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Abstract 

Background  Inappropriate antibiotic consumption promotes antibiotic resistance. However, findings on the associa-
tion between antibiotic-related knowledge and behaviors are inconsistent and contradictory, resulting in unjusti-
fied guidance of interventions. The mechanisms between the different kinds of antibiotic-related skills contained in 
knowledge modules in some previous studies are indistinct and rarely studied.

Methods  A cross-sectional survey was conducted between June 2017 and April 2018 in three Chinese provinces, 
investigating 9526 parents with children aged 0–13 years old. Data from 1944 parents who self-medicated their chil-
dren and 2478 respondents whose children sought care were analyzed.

Results  Skills for antibiotic identification were found to be a moderator for the association between skills for antibi-
otic use and two inappropriate behaviors. Compared with parents with low levels of both skills for antibiotic identifi-
cation and use, those mastering both skills at either medium (OR = 0.48, 95% CI [0.26–0.88]) or high (OR = 0.15, 95% CI 
[0.07–0.34]) level were less likely to self-medicate their children with antibiotics. Parents with a medium level of skills 
for antibiotic identification and high level of skills for antibiotic use (OR = 0.18, 95% CI [0.08–0.44]) and those with a 
high level of both skills (OR = 0.15, 95% CI [0.05–0.47]) were less likely to ask doctors for antibiotics when seeking care.

Conclusion  Parents’ high level of skills for antibiotic identification is revealed to promote inappropriate antibiotic use 
when parents master a low level of skills for antibiotic use. Conversely, based on excellent skills for antibiotic use, bet-
ter skill for antibiotic identification is associated with a greater reduction in inappropriate behaviors. We recommend 
future health education to strengthen skills for antibiotic identification along with guidance on antibiotic use.
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Introduction
Antimicrobial resistance (AMR) has been identi-
fied as one of the top ten global health threats by the 
World Health Organization (WHO) in 2019 [1], lead-
ing to high mortality and enormous financial loss [2]. 
A systematic analysis based on 204 countries and ter-
ritories revealed that an estimated 4.95 million deaths 
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were associated with bacterial AMR in 2019, of which 
approximately 1.27 million deaths were directly attrib-
uted to bacterial AMR [3]. Inappropriate antibiotics 
use among medical prescribers and patients promotes 
the development of AMR [4]. Self-medication with 
antibiotics and asking doctors for antibiotics when 
seeking care are major contributors to inappropriate 
antibiotic use among patients, especially in low- and 
middle-income countries (LMICs) [5–7]. The situation 
is particularly prominent among children and remains 
arduous to address [8].

A considerable body of research has studied the rela-
tionship between knowledge and behaviors of inap-
propriate antibiotic use [9], but with inconsistent 
conclusions. Studies from Jordan, Yemen, and Uzbeki-
stan, for instance, suggested that patients with poorer 
knowledge were more likely to self-medicate with anti-
biotics and ask doctors for antibiotics when seeking care 
than those with better knowledge [10, 11]. Conversely, 
a study conducted among Chinese college students 
revealed that better knowledge was significantly associ-
ated with higher rates of self-medication with antibiot-
ics [12]. The conflicting role of knowledge in predicting 
behaviors implied the possibility of inconsistent meas-
urement of antibiotic use knowledge. Antibiotic use 
knowledge is usually measured by basic facts about anti-
biotics, awareness of AMR, potential harms of inappro-
priate antibiotic use, and skills for antibiotic use [13, 14]. 
However, these items were merely converted into frac-
tions for simple addition, resulting in the complexity of 
the relationship between different knowledge modules 
and behaviors being invariably overlooked [15]. Particu-
larly, the skills for antibiotic use, that is, whether antibiot-
ics should be used in different scenarios, have been rarely 
studied. Many behavioral theories, including the Infor-
mation, Motivation and Behavioral (IMB) Skills Model, 
Behavioral Change Wheel (BCW), and Behavioral 
Change Technical Taxonomy (BCTTv1), point out that 
skill is a significant inducement for behavior change, that 

is, knowledge and other factors achieve behavior change 
by improving related skills [16–18].

Among the antibiotic-related skills, skills for antibiotic 
identification have sometimes been neglected. Antibiot-
ics have a variety of chemical names and trade names, 
which makes it difficult for the general public to iden-
tify them as antibiotics. In China, antibiotic drugs are 
called anti-inflammatory drugs with misconception or 
direct chemical names rather than antibiotics. A study 
on Chinese college students revealed that misinterpret-
ing antibiotics as anti-inflammatory drugs significantly 
increased self-medication with antibiotics [19]. Similarly, 
research conducted in rural Ghana found that a lack of 
knowledge on the identification of antibiotics increased 
the risk of inappropriate antibiotic use [20]. These studies 
suggested that skills for antibiotic identification may play 
an important role in predicting inappropriate antibiotic 
use behaviors, however, few studies have examined their 
associations.

