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Purpose: To evaluate the long-term impacts of the feedback intervention on controlling inappropriate use of antimicrobial prescrip-
tions in primary care institutions in China, as a continuation of the previous feedback intervention trial.

Methods: After the intervention ended, we conducted a 12-month follow-up study. The prescription data were collected from the
baseline until the end of the follow-up period. The generalized estimation equation was employed to analyze the differences among
four representative time points: at the baseline point, at 3 months, at 6 months, and at 18 months. The time-intervention interaction was
utilized to evaluate the changing trends of group A and group B. Our primary outcome variable is the monthly inappropriate
antimicrobial prescription rate (IAPR).

Results: After adjusting for covariates, the IAPRs in group A decreased by 1.00% on average from the baseline point to the 3 months,
5.00% from the 3 months to the 6 months, —0.92% from the 6 months to the 18 months, and 0.39% from the baseline point to the 18
months. During the corresponding four periods in group B, the average decline was 2.33%, 3.67%, —0.42%, and 0.72%, respectively.
As for antimicrobial prescription rates (APRs), the average decline for group A was 1.33%, 3.67%, and 0.17% during the three periods:
from the baseline point to the 3 months, from the 3 months to the 6 months, and from the 6 months to the 18 months, respectively.
Accordingly in group B, the average decline was 1.00%, 3.67%, and 0.08%, respectively.

Conclusion: Our feedback intervention generated limited long-term impacts. Although the IAPRs and the APRs consistently
remained below the baseline point, both rates experienced a rebound within a certain range following the stop of the intervention
in the two groups. It is reasonable to think that the desired effects will be difficult to maintain without sustained implementation of
feedback intervention.
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Introduction

Antimicrobial resistance is one of the major challenges faced by public health, resulting in prolonged hospital stays,
increased mortality rates, and augmented medical expenditures.'* The main driving factor behind the development of
antimicrobial resistance is the inappropriate use of antimicrobial agents.'” Recent data show that over 50% of
antimicrobial prescriptions worldwide are inappropriate.®® The inappropriate use of antimicrobial agents has been
found to be more prevalent in underdeveloped regions and middle-income countries compared to high-income countries,
as indicated by various studies.*”'* In China, a study on antimicrobial prescriptions for outpatient visits at primary care
institutions found the inappropriate antimicrobial prescription rate (IAPR) of 79.8%.'% A national survey revealed that
68.9% of the inappropriate antimicrobial prescriptions in primary care institutions were attributed to diagnoses of upper
respiratory tract infections, acute bronchitis, and noninfectious gastroenteritis.'®

Relevant studies have previously proposed diverse intervention strategies to mitigate the inappropriate use of
antimicrobial agents. Several studies have found that providing physicians with multifaceted intervention and commu-
nication training, as well as establishing an antimicrobial prescription peer review council, has a significant and long-
term impact on reducing antimicrobial prescriptions.'” ' We conducted a cluster randomized cross-over controlled trial
of antimicrobial prescription feedback intervention in 2021.%° Feedback intervention refers to the act of providing clinics,
physicians, and healthcare workers with knowledge regarding their behavioral or performance outcomes.”' >* The trial
results demonstrated the effectiveness of the feedback intervention measures in controlling both the IAPRs and the
quantity of antimicrobial prescriptions in primary care institutions. In group A, during the period of receiving feedback
intervention (phase 1 of the trial), the IAPR and the antimicrobial prescription rate (APR) decreased by 12.3% and
11.9%, respectively. In group B, during the period of receiving feedback intervention (phase 2 of the trial), there was
a decrease in these rates by 15.1% and 11.7%, respectively.20 The existing studies have not assessed the long-term
impacts of antimicrobial agents feedback intervention, and the feedback intervention has been employed as a means to
regulate antimicrobial prescriptions in numerous studies.”?*>~?” Therefore, it is imperative to provide empirical evidence
regarding the long-term impacts of feedback intervention.

Drawing on findings from previous cluster randomized cross-over controlled trials,”® we present here the disparities in
IAPRs and APRs between two groups of physicians who received the intervention following a 12-month follow-up
period. The objective is to investigate any differences between two groups of physicians after a 12-month follow-up
period, aiming to assess whether our intervention produced long-term impacts in IAPRs and APRs within primary care
institutions in China. This study contributes theoretical evidence towards achieving long-term control of antimicrobial
prescriptions within primary care institutions.

Methods

Previous Intervention

Our previous study comprehensively reported the trial protocol, intervention details, and outcomes.”’*® A cluster
randomized cross-over controlled trial of antimicrobial prescription feedback intervention was conducted in primary
care institutions in Guizhou province from April to September 2021, based on the Health Information System (HIS). The
feedback intervention comprised three measures: a real-time pop-up warning message, a 10-day antimicrobial prescrip-
tion feedback, and distribution of educational manuals. Our research team was responsible for the overall design and
implementation of all three intervention measures. To push the real-time pop-up messages and the links for 10-day
antimicrobial prescription feedback, Guizhou Lianke Weixin Technology Co., LTD. (LWTC), a technical service
company specializing in HIS development, has developed an antimicrobial prescription intervention early warning plug-
in. With authorization and approval from the Information Center of Guizhou Provincial Health Commission (Additional
file 1), LWTC has opened its data interface for us to collect data.

