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Purpose: The purpose of this study was to investigate the prescribing patterns and usage trends of systemic glucocorticoids in
primary care institutions located in Southwest China from 2018 to 2021.

Materials and Methods: A retrospective cross-sectional analysis of systemic glucocorticoids prescriptions was conducted in 32
primary care institutions located in Southwest China between 2018 and 2021. Prescriptions of systemic glucocorticoids were classified
as appropriate or inappropriate use. Inappropriate use was further classified into (1) inappropriate indications and (2) inappropriate
selection of glucocorticoids. Generalized estimation equations were employed to investigate the factors associated with inappropriate
utilization of systemic glucocorticoids. The seasonal autoregressive integrated moving average (SARIMA) model was employed to
predict the rate of inappropriate glucocorticoids prescriptions.

Results: A total of 203,846 (92.89%) prescriptions were included, both the number of systemic glucocorticoids prescriptions and
inappropriate prescriptions increased in winter. Diseases of the respiratory system (68.90%) were the most frequent targets of systemic
glucocorticoids use. Of all prescriptions, 73.18% exhibited inappropriate indications, while 0.05% demonstrated inappropriate
selection. The utilization of systemic glucocorticoids was deemed inappropriate for diseases of the respiratory system (94.19%),
followed by diseases of the digestive system (87.75%). Physicians, who were female or younger than 33 years old, possess lower
levels of education and professional titles and exhibit a higher likelihood of inappropriately prescribing systemic glucocorticoids. The
phenomenon of inappropriate glucocorticoids use was commoner among male patients aged 65 years and older. After conducting
model verification, it was determined that the SARIMA model could be used to predict the monthly rate of inappropriate systemic
glucocorticoids prescriptions in primary care institutions in southwest China.

Conclusion: The inappropriate use of systemic glucocorticoids remains a significant concern in primary care institutions. In this
regard, continuing education and professional knowledge training of physicians should be strengthened in the future.
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Introduction

Glucocorticoids (GCs) were synthesized in the late 1940s and have since been successfully applied in clinical practice.' Due
to its potent anti-inflammatory and immunosuppressive properties, GCs are extensively utilized in the treatment of various
diseases, including rheumatic immune diseases, respiratory diseases, and infectious diseases.” > While GCs are widely utilized
in clinical practice, there has been a noticeable increase in inappropriate usage. Inappropriate use of GCs can result in

increased medical burden and various adverse reactions, such as inducing and aggravating infection, gastrointestinal bleeding
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or perforation, hypertension, and osteoporosis.®'! Therefore, it is crucial to establish regulatory measures for the clinical
application of GCs in order to ensure patient safety during medication administration.

Inappropriate use of systemic GCs has emerged as a global issue. In the United Kingdom, systemic GCs treatment has
risen by over 30% within the past two decades, with more than 1% of the population receiving such therapy.'? Over the past 8
years, the rate of oral GCs prescriptions has increased by 14.1% in France.'> A survey conducted in India revealed that
approximately 66% of pharmacists were unaware of the potential hazards associated with inappropriate use of GCs,'* and
36% of patients were found to be using these medications inappropriately.'® In the United States, 21% of the population were
prescribed short-term outpatient oral GCs, with upper respiratory infections and allergies being the most prevalent
indications.'® In China, inappropriate use of GCs is also common,'” particularly within primary care institutions.'®'”
A survey of 27 primary care institutions showed that inappropriate GCs prescriptions accounted for 63.50% of total
prescriptions.'® In order to regulate rational use of GCs, the Chinese government issued the Guidelines for Clinical
Application of GCs in 2011.%° In addition, according to the Chinese Hospital Prescription Review and Management
Standards,! it is mandatory for hospitals to provide prescription comments on GCs. However, despite efforts to improve
prescribing practices, inappropriate use of GCs remains prevalent in primary care institutions.'” In our previous study
examining 2020 prescribing patterns across 58 primary care institutions, it was found that 68.20% of GCs prescriptions
were deemed inappropriate.”

Current studies on GCs primarily focus on their common indications and adverse reactions.”* > Several studies have
examined prescription rates and prevalence of oral GCs.'>'*?%?” The rate of systemic corticosteroid prescriptions in
patients with acute respiratory infections is high.”® In addition, there are studies describing prescribing patterns of topical
GCs, and factors associated with inappropriate use.'**? However, there is a lack of systematic and comprehensive
research evaluating the long-term trend, current situation, and rationality of GCs use in primary care institutions.

Therefore, we conducted an analysis of prescriptions for systemic GCs in primary care institutions in Southwest
China between 2018 and 2021. The aim of this study was to investigate the prescription patterns and usage trends of
systemic GCs and determine associated factors for the inappropriate use of systemic GCs. We establish a theoretical
foundation for primary care institutions in underdeveloped regions to develop relevant policies and specific measures that
facilitate the appropriate utilization of systemic GCs.

Materials and Methods

Ethics Approval

The Ethics Committee of Guizhou Medical University approved this study (REC. 2021 Ethics Approval No. 249) in
accordance with ethical guidelines. All participants (physicians) provided written informed consent to participate in the
study (Additional File 1). In accordance with the requirements of the confidentiality agreement, all identifying informa-

tion about the physicians and patients were not released. The study complied with the Declaration of Helsinki.

Study Design and Setting

A retrospective cross-sectional study was conducted from 2018 to 2021 in Guizhou, one of the economically disadvan-
taged provinces located in southwest China. In accordance with the hierarchical classification system for public hospitals
in China, China’s hospital system consists of tertiary hospitals, secondary hospitals, and primary care institutions.
Primary care institutions encompass township health centers and community health service centers. Our research was
carried out at primary care institutions.