Consequently, this study aims to investigate the moder-
ating effect of parental skills for antibiotic identification 
on the link between parental skills for antibiotic use and 
inappropriate antibiotic use for children in China (Fig. 1). 
Our hypothesis is that high level of parental skills for 
antibiotic identification will significantly exacerbate the 
influence of parental skills for antibiotic use on inappro-
priate antibiotic use behaviors.

Methods
Study design and participants
Data for this study came from a cross-sectional survey 
of parents with children aged 0–13 years in China con-
ducted between June 2017 and April 2018. Three prov-
inces representing different geographic regions and 
various levels of economic development were selected, 
including Zhejiang (East, ranked 5th out of 31 provinces 
in terms of gross domestic product per capita in 2017), 
Shaanxi (Central-Northwest, ranked 12th), and Guangxi 
(Southwest, ranked 26th). A representative sample was 

Fig. 1  Moderation model
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acquired from the above provinces by implementing 
multistage stratified random cluster sampling, and suc-
cessive stages of the sampling procedure included prov-
inces, cities of prefecture level, cities, and rural areas in 
sequence. The sample population included all parents of 
children aged 3–13 who attended selected kindergartens 
and primary schools and all parents who brought their 
children under the age of 3 to the selected community 
health service center for routine physical examination 
and vaccination on weekdays. More specific sampling 
and recruitment processes have been reported in previ-
ous studies [8, 21, 22].

Measurements
All recruited individuals completed a self-administered 
structured questionnaire, which was refined and final-
ized by applying the main findings from previous quali-
tative interviews and pilot testing based on the literature 
review. Three sections of the questionnaire were selected 
for this study: 1) Socio-demographic characteristics (i.e., 
parents’ gender, average monthly household income, edu-
cation level, residence, medical education background, 
and their children’s age and gender); 2) Skills for anti-
biotic identification and skills for antibiotic use (Table 
A1); 3) Parental self-medication with antibiotics for their 
children and asking doctors for antibiotics when seeking 
care. Notably, the assessment of skills for antibiotic iden-
tification and antibiotic use incorporated grading scores 
of six and five questions, respectively (See supplementary 
data). The skills for identification were assessed by ask-
ing whether Amoxicillin, Cephalosporins, Non-steroidal 
anti-inflammatory drugs (NSAIDs), Steroids, Quinolo-
nes, and Macrolides are antibiotics. The skills for anti-
biotic use were evaluated by asking whether antibiotics 
should be used in the context of different self-limited 
symptoms such as fever, cough, and runny nose. 1 point 
was awarded if the answer was correct, whereas 0 point 
if participants made the wrong choice between "Yes" and 
"No", or choose "Don’t know" directly.

The total scores of skills for antibiotic identifica-
tion were grouped into three levels (low = 0–2 points, 
medium = 3–4 points, high = 5–6 points), and similarly, 
skills for antibiotic use were collapsed into three grades 
(low = 0–1 point, medium = 2–3 points, high = 4–5 
points). Parental self-medication with antibiotics and 
asking doctors for antibiotics when seeking care were 
measured by whether the respondents (i) self-medicated 
their children with antibiotics when their children fell ill 
in the last month, (ii) asked doctors for antibiotics when 
seeking care for their children. In total, 1944 parents who 
had self-medicated their children and 2478 parents who 
had taken their children to the hospital in the past month 
were retrieved from the total of 9526 valid samples.

Statistical analysis
Descriptive analyzes were performed to summarize the 
weighted frequencies and percentages of individual char-
acteristics. Chi-square tests and t tests were performed 
to explore the correlation between socio-demographic 
characteristics and antibiotic-related skills and behaviors 
(Table A2) [23]. With the control of socio-demographic 
characteristics, binary logistic regression models were 
adopted to examine the effect of the two skills on the 
two inappropriate antibiotic use behaviors including self-
medication with antibiotics and asking doctors for anti-
biotics when seeking care separately [24]. Influences of 
skills for antibiotic identification on behaviors were con-
ducted in model 1, and model 2 revealed the influences 
of skills for antibiotic use on behaviors. The combined 
effect of two skills on behaviors was shown in model 3. 
In model 4, the interaction between skills regarding the 
two behaviors, which is equivalent to the moderating 
effect of skills for antibiotic identification on the associa-
tion between skills for antibiotic use and two behaviors, 
was added for analysis with binary logistic regression and 
Process Model 1 (Fig.  2) [25]. Gamma correlation coef-
ficient was used to test the association between the two 
skills (Tables A3 & A4). In testing the moderating effect, 
which is robust to our level-ranking of skills for antibiotic 
identification and use, the study analysis repeated the 
same operation as a sensitivity analysis based on treating 
the independent variables as continuous variables (Table 
A5). Full details can be accessed in the supplementary 
data. All statistical analyses were performed using SPSS 
version 27.0, based on a statistical significance level of 
p < 0.05.