The first measure of the feedback intervention involved a real-time pop-up warning based on the HIS to
identify inappropriate antimicrobial prescriptions. The physician’s computer screen will promptly display
a reminder window if an inappropriate antimicrobial prescription is prescribed, providing a brief explanation for
its inappropriateness. Consistent with our previous study,?® the appropriateness of antimicrobial prescriptions was

62 https: Infection and Drug Resistance 2025:18


https://www.dovepress.com/get_supplementary_file.php?f=492367.pdf
https://www.dovepress.com/get_supplementary_file.php?f=492367.pdf

Yan et al

evaluated according to the following four criteria: (1) the Guiding Principles for Clinical Use of Antimicrobial
Agents issued by the National Health Commission of China in 2015, (2) the guidelines for antimicrobial use
provided by the United States Centers for Disease Control and Prevention (CDC), (3) our previous research,'* and
(4) the insights from 17 clinical and pharmaceutical experts well-versed in the situation of primary care institu-
tions in China. The appropriate use of antimicrobial agents was categorized into two types: (1) preferred
medication: the optimal choice of drug, and (2) antimicrobial agents can be used or substituted: available but
not the optimal choice. Inappropriate antimicrobial prescriptions were classified into three categories: (1) unne-
cessary use: such as prescribing antimicrobial agents to patients diagnosed with viral infections, (2) incorrect
spectrum of antimicrobial agents: such as prescribing nitroimidazoles or aminoglycosides for group
A streptococcal infections, (3) combination of antimicrobial agents without indication: referring to the concurrent
use of diverse categories of systemic antimicrobial agents during a single visit without any indication, such as the
combination of amoxicillin and cefixime.

The second feedback measure consisted of providing physicians with updated antimicrobial prescription feedback
every 10 days. The information primarily included: the APR and its ranking within institutions, the top 5 main diseases
using antimicrobial agents, the top 5 antimicrobial agents prescribed along with their frequencies, as well as contra-
indications and precautions associated with antimicrobial agents. A hyperlink for the prescription feedback was displayed
at the bottom of the physician’s computer screen, allowing them to access it whenever necessary. This regularly refreshed
information is confidential and can be prioritized or disregarded freely by the physician.

The third component of the intervention was the distribution of the educational manual titled “Guidance and
Suggestion Manual for Clinical Use of Common Antimicrobial Agents in Primary Care Institutions”. The manual
originated from a previous Delphi study”® and provided physicians with advice on the appropriate use of antimicrobial
agents, as well as guidance in diagnosing common infections at the primary care level.

Study Design and Participants

A 6-month feedback intervention trial was conducted from April to September 2021. The trial employed a cluster
randomized cross-over controlled trial approach, with the aim of investigating the impacts of the feedback intervention in
reducing of IAPRs and APRs among primary care institutions. A random number table was employed to select 79
institutions out of the total of 132 primary care institutions. The participating institutions were then randomly assigned
into groups A and B. Group A received the intervention for 3 months, while group B was assigned as the control group
for 3 months (without any intervention). After a period of 3 months, the two groups underwent a transition, with group
A transitioning to the control group and group B receiving the intervention for an additional 3 months. This transition
allowed each group to serve as its own control, effectively reducing variation caused by individual differences.
Furthermore, by administering the intervention at different times for each group, the potential confounding effect of
time was mitigated. As a result, the evaluation of the intervention effect can be conducted more accurately. The trial
spanned over a period of 6 months, and on June 30th, both groups reached the cross-over point. Ultimately, the trial
ended on September 30" (Figure 1a).

The 335 physicians who willingly participated in the feedback intervention during the trial were followed for a period
of 12 months after the intervention stopped. Due to the nature of a randomized cross-over control trial, the intervention
was implemented at different time points for group A and group B. Therefore, the follow-up started and stopped at
different times: group A was followed up from July 2021 to June 2022, while group B was followed up from
October 2021 to September 2022. During the follow-up period, 8 physicians in group A and 11 physicians in group
B were lost to follow-up because of job transfers. The loss rate did not exceed 10%.

It is not easy to compare groups A and B because the baseline points started at different times. As shown in Figure 1b
and d, the overall timeline of group A was advanced by 3 months compared to group B. To ensure comparability between
the two groups, the baseline points were translated to the same starting points (Figure 1c and ¢). The interval between
months was indicated using Arabic numerals ranging from 0 to 18. The utilization of this time tag method facilitates
enhanced clarity in discerning the disparities between the two groups.
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Figure | Schematic diagram of the timeline adjustment for comparison between groups (A and B) at the equivalent stages. IAPR: inappropriate antimicrobial prescription
rate, APR: antimicrobial prescription rate. (a) Diagram of the cluster randomized cross-over controlled intervention trial. (b) The variation tendency of IAPRs in groups
(A and B) based on the original monthly timelines. (c) The variation tendency of IAPRs in groups (A and B) based on the adjusted equivalent intervention phase timelines. 0:
Baseline for both groups, 1-3: Pre-intervention trial influence period, 4—6: Intervention period, 7—18: Follow-up period. (d) The variation tendency of APRs in groups (A and

B) based on the original monthly timelines. (e) The variation tendency of APRs in groups (A and B) based on the adjusted equivalent intervention phase timelines. 0: Baseline
for both groups, |1-3: Pre-intervention trial influence period, 4-6: Intervention period, 7-18: Follow-up period.

Data Collection

In this study, the antimicrobial prescription records are provided by LWTC, and we collected data from baseline to the
end of the 12-month follow-up period. These data included: antimicrobial prescriptions, total prescription data and
patient information in primary care institutions. A coding system developed by our team was employed to establish
a connection between physicians’ and patients’ names on prescriptions. The demographic information of physicians was

obtained from the personnel departments of primary care institutions. Physicians’ characteristics included: age, sex,

6 4 https:

Infection and Drug Resistance 2025:18



Yan et al

professional title, education, and working years. All researchers signed strict confidentiality agreements in data collection
process (Additional file 2).

