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Summary
Background Excessive use of antibiotics is a widespread problem. We aim to evaluate the efficacy of a multifaceted
intervention for reducing antibiotic use in patients with respiratory tract infections (RTIs).

Methods In this two-arm cluster randomized controlled trial, we enrolled patients aged 18+ with symptomatic RTIs at
40 township health centers (THCs) selected from 10 counties in Anhui, China. The THCs were randomized using an
online tool (‘Sealed Envelope’) to intervention or usual care (1:1 ratio), stratified by baseline antibiotic prescribing and
with random block sizes (4 or 6). The intervention had five components: a half-day clinician training, a WeChat-based
peer support group, a decision aid, a poster commitment letter and a patient leaflet. The primary outcome was
whether antibiotics were prescribed at the index consultation. Secondary measures included defined daily dose
(DDD), illness recovery rate, re-visits to other care-givers or retail pharmacies and incremental cost-effectiveness
ratio (ICER). These measures were analyzed using generalized linear mixed modeling controlling for clustering.
The study was registered as ISRCTN30652037.

Findings Between December 2021 and September 2022, 1053 patients were recruited (intervention, 21 THCs, n = 552;
control, 19 THCs, n = 501), using consecutive sampling. Antibiotic prescribing rate was 55.25% and 66.67% in the
intervention and control arms (Odds ratio 0.52, 95% confidence interval [CI]: 0.27, 0.98; p = 0.044). The intervention
group also had lower, significant or non-significant, differences for other markers of antibiotic use: DDD (1.57 vs
2.75); prescriptions of two or more types of antibiotics (9.78% vs 11.58%); obtaining antibiotics from retail
pharmacies (3.68% vs 5.78) or from other clinics (2.70% vs 4.05%). The intervention resulted in a cost reduction
of 9.265 RMB (1.471 USD) per consultation episode and an ICER of −7769.98 RMB or −1233.33 USD/QALYs.
The intervention did not encounter any major adverse event.

Interpretation The intervention package was effective and cost-effective in reducing antibiotics prescribing without
adverse effects.
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Research in context

Evidence before this study
We searched the PubMed and the two Chinese academic
databases (CNKI and CMB) for published randomized
controlled trials (RCTs) on antibiotic stewardship at primary
care settings before December 31, 2023. The search terms
included: antibiotics, respiratory tract infection, primary care
and randomized controlled trial. Although 82 RCTs were
found, clinical and methodological heterogeneity limited our
quantitative analysis. The interventions comprised guideline-
based recommendations, clinician communication training,
electronic decision support systems or models, individualized
antibiotic prescribing feedback reports, delayed prescribing,
point-of-care test, social norm feedback presentation, patient
information leaflets and others. These interventions resulted
in non to moderate effects. The effect size depends heavily on
a whole range of contextual factors including: baseline rates
of antibiotics prescription; incentives and guidelines/
regulations with the health systems, perceptions and
competence of the clinicians, socio-cultural characteristics of
the patients and intervention strategies. It is well recognized
that multifaceted interventions were more effective than
single measures in reducing overall antibiotic prescribing.
However, evidence on appropriate prescribing, adverse
consequence and cost-effectiveness is insufficient.

Added value of this study
Published trials on antibiotics stewardship in China are limited
thought the country is among the largest antibiotics
consumers worldwide. This study aims to test a complex
intervention package to contain excessive antibiotics
prescribing and consumption at township health centers in an
inland province of China. The package was tailored to key
existing problems identified via previous studies in Anhui and
China and tested effective in reducing antibiotics prescribing
especially defined daily doses without adverse effects. The
intervention also reduced direct medical cost incurred per
consultation episode.

Implications of all the available evidence
The best evidence supports the use of multifaceted
interventions incorporating proven ingredients like specific
education interventions for clinicians and patients and
electronic decision support etc., to reduce overall antibiotic
prescribing for acute RTIs, especially in areas with relatively
high prescribing rate. Future studies should better evaluate
measures of appropriate prescribing, prescribing rate vs dose,
adverse consequences such as hospitalization, sustainability,
resource use, and the impact of potential effect modifiers.
Introduction
Excessive use of antibiotics is a widespread problem and
a key driver of antimicrobial resistance.1 Over half of
antibiotics are used for humans and primary care ac-
counts for 81% of all human antibiotic prescriptions,
with the largest proportion (46%) being used for
symptomatic respiratory tract infections (RTIs).2 The
rate of unnecessary or inappropriate antibiotic pre-
scriptions for patients with RTI has been estimated to
range from 36% to 68% in high income countries
(HICs) and much higher in low and middle income
countries (LMICs).3–5 Excessive antibiotics use is also
prevalent in China. Studies between 2009 and 2018
found that over half of all outpatients and around 70% of
inpatients of hospitals in China were prescribed one or
more antibiotics.5–7 Between 70% and 90% of patients
visiting township health centers (THCs) and village
clinics with symptoms of RTIs were prescribed
antibiotics.8–10 In terms of person-times of health ser-
vices, 72.8% were provided by primary providers (i.e.,
THCs and village clinics in rural areas) and about half of
these services were for RTIs.11 Unlike UK and other
western countries, China does not have strict referral
systems and people can get antibiotics from both med-
ical care facilities and retail medicine shops.8