Results
Basic information of the sample
As presented in Table 1, 1944 parents (559 from Zhejiang, 
689 from Guangxi, 696 from Shaanxi) had self-medicated 
their children, and 2478 respondents (716 from Zhejiang, 
863 from Guangxi, 899 from Shaanxi) had sought care in 
the previous month. Of all the children who were self-
medicated, nearly half were girls (48.6%), with an average 
age of 5.5  years (SD = 3.1). 53.8% of them had a parent 
with a junior college and above educational level and 
14.2% of them had a parent with a medical background. 
41.3% of respondents lived in rural areas; half of them 
had a monthly average household income under 5000 
RMB (US$769); and nearly 80% had a medium or high 
level of skill for antibiotic identification or use, separately. 
Among those who sought care, there were slightly more 
male children than females (1274, 51.4%, vs 1204, 48.6%), 
and their mean age was 5.2  years (SD = 3.3). Less than 
half of the parents (47.3%) had college and above levels 
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of education. Only 10.5% of the respondents had a medi-
cal background, 47.2% of respondents’ monthly average 
household income was over 5000 RMB (US$769), and 
55.8% were urban residents. About 70% of parents mas-
tered a medium or high level of skill for antibiotic identi-
fication or use.

Significant differences were found in terms of the prov-
ince, the highest level of education, and average house-
hold income between parents who self-medicated their 
children with antibiotics and those without antibiotics 
(p < 0.001). Parents with higher education attainment, 
higher income, and who settled in Zhejiang province 

Fig. 2  a Moderation of skills for antibiotic identification on the link between self-medication with antibiotics and skills for antibiotic use among 
parents who self-medicated their children(N = 1944). b Moderation of skills for antibiotic identification on the link between asking doctors for 
antibiotics when seeking care and skills for antibiotic use among parents whose children visited hospital(N = 2478)
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had a lower probability of engaging in self-medication. 
Similarly, noteworthy differences were revealed regarding 
age and the highest level of education between respond-
ents who asked doctors for antibiotics when seeking 
care and those who did not (p < 0.001). Highly educated 
parents and those whose children are younger were less 
inclined to asking doctors for antibiotics when seeking 
care. Besides, the rates of self-medication with antibiotics 
and asking doctors for antibiotics when seeking care were 
both significantly lower in the respondents with a higher 
level of skills for antibiotic use (p < 0.001).

Association between antibiotic‑related skills 
and inappropriate behaviors
In adjusted models (Tables  2 and 3), after controlling 
for socio-demographic characteristics, for self-medica-
tion with antibiotics, model 1 showed that respondents 
with a medium level of skills for antibiotic identifica-
tion (aOR = 1.36, 95% CI [1.05–1.77]) had prominently 
higher odds of self-medication with antibiotics for their 
children. Model 2 showed that parents with medium 
(aOR = 0.54, 95% CI [0.42–0.69]) and high (aOR = 0.23, 
95% CI [0.17–0.31]) levels of skill for antibiotics use were 
less likely to conduct self-medication with antibiotics for 
their children. For asking doctors for antibiotics when 
seeking care, model 1 exhibited that it was not associated 
with skills for antibiotic identification after adjusting for 
socio-demographic characteristics. In model 2, parents 
mastering medium and higher levels of skills for antibi-
otic use were less likely (aOR = 0.51, 95% CI [0.35–0.73]; 

aOR = 0.47, 95% CI [0.32–0.71]) to ask doctors for antibi-
otics when seeking care.

Among 1944 parents who self-medicated their chil-
dren in the previous month (Table  2), model 4 reveals 
that compared with parents with low level of both skills 
for antibiotic identification and use, parents with other 
different combinations of skill levels were all less likely 
to self-medicated their children, including those with 
medium level of both skills (OR = 0.48, 95% CI [0.26–
0.88]), high level of skills for antibiotic identification 
and medium level of skills for antibiotic use (OR = 0.36, 
95% CI [0.17–0.76]), medium level of skills for antibiotic 
identification and high level of skills for antibiotic use 
(OR = 0.29, 95% CI [0.15–0.56]) and high level of both 
skills (OR = 0.15, 95% CI [0.07–0.34]). That is, the effects 
of skills for antibiotic use on self-medication with anti-
biotics were moderated by skills for antibiotic identifica-
tion (P < 0.05). As is shown in Fig. 2(a), for parents with 
equally low levels of skills for antibiotic use, higher lev-
els of skills for antibiotic identification result in a greater 
likelihood of self-medication with antibiotics. In contrast, 
for parents with equally high levels of skills for antibi-
otic use, higher levels of skills for antibiotic identification 
were less likely to lead to self-medication with antibiotics. 
Such contrasts intuitively indicate the moderating effect 
of skills for antibiotic identification.

