previous studies'**’

and 4) the opinions of experts familiar with the situation of domestic primary care institutions,
antibiotic prescriptions in primary care institutions were categorized as appropriate or inappropriate use. Appropriate use
of antibiotics was further classified into two categories: 1) preferred medication: optimal drug, and 2) antibiotics can be
used or substituted: available, not optimal. Inappropriate antibiotic prescriptions based on probable bacterial infections
can further be categorized into three types: 1) unnecessary use: prescribing antibiotics to treat viral infections such as
acute bronchitis or acute nasopharyngitis, 2) incorrect spectrum of antibiotics, such as prescribing penicillin G for gram-
negative bacterial infections or cefotaxime for Pseudomonas aeruginosa infection in patients, 3) combined use of
antibiotics: defined as the same physician prescribing different classes of systemic antibiotics to the same patient on
the same day without any indication, such as administering penicillin and cefuroxime sodium in combination for gram-

positive bacterial infections in single injection.

Data Management and Analysis
The physicians and their patients involved in the study were linked by a unique code. For the purpose of this study,
multiple antibiotic prescriptions for the same patient by the same physician on one day were considered as a single visit.
First, cross-tabulation was utilized to analyze the relationship between antibiotic groups and disease categories based
on ICD-10 diagnosis codes (take the initial three digits, for example, J02) in order to determine patterns and appro-
priateness of antibiotic use. In addition, joinpoint regression analysis was employed to examine local trends in antibiotic
prescriptions during winter. Joinpoint regression model is to identify the number of join points sufficient to evaluate
significant changes in data trends over time and establishing piecewise regression models to assess the changing
characteristics of data trends.>* Second, the primary outcome variable in the study was the antibiotic inappropriate rate
(AIR), which was calculated by dividing the number of inappropriate antibiotic prescriptions by the total number of
antibiotic prescriptions. The Generalized Estimation Equation (GEE) approach was employed to identify independent
predictors for inappropriate antibiotic use, in order to elucidate the correlation between antibiotic prescriptions issued by
the same physician. Finally, the dataset was partitioned into two subsets: the training set consisted of data from
January 2017 to December 2021, while the test set comprised data from January to December 2022. The Holt-Winters
and seasonal autoregressive integrated moving average (SARIMA) models were constructed using the number of
inappropriate antibiotic prescriptions recorded between January 2017 and December 2021. The determination coefficient
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(R?), Bayesian information criterion (BIC), rooted mean square error (RMSE), mean absolute percentage error (MAPE)
and mean square error (MSE) were used to compare the prediction accuracy of the two models and facilitate optimal
model selection. The predicted effect of the optimal model was assessed through relative error and a 95% confidence
interval (CI).

The Holt-Winters and SARIMA models are two of the most widely utilized methods for time series prediction. They
are applicable to various types of time series data and can effectively capture temporal changes as well as periodic
fluctuations in the original data.”>~° The Holt-Winters model, also referred to as the Holt-Winters exponential smoothing
method, is a time series analysis and prediction technique that can simultaneously smooth the trend and seasonality of
time series, estimate values, trends, and seasonal fluctuations at the current point in time. The smoothness is modulated
by the parameters o, B and vy, all of which have values ranging from 0 to 1. The closer a parameter value is to 0, the
greater the weight assigned to distant historical data in prediction.’”*® The model includes simple seasonal, additive, and
multiplicative models. The SARIMA model is capable of handling seasonal time series data, which is typically
represented as ARIMA (p, d, q) x (P, D, Q) s (where p is the autoregressive order, d is the time difference when the
sequence is stable, q is the moving average order, P is the seasonal autoregressive order, D is the seasonal difference
times, Q is the seasonal moving average order, s is the length of the seasonal cycle).”®

A two-sided Type 1 error rate of 0.05 was employed to establish statistical significance in all analyses. Microsoft
Excel 2021, R 4.2.1 and IBM SPSS Statistics 26.0 utilized for data management and analysis.

Ethics Statement

The study was approved by the Ethics Review Committee of Guizhou Medical University (Approval Certificate No. 2019
(149)). All participating physicians provided written informed consent to take part in the study. The data accessed
complied with relevant data protection and privacy regulations.

Results

This study included 1,009,011 systemic antibiotic prescriptions obtained from the HIS systems of 25 primary care
institutions that met the inclusion criteria after excluding 18,970 topical antibiotic prescriptions. For analysis purposes,
only the top ten common systemic diseases were considered in this study, which accounted for a total of 941,924
antibiotic prescriptions (93.35%).

A monthly heat map was generated to visualize the trends in antibiotic prescriptions from 2017 to 2022 (Figure 1).
The overall number of antibiotic prescriptions exhibited an upward trend during the period of 2017-2019, followed by
a significant decline during the years of 2020-2022. In addition, joinpoint regression analysis was performed to examine
the trend of antibiotic prescriptions during winter (December—February of the following year). Results indicated an
upward trend prior to 2020, followed by a downward trend thereafter.

Figure 2 illustrates the distribution and trends in antibiotic appropriateness and AIRs from January 2017 to
December 2022. The number of prescriptions and AIRs exhibited a general downward trend, with a significant increase

Year | January February March April May June July August September October November December!
2017 9356 10993 12607 10803 11547 10483 9791 9853 12485 12856 ~ 15390 146598
2018 | 14906 15222 15207 11646 11633 11350 10335 10663 12385 150, 166379

2019 | 13276 15873 17511 15135 13752 12585 15022 16272 200358
2020 12678 10965 13223 14036 12548 12301 13398 189288
2021 | 12074 12313 12236 9909 8702 8230 7539 8640 8191 12006 14700 132793
2022 | 12032 11497 11420 9304 7790 9020 7946 6690 6310 6085 7231 11183 | 106508
Total | 84260 91601 83066 68500 70406 68254 61911 60732 67791 78796 90474 116133 | 941924

]
6085 12006 24679

Figure | Monthly variations in antibiotic prescriptions from 2017 to 2022.
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Figure 2 Distribution and trends in antibiotic appropriateness and AlRs from January 2017 to December 2022.

in total prescriptions during winter each year, accompanied by an increase in both the number and rates of inappropriate
prescriptions. However, the AIRs have decreased compared to the same period last year since 2021 and has remained low
since then until December 2022, when it rebounded clearly. Additionally, there was a significant reduction in AIRs
observed between February and July 2018 as well as March and August 2021.