ICD-10 is employed as the standard for disease classification in this study. According to the Essential Medicines List
published by the World Health Organization (WHO) and the China’s clinical application guidelines for antimicrobial
agents, the clinical application catalogue of antimicrobial agents was summarized (Additional file 3). In conjunction with
the common types of antimicrobial agents used in primary care institutions, our study encompassed seven classes of
antimicrobial agents: penicillins, cephalosporins, macrolides, quinolones, lincosamides, nitroimidazole, and aminoglyco-
sides. This study exclusively focused on systemic antimicrobial agents while excluding topical antimicrobial prescrip-
tions such as erythromycin ointment and levofloxacin eye drops.

Outcome Variables

In this study, the outcome variables are consistent with those we used in our previous trial.?® The primary outcome
variable is the IAPR for each month while the secondary outcome variable is the APR for each month. The monthly
IAPR is calculated by dividing the number of inappropriate antimicrobial prescriptions for each month by the total
number of antimicrobial prescriptions. The monthly APR is defined as the number of antimicrobial prescriptions for each
month divided by the total number of prescriptions. In this study, the average decline in IAPRs and APRs will be
calculated by dividing the decline value by the number of months. The decline value is determined by subtracting the
endpoint value from the starting point value of IAPR or APR for a certain period.

Data Analysis
The generalized estimation equation (GEE) method was employed to evaluate the impacts of the feedback intervention.
The data analysis was conducted using the four representative time points: the baseline point, the 3 months (the end of
trial’s influence before the intervention), the 6 months (the end of the intervention period), and the 18 months (the end of
the follow-up period). The exchangeable correlation matrix was selected to construct the model of IAPRs based on the
principle of minimizing quas-likelihood under the independence model criterion (QIC), while the unstructured correla-
tion matrix was selected to construct the model of APRs. Additionally, robust standard errors were used to account for
clustering within the same group and between time periods within the same group. The time-intervention interaction was
utilized in the model to evaluate the change in trends between two groups during the corresponding period, that is, the
respective difference of IAPRs and APRs in different periods: (1) the difference in change difference from the baseline
point to the 3 months between group A and group B, (2) the difference in change difference from the 3 months to the 6
months between two groups, (3) the difference in change difference from the baseline point to the 6 months between two
groups, (4) the difference between the difference in two groups at baseline point and the difference in two groups at 6
months, (5) the difference in change difference from the baseline point to the 18 months between two groups, (6) the
difference in change difference from the 6 months to the 18 months between two groups (Figure 2). These analyses
enabled us to comprehend the impacts of feedback intervention on outcomes from baseline to the 3 months, from
baseline to the end of the intervention period, and from baseline to the end of the follow-up period. We applied the GEE
with Gaussian errors and identity links to compute intervention effects for prescription outcomes, which is suitable for
analyzing continuous outcome variables in most models.*°

In this study, we adjusted for covariates including sex, age, professional title, working years, and education of
physicians. The covariate-adjusted results were considered as our primary outcome due to their potential to enhance
statistical power and precision. Consistent with our previous trial analysis,*® the original intervention order for any
clusters remained unchanged, and given the completeness of the study, we incorporated the data from the intervention
period into our analysis. On the other hand, considering our primary focus on assessing the long-term impacts of the
intervention and encountering instances where physicians were lost during the follow-up period, we chose to maintain
consistency in terms of physicians’ number between the baseline and follow-up period. Consequently, data pertaining to
physicians who were lost to follow-up were excluded from analysis during both time-frames.

The categorical variables were described as frequencies and percentages while the continuous variables were
presented as means and standard deviations. Chi-square test was employed for comparing categorical variables.
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Figure 2 Flow chart for the evaluation of feedback intervention trial. The IAPRs and APRs at the baseline point were calculated from prescriptions during the month that
remained entirely unaffected by the trial and was closest to the start of the trial (group (A) December 2020, group (B) March 2021). The IAPRs and APRs at 3 months were
calculated from prescriptions during the last month of the trial’s influence before the intervention (group (A) March 2021, group (B) June 2021). The IAPRs and APRs at 6
months were calculated from prescriptions during the last month of the intervention period (group (A) June 2021, group (B) September 2021) and at |8 months were
calculated from prescriptions during the last month of the follow-up period (group (A) June 2022, group (B) September 2022).

Abbreviations: |IAPR, inappropriate antimicrobial prescription rate; APR, antimicrobial prescription rate.

Continuous variables were compared using the ¢ test. Data were visualised by calculating IAPR and APR for each month
using WPS V5.5.1. The analysis was conducted with a double-sided alpha level of 0.05 to establish statistical
significance. Data handling and statistical analysis were performed using R version 4.3.1.

Results

The groups A and B (group A switched to control after 3 months of intervention and group B switched to intervention
after 3 months of control) were followed for a duration of 12 months (group A: from July 2021 to June 2022, group B:
from October 2021 to September 2022) after the end of the intervention. In group A, the original count of 160 physicians
was reduced to 152 during the course of the follow-up, while the original count of 168 physicians decreased to 157 in
group B. The roster of baseline physicians refers to the list of physicians who have been excluded due to loss of follow-
up, ensuring consistency with the designated follow-up period, while the intervention physicians remain consistent with
our original trial analysis®® (Figure 2). Table 1 shows the demographic characteristics of the physicians during the
baseline period, pre-intervention trial influence and intervention periods, as well as the 12-month follow-up period. The
analysis revealed no statistically significant differences in sex, age, professional title, education, and working years across
the four time periods. Additionally, our original trial analysis had confirmed that the characteristics of physicians were
comparable between groups A and B at baseline.””