The data was collected from the Hospital Information System (HIS), developed by Guizhou Lianke Weixin
Technology Co., LTD (LWTC). We have executed a tripartite agreement (Additional File 2) with the Information
Center of Guizhou Provincial Health Commission (ICGPHC) and LWTC. The ICGPHC authorized us to obtain relevant
data through LWTC. So far, a total of 132 public primary care institutions in Guizhou Province have implemented HIS

system developed by LWTC. In order to ensure the continuity of prescriptions and the stability of the physician, inclusion
criteria for the study were established as follows: (1) the designated primary care institutions are required to utilize HIS
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system developed by LWTC and (2) the selected outpatient physicians must have worked in the primary care institutions
from 2018 to 2021. Ultimately, 32 primary care institutions were selected for this study.

Data Sources

The prescribing information of systemic GCs and demographic characteristics of patients were extracted from HIS
system. The personal information of physicians was provided by the Personnel Management Department of primary care
institutions.

The classification of diseases in this study was established according to the 10th edition of the ICD-10.> Our study
excluded topical systemic GCs such as eye drops, ear drops, aerosols, suspensions for inhalation, and creams. Systemic
GCs hormones were categorized into short-acting, medium-acting, and long-acting preparations according to the duration
of their action.”’ We performed standardized cleaning and sorting before data analysis, and correct logic errors were
rectified. All prescriptions are identified by code to connect physicians and patients, forming a database of medical
service information.

Appropriate Classification of Glucocorticoids Prescriptions

According to the Guidelines for Clinical Application of Systemic GCs in China and the Hospital Prescription Review and
Management Standards of the Ministry of Health, systemic GCs prescriptions were categorized as appropriate or
inappropriate based on rational clinical use evaluation criteria. Due to the lack of systemic GCs dose and treatment
time, inappropriate use of systemic GCs only includes (1) Inappropriate indications, such as the use of systemic GCs for
purposes other than their intended anti-inflammatory effects, including antipyretic or analgesic purposes, and (2)
Inappropriate selection of systemic GCs, such as opting for short-acting agents instead of long-acting ones.

Outcome Variables

The outcome variable was the rate of inappropriate systemic GCs prescriptions (IGR), calculated as the number of
inappropriate prescriptions divided by the total number of systemic GCs prescriptions. Physician and patient character-
istics and information about systemic GCs prescriptions were included as covariates.

Data Analysis

The prescribing frequencies of systemic GCs were analyzed to determine the appropriateness and patterns of prescrip-
tion. Univariate analysis was performed to preliminarily determine the potential risk factors for inappropriate use of
systemic GCs. The Generalized Estimation Equation (GEE) approach was employed to identify independent predictors
associated with inappropriate use of systemic GCs. All statistical tests were two-sided, and P-value < 0.05 was
considered statistically significant. The statistical analysis was performed using R version 4.2.1.

The seasonal auto-regressive integrated moving average (SARIMA) model was established using the data of GCs
inappropriate prescribing frequencies from January 2018 to December 2020. Accuracy of the model’s predictions was
assessed using data from January to December 2021. Firstly, the stationarity of time series is tested by sequence diagram
or Augmented Dickey—Fuller (ADF) test. The non-stationary time series was converted into a stationary time series
through differencing and seasonal differencing. Secondly, the autocorrelation function (4CF) graph and partial auto-
correlation (PACF) graph were used to preliminarily determine the range of values for the model. Subsequently, the Box—
Ljung test was employed to determine whether it exhibits a white noise sequence, and Box—Ljung test P-value >0.05 was
the white noise sequence. The optimal model was determined using the determination coefficient (R?) and Bayesian
Information Criterion (BIC). Finally, the optimal model was utilized to predict the monthly rate of inappropriate systemic
GCs prescriptions in 2021, and its accuracy was verified by comparing it with actual value while conducting trend
analysis. The fundamental structure of the SARIMA model is denoted as SARIMA (p, d, q) x (P, D, Q) s. Where,
p represents the autoregressive order term; q denotes the moving average term; d and D signify the number of differences
required to extract deterministic information from the original sequence and seasonality, respectively; P and Q indicate
seasonal autoregression and seasonal moving average terms, while s stands for both seasonal period and cycle length.
SPSS 26.0 software was used for time-series analysis and time variables were defined.
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Results
A total of 219,438 systemic prescriptions for GCs were included in the study. After excluding topical prescriptions, 219,276
remained and the top five were selected. Ultimately, 203,846 (92.89%) systemic GCs prescriptions were analyzed.

Figure 1 illustrates the trends in the number of systemic GCs prescriptions and IGR from January 2018 to
December 2021. The trend in prescription quantity and inappropriate use remains consistent, with a significant increase
in the number of systemic GCs prescriptions during the winter months, accompanied by a corresponding rise in
inappropriate usage. January 2020 saw the highest number of systemic GCs prescriptions at 6488, followed closely by
February 2019 with 6280.

Figure 2 illustrates the inappropriate rates of systemic GCs prescriptions in different months of each year from 2018
to 2021. The average IGR was 71.88% between 2018 and 2021, with a peak of 86.96% in January 2018. It was
determined that January was the peak of inappropriate prescription, while August demonstrated the lowest occurrence.
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Figure | Change in the number of systemic glucocorticoids prescriptions and IGR from 2018 to 2021.
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Figure 2 Monthly figure of rate of inappropriate systemic glucocorticoids prescriptions from 2018 to 2021.
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Table 1 presents the overall distribution of systemic GCs prescriptions stratified by diagnosis and rationality. Among
all clinical diagnoses, diseases of the respiratory system (68.90%) and diseases of the skin and subcutaneous tissue
(16.31%) were the most prevalent conditions for which these medications were prescribed. Among a total of 203,846
prescriptions, 73.18% exhibited inappropriate indications, while 0.05% demonstrated inappropriate selection. The
utilization of systemic GCs was deemed inappropriate for diseases of the respiratory system (94.19%), followed by
diseases of the digestive system (87.75%). The inappropriate rate of GCs prescriptions for acute upper respiratory
infections at multiple and unspecified sites, acute tonsillitis, and acute bronchitis was as high as 100%. Unnecessary use
of systemic GCs was prevalent in diseases of the digestive system and diseases of the circulatory system.