Table 1 shows the distribution of clinical diagnoses, antibiotic groups, and appropriateness of antibiotic prescriptions.
Among all clinical diagnoses, diseases of the respiratory system were the most prevalent (70.62%), with acute upper
respiratory infections of multiple and unspecified sites accounting for 52.04%. In the table, “P” represents “Preferred
medication”, “A” represents “Antibiotic can be used or substituted”, “I” represents “Incorrect spectrum of antibiotics”,
and “U” represents “Unnecessary use”. Inappropriate use of antibiotics was identified in 66.19% (61.04% for I and
5.15% for U) of the 941,924 prescriptions. The highest rate of inappropriate use was observed in patients with diseases of
the musculoskeletal system and connective tissue (100%) and symptoms, signs and abnormal clinical and laboratory
findings, not elsewhere classified (100%), followed by patients with diseases of the skin and subcutaneous tissue
(92.01%). Incorrect spectrum of antibiotics was frequently utilized among individuals diagnosed with keratitis
(85.96%) and other gastroenteritis and colitis of infectious and unspecified origin (57.84%). Unnecessary use was
prevalent across all systemic diseases, and among them, diseases of the musculoskeletal system and connective tissue
and symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified reached 100%. The highest
rate of appropriate use was found in diseases of pulp and periapical tissues (99.85%), superficial injury of head (99.57%),
abscess of anal and rectal regions (99.54%) and acute appendicitis (99.51%). Table 1 shows penicillins accounted for
64.44% of all antibiotic prescriptions followed by cephalosporins (12.32%). The inappropriate use of all antibiotic groups
exceeded 60% and aminoglycosides and lincosamides reached 98.66% and 97.76%.

Figure 3 illustrates the distribution of inappropriate antibiotics in three different systemic diseases. The top three out
of ten systemic diseases, namely diseases of the respiratory system, diseases of the digestive system, diseases of the
genitourinary system were analyzed based on antibiotic prescription rankings. For diseases of the respiratory system,
AlRs exhibited a gradual decline from 2017 to 2019 before experiencing a rebound in 2020 and subsequently decreasing
significantly in 2021. In diseases of the digestive system, AIRs remained stable between 2017 and 2020 before
experiencing a significant decline after 2021. In diseases of the genitourinary system, there was a marginal increase in
AlRs from 2017 to 2022. The average AIRs for diseases of the respiratory system, diseases of the digestive system and
diseases of the genitourinary system were recorded at 69.57%, 31.89% and 44.94%, respectively.

Table 2 shows the results of a univariate analysis on inappropriate antibiotic use. In the study, male physicians
accounted for 73.42% (691,602), physicians with college degrees or higher made up 46.52% (438,155), and resident
physicians comprised 67.13% (632,318). In addition, out of all visits recorded in the study period, men constituted
50.41% (474,870), oral antibiotics were prescribed in 76.63% (721,754) of cases and insurance payments covered
treatment costs in 88.93% (837,649) instances. In Table 2, “Combined use of antibiotics” refers to situations where
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Table | Appropriateness Distribution of Clinical Diagnoses, Antibiotic Groups, and Antibiotic Prescriptions

ICD 10 Disease Penicillins | Cephalosporins | Macrolides | Quinolones | Lincosamides | Nitroimidazoles | Aminoglycosides Appropriate Use, Inappropriate Use, Total
n (%) n (%)
P A | V]
Appropriate use, n (%) 229,714 36,826 (31.72) 15,494 26,507 641 (2.24) 8913 (18.84) 379 (1.34) - - - - 318,474
(37.85) (34.67) (37.87) (33.81)
Inappropriate use, n(%) 377,266 79,258 (68.28) 29,194 43,491 27,992 (97.76) 38,395 (81.16) 27,854 (98.66) - - - - 623,450
(62.15) (65.33) (62.13) (66.19)
|.Diseases of the respiratory 466,840 86,045 (12.94) 35,153 22,598 22,658 (3.41) 8406 (1.26) 23,513 (3.53) 43,930 157,355 24,010 439,918 665,213
system (70.18) (5.28) (3.40) (6.60) (23.65) (3.61) (66.13) (70.62)
J00 Acute nasopharyngitis U U V] U V] U U 0 (0.00) 0 (0.00) 0 (0.00) 37,405 37,405
[common cold] 28201 3315 2124 2122 1114 451 78 (100.00) (5.62)
J02 Acute pharyngitis P A A A 1 1 1 6472 3181 708 0 (0.00) 10,361
6472 1352 1475 354 270 186 252 (62.47) (30.70) (6.83) (1.56)
Jo3 Acute tonsillitis P A A A 1 1 1 35,988 10,166 8956 0 (0.00) 55,110
35988 7182 2110 874 2638 1606 4712 (65.30) (18.45) (16.25) (8.28)
104 Acute laryngitis and P P P P A 1 | 1470 19 91 0 (0.00) 1680
tracheitis 902 316 171 8l 119 28 63 (87.50) (7.08) (5.42) (0.25)
Jo6 Acute upper respiratory V] 8] 8] 8] U V] V] 0 (0.00) 0 (0.00) 0 (0.00) 346,171 346,171
infections of multiple and 257411 37737 15131 10237 12331 3174 10150 (100.00) (52.04)
unspecified sites
J18 Pneumonia, organism A A A A | | 1 0 (0.00) 6743 803 0 (0.00) 7546
unspecified 3290 2429 529 495 262 166 375 (89.36) (10.64) (1.13)
J20 Acute bronchitis A A A A 1 1 1 0 (0.00) 101,771 6545 0 (0.00) 108,316
72603 17534 7883 3751 2998 1140 2407 (93.96) (6.04) (16.28)
)21 Acute bronchiolitis A A A A 1 1 1 0 (0.0) 3803 349 0 (0.0) 4152
2573 685 376 169 35 170 144 (91.59) (841) (0.62)
)31 Chronic rhinitis, V) U V] U V] V) V] 0 (0.00) 0 (0.00) 0 (0.00) 3780 3780
nasopharyngitis and 2317 560 440 218 53 96 96 (100.00) (0.57)
pharyngitis
139 Other diseases of upper V] U V] U V] U U 0 (0.00) 0 (0.00) 0 (0.00) 22,721 22,721
respiratory tract 17965 2960 307 318 681 450 40 (100.00) (3.42)
J40 Bronchitis, not specified as A A A A 1 1 1 0 (0.00) 25,285 6376 0 (0.00) 31,661
acute or chronic 19100 3250 1962 973 1442 291 4643 (79.86) (20.14) (4.76)
142 Unspecified chronic V] U V] U V] V] V) 0 (0.00) 0 (0.00) 0 (0.00) 12,851 12,851
bronchitis 7918 2523 1084 897 209 130 90 (100.00) (1.93)
J44 Other chronic obstructive A A A A 1 1 1 0 (0.00) 6287 182 0 (0.00) 6469
pulmonary disease 4283 1140 461 403 70 40 72 (97.19) (2.81) (0.97)
J45 Asthma V] U V] V) V] V] V) 0 (0.00) 0 (0.00) 0 (0.00) 2576 2576
1288 614 269 132 171 33 69 (100.00) (0.39)
98 Other respiratory 8] V] V] V] 8] U U 0 (0.00) 0 (0.00) 0 (0.00) 14,414 14,414
disorders 6529 4448 831 1574 265 445 322 (100.00) (2.17)
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2. Diseases of the digestive system 67,897 8882 (7.33) 5260 (4.34) 18,069 2263 (1.87) 15,721 (12.98) 3064 (2.53) 58,363 22,491 4576 35,726 121,156
(56.04) (14.91) (48.17) (18.56) (3.78) (29.49) (12.86)
K04 Diseases of pulp and P A A A A P 1 2666 725 5(0.15) 0 (0.00) 3396
periapical tissues 1176 305 228 123 69 1490 5 (78.50) (21.35) (2.80)
K05 Gingivitis and periodontal P A A A 1 P 1 20,904 4205 731 0 (0.00) 25,840
diseases 11176 2066 883 1256 632 9728 99 (80.90) (16.27) (2.83) (21.33)
K08 Other disorders of teeth V) V] V] V] V) U V] 0 (0.00) 0 (0.00) 0 (0.00) 1915 1915
and supporting structures 91l 127 79 82 34 664 18 (100.00) (1.58)
K12 Stomatitis and related A A A 1 1 A | 0 (0.00) 4619 522 0 (0.00) 5141
lesions 3119 605 274 194 96 621 232 (89.85) (10.15) (4.24)
KI3 Other diseases of lip and V] 8] 8] 8] U V] V] 0 (0.00) 0 (0.00) 0 (0.00) 501 501
oral mucosa 322 71 28 25 8 44 3 (100.00) (0.41)
K25 Gastric ulcer P | A A 1 A 1 806 277 65 0 (0.00) 1148
806 52 176 67 8 34 5 (70.21) (24.13) (5.66) (0.95)
K29 Gastritis and duodenitis P | A A | A I 32,815 7371 3138 0 (0.00) 43,324
32815 2159 3154 3004 649 1213 330 (75.75) (17.01) (7.24) (35.76)
K30 Functional dyspepsia U V] V] V] V] U U 0 (0.00) 0 (0.00) 0 (0.00) 2363 2363
1635 144 68 387 29 17 83 (100.00) (1.95)
K35 Acute appendicitis A P 1 A A A A 208 398 3,(0.49) 0 (0.00) 609
122 208 3 66 9 195 6 (34.16) (65.35) (0.50)
K52 Other noninfective U V] V] V] V] V) U 0 (0.00) 0 (0.00) 0 (0.00) 28,027 28,027
gastroenteritis and colitis 10878 1714 289 11472 578 870 2226 (100.00) (23.13)
K6l Abscess of anal and rectal A P | A A A A 153 496 3 0 652
regions 158 153 3 106 5 209 18 (23.47) (76.07) (0.46) (0.00) (0.54)
K62 Other diseases of anus and V) V] V] V] V] V] U 0 (0.00) 0 (0.00) 0 (0.00) 571 571
rectum 211 84 9 150 9 102 6 (100.00) (0.47)
K80 Cholelithiasis V) U V] U V] V] U 0 (0.00) 0 (0.00) 0 (0.00) 1228 1228
572 262 5 220 25 138 6 (100.00) (1.01)
K8l Cholecystitis A P | A | A A 8l 4400 109 0 (0.0) 5320
3364 8l 41 653 68 366 17 (15.24) (82.71) (2.05) (4.39)
K92 Other diseases of digestive U U U U U V] V] 0 (0.00) 0 (0.00) 0 (0.00) 121 1121
system 632 121 20 264 44 30 10 (100.00) (0.93)
3. Diseases of the genitourinary 11,752 8780 (15.63) 2082 (3.71) 18,838 721,(1.28) 13,712 (24.41) 286,(0.51) 13,054 18,145 4959 20,013 56,171
system (20.92) (33.54) (23.24) (32.30) (8.83) (35.63) (5.96)
NI3 Obstructive and reflux V] U V] U V] U U 0 (0.00) 0 (0.00) 0 (0.00) 1379 1379
uropathy 407 310 5 501 20 100 36 (100.00) (2.46)
N20 Calculus of kidney and V] U V] U V] V] U 0 (0.00) 0 (0.00) 0 (0.00) 4827 4827
ureter 2062 774 29 1462 134 299 67 (100.00) (8.59)
N30 Cystitis P P 1 A 1 1 | 320 555 208 0 (0.0) 1083
190 130 30 555 5 160 13 (29.55) (51.25) (19.20) (1.93)
N34 Urethritis and urethral P P P A 1 1 1 2158 3064 714 0 (0.0) 5936
syndrome 1233 787 138 3064 39 645 30 (36.35) (51.62) (12.03) (10.57)
N39 Other disorders of urinary V) V] V] U V] V) U 0 (0.00) 0 (0.00) 0 (0.00) 12,335 12,335
system 2932 1667 284 5928 157 1315 52 (100.00) (21.96)
(Continued)
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Table 1 (Continued).