Since 2009, China has launched a series of initiatives
to optimise antibiotics use. These include the medica-
tion audit system,12 the special antibiotics use rectifica-
tion program, the essential medicines scheme,13 the
zero-mark-up policy,14 the antimicrobial resistance
monitoring network,15 and the 20%-limit of antibiotic
prescribing for all outpatient episodes.16 There has been
a substantial reduction in the antibiotic prescription rate
at county and higher-level hospitals but rates still
remained as high as 82.3% and 87.8% for RTIs in THCs
and village clinics.8,17

The persistently high rate of antibiotics prescription
in China’s THCs and village clinics can be attributed to
reasons of three categories, i.e., clinician, patient and
structural determinants. For clinicians, a large part of
them (especially those working with village clinics) came
from the so-called “barefoot doctors” with limited
formal medical training.18,19 Most of them are used to
widespread use of antibiotics and perceive prescribing
antibiotics as common practice amongst peer clinicians
and a common expectation among service-seekers.20
www.thelancet.com Vol 53 December, 2024
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They also believe that use of antibiotics: prevents po-
tential bacterial infections and legal accusations; helps
maintain good relationships with patients; and avoids
treatment delay due to diagnostic uncertainty.20 For pa-
tients, public campaigns about antibiotic use have been
limited, and there is poor knowledge of antibiotic
resistance and other side effects.21 For structures, there
is a generally lack of point-of-care testing. There are also
pervasive incentives. For instance, although clinicians
are paid partly by a fixed per-person subsidy for those
with THCs and a public-service-fee for those with village
clinics by the local government, their earnings are
dependent on their medical care revenues to a large
extent.20 In addition, practices at primary care level are
least monitored due to the large number of facilities
compared with limited regulatory capacity.

In response to these challenges, we conducted an
interdisciplinary mixed methods study to characterise
antibiotic prescribing and dispensing patterns and
drivers in rural health facilities in China.22 Based on this
and on previous work on antimicrobial stewardship in
Europe and China,23,24 we developed a complex inter-
vention package to reduce RTI-related antibiotic pre-
scription using the Person-Based Approach.22 The
package consisted of five ingredients (i.e., a half-day
clinician training, a WeChat-based peer support mech-
anism, a computerized decision aid, a public commit-
ment letter, and a patient leaflet). Complex antimicrobial
stewardship interventions have been shown to be
effective in similar contexts.25,26 The package was origi-
nally designed to be tested in village clinics via a cluster
randomized controlled trial during 2019 and 2021 in
Anhui, China. Due to the outbreak of the COVID-19
pandemic, village clinics were temporarily prohibited
from providing treatment to RTI patients in the prov-
ince.22 We finally implemented a trial in THCs aimed at
primarily on assessing the effectiveness of the package
in reducing antibiotic prescribing. We also aimed to
evaluate the package using a number of secondary
measures including the impact of reduced antibiotic use
on patient illness duration and recovery, and cost-
effectiveness of the intervention.
Methods
Study design and approval
The study was a parallel-group multi-centre cluster
randomized controlled trial. The cluster design was
selected because the health centre staff training was part
of the intervention. The trial protocol was registered at
ISRCTN (No. ISRCTN30652037) and further details are
available in the published version at https://doi.org/10.
1136/bmjopen-2020-048267. The trial implementation
took place in 40 THCs in Anhui, China during
December 2021 and September 2022. A baseline audit
was conducted in all participating THCs to characterize
the prescribing rates and service levels in each cluster
www.thelancet.com Vol 53 December, 2024
and to inform the randomization. The research ethics
was reviewed and approved by the Anhui Medical Uni-
versity Biomedical Research Committee (No. 20180259).
In addition, the study underwent due diligence checks
and was registered at the University of Bristol (Case No:
2020-3137).

Selection of THCs and clinicians
As specified in our protocol paper, participants were
originally planned to be chosen randomly from the
south, middle and north of Anhui.22 But, after random
selection of two prefectures from each of the three
subareas, we were then advised, by Anhui Provincial
Health Commission, not to send field data collectors
forth and back across the whole province after the
outbreak of COVID-19 pandemic. So, the trial had to be
focused on the north of Anhui, including two pre-
fectures and all the 10 counties. Putting together, these
counties have a population of 13.186 million people and
a land scape of 18,492 square kilometers. Per-capita
GDP in 2023 for the two prefectures was 44700 RMB
(6272USD) and 40970 RMB (5749USD) respectively.

The participant THCs and clinicians were chosen as
follows: 1) all the 10 counties in the two prefectures
were included; 2) 4 nonadjacent THCs were randomly
selected from each county (for details, please see 3.1 of
Supplement File S1); 3) informed consent was obtained
from the managers of the selected THCs and each THC
unable to participate was substituted by a randomly
selected THC from the remaining THCs within the
same county; 4) each THC enlisted one internal medi-
cine outpatient clinician who had the largest number of
RTI patients and was most influential among all the
practitioners on care of RTI within the THC and willing
to join the trial (i.e., to receive the evaluation and
implement the intervention package in the intervention
arm or practice usual care in the control arm). A THC in
Anhui generally has 1 to 3 clinicians on care for RTI
patients. Only the enlisted one clinician from each THC
in both intervention and usuals care arms was
evaluated.