Table 2 displays the distribution of systemic GCs prescriptions categorized by drug groups. The percentage of
injectable and oral systemic GCs in total prescriptions was 90.84% and 9.16%, respectively. Dexamethasone (86.65%) is
the most frequently prescribed systemic GCs in the injectable route. 75.38% of injectable systemic GCs and 51.95% of
oral systemic GCs prescriptions were deemed inappropriate. Among injected systemic GCs, dexamethasone (77.40%)
and methylprednisolone (73.45%) had higher rates of inappropriate use. The most frequent inappropriate indication of
oral administration was prednisone (61.11%).

Table 3 summarizes the factors associated with inappropriate use of systemic GCs in univariate analysis. All variables
demonstrated statistical significance in the univariate analysis (P < 0.001) and were therefore included in the multi-
variable model.

Table | Distribution of Clinical Diagnoses and Appropriateness of Systemic Glucocorticoids Prescriptions

ICDIO Disease Total Appropriate Inappropriate Use, n (%)
use, n (%) Inappropriate Inappropriate
Indications Selection
|. Diseases of the respiratory system 140,449 (68.90) 8166 (5.81) 132,283 (94.19) 0 (0.00)
J0é6 Acute upper respiratory infections of multiple 72,879 0 (0.00) 72,879 (100.00) 0 (0.00)
and unspecified sites
Jo3 Acute tonsillitis 19,747 0 (0.00) 19,747 (100.00) 0 (0.00)
J20 Acute bronchitis 18,587 0 (0.00) 18,587 (100.00) 0 (0.00)
J40 Bronchitis, not specified as acute or chronic 6495 0 (0.00) 6495 (100.00) 0 (0.00)
98 Other respiratory disorders 5314 0 (0.00) 5314 (100.00) 0 (0.00)
J18 Pneumonia, organism unspecified 4361 4361 (100.00) 0 (0.00) 0 (0.00)
J39 Other diseases of upper respiratory tract 2964 0 (0.00) 2964 (100.00) 0 (0.00)
J02 Acute pharyngitis 2467 0 (0.00) 2467 (100.00) 0 (0.00)
J42 Unspecified chronic bronchitis 1939 0 (0.00) 1939 (100.00) 0 (0.00)
J45 Asthma 1378 1378 (100.00) 0 (0.00) 0 (0.00)
21 Acute bronchiolitis 1177 0 (0.00) 1177 (100.00) 0 (0.00)
J44 Other chronic obstructive pulmonary disease 1033 1033 (100.00) 0 (0.00) 0 (0.00)
J04 Acute laryngitis and tracheitis 749 749 (100.00) 0 (0.00) 0 (0.00)
J00 Acute nasopharyngitis [common cold] 714 0 (0.00) 714 (100.00) 0 (0.00)
J31 Chronic rhinitis, nasopharyngitis and pharyngitis 645 645 (100.00) 0 (0.00) 0 (0.00)
(Continued)
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Table | (Continued).
ICDIO Disease Total Appropriate Inappropriate Use, n (%)

use, n (%) Inappropriate Inappropriate
Indications Selection
2. Diseases of the skin and subcutaneous tissue 33,249 (16.31) 30,879 (92.87) 2370 (7.13) 0 (0.00)
L23 Allergic contact dermatitis 26,146 26,146 (100.00) 0 (0.00) 0 (0.00)
L50 Urticaria 2006 2006 (100.00) 0 (0.00) 0 (0.00)
LO8 Other local infections of skin and subcutaneous 1947 0 (0.00) 1947 (100.00) 0 (0.00)
tissue
L30 Other dermatitis 979 979 (100.00) 0 (0.00) 0 (0.00)
L20 Atopic dermatitis 747 747 (100.00) 0 (0.00) 0 (0.00)
L24 Irritant contact dermatitis 459 459 (100.00) 0 (0.00) 0 (0.00)
L25 Unspecified contact dermatitis 277 277 (100.00) 0 (0.00) 0 (0.00)
LO4 Acute lymphadenitis 256 0 (0.00) 256 (100.00) 0 (0.00)
L29 Pruritus 125 125 (100.00) 0 (0.00) 0 (0.00)
LO3 Cellulitis 82 0 (0.00) 82 (100.00) 0 (0.00)
L26 Exfoliative dermatitis 69 69 (100.00) 0 (0.00) 0 (0.00)
L02 Cutaneous abscess, furuncle and carbuncle 57 0 (0.00) 57 (100.00) 0 (0.00)
L28 Lichen simplex chronicus and prurigo 39 39 (100.00) 0 (0.00) 0 (0.00)
L27 Dermatitis due to substances taken internally 32 32 (100.00) 0 (0.00) 0 (0.00)
Lol Impetigo 28 0 (0.00) 28 (100.00) 0 (0.00)
3. Diseases of the musculoskeletal system and 18,373 (9.01) 12,439 (67.70) 5823 (31.70) 111 (0.60)
connective tissue
MI3 Other arthritis 5637 5636 (99.98) 0 (0.00) 1 (0.02)
MI9 Other arthrosis 1879 1879 (100.00) 0 (0.00) 0 (0.00)
MI10 Gout 1492 1492 (100.00) 0 (0.00) 0 (0.00)
M47 Spondylosis 1451 0 (0.00) 1451 (100.00) 0 (0.00)
M25 Other joint disorders, not elsewhere classified 1450 1450 (100.00) 0 (0.00) 0 (0.00)
M51 Other intervertebral disc disorders 1404 0 (0.00) 1404 (100.00) 0 (0.00)
M75 Shoulder lesions 894 823 (92.06) 0 (0.00) 71 (7.94)
Mm89 Other disorders of bone 882 0 (0.00) 882 (100.00) 0 (0.00)
M54 Dorsalgia 867 0 (0.00) 867 (100.00) 0 (0.00)
M79 Other soft tissue disorders, not elsewhere 703 0 (0.00) 703 (100.00) 0 (0.00)
classified
Mé5 Synovitis and tenosynovitis 495 456 (92.12) 0 (0.00) 39 (7.88)
MO0é6 Other rheumatoid arthritis 408 408 (100.00) 0 (0.00) 0 (0.00)
(Continued)
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Table | (Continued).