ICD 10 Disease Penicillins | Cephalosporins | Macrolides | Quinolones | Lincosamides | Nitroimidazoles | Aminoglycosides Appropriate Use, Inappropriate Use, Total
n (%) n (%)
P A I 8]
N41 Inflammatory diseases of P P 1 P 1 1 A 2167 13 (0.52) 334 0 (0.00) 2514
prostate 634 320 149 1213 38 147 13 (86.20) (13.28) (4.48)
N72 Inflammatory disease of A P P A | | I 181 463 485 0 (0.00) 1129
cervix uteri 131 163 18 332 6 479 0 (16.03) (41.01) (43.96) (2.01)
N73 Other female pelvic A P A A | A I 3711 14,050 298 0 (0.00) 18,059
inflammatory diseases 3185 3711 920 4316 238 5629 60 (20.55) (77.80) (1.65) (32.15)
N76 Other inflammation of | | | | P P I 4517 0 (0.00) 2920 0 (0.00) 7437
vagina and vulva 741 544 420 1202 62 4455 13 (60.74) (39.26) (13.24)
N94 Pain and other conditions V] 8] U 8] U V] Y] 0 (0.00) 0 (0.00) 0 (0.00) 1472 1472
associated with female 237 374 89 265 22 483 2 (100.00) (2.62)
genital organs and
menstrual cycle
4. Diseases of the musculoskeletal 19,767 2798 (10.56) 361 (1.36) 1716 (6.48) 531 (2.00) 1267 (4.78) 55 (0.21) 0 (0.00) 0 (0.00) 0 (0.00) 26,495 26,495
system and connective tissue (74.61) (100.00) (2.81)
MO0 Pyogenic arthritis V] V) U 8] U V] Y] 0 (0.00) 0 (0.00) 0 (0.00) 773 773 (2.92)
346 179 10 100 39 96 3 (100.00)
MI0 Gout U Y] U Y] U V] V] 0 (0.00) 0 (0.00) 0 (0.00) 1219 1219
705 209 8 145 6l 90 | (100.00) (4.60)
MI3 Other arthritis U Y] 8] Y] U V] Y] 0 (0.00) 0 (0.00) 0 (0.00) 10,246 10,246
8064 912 143 570 185 363 9 (100.00) (38.67)
MI9 Otbher arthrosis U V] V] U V] U U 0 (0.00) 0 (0.00) 0 (0.00) 2924 2924
2459 179 34 136 12 103 | (100.00) (11.04)
M25 Other joint disorders, not V] U V] U V] U U 0 (0.00) 0 (0.00) 0 (0.00) 2888 2888
elsewhere classified 2427 199 30 107 41 75 9 (100.00) (10.90)
M47 Spondylosis U Y] V) Y] U U V] 0 (0.00) 0 (0.00) 0 (0.00) 1087 1087
833 94 17 77 26 37 3 (100.00) (4.10)
M5 Other intervertebral disc U V] V) V] U U V] 0 (0.00) 0 (0.00) 0 (0.00) 844 844 (3.19)
disorders 576 133 10 72 21 31 | (100.00)
M54 Dorsalgia U V] Y] V] U U U 0 (0.00) 0 (0.00) 0 (0.00) 2066 2066
1519 177 24 208 52 83 3 (100.00) (7.80)
M75 Shoulder lesions U V] Y] U 8] U U 0 (0.00) 0 (0.00) 0 (0.00) 606 606 (2.29)
470 46 7 28 16 39 0 (100.00)
M79 Other soft tissue disorders, U U V] U 8] U U 0 (0.00) 0 (0.00) 0 (0.00) 3842 3842
not elsewhere classified 2368 670 78 273 78 350 25 (100.00) (14.50)
5. Injury, poisoning and certain 9510 2486 (15.23) 372 (2.28) 1115 (6.83) 450 (2.75) 2182 (13.37) 209 (1.28) 5377 1925 211 88l 1 16,324
other consequences of external (58.26) (32.94) (11.79) (1.29) (53.98) (1.73)
causes
S00 Superficial injury of head P P A A A A 1 1682 629 10 0 (0.00) 2321
1377 305 32 159 88 350 10 (72.47) (27.10) (0.43) (14.22)
SOl Open wound of head P P | A A A I 3695 1296 201 0 (0.00) 5192
2890 805 109 328 185 783 92 (71.17) (24.96) (3.87) (31.81)
S39 Other and unspecified V] 8] U U U V] Y] 0 (0.00) 0 (0.00) 0 (0.00) 2307 2307
injuries of abdomen, lower 1540 310 31 210 26 181 9 (100.00) (14.13)
back and pelvis
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TI