Randomisation and blinding
Randomization of the site THCs proceeded in two steps.
First, a baseline audit survey was conducted in the 40
site THCs, aimed at recruiting approximately 10 RIT
patients from each of the participant clinicians enlisted
above. Then an independent statistician with the Uni-
versity of Bristol performed the randomization using an
online tool. The online service (Sealed Envelopes)
created a stratified, blocked randomization list with
THCs allocated at a 1:1 ratio, to the intervention or usual
care group. The random block sizes were 4 and 6,
stratified by baseline antibiotic prescribing rate (above
and below median). Clinicians and patients in both the
arms were concealed from the primary purpose of the
study. Instead, they were told that: the study comprises
3
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repeated observations and surveys; the observations
were used to identify eligible RTI patients; while the
surveys, to follow these patients for multiple time-points
so as to assess the processes and effects of different self
and professional care, including antibiotic use, on their
disease recovery. In addition, the statisticians con-
ducting the analysis were kept blinded from allocation
until the quantitative analysis was complete.

Participant patients
All presenting patients to the participating clinicians in
the 40 THCs during the trial evaluation weeks who met
pre-set eligibility criteria were invited by research staff to
take part in the trial (patients of all the non-participating
clinicians were not considered). The inclusion criteria
were any presenting patient who was: 18 years or older;
clinically diagnosed with RTIs at this appointment; and
able and willing to complete the planned face-to-face
and telephone interviews. Written informed consent
was sought from all participant clinicians and patients
who were able to read and write. For illiterate patients,
oral consent was audio-recorded after explanation by the
field researchers of the consent letter. Written consent
was also sought from designated managers of the
40 THCs.

The patient recruitment was carried out by 10 data
collectors. Each of them performed “consecutive”
recruitment and data collection in some 4 THCs, in a
THC-by-THC way. The consecutive recruitment in a
specific THC started from the day when the data col-
lector came to the THC and each presenting patient to
the participant clinician’s consultation room from that
day was observed for eligibility and then recruited if
eligible until the pre-set goal of 30 patients had reached.
Then he/she moved to another THC.

Intervention ingredients
In addition to usual care, the intervention group
received an intervention package incorporating: a half-
day clinician training, a WeChat-based peer support
group, a decision aid (including both online & paper
versions), a poster commitment letter and a patient
leaflet.

The clinician training presented evidence of overuse
of antibiotics in rural China and highlighted the dangers
of AMR, to motivate clinicians to reduce their antibiotic
prescribing. The training also reviewed the national
antibiotic prescribing guidelines for RTIs, especially
these do not recommend antibiotics for most of the
RTIs for which clinicians currently prescribe. Other
topics included: common misperceptions about anti-
biotic use; purpose and content of the commitment
letter; use of the decision aid; and use of patient leaflet,
communication strategies and tips (e.g., using the pa-
tient’s words and narrative stories, asking for responses
or rephrases from the patient, avoiding critics).
The WeChat group was established to provide a
venue for sharing and discussing experiences, problems
and peer support for avoiding unnecessary antibiotic
use among peer clinicians in the intervention group.
Clinicians from all THCs assigned to the intervention
arm were included in the WeChat support groups. They
were asked to organise the first WeChat meeting within
1 month of completing the intervention training, and
the second one a month later. They were provided with a
guide for these two meetings (see guide in Supplement
File S1) in which they were asked to discuss 2 to 5 RTI
cases, focusing on the reasons for prescribing or not
prescribing antibiotics and the challenges. After the first
two structured meetings, they were asked to continue
the WeChat Peer Support Groups with less structured
asynchronous discussions.

The decision aid was developed to provide a quick
guide to the national antibiotic prescribing guidelines
and to facilitate the consultation procedures including
production of tailored patient information leaflets where
possible. Adapted from our previous project, the deci-
sion aid contains the following sections: patient eligi-
bility criteria; patient symptoms (allowing clinicians to
record what symptoms patients are suffering from);
diagnosis, patient reassurance and prognosis (allowing
clinicians to record their diagnosis, and provide appro-
priate patient reassurance and prognosis for each type of
RTI patient); treatment recommendations for each type
of RTI patient from Chinese National Guidelines for
Treating Acute Respiratory Tract Infections; table of
symptomatic treatment options for RTI patients and
safety netting advice (when to come back to see the
doctor).

The public commitment letter stated the clinicians’
commitment to reducing the overuse of antibiotics and
was displayed in areas where it would be easily seen
both by patients and clinicians. It was designed to
encourage the clinicians to uphold their public decla-
ration of practicing optimal antibiotic prescribing and
raise the patients’ awareness of the harms of excessive
antibiotics use.

The patient leaflet, designed to be taken away by the
patients, gave brief accessible information covering the
reasons for not prescribing antibiotics and safety-netting
advice. The leaflet supports the clinician not to prescribe
by giving them something to give to patients that ex-
plains the reasons for the decision, which also supports
patient acceptance. The leaflet consisted of a pictural
story plus eight-item question and answer about RTIs
and antibiotics use addressing common mis-
perceptions; clinicians also had the additional option of
tailoring the leaflet to the specific symptoms of indi-
vidual patients.22

In addition, all the clinicians on care of RTI in any
intervention THC were provided with and taught/
encouraged, by the trained clinician, to use the patient
www.thelancet.com Vol 53 December, 2024
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leaflets. The commitment letters were requested to be
posted in places visible to all the visiting patients.

Usual care was not constrained in any clinic -
comprising existing routine procedures and manage-
ment of patients with RTIs. This typically included
taking a history, physical examination, laboratory tests,
documenting clinical diagnosis, and prescribing
treatment.