ICDIO Disease Total Appropriate Inappropriate Use, n (%)
use, n (%) Inappropriate Inappropriate
Indications Selection
MI17 Gonarthrosis [arthrosis of knee] 330 0 (0.00) 330 (100.00) 0 (0.00)
MI5 Polyarthrosis 295 295 (100.00) 0 (0.00) 0 (0.00)
M48 Other spondylopathies 186 0 (0.00) 186 (100.00) 0 (0.00)
4. Diseases of the digestive system 8798 (4.32) 1078 (12.25) 7720 (87.75) 0 (0.00)
K05 Gingivitis and periodontal diseases 4583 0 (0.00) 4583 (100.00) 0 (0.00)
K52 Other noninfective gastroenteritis and colitis 1078 1078 (100.00) 0 (0.00) 0 (0.00)
K12 Stomatitis and related lesions 843 0 (0.00) 843 (100.00) 0 (0.00)
K29 Gastritis and duodenitis 820 0 (0.00) 820 (100.00) 0 (0.00)
K04 Diseases of pulp and periapical tissues 698 0 (0.00) 698 (100.00) 0 (0.00)
K30 Functional dyspepsia 196 0 (0.00) 196 (100.00) 0 (0.00)
K08 Other disorders of teeth and supporting 165 0 (0.00) 165 (100.00) 0 (0.00)
structures
K81 Cholecystitis 100 0 (0.00) 100 (100.00) 0 (0.00)
K14 Diseases of tongue 65 0 (0.00) 65 (100.00) 0 (0.00)
K6l Abscess of anal and rectal regions 47 0 (0.00) 47 (100.00) 0 (0.00)
K27 Peptic ulcer, site unspecified 46 0 (0.00) 46 (100.00) 0 (0.00)
K13 Other diseases of lip and oral mucosa 45 0 (0.00) 45 (100.00) 0 (0.00)
KOl Embedded and impacted teeth 43 0 (0.00) 43 (100.00) 0 (0.00)
Ké2 Other diseases of anus and rectum 35 0 (0.00) 35 (100.00) 0 (0.00)
K11 Diseases of salivary glands 34 0 (0.00) 34 (100.00) 0 (0.00)
5. Diseases of the circulatory system 2977 (1.46) 2001 (67.22) 976 (32.78) 0 (0.00)
100 Rheumatic fever without mention of heart 1994 1994 (100.00) 0 (0.00) 0 (0.00)
involvement
110 Essential (primary) hypertension 321 0 (0.00) 321 (100.00) 0 (0.00)
167 Other cerebrovascular diseases 235 0 (0.00) 235 (100.00) 0 (0.00)
188 Nonspecific lymphadenitis 123 0 (0.00) 123 (100.00) 0 (0.00)
127 Other pulmonary heart diseases 105 0 (0.00) 105 (100.00) 0 (0.00)
184 Haemorrhoids 48 0 (0.00) 48 (100.00) 0 (0.00)
125 Chronic ischaemic heart disease 46 0 (0.00) 46 (100.00) 0 (0.00)
163 Cerebral infarction 31 0 (0.00) 31 (100.00) 0 (0.00)
150 Heart failure 20 0 (0.00) 20 (100.00) 0 (0.00)
140 Acute myocarditis 16 0 (0.00) 16 (100.00) 0 (0.00)
(Continued)
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Table | (Continued).

ICDIO Disease Total Appropriate Inappropriate Use, n (%)
use, n (%) . .
Inappropriate Inappropriate
Indications Selection
149 Other cardiac arrhythmias 12 0 (0.00) 12 (100.00) 0 (0.00)
169 Sequelae of cerebrovascular disease 8 0 (0.00) 8 (100.00) 0 (0.00)
109 Other rheumatic heart diseases 7 7 (100.00) 0 (0.00) 0 (0.00)
120 Angina pectoris 6 0 (0.00) 6 (100.00) 0 (0.00)
151 Complications and ill-defined descriptions of 5 0 (0.00) 5 (100.00) 0 (0.00)
heart disease
Total, n (%) 203,846 54,563 (26.77) 149,172 (73.18) 111 (0.05)

Table 2 Distribution of Appropriateness of Systemic Glucocorticoids Use Categorized by Drug Type

Glucocorticoid Groups Total, n (%) Appropriate use, n (%) Inappropriate use, n (%)
Inappropriate Indications Inappropriate Selection

Injection 185,172 (90.84) 45,590 (24.62) 139,580 (75.38) 2 (0.00)
Dexamethasone 176,631 (86.65) 39,919 (22.60) 136,712 (77.40) 0 (0.00)
Triamcinolone 7580 (3.72) 5230 (69.00) 2350 (31.00) 0 (0.00)
Methylprednisolone 501 (0.24) 133 (26.55) 368 (73.45) 0 (0.00)
Prednisolone 321 (0.16) 208 (64.80) 113 (35.20) 0 (0.00)
Hydrocortisone 139 (0.07) 100 (71.94) 37 (26.62) 2 (1.44)