Figure 3 depicts the trends of IAPRs in groups A and B. In group A, the IAPRs exhibited a certain range of rebound
following the end of intervention (at 6 months, June 2021), which subsequently flattened after 2 months (at 8 months,
August 2021). At 18 months (June 2022), the IAPR reached its highest point during the follow-up period at 67.33%, but
remained below the baseline rate of 75.65%. Overall, the average decline in IAPRs for group A was 1.20% during the
baseline point and 3-month period, 4.83% during the intervention period, —0.82% during the follow-up period, and
0.46% during the baseline point and 18-month period. As for group B, it terminated the intervention in September 2021
(at 6 months), resulting in a rebound of IAPRs, which subsequently flattened after 4 months (at 10 months,
January 2022). Throughout the follow-up period, the IAPR reached its peak at 15 months (June 2022) with a value of
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Table | Demographic Characteristics of the Physicians During the Baseline Period, the Pre-Intervention Trial Influence and
Intervention Periods, as well as the 12-Month Follow-Up Period

Group A Group B
Variables Baseline Pre-Intervention Follow-Up Period P Baseline Pre-Intervention Follow-Up Period P
(n=152) Trial Influence and (n=152) (n=157) Trial Influence and (n=157)
Intervention Intervention
Periods (n = 160) Periods (n = 168)
Sex, n(%) 0.9591 0.8638
Female 61 (40.13) 62 (38.75) 61 (40.13) 60 (38.22) 60 (35.71) 60 (38.22)
Male 91 (59.87) 98 (61.25) 91 (59.87) 97 (61.78) 108 (64.29) 97 (61.78)
Age, n(%) 0.9989 0.9895
[21,31] 57 (37.50) 58 (36.25) 57 (37.50) 59 (37.58) 61 (36.31) 59 (37.58)
(31,40] 40 (26.32) 42 (26.25) 40 (26.32) 55 (35.03) 57 (33.93) 55 (35.03)
(40,65] 55 (36.18) 60 (37.50) 55 (36.18) 43 (27.39) 50 (29.76) 43 (27.39)
Title, n(%) 0.9981 0.9895
Associate chief physician 13 (8.55) 15 (9.38) 13 (8.55) 8 (5.10) 9 (5.36) 8 (5.10)
Attending physician 22 (14.47) 24 (15.00) 22 (14.47) 11 (7.01) 14 (8.33) 11 (7.01)
Resident physician 117 (76.97) 121 (75.62) 117 (76.97) 138 (87.90) 145 (86.31) 138 (87.90)
Education, n(%) 1.0000 0.9995
College 75 (49.34) 79 (49.38) 75 (49.34) 61 (38.85) 64 (38.10) 61 (38.85)
Junior college 55 (36.18) 58 (36.25) 55 (36.18) 73 (46.50) 78 (46.43) 73 (46.50)
Technical secondary school 22 (14.47) 23 (14.38) 22 (14.47) 23 (14.65) 26 (15.48) 23 (14.65)
Working years, Mean + SD 14.35 + 10.75 14.63 £ 10.77 14.35 £ 10.75 0.9645 1272 £ 9.71 13.36 £ 10.13 1272 £ 9.71 0.7922

63.43%, yet remained below the baseline level of 74.25%. The average decline in IAPRs for group B was observed to be
2.31%, 4.59%, —0.20%, and 1.02% during the baseline point to 3-month period, during the intervention period, during
the follow-up period, and during the baseline point to 18-month period, respectively. The above results demonstrated
a gradual decline in IAPRs for both groups during the baseline point and 3-month period, followed by a rapid decline

during the intervention period compared to the initial period. Subsequently, there was a gradual increase observed during

At baseline point At 3 months At 6 months At 18 months
80.00 Follow-up period

75.00

74.25

(20,675 1 27,845)
70.00

15,542)

67.32

65.00 (20,999 / 31,192)

60.00

55.00

55.95
53.56 (7,471 13,353)

(10,628 / 19,843)

Intervention

50.00

T

period

4500 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

=—i— GroupA=e= GroupB

Figure 3 The temporal dynamics of IAPRs. The data points represent the values obtained by dividing the number of monthly inappropriate antimicrobial prescriptions by the
overall number of monthly antimicrobial prescriptions. At baseline point: group A in December 2020, group B in March 2021. At 3 months: group A in March 2021, group
B in June 2021. At 6 months: group A in June 2021, group B in September 2021. At 18 months: group A in June 2022, group B in September 2022.

Abbreviation: IAPR, inappropriate antimicrobial prescription rate.
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the follow-up period in comparison to the intervention period. But there was still a slow decline from the baseline point
to the end of the follow-up.

The trends of APRs over time in the two groups are illustrated in Figure 4. It was observed that both groups
experienced a certain degree of rebound after the end of the intervention (at 6 months, group A in June 2021 and group
B in September 2021). In group A, the APRs rebounded to 27.89% in the sixth month after the stop of the intervention (at
12 months, December 2021), reaching its peak level of rebound, and subsequently displayed a declining trend. The
average decline in APRs for group A was observed to be 2.46%, 2.88%, and 0.32% during the three periods: from
baseline point to 3 months, during the intervention period, and during the follow-up period, respectively. In group B, the
APR reached its peak rebound in the fourth month after the end of the intervention (at 10 months, January 2022), with an
observed rate of 28.95%. Notably, neither group surpassed their respective baseline levels (the APR at baseline was
36.47% in group A and 35.11% in group B) at the highest point of the rebound. The average decline in APRs for group
B was 1.12% during the baseline point and 3-month period, 3.42% during the intervention period, and 0.04% during the
follow-up period. The above findings revealed a gradual decline in APRs for both groups during the baseline point and
3-month period, followed by a relatively rapid decline during the intervention period compared to the initial period.
Subsequently, there was the slowest decline observed during the follow-up period among the three time periods.