Outcome measures
The primary outcome assessed in this paper was anti-
biotics prescribed at the initial consultation as recorded
by the clinician and provided by the THC for all enrolled
patients. Secondary measures documented in the cur-
rent paper included DDD of prescribed antibiotics and
prescription of two or more types of antibiotics at the
index consultation (collected from the THC systems)
and self-report by participant questionnaires for:
whether medicines or antibiotics were bought from
retail pharmacies after the initial consultation; visits to
other clinics for the same disease after the initial
consultation; any other medicines/antibiotics obtained
for this illness; patient ratings of illness recovery; quality
adjusted life years (QALYs) measured by EQ-5D-5L; and
resource usage and costs incurred.

In addition to the above measures, our trial protocol
also included patient satisfaction and attitude, beliefs
and understanding of the patient leaflet as the secondary
endpoints. Besides, we performed post hoc process
evaluation. These will be published separately
elsewhere.

Sample size
We aimed to detect an absolute difference of 15% in
antibiotic prescribing between the intervention (60%)
and usual care group (75%) with 90% power and alpha
0.05, requiring 203 patient consultations for RTI in each
arm. We assumed an intraclass correlation coefficient
(ICC) of 0.05 based on prior research, hence a design
effect of 2.45,5,17 requiring 995 patients. Allowing for a
loss to follow-up rate of 10%, we aimed to recruit 1106
participants from 40 clusters, with an average cluster
size of about 30 patients per THC.

Data collection
In addition to data extracted from the THC systems, we
collected patient-reported data from one face-to-face exit
interview and three follow-up telephone interviews
scheduled on day 7, 14 and 21 after the initial consul-
tation. Led and supervised by two senior researchers, 10
trained graduate and college students administered the
interviews. They all came from Anhui Medical Univer-
sity. The follow-up interviews applied only to patients
who had provided their telephone number(s) during the
exit interview (patients who had provided telephone
numbers of their spouse, sons/daughters or other rela-
tives were excluded). Those who reported “full recovery”
www.thelancet.com Vol 53 December, 2024
during the previous interview were excluded from sub-
sequent interviews. The interviews used structured
questionnaires comprising five main areas including:
patient social demographics (e.g., sex and age as indi-
cated by the patient’s ID card, education, and medical
insurance); disease history before initial consultation
(e.g., symptoms, days since symptom onset, self-
medication); prescription of antibiotics and other med-
icines at the initial consultation; ratings of disease
severity, and recovery; EQ-5D-5L; and service and
medicine use following initial consultation. Data about
the first three aspects were solicited in the exit interview.
EQ-5D-5L and severity were collected at the exit and day
7 interview. Questions about illness recovery were asked
at the day 7, 14 and 21 interviews, while service and
medicine use following the initial consultation was
documented at the day 21 interview or in earlier in-
terviews when the patient had reported “full recovery”.

Data about costs were collected using micro-costing27

and considered mainly direct medical costs including
RMB spent on registration, medicine, consultation time,
clinician training, printing of patient leaflet and
commitment letter. Taking the example of costing of
clinician training, it proceeded in two steps. We first
estimated the total cost spent on the half-day training,
including rent of space, fees for the rounded trip to and
from the hotel, production of training materials etc. We
then divided the total training cost by estimated total
number of RTI patients served by the trainee clinicians
in a whole year. This was based on the assumption that
the training effect can last for at least one year or can be
maintained via an annual reinforcement training
similar to that we had implemented. Similarly, the cost
of consultation time for specific visit was estimated by
multiplying the total minutes of the consultation by
unit-cost (or per minute cost) of the attending clinician.
Here, the total minutes was recorded by our observer;
while the unit-cost was calculated as AEM/AMM. AEM
stands for the clinician’s annual earnings from medical
care; while AMM defines the clinician’s annul time (in
minutes) spent on medical care.

Statistical analysis
The data analysis centered on the primary and second-
ary outcomes specified above, using an intention to treat
basis regardless of adherence to allocated groups.

The primary analysis used a generalized linear mixed
model (GLMM) framework with a logit link and a
random effect for clinics, allowing for the clustering of
participants within clinics. Results were reported as
odds ratios with 95% confidence intervals. The analysis
of secondary outcomes also used GLMM with a logit
link for binary outcomes (e.g., prescription of 2 or more
types of antibiotics, buying medicines from retail phar-
macies after initial consultation, visits to other clinics
for the same disease after initial consultation); or a
Gaussian link for ordinary or continuous outcomes
5
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(e.g., illness recovery rating on day 7, 14 and 21 after
initial consultation, EQ-5D-5L rating on day 7 after
initial consultation). All models controlled for clustering
and patients’ age, sex, illness duration, and disease
severity rating and all primary and secondary outcome
measures on day 0 or baseline (specified in the Statis-
tical Analysis Plan (SAP)). All covariates (e.g., patients’
age, sex, disease severity rating on day 0 and illness
duration prior to the consultation) were treated as fixed
effects and the cluster level variables (THC) was treated
as a random effect, allowing the model to correctly ac-
count for the clustering of participants within THCs.

We compared the cost and effectiveness of the ser-
vice in the intervention and usual care arms from
mainly patients’ or payer’s point of view. Bootstrapping
was used in generating the average total cost for the two
arms. The effectiveness was measured in terms of dis-
ease recovery and severity ratings and gains in QALYs
derived from EQ-5D-5L ratings using published for-
mula,28 and incremental cost-effectiveness ratio (ICER)
defined as: (total cost in the intervention arm - total cost
in the control arm)/(summed QALYs in the intervention
arm - summed QALYs in the control arm).

Two-sided t tests were used to estimate the statistical
power of the differences in the costs and effectiveness
between the intervention and usual care groups. See
Supplement S2 for the SAP.