Oral 18,674 (9.16) 8973 (48.05) 9592 (51.37) 109 (0.58)
Dexamethasone 8750 (4.29) 5223 (59.69) 3527 (40.31) 0 (0.00)
Prednisone 9924 (4.87) 3750 (37.79) 6065 (61.11) 109 (1.10)
Total, n (%) 203,846 54,563 (26.77) 149,172 (73.18) 111 (0.05)

Multivariate analysis revealed the factors associated with inappropriate systemic use of GCs, as presented in Table 4.
Physicians, who were female or younger than 33 years old, possessed lower levels of education and professional titles
and exhibited a higher likelihood of inappropriately prescribing systemic GCs. In addition, physicians with 2140 years
of experience exhibited a higher likelihood of inappropriately prescribing systemic GCs compared to those with less than
20 years or more. From the patient’s perspective, male patients over 65 years of age were more likely to receive
inappropriate prescriptions for systemic GCs in 2021. Oral prescription and out-of-pocket prescriptions had the highest
rate of inappropriate use.

Sarima
The original time-series plot in Figure 3 illustrates the monitoring data of IGR, which exhibited significant seasonality
and certain periodic fluctuations that did not meet the requirements for sequence stationarity.

The timing chart depicting the IGR after first-order difference exhibited near-stationary (refer to Figure 4). As
depicted in Figure 5, the residual ACF and PACF of the model exhibit no significant autocorrelation. Finally, the optimal
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Table 3 Factors Associated with Inappropriate Use of Systemic Glucocorticoids on Univariate Analysis
Variables Total, n (%) Appropriate Inappropriate use, n (%) P-value
use, n (%) Inappropriate Inappropriate
Indications Selection
203,846 54,563 (26.77) 149,172 (73.18) 111 (0.05)
Physician characteristic
Sex Male 157,767 (77.40) 40,925 (25.94) 116,776 (74.02) 66 (0.04) < 0.001
Female 46,079 (22.60) 13,638 (29.60) 32,396 (70.30) 45 (0.10)
Age group (years) (45,64] 61,005 (29.93) 17,234 (28.25) 43,677 (71.60) 94 (0.15) < 0.001
(33,45] 69,193 (33.94) 17,333 (25.05) 51,854 (74.94) 6 (0.01)
[25,33] 73,648 (36.13) 19,996 (27.15) 53,641 (72.83) 11 (0.02)
Education College 83,062 (40.75) 18,982 (22.85) 64,064 (77.13) 16 (0.02) < 0.001
Junior college 71,027 (34.84) 21,489 (30.25) 49,531 (69.74) 7 (0.01)
Technical secondary 49,757 (24.41) 14,092 (28.32) 35,577 (71.50) 88 (0.18)
school
Professional title Associate chief physician 16,674 (8.18) 3890 (23.33) 12,779 (76.64) 5 (0.03) < 0.001
Attending physician 45,392 (22.27) 12,422 (27.36) 32,967 (72.63) 3 (0.01)
Resident physician 141,780 (69.55) 38,251 (26.98) 103,426 (72.95) 103 (0.07)
Work duration <5 20,595 (10.10) 4953 (24.05) 15,641 (75.95) | (0.00) < 0.001
(years)
6-10 69,211 (33.95) 19,579(28.29) 49,617 (71.69) 15 (0.02)
11-20 49,096 (24.09) 11,600 (23.63) 37,473 (76.32) 23 (0.05)
21-30 42,546 (20.87) 12,335 (28.99) 30,190 (70.96) 21 (0.05)
31-39 18,629 (9.14) 5016 (26.92) 13,608 (73.05) 5 (0.03)
240 3769 (1.85) 1080 (28.65) 2643 (70.13) 46 (1.22)
Patient characteristics
Sex Female 101,215 (49.65) 26,643 (26.32) 74,504 (73.61) 68 (0.07) < 0.001
Male 102,631 (50.35) 27,920 (27.21) 74,668 (72.75) 43 (0.04)
Age group (years) <5 42,156 (20.68) 5571 (13.22) 36,585 (86.78) 0 (0.00) < 0.001
5-17 47,292 (23.20) 9593 (20.29) 37,698 (79.71) | (0.00)
1849 48,137 (23.61) 12,643 (26.27) 35,447 (73.64) 47 (0.10)
50-64 33,341 (16.36) 11,880 (35.63) 21,414 (64.23) 47 (0.14)
265 32,920 (16.15) 14,876 (45.19) 18,028 (54.76) 16 (0.05)
Year 2018 56,790 (27.86) 13,784 (24.27) 42,978 (75.68) 28 (0.05) < 0.001
2019 57,541 (28.23) 15,324 (26.63) 42,186 (73.32) 31 (0.05)
2020 49,580 (24.32) 13,666 (27.56) 35,895 (72.40) 19 (0.04)
2021 39,935 (19.59) 11,789 (29.52) 28,113 (70.40) 33 (0.08)
(Continued)
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Table 3 (Continued).
Variables Total, n (%) Appropriate Inappropriate use, n (%) P-value
use, n (%) . .
Inappropriate Inappropriate
Indications Selection
Route Injection 185,172 (90.84) 45,590 (24.62) 139,580 (75.38) 2 (0.00) < 0.001
Oral 18,674 (9.16) 8973 (48.05) 9592 (51.37) 109 (0.58)
Insurance New rural cooperative 158,041 (77.53) 41,355 (26.17) 116,599 (73.78) 87 (0.05) < 0.001
medical system
(NCMS)
Out-of-pocket 45,805 (22.47) 13,208 (28.84) 32,573 (71.11) 24 (0.05)

Abbreviation: NCMS, New rural cooperative medical system.

