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Purpose: The purpose of this study is to assess the effect of glucocorticoid prescription feedback intervention in complex primary 
care institutions for regulating its inappropriate use.
Design, Setting and Interventions: A six-month cluster randomized cross-over controlled trial was conducted in primary care 
institutions. A total of 347 physicians from 69 participating institutions were randomly allocated to either group A or group B. Both 
groups were given feedback interventions or serve as control. The feedback intervention comprised two components: a real-time pop- 
up warning of inappropriate glucocorticoid prescriptions based on the Hospital Information System and a high-proportion prescription 
feedback intervention warning system.
Outcome Measures: The primary outcome measure was the 10-day inappropriate glucocorticoid prescription rate, while the 10-day 
glucocorticoid prescription rate served as secondary outcome measure.
Results: At baseline, the 10-day inappropriate glucocorticoid prescription rates were 66.63% and 66.57% in group A and group B, 
respectively, showing no significant difference (p = 0.140). Following the intervention, group A exhibited a significant reduction in 10- 
day inappropriate glucocorticoid prescription rate at the crossing point by 13.69% (p < 0.001). In contrast, group B, which served as 
the control group, experienced an increase of 5.93% (p = 0.037) at the same crossover point. After the crossover point, there was 
a decrease in 10-day inappropriate glucocorticoid prescription rate for both groups. Group B as the intervention group demonstrated 
a reduction of 28.22% compared to the crossing point (p < 0.001), whereas group A showed a decrease of 12.20% (p = 0.339). The 
characteristics of physicians did not significantly influence the inappropriate glucocorticoid prescription rate.
Conclusion: The real-time pop-up warning of inappropriate glucocorticoid prescriptions based on the Hospital Information System 
and high-proportion prescription feedback intervention warning system can effectively regulate the inappropriate glucocorticoid 
prescribing behavior of physicians.
Trial Registration: ISRCTN11747547.
Keywords: glucocorticoids, feedback intervention, primary care institutions, cluster randomized cross-over controlled trial

Introduction
Currently, the inappropriate use of glucocorticoids remains a significant issue in both developed and developing nations. In the 
UK, there has been a more than 30% increase in the prescription of oral glucocorticoids.1 Among 113 patients in India, an 
unreasonable proportion of 88.4% was found for glucocorticoid prescriptions.2 In France, the prescription rate of oral 
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glucocorticoids exceeds 17%, with a majority being prescribed inappropriately.3 In the United States, over 11% of acute 
respiratory tract infections are deemed inappropriate for systemic glucocorticoid therapy.4 In addition, abuse and overuse of 
glucocorticoids are prevalent in China,5,6 particularly within primary care institutions.7,8 According to a research report, in 2012, 
glucocorticoid prescriptions constituted 63.5% of inappropriate prescriptions across 27 primary care institutions in Jiangxi 
Province.9 Our previous retrospective study found that 68.2% of the prescriptions for glucocorticoids were inappropriately 
used in 58 primary care institutions in Guizhou Province in 2020.10 The inappropriate use of these glucocorticoids can lead to 
adverse reactions,11–14 thus, it is crucial to identify an efficacious intervention to alleviate their inappropriate use.

Researchers have previously developed various interventions to regulate prescription inappropriate use, such as mail 
delivery intervention, web-based intervention, educational intervention, expert audit and feedback intervention.15–22 However, 
these methods may be perceived as mandatory and censored by physicians, potentially eliciting negative emotions and 
requiring long-term intervention by professionals. Therefore, it is imperative to identify an intervention that is widely 
accepted, cost-effective, and efficacious.

Based on our previous studies on the patterns of glucocorticoid prescriptions,9 high rates of antibiotic prescription 
feedback interventions and real-time antibiotic pop-up warning intervention,23,24 this study aimed to control the inappropriate 
use of glucocorticoid prescription and over-proportion while analyzing the outcomes and intervention methods. A non- 
mandatory, non-censored and individual feedback intervention was implemented to enhance the prescribing practice of 
glucocorticoids by general practitioners in primary care institutions.

Materials and Methods
This study adheres to the Consolidated Standards of Reporting Trials (CONSORT)25,26 and its extensions for cluster 
randomized trials27 and randomized crossover trials,28 as demonstrated in Additional File 1.