Analysis of Differences

The GEE analysis results presented in Table 2 demonstrate the impact of physicians’ demographic characteristics on
IAPRs and APRs. Notably, physicians with a college-level education exhibited a statistically significant difference in the
coefficient (—0.04) representing APRs compared to those with a technical secondary school degree, suggesting that
higher levels of education may decrease the likelihood of prescribing antimicrobial agents. Apart from this coefficient,
none of the correlation coefficients for physicians’ demographic characteristics showed statistical significance in either
IAPRs or APRs.
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Figure 4 The temporal dynamics of APRs. The data points represent the values obtained by dividing the number of monthly antimicrobial prescriptions by the overall
number of monthly prescriptions. At baseline point: group A in December 2020, group B in March 2021. At 3 months: group A in March 2021, group B in June 2021. At 6
months: group A in June 2021, group B in September 2021. At |8 months: group A in June 2022, group B in September 2022.

Abbreviation: APR, antimicrobial prescription rate.
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Table 2 GEE Models Predicting the Impact of Demographic Characteristics on IAPRs and APRs

Characteristic Estimate (* / #) | 95% CI (* | #) P(*I#)
Sex: Male vs Female 0.00 / —-0.01 (0.97, 1.04) / (0.97, 1.01) | 0.8139/0.1780
Age: ref. = [21,31]
(31,40] 0.00 / 0.01 (0.98, 1.03) / (0.99, 1.03) | 0.9142/ 0.2095
(40,65] 0.01 /0.00 (0.99, 1.04) / (0.98, 1.01) | 0.3637 / 0.8031
Title: ref. = Resident physician
Attending physician —0.04 / -0.01 (0.91, 1.01) / (0.96, 1.02) | 0.1554 / 0.3762
Associate chief physician —0.02 / —0.04 (0.89, 1.08) / (0.92, 1.01) | 0.6456 / 0.1143
Education: ref. = Technical secondary school
Junior college —0.02 / —0.02 (0.92, 1.03) / (0.95, 1.01) | 0.4288 / 0.1859
College —0.04 / —0.04 (0.90, 1.02) / (0.93, 0.99) | 0.1452 / 0.0084
Working years 0.00 / 0.00 (1.00, 1.00) / (1.00, 1.00) | 0.4593 / 0.5331

Note: * represents IAPR (inappropriate antimicrobial prescription rate) and * represents APR (antimicrobial prescription rate).
Abbreviations: IAPR, inappropriate antimicrobial prescription rate; APR, antimicrobial prescription rate; ref., reference.

IAPRs

The results of covariate-adjusted IAPRs are presented in Table 3. The mean changes observed in the IAPRs showed
statistically significant differences between the baseline and the intervention periods, which were consistent with our
previous trial analysis.”’ At 18 months (June 2022), group A exhibited a mean decrease in IAPR of 7% (95% CI: 0.90 to
0.97, P=0.0003) from the baseline point (December 2020) and 4% (95% CI: 0.92 to 1.00, P=0.0272) from the 3 months
(March 2021). Furthermore, there was an observed increase of 11% (95% CI: 1.07 to 1.16, P<0.001) when comparing it
with the 6 months (June 2021). The average decline in IAPRs for group A was 1.00% from the baseline point to the 3
months, 5.00% from the 3 months to the 6 months, —0.92% from the 6 months to the 18 months, and 0.39% from the
baseline point to the 18 months. In group B, the mean IAPR at 18 months (September 2022) demonstrated a decrease of
13% (95% CI: 0.84 to 0.92, P<0.001) and 6% (95% CI: 0.90 to 0.98, P=0.0084) compared to the baseline point
(March 2021) and the 3 months (June 2021), respectively. However, there was an increase of 5% (95% CI: 1.00 to 1.10,
P=0.0420) compared to the 6 months (September 2021). The average decline in IAPRs for group B was observed to be
2.33%, 3.67%, —0.42%, and 0.72% from the baseline point to the 3 months, from the 3 months to the 6 months, from the 6
months to the 18 months, and from the baseline point to the 18 months, respectively. In the aforementioned results, the
observed increases in IAPRs and the negative average decline in IAPRs for groups A and B indicated that once the
intervention was stopped (group A in June 2021 and group B in September 2021), both groups experienced a certain degree
of rebound in IAPRs. In addition, the IAPRs of groups A and B displayed the following dynamic changes: a gradual decline
from the baseline point to the 3 months, a relatively rapid decline from the 3 months to the 6 months compared to the initial
period. Subsequently, there was a gradual increase from the 6 months to the 18 months compared to the period between the
3 months and the 6 months. But there was a slow decline from the baseline point to the 18 months.