As is displayed in Table  3, the interaction of the two 
skills was negatively correlated with asking doctors for 
antibiotics when seeking care. Specifically, when com-
pared with those with a low level of both skills, parents 

Table 2  The interaction between skills for antibiotic identification and self-medication with antibiotics among parents who self-
medicated their children(N = 1944)

aOR adjusted odds ratio, Ref reference group
*  < 0.05; ** < 0.01; *** < 0.001

Model 1 Model 2 Model 3 Model 4
aOR(95% CI) aOR(95% CI) aOR(95% CI) aOR(95% CI)

Skills for antibiotic identification

  Low Ref Ref Ref

  Medium 1.36 (1.05,1.77)* 1.48 (1.13,1.94)** 2.68 (1.70,4.21)***

  High 1.22 (0.90,1.65) 1.42 (1.03,1.95)* 3.67 (2.00,6.74)***

Skills for antibiotic use

  Low Ref Ref Ref

  Medium 0.54 (0.42,0.69)*** 0.51 (0.40,0.66)*** 0.88 (0.54,1.45)

  High 0.23 (0.17,0.31)*** 0.22 (0.17,0.30)*** 0.64 (0.37,1.09)

Level of skills for identification × Level of skills for use

  Low Identification level × Low Using level Ref

  Medium Identification level × Medium Using level 0.48 (0.26,0.88)*

  High Identification level × Medium Using level 0.36 (0.17,0.76)**

  Medium Identification level × High Using level 0.29 (0.15,0.56)***

  High Identification level × High Using level 0.15 (0.07,0.34)***
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with a medium level of skill for antibiotic identification 
and a high level of skill for antibiotic use had a lower 
chance of asking doctors for antibiotics when seeking 
care (OR = 0.18, 95% CI [0.08–0.44]), and parents with a 
high level of both skills were also less inclined to asking 
doctors for antibiotics when seeking care (OR = 0.15, 95% 
CI [0.05–0.47]). As both skill levels rise, the likelihood of 
inappropriate behavior decreases, although not all cate-
gories of skill level were statistically significant. The trend 
in Fig.  2(b) further confirms this result. Similar to self-
medication with antibiotics, when the level of skills for 
antibiotic use is low, the higher level of skills for antibi-
otic identification is accompanied by a higher likelihood 
of asking doctors for antibiotics when seeking care. But 
as the skill for antibiotic use is at a high level, the prob-
ability of asking doctors for antibiotics when seeking care 
of those parents with a higher level of skills for antibiotic 
identification becomes the lowest.

The results of the sensitivity analysis, treating the inde-
pendent variables as continuous variables, were consist-
ent with the above-mentioned conclusion, suggesting 
that the moderation is robust to the classification of skills 
for antibiotic identification and use.

Discussion
To our knowledge, this is the first study to explore the 
moderating effect of skills for antibiotic identification on 
the association between skills for antibiotic use and inap-
propriate antibiotic use behaviors. Our results revealed 
that the correlation between skills for antibiotic use and 

inappropriate antibiotic use behaviors including self-
medication with antibiotics and asking doctors for anti-
biotics when seeking care was moderated by skills for 
antibiotic identification. When the skills for antibiotic 
use are poor, the higher the level of skills for antibiotic 
identification, the more inappropriate use behaviors 
occur instead. Only parents who excelled in both skills 
were least likely to engage in inappropriate behaviors.

There are global efforts to reduce the inappropri-
ate use of antibiotics through national or regional 
campaigns. However, studies have shown that the evi-
dence base for many community-based antimicrobial 
stewardship (AMS) interventions is limited and het-
erogeneous, and existing cases failed to provide strong 
evidence to support well-established interventions [9, 
26]. For example, a campaign conducted in England in 
2008 with a key message of ‘The best way to treat most 
colds, coughs or sore throats is plenty of fluids and rest. 
For advice talk to your pharmacist or doctor’ [27] was 
revealed that there was little evidence that it worked. 
Researchers found little recollection of the campaign 
materials and no improvement in antibiotic use or atti-
tudes through surveying the public who used to par-
ticipate in the campaign. And it was suggested by the 
researchers that the government should reconsider 
the main messages of the interventions and materials 
used and conduct a procedural assessment of future 
campaigns, considering the relatively shallow mate-
rial content of this campaign [28]. Indeed, the evidence 
suggests that education should be a core component 