Trial Design and Participants
A cluster randomized cross-over controlled trial was conducted in Guizhou Province from April 1 to October 10, 2022. 
According to the principle of randomization, study subjects were randomly allocated into two groups, A and B, during this 
trial. Based on pre-determined intervention sequences, the two groups will undergo alternating intervention and control 
periods. Both groups underwent intervention and control periods to effectively mitigate selection bias resulting from the 
choice of research subjects by either the intervention or control group.29 As illustrated in Figure 1, during the first phase of the 
study, group A underwent a behavior change intervention for a duration of three months, while group B served as the control 
without any intervention. As this was a crossover design study aimed at exhorting behavioral changes, no washout period was 
implemented. In the second phase, group B underwent an identical intervention for a duration of three months while group 

GroupA

Randomization 
allocation

Intervention

ControlCrossover

GroupA

Control
GroupB

Intervention
GroupB

3 months 3 months
04-11 07-11 10-10

04-01 Baseline

Figure 1 Schematic diagram depicting cross-intervention strategies.
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A was assigned to the control cohort. Physicians treating patients in the control arm did not receive any interventions and 
followed standard treatment protocols. During this time, all prescribing information from the physicians was recorded. The 
trial run for 6 months, with a crossing point on July 11.

The study was carried out in the primary care institutions in Guizhou Province, a region of southwest China 
characterized by relatively low levels of medical expertise. As of 2021, the number of practicing (assistant) physicians 
per 1000 inhabitants residing in rural areas of Guizhou amounted to 2.32.30 The study encompassed 289 public primary 
care institutions in Guizhou Province, all utilizing a standardized Hospital Information System (HIS), with the inclusion 
criteria being as follows: (1) public primary care institutions with more than 3 general practitioners; (2) outpatient 
physicians who prescribe glucocorticoids every month while on duty; (3) physicians with a tenure of over 1 year in 
primary care institutions’ hospitals. Prior to the commencement of the trial, informed consent was obtained from all 
participating physicians (Additional File 2). A total of 347 physicians from 69 primary care institutions met the inclusion 
criteria.

The HIS system involved in this study was designed and developed by Guizhou Lianke Weixin Technology Co., LTD. 
(LWTC). The company accesses data from the data platform port of the Information Center Guizhou Provincial Health 
Commission (ICGPHC). Our project team has signed a tripartite cooperation intention agreement (Additional File 3) with 
ICGPHC and LWTC. In March 2021, we conducted an early feedback intervention in antibiotic prescription for 
infectious diseases in primary care institutions.24 The warning system utilized in this feedback intervention was also co- 
developed with LWTC. We endeavored to apply this early warning system in the glucocorticoid prescription control 
intervention study. Building upon that foundation, this study aims to further optimize the real-time early warning system 
and expand its research scope.

Interventions
In this study, a combined early warning and real-time system was employed to implement an intervention for the 
inappropriate use of glucocorticoids. Feedback intervention is a deliberate behavior aimed at enhancing individual 
performance by providing purposeful and conscious feedback on past behaviors and operations, thereby inducing internal 
motivation in individuals and influencing their perceptions.31 The two components of the feedback intervention included:

The first part was a real-time pop-up warning of inappropriate glucocorticoid prescriptions based on the HIS. In our prior 
research, a recommendation form was developed to evaluate the appropriate use of glucocorticoid prescriptions in primary care 
institutions (Additional File 4).10 The corresponding contents of the recommendation form were recorded in HIS by LWTC’s 
engineers as algorithm rules: (1) The initial step involves identifying the presence of glucocorticoids in a physician’s prescription 
based on the drug name. (2) Subsequently, the patient’s disease type is determined by examining the first three digits of their ICD- 
10 code (International Classification of Diseases, 10th Edition) or, if unavailable, by identifying their disease name. (3) Finally, 
the appropriateness of the prescription is assessed based on recommendations provided in a reference table. The real-time pop-up 
warning system automatically retrieves physician prescription data from the background and compares it with algorithmic rules 
to determine the appropriateness of glucocorticoid prescriptions in this diagnosis and treatment service. Whenever a physician 
prescribes inappropriate glucocorticoids in the HIS, a pop-up window will appear in the lower right corner of the screen to alert 
them. As illustrated in Figure 2, an example of a pop-up window is presented to indicate inappropriate use of glucocorticoids. The 
pop-up window not only displays the specific type of prescription being inappropriately employed by the physicians but also 
provides accurate medical guidance. Upon clicking the pop-up window, it will disappear. Otherwise, it will vanish automatically 
after five minutes. The system records the duration of each pop-up window viewed by physicians and ensures confidentiality. 
Physicians have the autonomy to either read or disregard this information. Based on our previous research,10 and with reference 
to the Chinese Clinical Application Guidelines for glucocorticoids32 and Chinese Ministry of Health Standards for Hospital 
Prescription Review and Management.33 Additionally, we consulted the articles by Liu et al34 and Yasir et al.35 In this study, 
inappropriate glucocorticoid prescriptions were categorized into two types: (1) Inappropriate indications, such as systemic use of 
glucocorticoid to relieve cold, fever, pain, etc. (2) Inappropriate selection, such as short-acting rather than long-acting systemic 
glucocorticoids should be selected.