Ti4

Other injuries of upper
limb, level unspecified
Injury of unspecified body
region

6. Diseases of the skin and
subcutaneous tissue

L02

L03

LO4

L08

L23

Cutaneous abscess,
furuncle and carbuncle

Cellulitis

Acute lymphadenitis

Other local infections of
skin and subcutaneous
tissue

Allergic contact dermatitis

7. Symptoms, signs and abnormal
clinical and laboratory findings,
not elsewhere classified

RO5

RO7

R10

R42

R52

Cough

Pain in throat and chest

Abdominal and pelvic pain

Dizziness and giddiness

Pain, not elsewhere
classified

8. Diseases of the circulatory

system
100 Rheumatic fever without
mention of heart

involvement

110 Essential (primary)
hypertension

167 Other cerebrovascular

diseases
184 Haemorrhoids
188 Nonspecific lymphadenitis

V]
631

U
3072

10,345
(48.62)

P

529

P
605

U
952

U
6111

2148

7346
(61.88)

868

772

4408

509

789

8292
(68.70)

1014

4630

454

1145

1049

8]
304

Y]
762

3753 (17.64)

165

194

385

2647

Y]
362

953 (8.03)

V]
99

V)
57

Y]
525

Y]
65

U
207

1266 (10.49)

135

327

8l

413

310

U
20

8]
180

566 (2.66)

A
17

A
51

U
87

Y]
268
8]

143
241 (2.03)

285 (2.36)

24

160

17

29

55

8]
163

Y]
255

1729 (8.12)

2028 (17.08)

V]
120

V)
38

Y]
1779

Y]
6l

9]
30

1255 (10.40)

99

382

8l

641

52

U
12

U
139

1237 (5.81)

P
42

A
23

U
28

U
470
U

674
334 (2.81)

19

19

249

40

200 (1.66)

34

44

62

18

42

V]
184

V]
684

3298 (15.50)

173
154
141
2690
U

140
554 (4.67)

110

714 (5.92)

48

185

32

353

96

Y]
22

V]
76

351 (1.65)

415 (3.50)

C vwC vweC = C

w

0 (0.00)

0 (0.00)

1535
721

736
(72.87)

799
(72.18)
0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

1014
(8.40)

1014
(74.89)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

164 (0.77)

90 (8.91)

74 (6.78)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

159 (1.32)

159
(11.74)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

418
(1.96)

184
(18.22)

234
(1.14)
0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

181
(1.50)

181
(13.37)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

1336
(100.00)

5168
(100.00)

19,162
(90.05)

0 (0.00)

0 (0.00)

1708
(100.00)

13,775
(100.00)

3679
(100.00)

11,871
(100.00)

1198
(100.00)

983
(100.00)

7811
(100.00)

723
(100.00)

1156
(100.00)

10,715
(88.78)

0 (0.00)

5744
(100.00)
732
(100.00)
2604
(100.00)
1635
(100.00)

1336
(8.18)

5168
(31.66)

21,279
(2.26)

1010
(4.75)

1107
(5.20)

1708
(8.03)

13,775
(64.74)

3679
(17.29)

11,871
(126)

1198
(10.09)

983 (8.28)

7811
(65.80)

723 (6.09)

1156
(9.74)

12,069
(1.28)

1354
(11.22)

5744
(47.59)

732 (6.07)

2604
(21.58)
1635
(13.55)

(Continued)
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Table | (Continued).

ICD 10 Disease Penicillins | Cephalosporins | Macrolides | Quinolones | Lincosamides | Nitroimidazoles | Aminoglycosides Appropriate Use, Inappropriate Use, Total
n (%) n (%)
P A 1 V]
9. Certain infectious and parasitic 2398 448 (6.92) 47 (0.73) 2060 (31.82) 132 (2.04) 1182 (18.26) 206 (3.18) 1286 1504 2469 1214 6473
diseases (37.05) (19.87) (23.23) (38.14) (18.75) (0.69)
A04 Other bacterial intestinal A A A P | | 1 221 157 64 0 (0.00) 442 (6.83)
infections 127 27 3 221 3 9 52 (50.00) (35.52) (14.48)
A09 Other gastroenteritis and A | | | | | I 0 (0.00) 1347 1848 0 (0.00) 3195
colitis of infectious and 1347 136 18 1424 48 76 146 (42.16) (57.84) (49.36)
unspecified origin
A59 Trichomoniasis 1 | 1 1 1 P | 1065 0 (0.00) 557 0 (0.00) 1622
135 59 12 336 8 1065 7 (65.66) (34.34) (25.06)
B02 Zoster [herpes zoster] U 8] 8] 8] U V] V] 0 (0.00) 0 (0.00) 0 (0.00) 885 885
477 224 11 72 73 27 | (100.00) (13.67)
B37 Candidiasis V) U V] U V] V) U 0 (0.00) 0 (0.00) 0 (0.00) 329 329 (5.08)
312 2 3 7 0 5 0 (100.00)
10. Diseases of the eye and adnexa 2833 673 (13.81) 321 (6.59) 590 (12.11) 107 (2.20) 272 (5.58) 77 (1.58) 434 (8.91) 1745 1690 1004 4873
(58.13) (35.81) (34.68) (20.60) (0.55)
Hol Other inflammation of A | A A A | A 0 (0.00) 1182 277 0 (0.00) 1459
eyelid 924 216 6l 154 37 6l 6 (81.01) (18.99) (29.94)
Ho4 Disorders of lacrimal U V] 8] V] U V] V] 0 (0.00) 0 (0.00) 0 (0.00) 392 392 (8.04)
system 201 51 31 67 14 21 7 (100.00)
HI0 Conjunctivitis A A P P P | P 225 549 48 0 (0.00) 822
443 106 47 133 29 48 16 (27.37) (66.79) (5.84) (16.87)
Hl6 Keratitis | | | P | 1 A 209 14 (0.88) 1365 0 (0.00) 1588
812 259 171 209 13 110 14 (13.16) (85.96) (32.59)
H57 Other disorders of eye and V) U V] U V] V) U 0 (0.00) 0 (0.00) 0 (0.00) 612 612
adnexa 453 41 11 27 14 32 34 (100.00) (12.56)
Total 606,980 116,084 (12.32) 44,688 69,998 28,633 (3.04) 47,308 (5.02) 28,233 (3.00) 113,781 204,693 48,521 574,929 941,924
(64.44) (4.75) (7.43) (12.08) (21.73) (5.15) (61.04) (100.00)