Adverse event monitoring and report
The study engaged two researchers and two THC cli-
nicians on care of RTI patients to track, manage and
document adverse events.

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report.
Results
Recruitment and ascertainment
The trial was implemented in 4 stages (Fig. 1). First, a
total of 40 THCs were determined from two rounds of
random selection and recruitment. Second, a baseline
audit survey was carried out which covered all the
40 THCs and recruited 769 RTI patients. Third, the
40 THCs were randomly assigned to control (n = 19)
and intervention (n = 21) groups by an independent
statistician based on the audit survey. Fourth, a set of
evaluation surveys were conducted, after 10-months of
implementation of the 5-ingredient package in the
intervention arm and usual care only in the control
condition, which recruited 1053 subjects in total, with
552 and 501 from the intervention and usual care
groups respectively. Recruitment was 48 and 99 patients
short of planned recruitment in the intervention and
control arms respectively. This was because patient
recruitment in some THCs turned out to be exception-
ally slow due to occasional occurrence of COVID-19
cases. The final response rates to the exit survey and
interviews on day 7, 14, and 21 were 99.10%, 94.84%,
69.29%, and 65.84% for the intervention group and
96.2%, 89.60%, 63.58%, and 59.54% for the usual care
group. No major adverse event was reported.

Characteristics of THCs and clinicians
As shown in Supplement File S2, the 40 township
health centers had a median of 6768 annual RTI
outpatient visits, 67.5 beds, and 15.5 clinicians. All the
centers had hematology and radiology laboratories, and
29 (72.5%) had computed tomography capabilities. The
participating clinicians comprised 35 (87.5%) males and
5 (12.5%) females, and only 52.5% (21/40) of them had
an undergraduate college education in medicine. They
aged 44.0 ± 8.0 years on average and had 22.1 ± 7.7 years
of experience as practicing clinicians. The 40 THCs had
an overall prescribing rate of 67.2% (517/769) for pa-
tients presenting with RTIs at the baseline audit survey.

Description of patients
The characteristics of patients recruited are presented in
Table 1, with balanced sexes, the majority (70.94% or
747/1053) aged over 40 years, and illiterate patients ac-
counting for 28.96% (305/1053). Over 90% (948/1053)
of the patients had rural residency and medical insur-
ance. The time interval between onset of RTIs and the
first primary care visits ranged from 0 to 15 days, with a
median being of 3 days. The most frequently reported
symptom was cough (72.74% or 766/1053 of the pa-
tients). The rate of prescription of antibiotics was esti-
mated as 55.25% (or 305/552) vs 66.67% (or 334/501) in
the intervention and usual care conditions. While the
defined daily dose (DDD) between the two groups were
calculated as 5.317 ± 3.127 vs 6.016 ± 3.064,
1.049 ± 0.536 vs 1.264 ± 0.741 and 2.831 ± 2.900 vs
4.112 ± 3.651 for oral, subcutaneous/intravenous and all
antibiotics respectively. The largest composition of pre-
scribed antibiotics by WHO AWaRe was watch (62.00%
in intervention and 52.00% in usual care group), fol-
lowed by access (37.28% vs 46.43%). QALYs as derived
from the EQ-5D-5L ratings (please see Supplement File
S2) were 0.90 in the two arms.

Modeling of outcome measures
Table 2 summarizes the statistics from our GLMM of
the primary and secondary measures. Antibiotic pre-
scribing rates were estimated as 55.25% (305/552) and
66.67% (334/501) in the intervention and usual care
groups respectively. The likelihood of being prescribed
antibiotics was reduced in the intervention arm by 48%
(odds ratio 0.52, 95% confidence interval [CI]: 0.27,
0.98; p = 0.044). The intervention group also scored
lower than the usual care group for the other measures
of antibiotic prescribing, with a lower rate of
www.thelancet.com Vol 53 December, 2024
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Fig. 1: Trial flowchart (Note: the second-round selection was used to identify substitutes for the 3 THCs being temporarily banned from seeing
RTI patients due to COVID-19; the unequal number (21 vs 19) of THCs originated from the independent randomization and the research team
did not know the allocation until a very late stage; whether a patient had “completed” a follow-up survey was defined by whether he/she had
responded over 90% of the survey questions).
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prescribing for two or more types of antibiotics (9.78%
or 54/552 vs 11.58% or 58/501); lower rate of pur-
chasing antibiotics from retail pharmacies after initial
consultation (3.68% or 15/407 vs 5.78% or 20/346);
and lower rate of obtaining antibiotics from other
clinics after the initial consultation respectively (2.70%
or 11/407 vs 4.05% or 14/346). However, none of these
www.thelancet.com Vol 53 December, 2024
differences were statistically significant. Illness recov-
ery favoured the intervention group at day 14, but the
mean difference was small (−0.10, 95% CI −0.20, 0.00;
p = 0.044), which may not be clinically meaningful. Sex
exerted no statistically significant influence on the
intervention (odds ratio 1.012, 95% CI 0.27, 0.986,
1.002; p = 0.935).
7
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Characteristics Control
(N = 501)

Intervention
(N = 552)

Female, n (%) 281 (56.09) 271 (49.09)

Age, mean ± SD 51.88 ± 17.46 52.86 ± 19.16

Education years, mean ± SD 5.33 ± 4.57 5.62 ± 4.64

Rural residency, n (%) 460 (91.82) 510 (92.39)

Medical insurance

NCMS, n (%) 479 (95.61) 529 (95.83)

Others, n (%) 22 (4.39) 23 (4172)