The second part is a high-proportion prescription feedback intervention warning system. Based on the plug-in developed in 
previous studies on antibiotic prescription intervention,36 we replaced it with a new glucocorticoid prescription rate warning 
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plug-in and asked LWTC engineers to implant it in the target HIS. Additionally, a more user-friendly interface was designed 
incorporating feedback from physicians in prior research. Physicians have the freedom to peruse feedback at their discretion. 
During the intervention period, when outpatient physicians in participating primary care institutions accessed the HIS, pop-ups 
and links would automatically appear with information updated every ten days. In our previous research,23,24 we discovered 
that conducting feedback three times per month provides sufficient intensity for busy physicians without feeling overly 
frequent. Upon clicking any of them, the information shown in Figure 3 popped up. The top left corner displays the top 5 
prevalent diseases in glucocorticoid prescriptions by physicians every 10-day. The upper right corner provides information on 
the start and end times of each 10-day period, along with the total number of glucocorticoid prescriptions issued during that 
time frame. The lower left corner presents data on the frequency of different types of glucocorticoid prescriptions and the 

Figure 2 Examples of the pop-up windows indicating inappropriate use of glucocorticoids.

After the 10-day intervention period has 
been reached in the outpatient 
department of your institution, the top 5 
main diseases of your patients:

1. Acute upper respiratory infection
2. Colonitis
3. Arthritis
4. Cholecystitis
5. Appendicitis

This section displays the top 5 prevalent diseases in 
glucocorticoid prescriptions by physicians every 10 days.

Frequency of glucocorticoid use in 89 
prescriptions:

Hydrocortisone acetate          20%
Prednisolone acetate            18%
Mometasone glycolate           10%
Chloroflunomide                7%

Glucocorticoids prescription rate   55%

This section displays:
1) Frequency and type of glucocorticoids;
2) Glucocorticoid Prescription rate.

From (2022-04-11 00:00:00)
To   (2022-04-20 00:00:00)
You wrote out 89 prescriptions altogether

This section displays the 
start and end times.

Your glucocorticoid prescription 

rate ranks among institution:1

This section displays the ranking 
of outpatient physicians within the 

same hospital based on their 
prescription rate of 

glucocorticoids.

Contraindications and precautions:
1 .  Patients with active peptic ulcer, 
corneal ulcer, adrenal hypercorticosis, 
hypertension, diabetes and so on are 
prohibited.
2. Prohibited in pregnancy.
3.Infections that cannot be controlled by 
antibiotics, such as chickenpox, 
measles, fungal infections, and severe 
osteoporosis, are prohibited.

When physicians click on the name of a 
glucocorticoid, this section will display its 

contraindications and precautions..

Click on it.

Figure 3 Prescription of glucocorticoids and ranking information of primary care outpatient physicians.
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glucocorticoid prescription rates per 10 day. In the middle-right section, physicians’ rankings based on glucocorticoid 
prescription rate per 10-day within their primary care institutions are shown. Finally, in the lower right corner, contra-
indications for the most use of glucocorticoids are listed. The provided information is strictly confidential and accessible 
exclusively to the physician. If ESC is pressed by the physician, it disappears. All on-screen actions, including click-through 
rate and time spent reading messages, are automatically recorded.

Data Collection and Management
With the assistance of LWTC engineers, a download program was utilized to extract data pertaining to glucocorticoid 
prescriptions, as well as total prescription data and patient information from in primary care physicians participating in 
this study. The medical records of glucocorticoids comprise patient ID, personal basic information, existing disease, 
disease code of ICD-10, and types of glucocorticoids. The demographic information of physicians was obtained from the 
personnel section of primary care institutions. The relationship between physicians and patients can be established 
through coding to generate a database of medical service information. For the purpose of this study, systemic 
glucocorticoids were analyzed while excluding prescriptions for topical glucocorticoids such as nasal inhalation and 
skin creams.

Outcomes
Based on our previous research,23,24 a frequency of 10-day was determined to be appropriate. The primary outcome 
measure was the 10-day inappropriate glucocorticoid prescription rate (IGPR), calculated as the number of inappropriate 
glucocorticoid prescriptions written in the 10-day period divided by the total number of glucocorticoid prescriptions. The 
10-day glucocorticoid prescription rate (GPR) was a secondary outcome measure, which was the number of glucocorti-
coid prescriptions written in a 10-day period divided by the total number of prescriptions. The characteristics of 
physicians (gender, age, education, title, working years) and prescription volume were analyzed as covariates.

Sample Size
This study involved the sample size calculation of the number of general outpatient physicians in primary care 
institutions. The dependent variable (IGPR) was continuous variables, so two independent means (two-tailed test) are 
used to calculate the sample size. Based on the results of a previous intervention study,24 the incidence rates of 
inappropriate prescriptions were recorded at 65% and 60%, respectively, while maintaining a standard deviation of 
15% within each group. It is anticipated that there will be a reduction of 5% in inappropriate glucocorticoid prescriptions 
following the intervention. The ratio of sample size between the two groups was 1.00, the type I error (α) was 0.05, and 
the typeII error (β) was 0.20. Therefore, the intervention group and control group need at least 142 observation objects in 
each group. Considering the problem of drop-out, the sample size is set as 160 physicians in each group, and a total of 
320 physicians.