Abbreviations: P, Preferred medication; A, Antibiotic can be used or substituted; |, Incorrect spectrum of antibiotics; U, Unnecessary use.
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Diseases of the respiratory system
0.85 Diseases of the digestive system
Diseases of the genitourinary system

AIRs

0.65
0.55
0.45
0.35

0.25

Time (month)

Figure 3 Distribution of AlRs in three different systemic diseases.

a physician prescribes two or more groups of antibiotics for the same patient in the same visit. The proportions of

”

prescriptions categorized as “preferred medication”, “antibiotic can be used or substituted”, “combined use of anti-
biotics”, “incorrect spectrum of antibiotics” and “unnecessary use” were 10.21%, 17.46%, 18.56%, 2.15% and 51.60%,
respectively. Univariate analysis showed that all variables were statistically significant (P < 0.001), thus all variables
were included in the multivariate analysis.

Table 3 shows the results of multivariate analysis on factors associated with inappropriate antibiotic use. Regarding
physician-related factors, physicians were more likely to prescribe inappropriate antibiotics if they were male, aged over
35 years old, had less than a college education, had an associate chief physician title, and had over 11 years of service. As
for patient-related factors, those aged between 0 and 5, received injections and paid out-of-pocket were more likely to be
received inappropriate antibiotics. Furthermore, the inappropriate antibiotic prescriptions were more prevalent in 2017
compared to the period spanning from 2018 to 2022.

Holt-Winters and SARIMA models were employed to predict inappropriate antibiotic prescription from January to
December 2022. The optimal model is determined by selecting the one with the highest R? and lowest BIC, RMSE,
MAPE, and MSE. The optimal Holt-Winters model was a simple seasonal model, and the optimal SARIMA model was
ARIMA (0, 1, 0) (1, 1, 0) 15. The Ljung-Box Q test results for the residuals of all optimal models indicated that none of
these residuals were autocorrelated, with P-values greater than 0.05. This suggests that the models effectively captured
the information from the original series. All model parameter information is included in Tables S1 and S2. The predicted
effects of visualization are presented in Figures 4 and 5. As depicted in the figures, the fitting effects of two optimal
models during the period between 2017 and 2021 and their predictive performance for the years 2022 were satisfactory.
Their predicted values’ 95% confidence intervals all encompass the actual values.

The simple seasonal model exhibited relative errors ranging from 0.07% to 103.11%, with R* = 0.84, BIC = —5.77, and
RMSE, MAPE, and MSE values of 0.05, 0.92%, and 0.04, respectively. The ARIMA (0,1,0) (1,1,0) 1, model displayed relative
errors between 1.62% and 42.92%, along with an R? value of 0.76 and BIC value of —5.22, its corresponding RMSE, MAPE and
MSE were calculated as being equal to 0.07, 1.30%, and 0.05, respectively. The SARIMA model predicts an annual relative error
of 0.35% in the number of inappropriate antibiotic prescriptions for 2022, which is significantly smaller than the Holt-Winters
simple seasonal model’s relative error of 27.65%, as demonstrated in Table 4 and Table 5. The aforementioned data indicate that
in comparison to the Holt-Winters model, the ARIMA (0,1,0) (1,1,0) 1, model yields a prediction closer to actual values and
exhibits higher accuracy.
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Table 2 Factors Associated with Inappropriate Antibiotic Use on Univariate Analysis

Characteristic Total Appropriate Use, n (%) Inappropriate Use, n (%) Chi-Square Test
Preferred Antibiotic Can Combined Use of Incorrect Unnecessary ){Z P
Medication be Used or Antibiotics Spectrum of Use
Substituted Antibiotics
Physician-related factors
Sex 5102.22 <0.001
Female 250,322 (26.58) 30,551 (12.20) 46,062 (18.40) 35,868 (14.33) 4721 (1.89) 133,120 (53.18)
Male 691,602 (73.42) 65,592 (9.48) 118,393 (17.12) 139,194 (20.13) 15,497 (2.24) 352,926 (51.03)
Age group (years) 7914.52 <0.001
[26-34] 317,953 (33.76) 30,734 (9.67) 66,718 (20.98) 50,874 (16.00) 7134 (2.24) 162,493 (51.11)
[3545] 370,330 (39.31) 41,870 (11.31) 62,075 (16.76) 75,874 (20.49) 8017 (2.16) 182,494 (49.28)
[46-64] 253,641 (26.93) 23,539 (9.28) 35,662 (14.06) 48,314 (19.05) 5067 (2.00) 141,059 (55.61)
Professional title 6507.08 <0.001
Associate chief physician 85,929 (9.12) 8540 (9.94) 9495 (11.05) 19,827 (23.07) 2032 (2.37) 46,035 (53.57)
Attending physician 223,677 (23.75) 20,583 (9.20) 48,357 (21.62) 36,212 (16.19) 4233 (1.89) 114,292 (51.10)
Resident physician 632,318 (67.13) 67,020 (10.60) 106,603 (16.86) 119,023 (18.82) 13,953 (2.21) 325,719 (51.51)
Education 3674.13 <0.001
College 438,155 (46.52) 47,558 (10.86) 85,270 (19.46) 81,076 (18.50) 9596 (2.19) 214,655 (48.99)
Junior college 348,956 (37.05) 33,598 (9.63) 56,760 (16.27) 63,949 (18.32) 7789 (2.23) 186,860 (53.55)
Technical secondary school 154,813 (16.43) 14,987 (9.68) 22,425 (14.49) 30,037 (19.40) 2833 (1.83) 84,531 (54.60)
Work duration (years) 10,610.97 <0.001
6-10 342,266 (36.34) 41,852 (12.23) 68,022 (19.87) 55,431 (16.20) 7667 (2.24) 169,294 (49.46)
11-20 257,947 (27.38) 22,524 (8.73) 43,949 (17.04) 48,563 (18.83) 4242 (1.64) 138,669 (53.76)
21-30 209,843 (22.28) 19,763 (9.42) 36,251 (17.27) 43,542 (20.75) 5931 (2.83) 104,356 (49.73)
3140 100,948 (10.72) 9371 (9.28) 10,484 (10.39) 22,261 (22.05) 1873 (1.86) 56,959 (56.42)
> 40 30,920 (3.28) 2633 (8.52) 5749 (18.59) 5265 (17.03) 505 (1.63) 16,768 (54.23)
Patient-related factors
Sex 982.08 <0.001
Female 467,054 (49.59) 47,924 (10.26) 82,581 (17.68) 91,015 (19.49) 11,031 (2.36) 234,503 (50.21)
Male 474,870 (50.41) 48,219 (10.16) 81,874 (17.24) 84,047 (17.70) 9187 (1.93) 251,543 (52.97)
Age group (years) 5467.85 <0.001
[0-5] 117,135 (12.43) 8608 (7.35) 21,461 (18.32) 17,317 (14.78) 3381 (2.89) 66,368 (56.66)
(5-17] 153,309 (16.28) 15,227 (9.93) 26,744 (17.44) 24,812 (16.18) 3265 (2.13) 83,261 (54.31)
(1749] 350,008 (37.16) 35,684 (10.2) 60,373 (17.2) 73,022 (20.9) 7017 (2.0) 173,912 (49.7)
(49-64] 182,246 (19.35) 20,309 (11.14) 31,099 (17.07) 35,309 (19.38) 3561 (1.95) 91,968 (50.46)
> 64 139,226 (14.78) 16,315 (11.72) 24,778 (17.80) 24,602 (17.67) 2994 (2.15) 70,537 (50.66)
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Year
2017
2018
2019
2020
2021
2022
Antibiotic route
Injection
Oral
Insurance
Out-of-pocket
Insurance payments
Total