Table 4 Factors Predicting Inappropriate Use of Systemic Glucocorticoids on

Multivariate Analysis

Variables Adjusted OR (95% CI) | P-value
Physician characteristics
Sex
Male Reference
Female 1.24 (1.21, 1.28) <0.001
Age group (years)
(45,64] Reference
(33,45] I.51 (1.45, 1.59) <0.001
[25,33] 1.80 (1.69, 1.92) <0.001
Education
College Reference
Junior college 1.37 (1.34, 1.41) <0.001
Technical secondary school 117 (1.12, 1.22) <0.001
Professional title
Associate chief physician Reference
Attending physician 1.40 (1.33, 1.47) <0.001
Resident physician 1.41 (1.34, 1.49) <0.001
Work duration (years)
<5 Reference
6-10 0.82 (0.78, 0.85) <0.001
11-20 0.90 (0.85, 0.96) 0.001
21-30 1.52 (1.42, 1.64) <0.001
31-39 1.92 (1.76, 2.09) <0.001
240 0.85 (0.76, 0.95) 0.006

(Continued)
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Table 4 (Continued).

Variables Adjusted OR (95% CI) | P-value
Patient characteristics
Sex

Female Reference

Male .14 (1.12, 1.17) <0.001
Age group (years)

<5 Reference

5-17 1.60 (1.55, 1.65) <0.001

1849 2.01 (1.94, 2.07) <0.001

50-64 3.02 (292, 3.12) <0.001

265 4.42 (4.27, 4.57) <0.001
Year

2018 Reference

2019 1.17 (1.13, 1.20) <0.001

2020 1.12 (1.09, 1.15) <0.001

2021 1.20 (1.17, 1.24) <0.001
Route

Injection Reference

Oral 2.55 (2.46, 2.64) <0.001
Insurance

New rural cooperative medical system (NCMS) Reference

Out-of-pocket 1.29 (1.26, 1.32) <0.001

Abbreviations: OR, Odds ratio; Cl, Confidence interval; NCMS, New rural cooperative medical system.

model was determined as SARIMA (0, 1, 0) x (1, 1, 0),,, because it has the maximum R? and the minimum BIC value.
The model fitting with normalization yields a BIC value of —6.35 and an R? coefficient of determination of 0.73. The
Ljung—BoxQ test demonstrated a well-fitting model, as evidenced by the absence of statistical differences in the residuals

(Q =17.85, P = 0.40), indicating that they conformed to a white noise sequence.

Evaluate the Performance of the Model

The dynamic trend of the predicted values in Figure 6 was basically consistent with the actual situation from January to
December 2021. The actual value falls within the 95% confidence interval of the predicted value, indicating a high level
of prediction accuracy for the SARIMA model.

Table 5 demonstrates the actual rate of monthly IGR is roughly consistent with the predicted rate. Compared to the
actual value, the relative error falls within a range of 16%, with an average relative error of 8.40%. The SARIMA models
were utilized to simulate and predict the monthly IGR in 2021, facilitating comprehension of the trend in such rates.
Simultaneously, the predicted annual IGR trend was the same as the actual trend, with the peak of IGR in winter and the

least in summer.
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Table 5 Comparison of Actually Value and Predicted Value of Rate of Inappropriate Systemic
Glucocorticoids Prescriptions in January—December, 2021

Month Inappropriate use Error
Actual Value | Predicted Value (95% CI) | Absolute Error* (%) | Relative Error* (%)

| 0.77 0.84 (0.77-0.91) 7.35% 9.56%
2 0.76 0.85 (0.75-0.96) 9.75% 12.88%
3 0.75 0.78 (0.66—0.90) 3.30% 4.41%
4 0.73 0.74 (0.60-0.88) 0.92% 1.26%
5 0.66 0.74 (0.58-0.90) 8.14% 12.36%
6 0.65 0.69 (0.51-0.86) 3.75% 5.78%
7 0.62 0.66 (0.47-0.85) 4.68% 7.60%
8 0.56 0.64 (0.44-0.85) 8.09% 14.38%
9 0.61 0.71 (0.49-0.92) 9.65% 15.78%
10 0.66 0.73 (0.51-0.96) 7.89% 12.04%
I 0.76 0.77 (0.53-1.01) 1.21% 1.60%
12 0.80 0.82 (0.57-1.07) 2.52% 3.16%

Notes: *Absolute Error = Predicted Value - Actual Value; *Relative Error = (Predicted Value - Actual Value) / Actual Value.
Abbreviation: Cl, Confidence interval.

Discussion

In this retrospective study, we conducted an analysis of systemic GCs prescribing patterns and trends from 2018 to 2021
at 32 primary care institutions in Guizhou, China. The number of prescriptions for systemic GCs and the trend of
inappropriate use were roughly consistent. 73.23% of prescriptions were deemed inappropriate use, with the majority
(73.18%) being attributed to inappropriate indications, and inappropriate selection accounted for 0.05%. Physicians who
possess lower levels of education and professional titles, under the age of 33, exhibit a greater propensity for
inappropriate prescribing practices. After conducting model verification, it has been confirmed that the SARIMA
model is suitable for predicting the monthly IGR of primary care institutions in southwest China.

As depicted in Figure 1, the changing trend of inappropriate systemic GCs prescription in each month was
consistently correlated with the total systemic GCs prescription. This suggests that physicians who prescribe more
systemic GCs are more likely to engage in inappropriate prescribing practices. Studies have indicated that excessive
prescribing by physicians can elevate the likelihood of medical errors stemming from prescription inaccuracies or
adverse reactions.>® On one hand, a higher volume of prescriptions may result in repeated prescriptions, drug interactions
with high potential for harm, and long-term medication regimens.*' On the other hand, some physicians may feel
compelled to meet patient expectations by issuing unnecessary or excessive prescriptions, thereby increasing the risk of
inappropriate treatment. Therefore, it is necessary to enforce strict regulations on physicians’ prescribing behavior and
enhance the management and review system for prescriptions.