Randomization and Blinding
Using a table of random numbers, the information technology staff at LWTC randomly selected 69 primary care 
institutions out of 100 that met the inclusion criteria. A total of 347 eligible outpatient physicians participated in the 
intervention trial. Figure 4 illustrates the study’s flow chart. The physicians were divided into two groups through 
randomization, and due to their clear awareness of participation in the intervention, blinding was not necessary.

Statistical Methods
Following normality test, Student’s t test and rank-sum test were used to compare the IGPR and GPR between groups 
A and B. Or whether there are differences before and after the same group of interventions. Intervention effects were 
measured by comparing the IGPR and the GPR at baseline, crossover and at the end of the trial. Dynamic changes in the 
number of glucocorticoid prescriptions were also used to measure intervention effectiveness. The multilevel model was 
employed to investigate the factors that influence the effectiveness of the intervention. Specifically, a two-level model 
was constructed with repeated measurement points as level 1 and physicians as level 2. The multilevel model separates 
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the random variation among physicians from the random errors in the measurements while also allowing for further 
adjustment of complex error structures at the physician level. All data in this study were analyzed using R version 4.2.1.

Trial Registration
The trial was registered with the ISRCTN Registry on December 2, 2021, and assigned the registration identifier 
ISRCTN11747547 in accordance with established protocols for clinical trial registration (https://doi.org/10.1186/ 
ISRCTN11747547).

Results
The study recruited 347 physicians from 69 primary care institutions for a 180-day (6-month) intervention trial. A total of 
169 physicians from 34 primary care institutions were randomly assigned to group A and received the intervention for 
a duration of 90 days, followed by a subsequent 90-day period designated as the control group. In contrast, group 
B comprised 178 physicians from 35 primary care institutions who served as a control group during the first phase and 
subsequently intervened in the second phase. A total of 35,572 glucocorticoid prescriptions were included in the analysis. 
The baseline characteristics of the participating physicians are presented in Table 1. No statistically significant difference 
was observed between the two groups of physicians with regard to gender, age group, education, title and working years. 
The two were deemed to be commensurate.

Figure 5 depicts the IGPR over a period of 10 days for both groups, A and B. The graph illustrates a general decrease in 
IGPR for both groups from the baseline to the conclusion of the trial. In the first phase of the study, following intervention in 
group A, there was a significant reduction of 13.69% (p < 0.001) in IGPR compared to baseline, whereas group B experienced 
an increase of 5.93% (p = 0.037). In this phase, group A demonstrated a consistent downward trend during the initial 30-day 

289 primary care institutions 
using the same HIS 

100 primary care institutions were 
included

189 primary care institutions 
did not meet the inclusion criteria

Randomized sampling

69 primary care institutions were 
included and randomized

(347 physicians)

Randomization allocation

Group A

34 primary Care institutions
(169 physicians)

Crossover

2022-04-11 2022-07-11 2022-10-10

Intervention

Control

Group B

35 primary care institutions
(178 physicians)

Group B

35 primary care institutions
(178 physicians)

Group A

34 primary Care institutions
(169 physicians)

Figure 4 The flow chart of this study.
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period. However, by day 30 of the intervention, there was a slight increase in IGPR that did not exceed baseline levels and 
persisted until day 80. On the other hand, group B exhibited a slight decrease in IGPR during the first 30 days of this phase but 
displayed an overall upward trend from day 30 of intervention onwards and surpassed baseline levels. We observed 
a consistent pattern in both groups during this phase, wherein IGPR levels beginning to increase on day 30 and subsequently 
declining by day 80. In the second phase (after the crossover point), group B was subjected to intervention, while group 
A served as the control. The IGPR in group B decreased by 28.22% (p < 0.001), and in group A, it decreased by 12.20% (p = 
0.339) from the crossover point onwards. At this phase, both groups demonstrated a significant decline in IGPR. However, 
by day 150 of the intervention, there was a slight increase in IGPR for both groups that did not surpass the crossover point. At 
the crossover point, there was a statistically significant difference between the two groups (p < 0.001). We observed distinct 

Table 1 Baseline Characteristic of the Physicians [n (%) or M (P25, P75)]

Characteristic Total (n=347) Group A (n=169) Group B (n=178) p

Gender
Male 220 (63.40) 107 (63.31) 113 (63.48) 0.990

Female 127 (36.60) 62 (36.69) 65 (36.52)

Age group (years)
22–32 134 (38.62) 66 (39.05) 68 (38.20) 0.128

33–39 100 (28.82) 41 (24.26) 59 (33.15)