APRs

Table 4 shows the differences in APRs between the two groups and within the same group at baseline point (group A:
December 2020, group B: March 2021), at 3 months (group A: March 2021, group B: June 2021), at 6 months (group A:
June 2021, group B: September 2021), and at 18 months (group A: June 2022, group B: September 2022). Based on the
covariate-adjusted results, it was observed that both groups exhibited an overall decrease in APRs over time. In group A,
the average decline in APRs was 1.33% from the baseline point to the 3 months, 3.67% from the 3 months to the 6
months, and 0.17% from the 6 months to the 18 months. During the corresponding three periods in group B, the average
decline in APRs was 1.00%, 3.67%, and 0.08%, respectively. Both groups displayed a gradual decline in APRs from the
baseline point to the 3 months, followed by a rapid decline from the 3 months to the 6 months compared to the period
between the baseline point and the 3 months. Subsequently, there was the slowest decline observed from the 6 months to
the 18 months among the three time periods.
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Table 3 The Covariate-Adjusted Analysis Results of IAPRs

Estimate 95% CI P
IAPR: group=A
At 3 months - at baseline point —0.03 (0.94, 1.00) 0.0544
At 6 months - at 3 months —0.15 (0.83, 0.89) <0.001
At 6 months - at baseline point —0.18 (0.80, 0.87) <0.001
At 18 months - at baseline point —-0.07 (0.90, 0.97) 0.0003
At 18 months - at 3 months —0.04 (0.92, 1.00) 0.0272
At 18 months - at 6 months 0.11 (1.07, 1.16) <0.001
IAPR: group=B
At 3 months - at baseline point —-0.07 (0.90, 0.96) <0.001
At 6 months - at 3 months —0.11 (0.88, 0.92) <0.001
At 6 months - at baseline point —0.18 (0.81, 0.87) <0.001
At 18 months - at baseline point —0.13 (0.84, 0.92) <0.001
At 18 months - at 3 months —-0.06 (0.90, 0.98) 0.0084
At 18 months - at 6 months 0.05 (1.00, 1.10) 0.0420
IAPR: (group) B vs A
At baseline point: B vs A —0.01 (0.94, 1.04) 0.6648
At 3 months: B vs A —0.05 (0.91, 0.99) 0.0198
At 6 months: B vs A —0.01 (0.95, 1.04) 0.7002
At 18 months: B vs A —-0.07 (0.88, 0.99) 0.0195
At 3 months - at baseline point: B vs A —0.04 (0.92, 1.00) 0.0624
At 6 months - at 3 months: B vs A 0.04 (1.00, 1.09) 0.0656
At 6 months - at baseline point: B vs A 0.00 (0.95, 1.06) 0.9518
At 18 months - at baseline point: B vs A —-0.06 (0.89, 1.00) 0.0616
At 18 months - at 3 months: B vs A —-0.02 (0.92, 1.04) 0.5552
At 18 months - at 6 months: B vs A —0.06 (0.88, 1.00) 0.0562

Notes: At baseline point: group A in December 2020, group B in March 2021. At 3 months: group A in
March 2021, group B in June 2021. At 6 months: group A in June 2021, group B in September 2021. At 18
months: group A in June 2022, group B in September 2022. At XXX - at YYY: The IAPR at XXX was

“

compared to that at YYY. (The IAPR at prior-to-“-" time was compared to that subsequent-to-“-". eg: at
3 months - at baseline point: The IAPR at 3 months was compared to that at baseline point.).
Abbreviations: B vs A, group B versus group A; IAPR, inappropriate antimicrobial prescription rate.

Table 4 The Covariate-Adjusted Analysis Results of APRs

Estimate 95% CI P

APR: group=A
At 3 months - at baseline point —0.04 (0.94, 0.98) 0.0001
At 6 months - at 3 months —0.11 (0.88, 0.91) <0.001
At 6 months - at baseline point —-0.15 (0.84, 0.88) <0.001
At 18 months - at baseline point -0.17 (0.82, 0.86) <0.001
At 18 months - at 3 months —0.13 (0.86, 0.89) <0.001
At 18 months - at 6 months —-0.02 (0.96, 1.00) 0.0216

APR: group=B
At 3 months - at baseline point —0.03 (0.95, 0.99) 0.0043
At 6 months - at 3 months —-0.11 (0.88, 0.91) <0.001
At 6 months - at baseline point —-0.14 (0.85, 0.89) <0.001
At 18 months - at baseline point —0.15 (0.84, 0.89) <0.001
At 18 months - at 3 months —-0.12 (0.86, 0.91) <0.001
At |8 months - at 6 months —0.01 (0.97, 1.02) 0.5504
(Continued)
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Table 4 (Continued).

Estimate 95% CI P
APR: (group) B vs A
At baseline point: B vs A —-0.01 (0.96, 1.02) 0.4023
At 3 months: B vs A 0.00 (0.97, 1.03) 0.9760
At 6 months: B vs A 0.00 (0.98, 1.02) 0.9359
At 18 months: B vs A 0.02 (0.99, 1.05) 0.2963
At 3 months - at baseline point: B vs A 0.01 (0.98, 1.04) 0.4012
At 6 months - at 3 months: B vs A 0.00 (0.97, 1.03) 0.9760
At 6 months - at baseline point: B vs A 0.01 (0.98, 1.04) 0.4377
At |8 months - at baseline point: B vs A 0.03 (0.99, 1.06) 0.1153
At |8 months - at 3 months: B vs A 0.02 (0.98, 1.05) 0.3586
At |8 months - at 6 months: B vs A 0.02 (0.98, 1.05) 0.3184

Notes: At baseline point: group A in December 2020, group B in March 2021. At 3 months: group A in
March 2021, group B in June 2021. At 6 months: group A in June 2021, group B in September 2021. At 18
months: group A in June 2022, group B in September 2022. At XXX - at YYY: The APR at XXX was
compared to that at YYY. (The APR at prior-to-“-*“ time was compared to that subsequent-to-“-" eg: at 3
months - at baseline point: The APR at 3 months was compared to that at baseline point.).
Abbreviations: B vs A, group B versus group A; APR, antimicrobial prescription rate.