146,598 (15.56)
166,379 (17.66)
200,358 (21.27)
189,288 (20.10)
132,793 (14.10)
106,508 (11.31)

220,170 (23.37)
721,754 (76.63)

104,275 (11.07)
837,649 (88.93)
941,924 (100.00)

13,484 (9.20)
15,610 (9.38)
19,589 (9.78)
18,681 (9.87)

16,140 (12.15)

12,639 (11.86)

12,350 (5.61)
83,793 (11.61)

10,523 (10.09)
85,620 (10.22)
96,143 (10.21)

18,479 (12.60)
24,561 (14.76)
36,728 (18.33)
30,747 (16.24)
28,345 (21.35)
25,595 (24.03)

25,794 (11.72)
138,661 (19.21)

13,595 (13.04)
150,860 (18.01)
164,455 (17.46)

34,706 (23.67)
36,630 (22.02)
39,590 (19.76)
37,583 (19.86)
17,396 (13.10)
9157 (8.60)

102,812 (46.70)
72,250 (10.01)

31,434 (30.15)
143,628 (17.15)
175,062 (18.59)

2662 (1.82)
4310 (2.59)
4338 (2.16)
2665 (1.41)
2720 (2.05)
3523 (3.31)

12,733 (5.78)
7485 (1.04)

3738 (3.58)
16,480 (1.97)
20218 (2.15)

77,267 (52.71)
85,268 (51.25)
100,113 (49.97)
99,612 (52.62)
68,192 (51.35)
55,594 (52.20)

66,481 (30.19)
419,565 (58.13)

44,985 (43.14)
441,061 (52.65)
486,046 (51.60)

20,646.96

176,770.70

12,501.82

<0.001

<0.001

<0.001
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Table 3 Results of the GEE Analysis on Factors Influencing Inappropriate Antibiotic Use
Characteristic Appropriate Use | Inappropriate Use | Adjusted OR (95% CI) P
Physician-related factors
Sex
Female 76,613 (30.16) 173,709 (69.39) Ref
Male 183,985 (26.60) 507,617 (73.40) 1.07 (1.05, 1.08) <0.001
Age group (years)
[26-34] 97,452 (30.65) 220,501 (69.35) Ref
[35-45] 103,945 (28.07) 266,385 (71.93) 112 (111, 1.13) <0.001
[46—64] 59,201 (23.34) 194,440 (76.66) 1.38 (1.35, 1.41) <0.001
Professional title
Associate chief physician 18,035 (20.99) 67,894 (79.01) Ref
Attending physician 68,940 (30.82) 154,737 (69.18) 0.78 (0.77, 0.80) <0.001
Resident physician 173,623 (27.46) 458,695 (72.54) 0.90 (0.88, 0.92) <0.001
Education
College 132,828 (30.32) 305,327 (67.68) Ref
Junior college 90,358 (25.89) 258,598 (74.11) 117 (1.16, 1.19) <0.001
Technical secondary school 37,412 (24.17) 117,401 (75.83) 0.98 (0.96, 1.00) 0.065
Work duration (years)
6-10 109,874 (32.10) 232,392 (67.90) Ref
11-20 66,473 (25.77) 191,474 (74.23) 1.40 (1.38, 1.41) <0.001
21-30 56,014 (26.69) 153,829 (73.31) 1.08 (1.06, 1.10) <0.001
3140 19,855 (19.67) 81,093 (80.33) 1.51 (1.47, 1.56) <0.001
> 40 8382 (27.11) 22,538 (72.89) 1.06 (1.03, 1.10) <0.001
Patient-related factors
Sex
Female 130,505 (27.94) 336,549 (72.06) Ref
Male 130,093 (27.40) 344,777 (72.60) 1.04 (1.03, 1.05) <0.001
Age group (years)
[0-5] 30,069 (25.67) 87,066 (74.33) Ref
(5-17] 41,971 (27.38) 111,338 (72.62) 0.93 (0.91, 0.94) <0.001
(1749] 96,057 (27.44) 253,951 (72.56) 0.92 (0.91, 0.93) <0.001
(49-64] 51,408 (28.21) 130,838 (71.79) 0.90 (0.88, 0.91) <0.001
> 64 41,093 (29.52) 98,133 (70.48) 0.83 (0.82, 0.85) <0.001
Year
2017 31,963 (21.80) 114,635 (78.20) Ref
2018 40,171 (24.14) 126,208 (75.86) 0.90 (0.88, 0.91) <0.001
2019 56,317 (28.11) 144,041 (71.89) 0.74 (0.72, 0.75) <0.001
2020 49,428 (26.11) 139,860 (73.89) 0.83 (0.82, 0.85) <0.001
2021 44,485 (33.50) 88,308 (66.50) 0.61 (0.60, 0.63) <0.001
2022 38,234 (35.90) 68,274 (64.10) 0.56 (0.55, 0.57) <0.001
Antibiotic route
Injection 38,144 (17.32) 182,026 (82.68) Ref
Oral 222,454 (30.82) 499,300 (69.18) 0.50 (0.49, 0.50) <0.001
Insurance
Out-of-pocket 24,118 (23.13) 80,157 (76.87) Ref
Insurance payments 236,480 (28.23) 601,169 (71.77) 0.93 (0.92, 0.95) <0.001
Discussion

In this retrospective study, the trends and patterns of antibiotic prescriptions from 2017 to 2022 were described in 25
primary care institutions in Guizhou Province that met inclusion criteria. The number of antibiotic prescriptions and AIRs
generally exhibited a general downward trend. Diseases of the respiratory system accounted for the majority (70.62%) of
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Figure 4 The predicted results of the number of inappropriate antibiotic prescriptions by Holt-Winters model.
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Figure 5 The predicted results of the number of inappropriate antibiotic prescriptions by SARIMA model.

all system diseases observed, while penicillins were found to be the most commonly prescribed antibiotics. Overall,
66.19% of antibiotic prescriptions were deemed inappropriate. Physicians with less education and over 11 years of work
experience were relatively more prone to prescribing antibiotics inappropriately. After comparing the Holt-Winters and
SARIMA models for predicting changes in number of inappropriate antibiotic prescriptions, it was found that the
SARIMA model outperformed the Holt-Winters model in terms of prediction accuracy.