40–68 113 (32.56) 62 (36.69) 51 (28.65)
Education

Technical secondary school 45 (12.97) 17 (10.06) 28 (15.73) 0.238
Junior college 134 (38.62) 60 (35.50) 74 (41.57)

College 168 (48.41) 92 (54.44) 76 (42.70)

Title
Resident physician 289 (83.29) 136 (80.47) 153 (85.96) 0.066

Attending physician 40 (11.53) 21 (12.43) 19 (10.67)

Associate chief physician 18 (5.19) 12 (7.10) 6 (3.37)
Working years 9 (6.00, 18.50) 9 (6.00, 20.0) 10 (5.00, 17.00) 0.553

20.00%
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p-value = 0.140
p-value < 0.001

p-value = 0.396
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p-value = 0.339
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Figure 5 Comparison of IGPR over time between the two groups.
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differences in the IGPR trends between the two groups following the implementation of the same intervention. Furthermore, 
when both groups were subjected to control, divergent IGPR trends were also evident.

The temporal trend of GPR is illustrated in Figure 6. In the first phase, group A demonstrated a decrease of 0.11% 
(p = 0.581) in GPR compared to baseline, while group B demonstrated an increase of 1.33% (p < 0.001). During this 
phase, group A’s GPR displayed a consistent downward trend for the before 40 days. However, by day 50 of the 
intervention, there was a slight upturn observed. Conversely, group B’s GPR demonstrated an overall ascending 
trajectory throughout this phase. In addition, both groups exhibited a gradual increase in GPR from day 40 onwards, 
followed by a subsequent decline on day 80. In the second phase, group B exhibited a decrease in GPR by 2.01% (p < 
0.001), while group A showed a reduction of 0.35% (p = 0.198). Both groups demonstrated a declining trend in GPR 
during this phase, with the difference between them being statistically significant at the crossover point (p = 0.008). 
Meanwhile, we observed a distinct divergence in the trajectory of GPR change between the intervention and control 
groups. Specifically, as an intervention group, group A exhibited fluctuations in GPR, while group B demonstrated 
a stable trend. Conversely, as a control group, both groups experienced fluctuations but group B displayed a clear upward 
trend in GPR.

Figure 7 present the dynamics of the number of glucocorticoid prescriptions in groups A and B and compare the 
number of prescriptions with the IGPR. Specifically, Fig 7-A and Fig 7-B respectively depict the situations of group 
A and group B. These two figures indicate a comparable pattern between fluctuations in IGPR and variations in the 
number of glucocorticoid prescriptions. As the number of prescriptions decreased, the proportion of inappropriate 
glucocorticoid prescriptions relative to appropriate ones also decreased, resulting in a decline in IGPR. In the first 
phase, there was a gradual decrease in the number of glucocorticoid prescriptions within group A during the first 30 days 
of intervention, which corresponded with a reduction in IGPR. However, on day 50, an increase in prescription volume 
led to a subsequent rise in IGPR. The number of prescriptions in group B exhibited an upward trend at this phase, 
accompanied by a corresponding increase in the IGPR. During the second phase, there was a general decline in 
glucocorticoid prescriptions for participants in group B, which corresponded with a decrease in IGPR as well. Group 
A also observed a similar trend during this period. Simultaneously, we observed a minor peak in the IGPR during 
the second phase, specifically on day 160 for group A and day 170 for group B. However, it is worth noting that the 
overall prescription volume remained low.

0.0%

1.0%

2.0%

3.0%

4.0%

5.0%

6.0%

7.0%

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

)
%(

R
P

G

Times (days)

GPR Group A

Trend line A

GPR Group B

Trend line B

Crossover

Intervention

Intervention

Control

Control

p-value = 0.680

p-value = 0.008

p-value = 0.935

p-value < 0.001

p-value =0.581

p-value < 0.001

p-value = 0.198

3.37%

3.61%

4.94%

2.93%

3.50% 3.15%

First phase Second phase

Figure 6 Comparison of GPR over time between the two groups.
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The results of a multilevel model analysis on the factors influencing the intervention effect are presented in Table 2. ICC 
(intra-class correlation) is 0.17 obtained from fitting the null model suggests a high level of clustering in the data, indicating that 
the hierarchical structure cannot be disregarded. This implies that there are variations in IGPR among different physicians. The 
results indicate that IGPR is influenced not only by the presence or absence of an intervention (p < 0.001) but also by the order in 
which intervention is administered across different groups (p < 0.001). In this study, group A received the intervention first and 
then served as the control group, while group B underwent the opposite sequence. Furthermore, there was significant variability 
observed at various time points of measurement (p < 0.001). The intercept coefficient is 0.61, indicating that the baseline’s 
average predicted IGPR is 61%. Physicians in the control group exhibited higher IGPR than those in the intervention group (95% 
CI: 0.01–0.05). Moreover, physicians in group B who underwent control followed by intervention exhibited higher IGPR 
compared to those in group A who underwent intervention followed by control (95% CI: 0.04–0.11). The pertinent physician 

Figure 7 Comparison of the number of glucocorticoid prescriptions and IGPR in group. 
Notes: Left and right, respectively, depict the situations of group A and group B. *IGP: Inappropriate glucocorticoid prescriptions; #AGP: Appropriate glucocorticoid 
prescriptions.