In alignment with our previous trial analysis,*® the observed mean changes in APRs exhibited statistically significant
differences from the baseline point to the 3 months, from 3 months to the 6 months, and from the baseline point to the 6
months. At 18 months in group A, the mean APR decreased by 17% (95% CI: 0.82 to 0.86, P<0.001) compared to the
baseline point, 13% (95% CI: 0.86 to 0.89, P<0.001) compared to the 3 months and 2% (95% CI: 0.96 to 1.00,
P=0.0216) compared to the 6 months. Similarly, in group B, there was a decrease of 15% (95% CI: 0.84 to 0.89,
P<0.001) and 12% (95% CI: 0.86 to 0.91, P<0.001) from the baseline point and the 3 months, respectively.

Discussion

The present study assessed the long-term impacts of the intervention trial on antimicrobial feedback in primary care
institutions. The IAPRs and APRs in the two groups of physicians who received the feedback intervention exhibited
a rebound within a specific range after the intervention stopped, followed by plateauing over time, and the IAPRs
remained persistently high throughout the follow-up period. Compared to the baseline point, both groups of physicians
demonstrated reductions in the IAPRs and APRs. However, the impacts of the feedback intervention in follow-up period
could not maintain the significant effect like the intervention period. To ensure the integrity of our research, we
incorporated the intervention phase into our analysis.

Based on Figures 3 and 4, there was a certain degree of rebound in IAPRs and APRs following the end of the
feedback intervention. The negative average decline in IAPRs and the covariate-adjusted IAPRs exhibited similar
rebound outcomes (group A: 11% (95% CI: 1.07 to 1.16, P<0.001), group B: 5% (95% CI: 1.00 to 1.10, P=0.0420)).
Without further intervention inputs, we do not expect a persistence of intervention effects beyond this time. This was
consistent with the study by Sangwan et al,>' which concluded that the impacts of a single-occasion antimicrobial
stewardship education program diminished over time in terms of improving adherence to guidelines and appropriateness
of antimicrobial prescription in general practice. Similarly, a trial conducted in rural primary care institutions of Vietnam
introducing C-reactive protein testing resulted in a 14% reduction in APR. However, this positive impact disappeared
shortly after study completion due to patient demand, incentives provided by pharmaceutical companies and pressure on
these facilities to replenish drug stocks.’ If the aim is to sustain feedback intervention effects over the long term, these
effective feedback interventions should be put into the real world. Our team will continue to carry out relevant research
using implementation science in the future.

The comparison within the same group indicated that the IAPRs and APRs of both group A and group B were
reduced with the statistical significance at 18 months (group A: June 2022, group B: September 2022) compared to the
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baseline points (group A: December 2020, group B: March 2021). This was consistent with findings reported in other
published research studies.'®!%33-33 During the follow-up period, the average decline in APRs remained positive (group
A: 0.32% with a covariate-adjusted value of 0.17%, group B: 0.04% with a covariate-adjusted value of 0.08%),
indicating an ongoing overall decrease in APRs during this period. The above results suggested that the intervention
exerts certain long-term impacts on the entirety. However, at 18 months, both groups A and B exhibited a significant
rebound in IAPRs compared to the end of intervention (at 6 months: group A in June 2021, group B in September 2021).
These findings indicated that once the intervention was discontinued, there was a certain range of rebound in IAPRs for
both groups A and B, which persisted until the end of the follow-up (at 18 months) without any statistically significant
decrease after reaching their peaks. Additionally, as depicted in Figure 3, despite the overall stability of the IAPRs during
the follow-up period (6—18 months), it is noteworthy that the IAPRs still remained persistently high at 67% and 56%
which means that more than half of the prescriptions were considered inappropriate.

The above findings suggested that intervention measures should be persistently implemented. Our feedback inter-
vention demonstrated certain long-term impacts. However, the average decline in IAPRs during the follow-up period
exhibited a negative value, indicating a rebound. During the same period, the average decline in APRs was much less
than that observed during the intervention period. These demonstrated that the effectiveness of this influence may not be
consistently evident like during the intervention period. This conclusion was consistent with the findings published by
Wei X et al,"® stating that the effectiveness of the educational intervention on antimicrobial prescriptions would decline
without further intervention inputs.

In the comparison between the two groups, after adjusting for covariates, there were no statistically significant
differences in the between-group change difference (group B versus group A) on IAPRs and APRs during various time
periods. The results revealed that the change trends observed in groups A and B are consistent with each other. On the
other hand, at 3 months (group A: March 2021, group B: June 2021), we observed a 5% (95% CI: 0.91 to 0.99,
P=0.0198) decrease in IAPR in group B compared to group A. And the average decline in IAPRs from baseline to 3
months was higher in group B (2.33%) than in group A (1.00%). These indicated that the decline was more rapid in
group B than in group A. The potential reason could be the impact of feedback intervention conducted in group A from
April to June in 2021 on the prescription behavior of physicians in group B.>° At 18 months, there was a 7% (95% CI:
0.88 t0 0.99, P=0.0195) lower IAPR in group B compared to group A, and the rebound observed in both groups indicated
that group B exhibited a slower rebound than group A. The average decline in IAPRs for group B from 6 to 18 months
was —0.42%, whereas for group A it was —0.92%, further highlighting the comparatively slower rise observed in group
B compared to group A. This could be attributed to a learning effect, as group B received intervention after being
influenced by group A’s 3-month feedback intervention trial, leading to enhanced long-term impacts. The learning effect
refers to a significant increase in cognitive test scores with an increasing number of repetitions until scores stabilize and
no longer change.*®