As depicted in Figure 2, the IGR exhibits a significant increase during the winter season annually. The period is
characterized by poor air quality and an elevation in atmospheric pollutants, which can result in respiratory illnesses
among susceptible individuals. Studies have indicated that winter was associated with a heightened prevalence of acute
upper respiratory tract infections.’® Therefore, the surge in diseases of the respiratory system during winter may serve as
a primary contributing factor to the escalation of IGR.

Our study showed that up to 73.23% of systemic GCs were used inappropriately. In line with our prior research,
a staggering 68.20% of systemic GCs prescriptions were deemed inappropriate.> A separate study conducted in China
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revealed that 64.59% of GCs usage exceeded recommended indications, indicating a concerning trend towards inap-
propriate prescribing practices.*? According to a report from India, inappropriate use of systemic GCs is prevalent with
88.40% of cases being reported as such.** In the United States, some primary care physicians prescribe systemic GCs
without clear medical indications.*> A study conducted in China revealed that 42.20% of primary care physicians
exhibited inadequate knowledge regarding hormone classification and contraindications.® It can be inferred that the
majority of primary care physicians possess inadequate knowledge regarding the indications for systemic GCs.

In Table 1, systemic GCs were predominantly prescribed for diseases of the respiratory system (68.90%), with
94.19% of these prescriptions being deemed inappropriate. Systemic GCs were not recommended for the treatment of
acute respiratory infections, according to Centers for Disease Control and Prevention (CDC).?” In America, 23% of adult
primary care visits for acute respiratory tract infections (ARTI) involved steroid injections.”® A cross-sectional study of
outpatient departments of referral hospitals in Ethiopia found that 63.50% of glucocorticoids were used for respiratory
diseases.®® In Puerto Rico, 75% prescriptions for patients diagnosed with the flu or common cold contained
corticosteroids.*” A Korean study reported a 6.80% rate of steroid prescribing in respiratory infections.*' A previous
study conducted in China revealed that physicians working in primary care institutions possessed limited knowledge
regarding diseases of the respiratory system, with 65.1% being unaware of the most fundamental and crucial treatments
for influenza.** The findings of a randomized controlled trial (RCT) indicate that systemic GCs are ineffective in the
treatment of lower respiratory tract infections.*® Previous research has also demonstrated the inefficacy of steroids in
treating the common cold.*'*+*

In this study, inappropriate use of systemic GCs was found to be a common occurrence in the diseases of the digestive
system (87.75%). One of the most prevalent manifestations is gingivitis and periodontal diseases, which aligns with the
findings of Xiaobo Luo’s research.?? It should be emphasized that ICD-10 classify dental diseases into diseases of
digestive system, and this study adopted ICD-10 as the standard for disease classification. Due to the potent anti-
inflammatory effects of GCs, some clinicians may prescribe GCs directly for patients with pain caused by periodontitis
without identifying the underlying cause. The primary etiology of periodontitis is oral bacterial infection, and the
therapeutic approach should prioritize eradication of bacteria and reduction of inflammation in the oral cavity.*®
Therefore, the use of GCs for periodontitis treatment is not recommended due to their potential adverse effects.
Guidelines for Clinical Application of GCs in 2011 point out that GCs not only stimulate gastric acid secretion but
also impair the protective function of gastric mucosa, thereby exacerbating pre-existing ulcers and potentially leading to
severe complications such as gastrointestinal bleeding and perforation.”’ Furthermore, the findings of a cohort study have
substantiated an elevated risk of periodontal disease in asthmatic patients undergoing treatment with GCs, as compared to
those who did not receive such therapy.*” Another review has demonstrated that systemic GCs therapy is associated with
an increased susceptibility to developing periodontal disease.*®

The findings of our study indicate that the rate of inappropriate utilization of systemic GCs in cases of acute upper
respiratory tract infection (J06), acute bronchitis (JO3), and acute tonsillitis (J20) is as high as 100%. Systemic GCs
possess immunomodulatory and anti-inflammatory properties, making them a primary treatment option for upper
respiratory tract infections.*” According to research, systemic GCs do not possess antiviral properties and are therefore
an unsuitable treatment option for viral infections. In fact, the medication can compromise the body’s immune response
and exacerbate the spread of infection.'”** Therefore, the use of systemic GCs should not be a routine treatment for acute
upper respiratory infections, acute bronchitis, and acute tonsillitis.

According to Table 2, the rate of GCs injection prescription (90.84%) is significantly higher than that of oral GCs
prescription. In Ethiopia, injections account for 52.6% of systemic glucocorticoid prescriptions.>® According to a study
conducted in the United States, it was found that clinicians administered injectable GCs more frequently than 40% of the
time.*® One study revealed that in China, prescription rates of hormones and injections were significantly higher in
economically disadvantaged western regions compared to their wealthier eastern counterparts.’® Due to a lack of
awareness regarding the detrimental effects of misuse, it is commonplace for patients to request injections as a means
of expediting their recovery from illness.’’** According to related reports, 45.2% of physicians have encountered
patients requesting unnecessary intravenous fluids.>? In addition, injection therapy can generate additional revenue for
medical institutions and physicians themselves, which may contribute to the excessive use of injectable GCs by
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physicians.’"3* Excessive use of injected GCs not only escalates health-care expenses but also heightens the likelihood
of eliciting severe adverse reactions and transmitting various blood-borne infections.>* Therefore, enhancing the health
literacy of rural residents, strengthening drug regulation, and optimizing the allocation of medical resources are pivotal to
addressing this issue.