Table 2 Multilevel Model Was Employed to Investigate the Factors That Influence the Effectiveness of Intervention

Characteristic IGPR GPR

β SE t p 95% CI β SE t p 95% CI

Intercept 0.61 0.04 13.92 <0.001 (0.52, 0.69) 0.09 0.02 4.84 <0.001 (0.05, 0.12)

Times (10–180 days) 0.00 0.00 −7.55 <0.001 (0.00, 0.00) 0.00 0.00 −1.02 0.309 (0.00, 0.00)
Feedback: ref. = intervention

Control 0.03 0.01 3.38 <0.001 (0.01, 0.05) 0.01 0.01 1.14 0.252 (0.00, 0.02)

Group: ref. = Group A
Group B 0.08 0.02 4.02 <0.001 (0.04, 0.11) 0.00 0.01 0.44 0.662 (−0.01, 0.02)

Gender: ref. = male

Female 0.00 0.02 0.16 0.871 (−0.04, 0.04) −0.02 0.01 −2.42 0.016 (−0.04, 0.00)
Age group (years): ref. = 22–32

33–39 0.01 0.03 0.28 0.783 (−0.04, 0.06) −0.01 0.01 −0.94 0.349 (−0.03, 0.01)
40–68 −0.01 0.04 −0.12 0.905 (−0.09, 0.08) −0.01 0.02 −0.79 0.428 (−0.05, 0.02)

Education: ref. = technical secondary school

Junior college −0.04 0.03 −1.21 0.229 (−0.10, 0.02) −0.01 0.01 −0.75 0.456 (−0.03, 0.02)
College −0.06 0.03 −1.60 0.111 (−0.12, 0.01) −0.01 0.01 −0.61 0.545 (−0.04, 0.02)

Title: ref. = resident physician

Attending physician −0.03 0.03 −0.94 0.350 (−0.09, 0.03) −0.01 0.01 −0.49 0.624 (−0.03, 0.02)
Associate chief physician −0.04 0.05 −0.85 0.395 (−0.13, 0.05) 0.00 0.02 −0.18 0.859 (−0.04, 0.03)

Working years 0.00 0.00 −1.28 0.201 (−0.01, 0.00) 0.00 0.00 −1.01 0.314 (0.00, 0.00)
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characteristics did not exert a significant impact on the IGPR. The findings also suggest that gender (p = 0.016) may be the sole 
factor influencing GPR.

Discussion
We devised, implemented, and assessed two feedback interventions aimed at addressing the issue of inappropriate 
glucocorticoid prescribing by physicians. Our findings indicate that both groups exhibited an overall downward trend in 
IGPR during the trial period. The trend of IGPR was observed to be in line with the number of glucocorticoid 
prescriptions. The results of the multilevel model indicate that the application of feedback intervention and the order 
in which interventions are implemented have significant effects on IGPR, with variations observed at different measure-
ment points. However, there was no significant change in GPR following the intervention.

Our previous investigation into prescription patterns revealed a widespread inappropriate use of glucocorticoids in 
primary care institutions throughout China. The persistent lack of effective regulatory mechanisms for glucocorticoid 
usage in Guizhou Province and the entire country is concerning.10 Therefore, this study applied the main interventions 
that were previously used in our trials on antibiotic prescribing to control the inappropriate prescription of 
glucocorticoids.23,24 Previous studies have focused on changes in the rate or quantity of prescriptions to regulate 
appropriate prescription use.15,36–39 Similarly, our 2018 trial on antibiotic prescribing interventions also emphasized 
changes in prescribing rates.23 The subsequent expanded trial conducted in 2021 considered both prescribing and 
inappropriate rates.24 In this study, we employed the IGPR as the primary outcome measure to assess the impact of 
the intervention. Additionally, we considered the GPR as a secondary outcome measure. In this manner, the issue of 
glucocorticoid prescription can be more comprehensively and effectively managed.