Table 3  The interaction between skills for antibiotic identification and asking doctors for antibiotics when seeking care among 
parents whose children visited hospital(N = 2478)

aOR adjusted odds ratio, Ref reference group
*  < 0.05; ** < 0.01; *** < 0.001

Model 1 Model 2 Model 3 Model 4
aOR(95% CI) aOR(95% CI) aOR(95% CI) aOR(95% CI)

Skills for antibiotic identification

  Low Ref Ref Ref

  Medium 1.45 (1.00,2.12) 1.66 (1.13,2.45)* 3.21 (1.81,5.70)***

  High 1.05 (0.65,1.69) 1.28 (0.78,2.08) 2.74 (1.26,5.96)*

Skills for antibiotic use

  Low Ref Ref Ref

  Medium 0.51 (0.35,0.73)*** 0.48 (0.33,0.69)*** 0.86 (0.39,1.90)

  High 0.47 (0.32,0.71)*** 0.46 (0.31,0.69)*** 1.59 (0.80,3.18)

Level of skills for identification × Level of skills for use

  Low Identification level × Low Using level Ref

  Medium Identification level × Medium Using level 0.43 (0.17,1.09)

  High Identification level × Medium Using level 0.42 (0.14,1.31)

  Medium Identification level × High Using level 0.18 (0.08,0.44)***

  High Identification level × High Using level 0.15 (0.05,0.47)***
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of AMS, but the content of educational interventions 
needs to be carefully selected for what is truly effective 
[9].

In recent years, there has been a growing call to draw 
on theories, frameworks, and methods from the behav-
ioral and social sciences to assess how AMS and inter-
ventions impact in an effective way. Many behavioral 
theories view skills as important triggers for behavior 
change [16–18] and have been successfully introduced 
for intervention. For example, a pilot study in Ghana 
aimed at raising parents’ awareness of antibiotic resist-
ance produced an animation based on IMB Skills Model 
as an intervention method, which achieved certain 
positive effects [29]. According to the IMB skills model, 
being knowledgeable and motivated can help individuals 
develop more adequate skills, which in turn can lead to 
better health behaviors [30]. So it can be seen that educa-
tion on antibiotic use should focus on strengthening the 
development of skills.

Among antibiotic-related skills including antibiotic 
identification and use, skills for antibiotic identification 
are easy to be overlooked particularly. In China, the pub-
lic’s misconception is that antibiotics are equivalent to 
anti-inflammatory drugs, and which drugs belong to anti-
biotics largely depends on the experience of the masses 
rather than scientific guidance [19, 31]. Similarly, barriers 
to correctly identifying antibiotics have been revealed in 
many LMICs [32], especially in less educated areas. The 
habitual consciousness of the public is that knowing how 
to use antibiotics is enough to alleviate AMR. However, 
knowledge of antibiotics identification has been shown 
to help clear up some misconceptions [33]. Our previous 
findings on antibiotic misconceptions also confirm that 
misidentification is associated with an increase in inap-
propriate medication behaviors [19].

Our findings of the moderation effect in this study fur-
ther reveal the significance of skills for antibiotic iden-
tification. For the group with poor skills for antibiotic 
use, the stronger the skills for antibiotic identification, 
the more likely the inappropriate behaviors are to occur, 
likely because although patients clearly know which 
drugs are antibiotics and effective for their symptoms, 
they do not know how to use them properly, which leads 
to unreasonable behaviors such as self-medication with 
antibiotics. On the contrary, based on poor skills for anti-
biotic identification, improvements in skills for antibiotic 
use are often accompanied by increases in inappropriate 
behaviors. Although patients are able to use drugs cor-
rectly, they are unable to identify whether the drugs used 
are antibiotics or not, also leading to the abuse of antibi-
otics. Therefore, to solve the problem of self-medication 
with antibiotics and asking doctors for antibiotics when 
seeking care, skills for antibiotic identification can no 

longer be ignored and we propose promoting education 
on antibiotic identification nationwide in the future.