In Figure 4, it can be observed that the APRs began to exhibit a clear downward trend from February 2022 (group A:
at 14 months, group B: at 11 months). This shift may be attributed to seasonal factors. According to the research, the
winter season (typically from December to February) weakens the body’s antiviral defense mechanism due to cold
temperatures and reduced daylight, thereby increasing susceptibility to respiratory viruses and raising the risk of
respiratory infections such as influenza.®” Conversely, the change of seasons brings warmer temperatures and increased
sunlight from March to August, resulting in a decrease in the incidence of respiratory tract infections and a corresponding
decline in APRs. However, the IAPRs depicted in Figure 3 had exhibited a persistent trend of platform fluctuation and
even gradual elevation since February 2022. This phenomenon may be attributed to the diminishing impacts of the
intervention following its stop, leading physicians to revert back to their previous prescribing practices. Consequently,
IAPRs did not experience a decrease while there was a decline in APRs possibly due to seasonal changes. In addition, the
National Medical Quality and Safety Improvement Goals in 2022 was issued by the National Health Commission of
China in March 2022. In the initial stage of policy implementation, physicians and medical institutions might overreact
due to unfamiliarity or a lack of clear operational guidance, leading to excessive restrictions on necessary antimicrobial
agents use in order to avoid violations. This might reduce APRs but not necessarily reduce inappropriate use in specific
cases. Over time, as they became more accustomed to the new policy, the IAPRs were expected to decrease. This
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accounted for the decline in IAPR observed in group B at 18 months, while group A was still increasing within the same
timepoint due to a shorter exposure of 3 months compared to group B’s 6-month duration.

In this study, we tried to modify physicians’ prescription behavior by implementing a feedback intervention. By
comparing their own prescription practices against specific goals, physicians are more likely to align their prescription
behavior with social norms and consequently adopt corrective prescription practices.”>**® The findings suggest that
regular implementation of feedback intervention for inspection or supervision can be considered as a viable option for
controlling antimicrobial prescriptions in primary care institutions. Furthermore, the implementation science framework
has been widely employed by numerous domestic and international scholars to bridge the existing gap between effective
evidence-based practice in clinical research and its practical application in real-world settings.**** The insights that
derive from implementation science theory can offer novel perspectives for future control and intervention strategies
concerning antimicrobial agents, thereby presenting possible resolutions to the issue of inappropriate antimicrobial use.

The primary strength of this study lies in its evaluation of the long-term impacts of antimicrobial agents feedback
intervention, thereby providing empirical evidence to support the effectiveness and sustainability of this intervention,
a critical aspect that has been overlooked in numerous previous studies. Additionally, the utilization of a randomized
cross-over controlled trial design enables us to validate the reliability of our findings by analyzing trend consistency in
groups A and B, without the need for re-running the intervention trial. In this study, we found no statistically significant
differences in changes of both IAPR and APR between group A and group B from the baseline point to the 18 months,
indicating consistent trends in the two groups. This enhances our confidence that the findings reflect the true impacts of
the intervention itself. Thirdly, it is worth noting that this study was conducted in a low-resource environment. This
suggests that the feedback intervention can be effective in similar low-resource healthcare settings. The findings, based
on prescription data from primary care institutions in southwest China, may not be directly applicable to all primary care
institutions nationwide due to regional variations but are practical and feasible for regions with comparable resources.
And this study serves as a valuable model for facilitating the implementation of antimicrobial interventions in other
healthcare settings facing resource constraints. These findings carry significant implications for enhancing antimicrobial
stewardship and addressing resistance.

However, our study has several limitations. Firstly, the number of physicians involved in the baseline and follow-up
periods was lower than initially anticipated due to work transfers, resulting in inconsistencies in physician numbers
between the baseline, follow-up periods, and the intervention period. However, demographic analysis revealed compar-
able characteristics among physicians across all three periods. Secondly, the seasonal bias was not considered in this
study. To ensure comparability between groups A and B, the comparison must be conducted at the equivalent stage. For
instance, the intervention period in group A (from April to June in 2021) versus the intervention period in group B (from
July to September in 2021). Therefore, we are unable to effectively evaluate the potential influence of seasonal bias on
the research results. Thirdly, there might be some information bias in this study. Physicians were aware of the
intervention during the trial, but their awareness was balanced between both groups. Additionally, prescription data
during the follow-up period were directly obtained through HIS, and physicians were unaware of the follow-up study.
Hence, our conclusions were minimally influenced by information bias. Fourthly, our study did not consider the impact
of COVID-19 epidemics and changes in prevention and control measures on IAPRs and APRs. However, this had little
impact on our conclusions as the treatment of COVID-19 cases was generally referred to tertiary hospitals or higher for
comprehensive management, rather than being directly conducted in primary care institutions which were the focus of
our study.

Conclusion

The long-term impacts of our feedback intervention were existent. Because neither the IAPRs nor APRs surpassed the
baseline point during the follow-up period and the average decline in APRs exhibited a positive value. However, the
impacts were limited. Although the IAPRs and APRs consistently remained below the baseline point, both rates
demonstrated a certain degree of rebound in groups A and B after the intervention was stopped, with the IAPRs
consistently remaining at elevated levels throughout the entire follow-up period. Therefore, the antimicrobial feedback
intervention needs to be implemented continuously to maintain the desired effects. The future efforts should focus on

Infection and Drug Resistance 2025:18 heeps: 73



Yan et al

finding a pathway that effectively bridges the gap between evidence-based practice and real-world application in the field
of antimicrobial prescription intervention, facilitating the integration of high-quality intervention measures into daily
management practices in primary care institutions.

Trial Registration
ISRCTN, ID: ISRCTN13817256. Registered on 9 January 2020.
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IAPR, Inappropriate antimicrobial prescription rate; APR, Antimicrobial prescription rate; HIS, Health Information
System; LWTC, LianKe Weixin Co., LTD.; ICD-10, the 10th Edition of the International Classification of Diseases;
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model criterion; SD, Standard deviation; CI, Confidence interval.
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