This study revealed a general declining tendency in antibiotic prescriptions, albeit with a slight increase observed
during 2017-2019. A similar trend was reported by a Yinchuan-based investigation.'> Multiple studies have documented
significantly reduced antibiotic consumption since 2020 compared to pre-COVID-19 outbreak levels in 2019.>° ¢! The
decline in antibiotic prescriptions may be attributed to the reduced medical seeking behavior of individuals due to the
implementation of epidemic prevention and control policies. Additionally, measures such as hand hygiene, widespread
mask-wearing, and social distancing have effectively curbed respiratory infectious diseases.’® Furthermore, there was

Table 4 The Optimal Model Parameter Information

Model R? BIC RMSE MAPE (%) MAE
Simple seasonal model 0.84 -5.77 0.05 0.92 0.04
ARIMA (0,1,0) (1,1,0) , model 0.76 -5.22 0.07 1.30 0.05

Abbreviations: BIC, bayesian information criterion; RMSE, rooted mean square error; MAPE, mean absolute
percentage error; MSE, mean square error; R2, determination coefficient.

Infection and Drug Resistance 2023:16 hetps: 5847

Dove!


https://www.dovepress.com
https://www.dovepress.com

Li et al Dove

Table 5 Comparison of Actual Values and Predicted Values of Inappropriate Antibiotic Prescription from January to December 2022

Time Simple Seasonal Model ARIMA (0, 1,0) (I, 1,0) |,
(Month) . . . .
Actual Predicted 95% CI Relative Actual Predicted 95% CI Relative
Values Values Errors (%) Values Values Errors (%)
20221 6999 7004 5508~8907 0.07% 6999 7970 5889~10,786 13.87%
2022-2 6669 7846 5679~10,841 17.65% 6669 7631 4974~11,707 14.43%
2022-3 6732 7110 4818~10,490 5.61% 6732 5215 3087~8808 —22.54%
20224 5680 5716 3663~8921 0.64% 5680 4254 2323~7792 —25.10%
2022-5 4694 5985 3649~9818 27.51% 4694 4457 2265~8768 —5.05%
2022-6 5593 5576 3249~9569 —0.30% 5593 4445 2118~9328 —20.52%
2022-7 4877 5031 2812~9001 3.15% 4877 3842 1725~8555 -21.23%
2022-8 4023 5200 2795~9672 29.24% 4023 3958 1682~9315 —1.62%
2022-9 3684 5990 3104~11,558 62.59% 3684 4090 1650~10,140 11.03%
2022-10 3595 7082 3545~14,148 97.01% 3595 5138 1973~13,378 42.92%
2022-11 4052 8230 3986~16,993 103.11% 4052 5609 2056~15,302 38.42%
2022-12 7030 10,449 4904~22,267 48.64% 7030 6795 2382~19,384 —3.34%
Total 63,628 81,220 - 27.65% 63,628 63,403 - —0.35%

a significant increase in antibiotic prescriptions during the winter prior to 2020, followed by a downward trend thereafter.
This could be attributed to a reduction in healthcare-seeking behavior among individuals and respiratory diseases as
a result of the COVID-19 pandemic in 2020.

In this study, it was observed that the AIRs dropped from 69.56% in 2017 to 59.74% in 2022, with an average of 66.19% in
rural areas of Guizhou Province. A study conducted in Eastern Uganda reported that between 2016 and 2018, approximately
82.6% of antibiotics were prescribed inappropriately.”? A study conducted in China revealed that a proportion of 52.8%
(2017-2021) of antibiotic prescriptions issued by primary care institutions were deemed inappropriate.'® Due to variations in
research methodologies, data collection, and timeframes across different countries and regions, it is not feasible to directly
compare those studies. Although the study found an overall decrease in AIRs in primary care institutions in rural areas,
antibiotic inappropriate use remained severe. Evidence suggests that primary care providers practicing in rural areas may be
more likely to prescribe antibiotics inappropriately.'>!”** This is due to the fact that hospital medical inspection equipments
and physicians’ clinical experience, which are crucial factors in achieving accurate diagnosis and appropriate prescription,
tend to be inferior in rural areas compared to urban areas.>** Moreover, the AIRs exhibited a significant decrease during
February to July 2018 and March to August 2021, which may be attributed to two six-month feedback interventions conducted
by our team targeting inappropriate antibiotic prescribing behavior among primary care physicians during these two
periods.®>% The AIRs continued to decline after 2021 until a significant rebound in December 2022. This may be attributed
to the adjustment of China’s COVID-19 prevention and control policy in December 2022, which resulted in a surge of
infections and overwhelming visits that led to an increase in inappropriate antibiotic prescriptions prescribed by physicians.

Penicillins were the most used antibiotic in our study (66.44%), probably due to their high availability, safety,
affordability, and oral administration. Penicillins was also widely reported as the most commonly prescribed antibiotic in
other regions.?>*%67:%% AIRs of all the seven antibiotic groups exceeded 60%, with lincosamides and aminoglycosides
reaching 97.76% and 98.66%, respectively. In this study, the majority of lincosamides and aminoglycosides antibiotics
were administered for diseases of the respiratory system. Lincosamides were appropriate for treating lower respiratory
tract infections caused by Streptococcus pneumoniae, group A hemolytic streptococcus and Staphylococcus aureus.
However, in our study, lincosamides were predominantly prescribed for upper respiratory infections that seldom require
antibiotic therapy. As for aminoglycosides, their antibacterial effects on Streptococcus pneumoniae and group
A hemolytic streptococcus, which are the main pathogens of community-acquired respiratory tract infections, were
poor. Additionally, they have significant ear and kidney toxicity. Therefore, it is incorrect to use these drugs for the

treatment of common respiratory tract bacterial infections in outpatient settings.>>
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In the study, the majority of antibiotic prescriptions were for diseases of the respiratory system account for 70.62%, with
acute upper respiratory infections of multiple and unspecified sites (J06) accounting for 52.04%. However, the Clinical
Guidelines for Antibiotic Use in China® and the United States CDC>? state that acute upper respiratory infections caused by
rhinovirus, coronavirus and influenza virus are the most prevalent community-acquired infections. Typically, these illnesses
are self-limiting and do not necessitate antibiotic treatment. The AIRs of diseases of the respiratory system in this study
were 69.57%, which was lower than that of Malaysia (87.8%)” and Ecuador (95.25%),” but higher than that of the
Netherlands (46%) and Italy (66.5%).'>*° Under the antibiotic stewardship system,>*>* the AIRs of diseases of the
respiratory system gradually decrease from 2017 to 2019; however, there was a significant rebound observed in 2020,
almost reaching the level seen in 2017. This may be associated with the COVID-19 pandemic in 2020. A study revealed that
primary care institutions prescribed more antibiotics for respiratory illnesses during the COVID-19 outbreak.®® Between
April and September 2021, when our research team implemented the antibiotic prescription intervention, there was
a significant reduction in the AIRs related to diseases of the respiratory system. Winter is characterized by an increased
prevalence of respiratory illnesses, resulting in higher AIR and antibiotic prescriptions compared to other seasons.