Days after onset of illness, mean ± SD 4.74 ± 3.64 4.53 ± 3.60

Disease severity rating, mean ± SD 1.33 ± 1.56 1.53 ± 1.56

Number of reported symptoms 2.97 ± 1.45 3.03 ± 1.49

Nasal symptoms, n (%) 159 (31.74) 220 (39.86)

Coughing symptoms, n (%) 367 (73.25) 399 (72.28)

Throat symptoms, n (%) 332 (66.27) 347 (62.86)

Breathing symptoms, n (%) 204 (40.72) 206 (37.32)

Pain, n (%) 116 (23.15) 151 (27.36)

Others, n (%) 255 (50.90) 301 (54.53)

Rate of antibiotics prescribing

One type of antibiotics, n (%) 276 (55.09) 251 (45.47)

Two or more antibiotics, n (%) 58 (11.58) 54 (9.78)

Any antibiotics, n (%) 334 (66.67) 305 (55.25)

Amount of prescribed antibiotics in
defined daily dose

DDD of oral antibiotics, mean ± SD 6.016 (3.064) 5.317 (3.127)

DDD of subcutaneous/intravenous antibiotics,
mean ± SD

1.264 (0.741) 1.049 (0.536)

DDD of all antibiotics, mean ± SD 4.112 (3.651) 2.831 (2.900)

Composition of prescribed antibiotics
by WHO AWaRe

Access, n (%) 169 (46.43) 129 (37.28)

Watch, n (%) 192 (53.00) 216 (62.00)

Reserve, n (%) 3 (0.82) 1 (0.29)

Utility of EQ-5D-5L states, mean ± SD 0.90 ± 0.01 0.90 ± 0.01

Note: SD stands for standard deviation and DDD for defined daily dose; utility or quality adjusted life years were
derived using patient-reported EQ-5D-5L states and the formula by Delvin N and colleagues.28

Table 1: Characteristics of participating patients recruited via exit interview.
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Cost and effectiveness
Table 3 compares the costs and effectiveness per RTI
episode by day 7 after the initial consultation between
the intervention and usual care conditions. The
average direct cost for the usual care of a RTI episode
was estimated as 42.755 RMB (9.637 USD).
Compared with the usual care condition, the inter-
vention group had a reduced cost of 9.265 RMB (1.471
USD) per episode. More specifically, the intervention
incurred 1.078 RMB or 0.171 USD for intervention
procedures (e.g., clinicians training, printing of pa-
tient leaflet) and 0.144 RMB or 0.023 USD on longer
consultation and peer support time, yet saved 10.360
RMB or 1.644 USD on medications. The differences
in relief in severity and recovery ratings and QALY
gains were non-significant (p = 0.142, 0.52 and 0.801
respectively).
Incremental cost-effectiveness ratios
Fig. 2 displays scatterplots using incremental cost as the
y-axis and incremental QALYs, relief in severity ratings,
recovery ratings and antibiotics prescription rates as the
x-axis respectively. As shown by the red or brown points,
only 10 out of 1000 rounds of bootstrapping of 50% of
the samples resulted in positive incremental costs (cost
in the intervention minus cost in the usual care arm).
Similarly, positive incremental QALYs, relief in severity
ratings and recovery ratings via the bootstrapping
accounted for 70.00%, 92.00% and 96.70% respectively.
While the likelihood of encountering negative incre-
mental antibiotic prescription was as high as 98.90%.
The per QALY incremental cost-effectiveness ratio
(ICER) was estimated as −7769.98 RMB (or 1233.32
USD). Only 2 out of the 1000 bootstrap computation
resulted in ICERs over 89358 RMB (or 14183.81 USD)
per QALY. Here, 89358 RMB stands for China’s per-
capita gross domestic productivity in 2023.
Discussion
Principal findings
In this cluster randomized controlled trial that evaluated
the efficacy of a five-component intervention, the anti-
biotic prescribing rate and amount for RTI patients was
significantly lower in the intervention group compared
with usual care without any significant deterioration in
symptom duration or patient satisfaction. The inter-
vention group also had gains in short-term QALYs and
slightly quicker recovery. RTI patients in the interven-
tion arm also benefitted from reduced direct medical
costs and less consumption of prescribed antibiotics.

Comparison with other studies
A variety of trials have been implemented in reducing
antibiotics use in outpatients worldwide. Approaches
tested in these trials include medical audit, social norm
feedback presentation, guideline-based recommenda-
tions, electronic decision support systems, patient in-
formation leaflets, delayed prescribing, clinician
communication training. Most published trials have
been done in HICs (high income countries), with at-
tempts to reduce antibiotic overuse in low- and middle-
income countries (LMICs) being scarce.23,25,26 Published
trials on antibiotics stewardship in China are also
limited. Among these, Shen and colleagues imple-
mented a cluster randomized trial involving 24 village
clinics in Anhui using online just in time feedback17;
Wei and colleagues conducted a 6-month-trial targeting
children aged 2–14 years in two counties of Guangxi,
using clinician guidelines and training, monthly
prescribing feedback, peer-review meetings, and brief
child caregiver education23; Chang and collaborators
carried out two related trials in Guizhou, using real-time
pop-up warning message for inappropriate antibiotic
www.thelancet.com Vol 53 December, 2024
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Outcomes Control Intervention Adjusted
OR/Adjusted
mean differencea

(95% CI)

p value

Prescription of any antibiotics at
initial consultation, n (%)