Our findings have several implications for future poli-
cies and interventions. From the supply-side perspective, 
the findings give some directional recommendations on 
the need to strengthen the simultaneous education of 
people’s multifaceted skills, especially the skills for anti-
biotic identification. For six consecutive years, the Chi-
nese government has held the "Antimicrobial Awareness 
Week" in conjunction with the World Health Organiza-
tion, which is a good opportunity to improve the antibi-
otic-related skills of the public [34]. Antibiotics should 
be clearly differentiated from other commonly marketed 
drugs, and clear antibiotic labels can make people better 
aware of their own antibiotic use [32]. A template worth 
learning came from India’s nationwide voluntary antibi-
otic resistance awareness campaign, which mandates the 
display of red vertical bands on antibiotic packaging as 
a warning [35]. Similarly, the Chinese government can 
indicate whether the drug is an antibiotic on drug pack-
aging, and antibiotic identification campaigns included 
in the daily activities of guidance for rational drug use 
in schools and communities through a variety of media 
forms were recommended. In addition, barriers in doc-
tor-patient communication often lead to a stronger will-
ingness for doctors to use antibiotics in patients [36]. 
Patients and their caregivers often challenge doctors’ 
authority by rejecting treatment recommendations and 
such pressure may increase physician prescribing behav-
ior [37, 38]. In order to reduce the situation of patients 
actively asking doctors for antibiotics when seeking care, 
medical staff need to be trained to strengthen communi-
cation skills to be more adept at responding to the vari-
ous demands and challenges of patients and it might be 
a fruitful choice to provide some suggestions on skills for 
antibiotic identification and use from doctors to patients. 
From the patients’ perspective, future interventions tar-
geting the development of skills would help reduce inap-
propriate antibiotic use in both community and clinical 
settings. The public should actively correct their miscon-
ceptions and strengthen their ability to accurately iden-
tify antibiotics.

Limitations
Some limitations should be noted. First, our study relied 
on parental self-reports, which could lead to recall bias. 
However, we tried to control this bias by asking parents 
about their behaviors and children’s symptoms within the 
recent month rather than longer. Second, the measure-
ment of skills for antibiotic identification only included 
six questions, which might not be comprehensive 
enough. Third, our study only enrolled subjects whose 
parents were primary caregivers, excluding grandparents 
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and other relatives. A children-based study reported 
that grandparents might be more likely than parents to 
self-medicate their children with antibiotics empiri-
cally in central and eastern China [39], thus the inap-
propriate antibiotic use behavior in our study might be 
underestimated.

Conclusions
Within parental context, skills for antibiotic identification 
and use are of equal importance to the appropriate use 
of antibiotics, and are associated with behaviors such as 
self-medication with antibiotics and asking doctors for 
antibiotics when seeking care. Skills for antibiotic iden-
tification can moderate the association between skills for 
antibiotic use and behaviors, resulting in a directional 
change in the correlation. Skill-based tailored educa-
tional interventions need to be developed to reduce 
parental self-medication and demanding behaviors.

Abbreviations
AMR	� Antimicrobial resistance
LMICs	� Low- and middle- income countries
SD	� Standard deviation
OR	� Odds ratio
aOR	� Adjusted odds ratio

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12889-​023-​15099-8.

Additional file 1: Appendix. Table A1. Specific questionnaire items. 
Table A2. (a)Association between socio-demographic characteristics 
and parents’ skills for antibiotic identification and antibiotic use among 
parents who self-medicated their children(N=1944). (b)Association 
between sociodemographic characteristics and parents’ skills for antibiotic 
identification and antibiotic use among parents whose children visited 
hospital(N=2478). Table A3. Correlation analysis between skills for 
antibiotic identification and skills for antibiotic use among parents who 
self-medicated their children(N=1944). Table A4. Correlation analysis 
between skills for antibiotic identification and skills for antibiotic use 
among parents whose children visited hospital(N=2478). Table A5. 
Sensitivity analysis. (a) Parents who self-medicated their children(N=1944) 
(b) Parents whose children visited hospital(N=2478).

Acknowledgements
We gratefully thank National Natural Science Foundation of China and China 
Postdoctoral Science Foundation for funding the study.

Authors’ contributions
X.W. and X.Z. led the conception and design of the study, B.Y. analyzed the 
data and drafted the manuscript. X.Z., X.W., Z.H., S.D., H.A. and X.X. critically 
reviewed and revised the article. All authors read and approved the final 
manuscript.

Funding
This work was supported by National Natural Science Foundation of China 
[grant number. 72004194] and China Postdoctoral Science Foundation [grant 
number. 2019M662101].

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was reviewed and approved by the Institutional Review Board 
of the School of Public Health, Zhejiang University (reference number: 
ZGL201706–2). Written informed consent was obtained from each participant. 
All methods were carried out in accordance with relevant guidelines, regula-
tions and laws.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 25 November 2022   Accepted: 19 January 2023

References
	1.	 Organization, W. H. Ten threats to global health in 2019. 2019. 

https://​www.​who.​int/​vietn​am/​news/​featu​re-​stori​es/​detail/​ten-​threa​
ts-​to-​global-​health-​in-​2019.

	2.	 Fu P, Xu H, Jing C, et al. Bacterial epidemiology and antimicrobial resist-
ance profiles in children reported by the ISPED Program in China, 2016 to 
2020. Microbiol Spectr. 2021;9(3):e0028321.

	3.	 Antimicrobial Resistance Collaborators. Global burden of bacte-
rial antimicrobial resistance in 2019: a systematic analysis. Lancet. 
2022;399(10325):629–55.