The diseases of the digestive system were the second most common systemic disease in this study, with AIRs
accounting for 31.89%. AIRs in diseases of the digestive system remained stable during the 2017-2020 period but
showed a significant reduction and maintained a consistent downward trend after the implementation of an antibiotic
prescription intervention during the period of April-September 2021. This provided further evidence that interventions
targeting antibiotic prescriptions can significantly reduce the AIRs of diseases of the digestive system.

Our study revealed that the AIRs of diseases of the genitourinary system was 44.94%. Despite our team’s antibiotic
prescription intervention, we observed a continuous increase in the AIRs of diseases of the genitourinary system during our
study period. This may be attributed to the fact that most primary care institutions are general outpatient clinics where
physicians lack expertise in diagnosing and treating diseases of the genitourinary system. As a result, most physicians resort to
empirical medication or refer patients to specialized clinics at superior hospital.'*”°

In this study, the majority of inappropriate antibiotic prescribers were aged over 35 years old, held a high professional title
(associate chief physician) and had over 11 years of experience. Most of them possessed only junior college level education
and their professional knowledge was not comprehensive nor in-depth. Therefore, it is imperative to provide physicians with
more education, training, and clinical practice opportunities to mitigate the overuse of antibiotics in primary care institutions.”
Additionally, our findings indicated a higher likelihood of inappropriate antibiotic prescriptions for children aged 0-5 years,
consistent with previous research.'>*”’> This may be attributed to the tendency for rural grandparents to care for young
children in this age group who may lack adequate nutrition and have immature immune systems compared to their urban
counterparts, rendering them more susceptible to various illnesses. A study has reported that the average child experiences
over 40 episodes of morbidity within a 5-year period.”* Furthermore, their guardians are typically poorly educated and
unaware of the dangers associated with antibiotic overuse, often requesting physicians to prescribe antibiotics. However,
outpatient physicians in primary care institutions frequently prescribe antibiotics empirically or satisfy patients by prescribing
them without providing an explanation as to why they are unnecessary.' 67

Patients who received intravenous antibiotics were more likely to be prescribed antibiotics inappropriately. This may
be attributed to the fact that physicians tend to combine multiple injection antibiotics for patients with serious infections,
aiming at promoting early recovery and satisfying patient’s expectations.”” As shown in Table 2, the combined use of
antibiotics accounted for 46.70% among the three types of inappropriate injection antibiotics. However, in most cases of
bacterial infections, a single antibiotic is sufficient unless otherwise indicated. Furthermore, patients who pay out-of-
pocket for medications have a higher likelihood of receiving inappropriate antibiotics in comparison to those with
insurance coverage. This finding is in line with the results of two studies conducted in China and the USA.”**"* There are
potentially two underlying reasons for this phenomenon. Firstly, the majority of rural residents are covered by basic
medical insurance policies with limited payouts. When their medical expenses exceed this limit, patients may defer
prescriptions. Conversely, patients who pay out-of-pocket for medications are exempt from insurance limitations so may
face an increased risk of receiving inappropriate prescriptions. Secondly, uninsured drugs are less regulated than insured
drugs, which means physicians may prescribe them more inappropriately.”
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According to the predicted results of Holt-Winters and SARIMA models on the number of inappropriate antibiotic
prescriptions in 2022, the fitting effect of Holt-Winters model is better than that of SARIMA model. However, in
practical applications, SARIMA exhibits superior prediction accuracy compared to Holt-Winters. Furthermore, in terms
of the models, Holt-Winters is suitable for data with a single trend, while SARIMA is more appropriate for predicting
data with a stable trend.>® From Figure 5, the number of inappropriate antibiotic prescriptions in winter was significantly
higher than in other seasons, exhibiting a relatively stable seasonality. Therefore, based on the comparison of parameters
and predicted effects, the SARIMA model appears to be a more appropriate choice for predicting the number of
inappropriate antibiotic prescriptions in this study.

The primary strength of this study lies in its large sample of prescription data, which provides an objective assessment of
antibiotic utilization in underdeveloped provinces in China. It employs a multifactorial analysis to identify the determinants of
inappropriate antibiotic use within primary care institutions. Furthermore, building upon the general prescription pattern study,
this study incorporates a diverse range of time series models to forecast future trends and identifies the optimal model as
a valuable reference for antibiotic usage trend. However, our study was subject to several limitations. Firstly, it should be noted
that primary care institutions in Guizhou province generally do not conduct laboratory tests and physicians tend to administer
medication empirically. As a result, we were unable to identify relevant content within the HIS system for further analysis of
prescription appropriateness. Secondly, it was possible that the AIRs were overestimated in this study due to the inability to
access secondary disease diagnoses for patients from the HIS system.?'->' In China’s primary care institutions, it is uncommon
for a secondary diagnosis to be included in prescriptions. Thirdly, the prescription data was sourced solely from primary care
institutions in one province. Given the significant regional variations in antibiotic usage, this study may only reflect patterns of
antibiotic use within comparable areas of primary care.

Although a gradual decrease in the number of antibiotic prescriptions and inappropriate rates, the prevalence of
inappropriate antibiotic prescriptions remains high in primary care institutions in China. This study revealed that 66.19% of
prescriptions were deemed inappropriate, with low professional competence among physicians in primary care institutions
being a significant contributing factor to this issue. Their antibiotic prescription practices are not evidence-based but rather rely
on their own experience and habits. In cases where antibiotics are unnecessary, some physicians even prescribe them to meet
patient expectations. Achieving appropriate use of antibiotics across China hinges on promoting their appropriate utilization
within primary care institutions. Therefore, in the future, comprehensive training programs should be offered to primary care
physicians to enhance their professional competence. Initial training should primarily focus on raising awareness among
physicians about diseases or patients for whom antibiotics are often prescribed but should not be used. Subsequently,
the second phase of training should focus on changing physicians’ habits of prescribing behavior. Physicians must attentively
consider patients’ expectations and when confronted with active requests for unnecessary antibiotic treatment, they should
proactively provide clear explanations to justify refusal, thereby effectively reducing instances of inappropriate usage.

Conclusions

From 2017 to 2022, there was a downward trend in both the number of antibiotic prescriptions and AIRs. Despite this
progress, inappropriate prescribing practices for antibiotics remain prevalent in primary care institutions, particularly for
diseases of the respiratory system. The lack of physician expertise regarding appropriate antibiotic use was a major
contributing factor to this issue. Therefore, future efforts should focus on enhancing physician education, training, and
clinical practice to effectively address this problem. In addition, future efforts should prioritize two key areas. Firstly, it is
imperative to enhance physicians’ awareness in primary care institutions regarding prevalent misconceptions surrounding
the inappropriate utilization of antibiotics. Secondly, there is a need to modify the prescribing behavior of physicians who
have become accustomed to fulfilling patients’ expectations by prescribing antibiotics.
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