334 (66.67) 305 (55.25) 0.52 (0.27, 0.98) 0.044

Prescription of two or more types of
antibiotics, n (%)

58 (11.58) 54 (9.78) 0.71 (0.30,1.71) 0.445

Buying medicines from retail
pharmacies after initial consultation,
n (%)

44 (12.72) 33 (8.11) 0.62 (0.36,1.10) 0.100

Buying antibiotics from retail
pharmacies after initial consultation,
n (%)

20 (5.78) 15 (3.68) 0.61 (0.30,1.24) 0.173

Visits to other clinics for the same
disease after initial consultation,
n (%)

30 (8.67) 32 (7.86) 0.90 (0.50,1.60) 0.712

Medicine(s) obtained from other
clinics after initial consultation, n (%)

30 (8.67) 27 (6.63) 0.79 (0.39,1.60) 0.513

Antibiotics obtained from other
clinics after initial consultation, n (%)

14 (4.05) 11 (2.70) 0.67 (0.21,2.13) 0.501

Summed ratings of service process at
exit survey (the higher the better),
Mean (SD)

2.07 (1.16) 2.34 (1.67) 0.04 (−0.22, 0.29) 0.769

Illness recovery rating on day 7
following initial consultation (the
lower the better), mean (SD)

1.59 (0.79) 1.49 (0.74) −0.12 (−0.24, 0.00) 0.051

Illness recovery rating on day 14
following initial consultation (the
lower the better), mean (SD)

1.34 (0.59) 1.23 (0.45) −0.10 (−0.20, 0.00) 0.044

Illness recovery rating on day 21
following initial consultation (the
lower the better), mean (SD)

1.04 (0.29) 1.01 (0.12) −0.03 (−0.07, 0.00) 0.079

Utility of EQ-5D-5L states on day 7
following initial consultation,
mean (SD)

0.97 (0.00) 0.97 (0.00) −0.00 (−0.01, 0.01) 0.955

aModel controlled for the baseline value of the outcome (including utility of EQ-5D-5L states on day 0), age, sex,
illness severity on day 0 and illness duration prior to the consultation at the patient level. The random effect of
the GLMM is THC.

Table 2: Generalized linear mixed modeling of the primary and secondary measures.
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prescriptions, feedback of antibiotic prescription rate
and ranking, and distribution of educational manuals.29

Our trial builds upon published efforts in general
format but differs in specific tactics. Similar training,
guideline reminders and peer discussion elements have
formed part of most previous successful antimicrobial
stewardship interventions.25,26,30 By comparison, patient
leaflets given out by clinicians are a less common
element in previous complex antimicrobial stewardship
interventions in LMIC contexts.25 Perhaps, the most
important feature with our trial is guideline-oriented
tailoring. The goal of our intervention is to promote
compliance with national guidelines for treating RTIs
(rather than simply reducing antibiotics use). While our
multifaceted approaches are geared toward this end by
targeting real world obstacles or problems. Before the
current trial, we had carried out a series of qualitative
and quantitative studies on pathways of antibiotic use in
Anhui, China.8,17,20 Our clinician training, commitment
letter, patient leaflet etc., are all tailored to the existing
misperceptions and incompetencies identified via these
studies coupled with multi-rounds of thinking aloud
and refinement involving local clinicians and patients.
Our intervention also characterizes complex yet prag-
matic. Although our intervention involves 5 ingredients,
the training materials, commitment letter, patient leaflet
etc., are all easily applicable at very low costs.

The effect size of our trial falls in the middle of
published results which varied greatly. Most trials in
HICs were tested with marginal to moderate effects.31

While trials in LMICs documented apparently greater
reduction in antibiotic use.23,25 The trials in China
resulted in 13%–40% of absolute reduction in antibi-
otics prescription. The varied effect size has been
attributed to a variety of factors. In addition to HICs vs
LMICs, it may be dependent on baseline infection and
prescription rates, intervention strategies, and age
groups of patients. There are indications that multifac-
eted interventions, including two or more components
targeting both clinicians and patients, were more
effective than simple ones.32 Antibiotics use for children
and for patients in areas with relatively low baseline
antibiotic prescribing rates was less sensitive to the in-
terventions.33 The effect size of the current trial is rela-
tively smaller than the previous trials in China cited
above, which may be partly due to lower baseline anti-
biotics prescription rates in the current trial.34 The
outbreak of COVID-19 may have also played a role to
some extent. The current trial was implemented in a
time when a series of strict restrictions to contain the
pandemic were being gradually relaxed. There are in-
dications that restrictions for controlling COVID-19 also
reduced antibiotic prescribing.34

In addition to antibiotics prescribing rate, our trial
also documented promising findings regarding the
secondary measures. Of these, the DDD between the
two arms merits particular mentioning. Although
www.thelancet.com Vol 53 December, 2024
antibiotic prescribing rate in the usual care was only
11.07% higher than that in the intervention group (be-
ing 66.77% vs 55.25%), per patient DDD for the former
was 1.74 times that of the latter (being 2.75 vs 1.57).
DDD was seldom calculated in published trials. Our
finding suggests that: a) antibiotic prescribing rate may
underestimate the effect size of interventions; b) DDD
may be more amenable for change; and c) targeting
DDD or both DDD and prescribing rate may prove to be
more effective. Another point worth noting concerns the
cost-effectiveness of our trial, including the reduced
service and antibiotic seeking from other sources,
improved recovery and severity rating, and better
QALYs. These findings should help resolve the often-
raised concerns that: if patients are not prescribed
with antibiotics, they may resort to alternative sources; if
clinicians are asked to reduce antibiotic prescription,
they may use other medicine in compensation; reduced
antibiotic use may delay patients’ recovery and/or affect
9
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Cost/Effect Intervention (a) Usual
care (b)