	4.	 Organization WH. Who global strategy for containment of antimicrobial 
resistance. Wkly Epidemiol Rec. 2001;76(38):298–9.

	5.	 Aslam A, Gajdács M, Zin CS, et al. Evidence of the practice of self-medica-
tion with antibiotics among the Lay Public in Low- and Middle-Income 
Countries: a scoping review. Antibiotics (Basel). 2020;9(9):597.

	6.	 Yu M, Zhao G, Stalsby Lundborg C, et al. Knowledge, attitudes, and 
practices of parents in rural China on the use of antibiotics in children: a 
cross-sectional study. BMC Infect Dis. 2014;14:112.

	7.	 Ong S, Moran GJ, Krishnadasan A, et al. Antibiotic prescribing practices 
of emergency physicians and patient expectations for uncomplicated 
lacerations. West J Emerg Med. 2011;12(4):375–80.

	8.	 Sun C, Hu YJ, Wang X, et al. Influence of leftover antibiotics on self-med-
ication with antibiotics for children: a cross-sectional study from three 
Chinese provinces. BMJ Open. 2019;9(12):e033679.

	9.	 Lam TT, Dang DA, Tran HH, et al. What are the most effective com-
munity-based antimicrobial stewardship interventions in low- and 
middle-income countries? A narrative review. J Antimicrob Chemother. 
2021;76(5):1117–29.

	10.	 Shehadeh M, Suaifan G, Darwish RM, et al. Knowledge, attitudes and 
behavior regarding antibiotics use and misuse among adults in the com-
munity of Jordan. A pilot study Saudi Pharm J. 2012;20(2):125–33.

	11.	 Belkina T, Al Warafi A, Hussein Eltom E, et al. Antibiotic use and knowl-
edge in the community of Yemen, Saudi Arabia, and Uzbekistan. J Infect 
Dev Ctries. 2014;8(4):424–9.

	12.	 Pan H, Cui B, Zhang D, et al. Prior knowledge, older age, and higher allow-
ance are risk factors for self-medication with antibiotics among university 
students in southern China. PLoS One. 2012;7(7):e41314.

	13.	 Waaseth M, Adan A, Røen IL, et al. Knowledge of antibiotics and antibiotic 
resistance among Norwegian pharmacy customers - a cross-sectional 
study. BMC Public Health. 2019;19(1):66.

	14.	 Chang J, Lv B, Zhu S, et al. Non-prescription use of antibiotics among 
children in urban China: a cross-sectional survey of knowledge, attitudes, 
and practices. Expert Rev Anti Infect Ther. 2018;16(2):163–72.

https://doi.org/10.1186/s12889-023-15099-8
https://doi.org/10.1186/s12889-023-15099-8
https://www.who.int/vietnam/news/feature-stories/detail/ten-threats-to-global-health-in-2019
https://www.who.int/vietnam/news/feature-stories/detail/ten-threats-to-global-health-in-2019


Page 10 of 10Yan et al. BMC Public Health          (2023) 23:156 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	15.	 Sun R, Yao T, Zhou X, et al. Non-biomedical factors affecting antibiotic 
use in the community: a mixed-methods systematic review and meta-
analysis. Clin Microbiol Infect. 2022;28(3):345–54.

	16.	 Michie S, Atkins L, West R. The behaviour change wheel: a guide to 
designing interventions. London: Silverback; 2014.

	17.	 Michie S, Richardson M, Johnston M, et al. The behavior change tech-
nique taxonomy (v1) of 93 hierarchically clustered techniques: building 
an international consensus for the reporting of behavior change inter-
ventions. Ann Behav Med. 2013;46(1):81–95.

	18.	 Goodell LS, Pierce MB, Amico KR, et al. Parental information, motivation, 
and behavioral skills correlate with child sweetened beverage consump-
tion. J Nutr Educ Behav. 2012;44(3):240–5.

	19.	 Wang W, Wang X, Hu YJ, et al. The misconception of antibiotic equal to 
an anti-inflammatory drug promoting antibiotic misuse among Chinese 
University Students. Int J Environ Res Public Health. 2019;16(3):335.

	20.	 Afari-Asiedu S, Hulscher M, Abdulai MA, et al. Every medicine is medicine; 
exploring inappropriate antibiotic use at the community level in rural 
Ghana. BMC Public Health. 2020;20(1):1103.

	21.	 Xu J, Wang X, Sun KS, et al. Parental self-medication with antibiotics for 
children promotes antibiotic over-prescribing in clinical settings in China. 
Antimicrob Resist Infect Control. 2020;9(1):150.

	22.	 Lin L, Harbarth S, Wang X, et al. Survey of parental use of antimicro-
bial drugs for common childhood infections, China. Emerg Infect Dis. 
2020;26(7):1517–20.