In our study, more than half of injected (75.38%) and oral (51.95%) GCs were inappropriately used. In our previous study,
70.5% of injected GCs and 49.1% of oral GCs were inappropriately used.** In the United States, 22.5% of patients received
intramuscular GCs for acute upper respiratory infections.”> A study in China has shown that 16.53% of oral GCs were used for
inappropriate indications.’® After the implementation of the Guidelines for Clinical Application of GCs, the clinical utilization
of GCs in economically developed cities in China has become more rationalized. However, inadequate implementation of
relevant management measures in less developed areas of southwest China still leads to prominent inappropriate use of GCs."?
We conclude that the safety and effectiveness of GCs in clinical treatment in primary care institutions deserve attention.
A strict understanding of indications and contraindications is recommended prior to the clinical application of GCs, followed
by the selection of a rational treatment plan based on the nature and characteristics of the diseases.*’

In Table 4, the results of the multivariate analysis presented indicate that younger physicians (below the age of 33)
and those holding lower professional titles (resident physicians) demonstrate an increased propensity for prescribing
inappropriate systemic GCs. The majority of them only possess junior college degrees, which results in a lack of relevant
professional knowledge and insufficient clinical experience. A study has revealed that junior physicians exhibit a twofold
increase in the likelihood of making prescribing errors compared to their senior physicians.”’ It has been reported that
primary care institutions in Southwest China have grassroots health service personnel who generally hold low profes-
sional titles and have not received sufficient professional education.’® Therefore, it is imperative to enhance the
continuous education of primary care physicians and elevate their overall literacy level. The proposal by Zhan suggests
the adoption of blended learning as a means to provide targeted and continuous training for primary care physicians, with
the aim of enhancing their professional skills.”® Rashid L Bashshur proposed the adoption of telemedicine-based
diagnostic assistance systems to deliver high-quality medical services to rural populations.®’

This study has demonstrated that inappropriate systemic GCs use was also associated with patient age. Inappropriate
prescriptions are more prevalent among older patients, particularly those aged 65 and above. A study conducted in the United
Kingdom investigated prescribing errors in primary care, and found that both patients aged 65 or above and under 15 years
were at highest risk.”’ Studies have demonstrated that patients with comorbidities tend to receive a higher number of
prescribed medications, thereby resulting in an escalation of inappropriate prescriptions and the occurrence of adverse drug
reactions.®' The current prevalence of multimorbidity among individuals aged 50 and above stands at 42.4%.%* In rural areas
of China, the proportion of individuals aged 65 and above has reached 13.82%, surpassing that of urban areas by a significant
margin. Due to economic and geographical factors, the majority of elderly individuals residing in rural areas opt to seek
medical attention at the nearest primary care institution.%® In the United States, there is a lack of awareness among most
primary care physicians regarding potentially inappropriate prescribing (PIP) for elderly patients and a limited understanding
of prescribing guidelines.®* There are reports in China that 46.53% of primary care physicians have reported a lack of
specialized training in geriatric pharmacotherapy, which often leads to excessive and inappropriate prescribing practices due to
their inadequate knowledge in this area.’’*>° Furthermore, the elderly themselves may contribute to inappropriate prescrib-
ing practices. In rural China, the elderly generally have limited educational attainment, resulting in low health literacy and
inadequate knowledge of medication.®>®” Simultaneously, the elderly population acquires a lesser amount of knowledge
regarding the prevention of adverse drug reactions.®® Therefore, it is imperative to enhance the specialized training of primary
care physicians in rational drug utilization for elderly patients, while concurrently providing the elderly population with
education and awareness on appropriate medication use.*’

As a classical time-series model, the SARIMA model effectively captures both cyclical and seasonal variations.”® At
present, the SARIMA model has been extensively utilized for predicting future patient visit rates and disease incidence.”®” In
our study, the SARIMA(O, 1, 0)x(1, 1, 0);, model accurately predicted the IGR with an average error of only 8.40%. As
predicted by our model (Figure 6), winter is the peak of inappropriate systemic GCs prescribing. Therefore, the SARIMA
model established in this study can be utilized for early prediction and warning of monthly IGR in primary care institutions in
Southwest China. This will enable relevant departments to timely formulate and implement countermeasures to reduce such
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abuse occurrences. It should be emphasized that a prediction model established through a single analysis cannot serve as
a permanent prediction tool, and it can only be utilized for short-term predictions.”’ In practice, it is essential to gather
sufficient time-series data for validating the established model with new actual values and continuously incorporating fresh
actual values to enhance the prediction model of IGR that can accurately reflect real-world scenarios.”"

There are some limitations in this study. Firstly, the data presented in this study are limited to southwest China and
therefore cannot be considered representative of systemic GCs usage across all primary care institutions throughout the
country. Nevertheless, reproduction of the study in regions with comparable conditions remains feasible. Secondly, the
study spans a significant period and necessitated primary care physicians to maintain uninterrupted employment at the
same institution for more than 4 years. However, due to the high attrition rate of physicians in primary care institutions,
our sample size was constrained. Thirdly, due to the limited time span, this study only verified that SARIMA model has
a good short-term prediction ability of IGR in southwest China. In order to enhance the long-term prediction of IGR in
southwest China, the data in future studies should be regularly updated and the model recalibrated.

Conclusion

The inappropriate use of systemic GCs remains a significant concern in primary care institutions. The use of GCs without
appropriate indications is particularly prominent in diseases of the respiratory system. The primary factors contributing to
the issue of inappropriate systemic GCs use were the relatively low professional titles and educational levels of
physicians, as well as their limited professional knowledge and clinical experience in this specific area. In this regard,
the continuing education and professional knowledge training of physicians should be strengthened in the future. The
SARIMA model can facilitate early prediction and warning of monthly IGR in primary care institutions located in
southwest China, thereby enabling relevant departments to develop timely countermeasures.
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