Diff
a and b

p

Cost per episode of RTI (yuan, RMB)

Outpatient registration 8.000 8.000 0.000 1.000

Medicine and other products,
median (IQR)

32.990 (55.110) 43.355 (62.870) −10.360 0.011

Consultation time, mean (SD) 6.617 (2.971) 6.494 (3.062) 0.127 0.640

Printing of patient leaflet 1.000 0.000 1.000 <0.001

Clinician training 0.076 0.000 0.076 <0.001

Printing of commitment letter 0.002 0.000 0.002 <0.001

Peer support 0.017 0.000 0.017 <0.001

Sub-total, median (IQR) 33.490 (54.990) 42.755 (63.900) −9.265 0.049

Effectiveness measures on day 7

Relief in severity rating, mean (SD) 1.091 (0.088) 0.898 (0.100) 0.192 0.142

Recovery rating, mean (SD) 2.520 (0.726) 2.407 (0.798) 0.113 0.052

Gains in QALYs, mean (SD) 0.061 (0.235) 0.057 (0.223) 0.004 0.801

Note: SD stands for standard deviation; a relief in severity rating was derived using a patient’s severity rating
on day 7 minus his/her severity rating on day 0 of the initial consultation. Similar approach applied to gains in
QALYs; the p values were estimated using t-test for measures with normal distributions as indicated with mean
(SD) or Mann-Whiteney U test for measures with non-normal distributions as indicated with mean (median).

Table 3: Costs on day 0 and effects by day 7 of initial consultation.

Fig. 2: Scatterplot of incremental cost and effectiveness (Note: a total
for calculating the mean cost and effectiveness measures; Each bootstrapp
was derived by the mean value of the measure of the sample from the
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their health.20 It is worth noting that sex was not linked
with the intervention effects.

Strengths and limitations
Strengths of the study include robust development of
the intervention, rigorous data collection, and inclusion
of important secondary measures. The intervention was
easily applicable and tailored to key existing problems
identified via the team’s previous studies in Anhui and
China including the research on drivers of antibiotics
use in the same settings.8 The study not only sent
researchers to all THCs sites to observe the clinician-
patient encounters, but also performed multiple time-
point telephone interviews of eligible patients. Although
there was lower coverage from the telephone interviews
on day 7, 14 and 21, observation was maintained for all
the clinical consultations over 2–4 weeks and response
rates for the post-consultation exit survey which
collected all data for computing the primary measure
were very high, being 99.1% and 96.2% for the inter-
vention and usual care arms respectively. In addition to
the primary measure, the study analyzed DDD, illness
of 1000 rounds of bootstrapping were performed to obtain samples
ing randomly selected of 50% of the samples; an incremental measure
intervention arm minus that from the usual care arm).

www.thelancet.com Vol 53 December, 2024
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recovery, visit to other clinics and purchases of antibi-
otics from retail medicine shops. These secondary
measures are of particular relevance to the China
context which lacks primary care registration and
referral systems and patients are free to choose sources
of care.

The study also has limitations. First, being a complex
intervention, the two-arm trial confirmed only the
overall efficacy of the package as a whole but was unable
to distinguish the effects of specific ingredients. Second,
the cost-effectiveness analysis was incomplete. The costs
taken into account were limited to direct medical costs.
Direct non-medical costs (e.g., transportation expenses
to and from the clinics) and indirect costs (e.g., loss of
earnings from disease-related absenteeism) were not
considered, though it is reasonable to assume that these
costs are compatible between the two arms as far as RTI
is concerned. Third, the trial used only partial blinding,
and clinicians and patients may have changed their
behavior due to awareness of their participation in the
study. Forth, the primary measure was based on elec-
tronic records, and readers may raise data quality con-
cerns. Yet, there are indications that the routinely
collected records about antibiotic use by THC clinicians
in Anhui are fairly reliable.35 In addition: the non-
participant observation may have had some effects on
clinicians’ practice, though this applied to both arms;
the study had not considered comorbidity though it was
seldom mentioned during our observed interactions
between the clinicians and RTI patients; the follow-up
surveys after the initial consultation were conducted
only on the patients who provided a telephone number
during the exit interview. Finally, the antibiotic pre-
scribing rate in the intervention arm was still relatively
high despite the complex intervention and further ef-
forts for improvement are needed.

Implications for clinical practice and future research
The trial indicates that the intervention package can
effectively address the high antibiotics prescribing rate
in community health facilities in China. The reduction
in antibiotic prescribing was not followed by delay in
illness recovery or elevated service and medication use
from other sources, but reduced direct medical costs for
both the patients and public insurer. These findings
merit incorporation of the package into the essential
healthcare covered by the existing public insurance
system, with training included in the continuing edu-
cation of practicing primary care givers. The findings
also call for further research efforts to monitor the
effectiveness of policies implementing the intervention
in routine care for RTI patients.

Conclusions
The complex intervention is effective and cost-effective in
reducing antibiotic prescribing and merits being incor-
porated into routine care for RTI patients in THCs of
www.thelancet.com Vol 53 December, 2024
China. There is also a need for further studies incorpo-
rating the intervention package with China’s existing
public medical insurance schemes and use, in particular,
the savings from the package as incentives to leverage
compliance and sustainability of the intervention.
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