	23.	 Lee SW. Methods for testing statistical differences between groups in 
medical research: statistical standard and guideline of Life Cycle Commit-
tee. Life Cycle. 2022;2:e3.

	24.	 Lee SW. Regression analysis for continuous independent variables in 
medical research: statistical standard and guideline of Life Cycle Commit-
tee. Life Cycle. 2022;2:e3.

	25.	 Bolin JH, Hayes AF. Introduction to Mediation, Moderation, and Condi-
tional Process Analysis: A Regression-Based Approach. New York: The 
Guilford Press. J Educ Meas. 2014;51:335–7.

	26.	 Fletcher-Miles H, Gammon J, Williams S, et al. A scoping review to 
assess the impact of public education campaigns to affect behavior 
change pertaining to antimicrobial resistance. Am J Infect Control. 
2020;48(4):433–42.

	27.	 Gov.UK. Department of Health Antibiotic Campaign 2008–2009. 2009. 
http://​www.​dh.​gov.​uk/​en/​Publi​cheal​th/​Patie​ntsaf​ety/​Antib​iotic​resis​
tance/​DH_​082512.

	28.	 McNulty CA, Nichols T, Boyle PJ, et al. The English antibiotic awareness 
campaigns: did they change the public’s knowledge of and attitudes to 
antibiotic use? J Antimicrob Chemother. 2010;65(7):1526–33.

	29.	 Appiah B, Asamoah-Akuoko L, Samman E, et al. The impact of antimi-
crobial resistance awareness interventions involving schoolchildren, 
development of an animation and parents engagements: a pilot study. 
Antimicrob Resist Infect Control. 2022;11(1):26.

	30.	 Fisher JD, Fisher WA, Misovich SJ, et al. Changing AIDS risk behavior: 
effects of an intervention emphasizing AIDS risk reduction information, 
motivation, and behavioral skills in a college student population. Health 
Psychol. 1996;15(2):114.

	31.	 Cabral C, Horwood J, Hay AD, et al. How communication affects prescrip-
tion decisions in consultations for acute illness in children: a systematic 
review and meta-ethnography. BMC Fam Pract. 2014;15(1):63.

	32.	 Do NTT, Vu HTL, Nguyen CTK, et al. Community-based antibiotic access 
and use in six low-income and middle-income countries: a mixed-
method approach. Lancet Glob Health. 2021;9(5):e610–9.

	33.	 Ye L, Mao L. A study on effect of accompanied education on cognition, 
behavior of college students towards antibiotic application. Chin Nurs 
Res. 2005;19(11):2373–74.

	34.	 Department of Medical Administration. ‘Antimicrobial Awareness Week 
2021’. 2021.http://​www.​nhc.​gov.​cn/​yzygj/​s3594/​202111/​91981​fd3d3​
084ac​cbd79​b5730​9a134​d8.​shtml.

	35.	 Tamhankar AJ, Nachimuthu R, Singh R, et al. Characteristics of a Nation-
wide Voluntary Antibiotic Resistance Awareness Campaign in India; 
Future Paths and Pointers for Resource Limited Settings/Low and Middle 
Income Countries. Int J Environ Res Public Health. 2019;16(24):5141.

	36.	 Colliers A, Bombeke K, Philips H, et al. Antibiotic prescribing and doctor-
patient communication during consultations for respiratory tract infec-
tions: a video observation study in out-of-hours primary care. Front Med 
(Lausanne). 2021;8:735276.

	37.	 Sirota M, Round T, Samaranayaka S, et al. Expectations for antibiotics 
increase their prescribing: Causal evidence about localized impact. 
Health Psychol. 2017;36(4):402–9.

	38.	 Wang NC, Liu Y. Going shopping or consulting in medical visits: Car-
egivers’ roles in pediatric antibiotic prescribing in China. Soc Sci Med. 
2021;290:114075.

	39.	 Li R, Xiao F, Zheng X, et al. Antibiotic misuse among children with diar-
rhea in China: results from a national survey. PeerJ. 2016;4:e2668.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://www.dh.gov.uk/en/Publichealth/Patientsafety/Antibioticresistance/DH_082512
http://www.dh.gov.uk/en/Publichealth/Patientsafety/Antibioticresistance/DH_082512
http://www.nhc.gov.cn/yzygj/s3594/202111/91981fd3d3084accbd79b57309a134d8.shtml
http://www.nhc.gov.cn/yzygj/s3594/202111/91981fd3d3084accbd79b57309a134d8.shtml

	The moderating effect of parental skills for antibiotic identification on the link between parental skills for antibiotic use and inappropriate antibiotic use for children in China
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design and participants
	Measurements
	Statistical analysis

	Results
	Basic information of the sample
	Association between antibiotic-related skills and inappropriate behaviors

	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References