The study revealed that the feedback interventions implemented to modify prescribing behavior among primary care 
physicians were efficacious in reducing IGPR. At baseline, both groups exhibited similar IGPR of 66.63% and 66.57%, 
respectively, which was consistent with our previous research.10 The results depicted in Figure 5 demonstrates that 
intervention led to a significant reduction in IGPR for both group A and B, decreasing by 25.89% and 22.29%, 
respectively, from baseline to trial end. Prescription feedback interventions are a cost-effective and timely approach 
that has demonstrated positive outcomes across various medical domains.40 The feedback intervention applied to the 
physician is presented automatically, ensuring privacy and granting initiative to the physician. It has been observed that 
an intervention which does not impede workflow or infringe upon freedom of choice is appealing to clinicians’ sense of 
pride in their performance.41 The “real-time pop-up warning of inappropriate glucocorticoid prescriptions based on the 
HIS” in the feedback intervention is designed to serve as a timely alert system for physicians regarding potential issues 
associated with glucocorticoid prescriptions and provide repeated feedback over time. This approach is increasingly 
recognized as effective in improving the quality of feedback.42 Another measure in the feedback intervention, the high- 
proportion prescription feedback intervention warning system contained statistical information regarding the diagnosis 
and use of glucocorticoids, as well as contraindications and precautions for their administration. Additionally, a ranking 
of glucocorticoid prescribing rates is included, which is essentially a peer comparison. Peer comparison is an effective 
and low-cost tool for changing physician behavior at the health system level.38 A cluster randomized clinical trial 
conducted in the United States, which utilized email communication to clinicians also demonstrated positive results.43 

Similarly, a randomized controlled trial aimed at addressing excessive prescription of antibiotics and injectable medicines 
in middle-income countries substantiated the efficacy of peer comparisons.36

Furthermore, as depicted in Figure 5, despite observing a downward trend in the IGPR of both groups A and B during the 
intervention period, it is worth noting that this trend did not exhibit a continuous decline but rather displayed some 
fluctuations. These fluctuations may be attributed to behavior change being a gradual and phased process.44 There is 
a growing interest in utilizing behavioral science to identify novel social cognitions or devices that can facilitate clinical 
decision-making.45 Behaviorology regards behavior as a product of reinforcement, often originating from specific situations 
and forming conditioned reflexes through repeated repetition.46 This emphasizes that behavior change is not sudden but 
requires continuous reinforcement. While physicians’ inappropriate prescribing behavior can be significantly improved 
through intervention, consistent reinforcement is necessary to establish proper prescribing habits in the long term.
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In addition, Figure 5 illustrates that group A, serving as the control group in the second phase, also demonstrated 
a declining trend in IGPR potentially attributed to carry-over effects. We have also observed carry-over effects in our two 
previous crossover trials on antibiotic prescription.23,24 The cross-over design is a frequently utilized approach for 
comparing the effects of two treatments in clinical trials.29 In our study, we adopted a crossover design to observe the 
dynamic impact of an intervention applied to physicians on their inappropriate prescribing behavior. It is commonly 
assumed that the physicians included in our studies have an equal probability of being assigned to either the intervention 
or control group. Thus, allowing for the possibility of all physicians initially receiving the intervention and subsequently 
acting as part of a control group. Thereby mitigating any potential impact on trial results due to different intervention 
sequence among groups. However, physicians who were initially assigned to the intervention group and then switched to 
the control group may have been influenced by intervention sequence, resulting in a sustained reduction in the IGPR. 
Therefore, the sequence effect essentially represents a carry-over effect. The multilevel model analysis results provide 
evidence for the carry-over effects. As anticipated, the overall variation in trial outcomes among physicians was 
contingent upon the sequence of interventions resulting from different groups. Due to the difference in grouping, 
physicians assigned to group A, who received the intervention first, exhibited a lower IGPR on average compared to 
those in group B. The intervention had an impact on the outcome of the second phase for group A as a control. The 
sustained decrease in group A’s IGPR during the second phase is likely attributed to the carry-over effect of the 
intervention implemented during the first phase. Moreover, the multilevel model revealed that physician characteristics 
did not significantly impact changes in IGPR, except for feedback interventions and sequence and measurement points. 
This indicates that our interventions are highly feasible for implementation.

The intervention did not yield a significant impact on GPR change in this study, as illustrated in Figure 6. These 
negative findings contrast with the results obtained from our previous study.24 At the end of the trial, there was only 
a marginal reduction of 0.46% and 0.44% in GPR compared to baseline, which could be attributed to the relatively low 
prescription rate of glucocorticoids as opposed to antibiotics or similar drugs. When prescription rates are inherently low, 
any strategy aimed at reducing their use becomes more challenging than in other cases.42

In Figure 6, we have also observed that these fluctuations in GPR during first phase may have been influenced by the 
prevalence of influenza during the same period. Possibly attributed to an upsurge in influenza-like illness (ILI) cases 
during influenza epidemics. Physicians’ prescribing practices may be affected by a general rise in consultations for 
infectious pathologies during periods of increased circulation of respiratory infections.47 ILI is characterized by an acute 
onset of fever, cough, and a range of other possible symptoms such as headache, myalgia, nasal congestion, fatigue, 
chills, and sore throat.48 The manifestation of respiratory infection symptoms may lead to an increased frequency of 
glucocorticoid prescription by physicians. In our previous study,10 we observed that primary care physicians frequently 
prescribed glucocorticoids for respiratory diseases. A cross-sectional study conducted at outpatient departments in 
referral hospitals in Ethiopia reported that 63.50% of glucocorticoids were utilized for the treatment of respiratory 
diseases.49 However, it is important to note that evidence-based clinical practice guidelines and recommendations from 
the Centers for Disease Control and Prevention suggest that glucocorticoids are not effective for acute respiratory 
infections.50 According to the 19th Week 2022 Influenza Weekly report released by the Chinese National Influenza 
Center,51 the positivity rate of influenza virus detection in the southern provinces exhibited a slight increase during the 
30th to 40th day when our intervention was implemented. On the 50th to 60th day of the intervention, the positivity rate 
for influenza virus detection continued to increase in southern provinces, with some areas entering their summer peak 
period. The percentage of ILI reported by sentinel hospitals in these provinces was higher than that of the previous week 
and the corresponding period from 2019 to 2021.52 During this period, we observed an increase in GPR levels among 
both the intervention group A and control group B. After the 80th day of the intervention, there was a decrease in the 
percentage of ILI observed in specific regions, indicating a decline from the previous week.53 Simultaneously, both group 
A and group B demonstrated a reduction in their GPR at this point. Therefore, both groups exhibited an increase in GPR 
at day 40 of the intervention followed by a subsequent decrease at day 80. It is noteworthy that although influenza may 
have affected GPR in both groups during first phase, group A, which received the intervention, exhibited a lower GPR 
than baseline at the crossover point. In contrast, group B demonstrated an increasing trend in GPR from baseline when no 
intervention was administered. The reason for this difference is that only group A received the intervention while group 
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B did not. Additionally, it has been observed that the impact of influenza can result in divergent trends in GPR when 
implementing the same intervention across different groups or when both groups serve as controls.

Meanwhile, as depicted in Figure 7, the comparison between the number of glucocorticoid prescriptions and the IGPR 
revealed a similar trend. As more prescriptions were written for glucocorticoids, there was a higher proportion of 
inappropriate use leading to an increase in IGPR. There may have been a shift in prescribing patterns between days 30 
and 80 as a result of the impact of influenza. We observed an increase in IGPR in groups A and B on day 30 of the 
intervention and then a decrease on day 80, as shown in Figure 5. Similarly, resulting in divergent trends of IGPR 
changes when confronted with identical interventions. Although influenza may have impacted IGPR at this phase, the 
intervention we implemented on group A showed visible effects. In the first phase, when group A received the 
intervention, there was an overall downward trend observed in IGPR with a reduction of 13.69% in the crossover 
point from baseline, despite some fluctuations throughout this period. On the other hand, as the control group, group 
B demonstrated an overall upward trend in IGPR. The IGPR at crossover for group B increased by 5.93% from baseline.

In Figure 7, we also observed a small IGPR peak in group A on day 160 and group B on day 170. However, the total 
glucocorticoid prescription volume decreased during this period. This decline can be attributed to the impact of the 
COVID-19 pandemic on our trial region. The majority of patients exhibited symptoms related to respiratory infections, 
leading physicians to prescribe glucocorticoid accordingly.10 Nevertheless, due to adjustments in epidemic prevention 
policies, there has been a rapid increase in demand for mild cold drugs.54 Consequently, individuals are opting for nearby 
physical or online pharmacies to purchase medication instead of visiting hospitals. As a result, overall glucocorticoid 
prescription numbers have declined.

The study has several limitations. Firstly, the implementation of the two parts of the intervention trial in this study, 
namely the real-time pop-up warning of inappropriate glucocorticoid prescriptions based on the HIS and the high- 
proportion prescription feedback intervention warning system, occurred concurrently. Therefore, assessing its individual 
impact becomes unfeasible. Future studies could adopt a multi-group intervention approach to evaluate each effect 
separately. Secondly, the duration of intervention effects remains uncertain at this time. Therefore, it is considered to 
periodically reassess the efficacy of the intervention in future evaluations. Thirdly, it remains uncertain whether 
glucocorticoid interventions have an impact on the prescribing behavior of other medications and if such changes in 
prescribing patterns could affect patients.

Conclusion
Our non-mandatory, non-censored and individual feedback interventions have proven to be effective in controlling 
inappropriate glucocorticoid prescribing behavior among physicians. They effectively remind physicians of deviations in 
prescription behavior and provide humanized suggestions that greatly improve doctor participation and intervention 
effectiveness. These interventions are not influenced by factors such as gender, age, education, title or workload. 
However, interventions do not demonstrate efficacy in reducing GPR when the initial rate of prescribing is already low.
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