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Introduction: Online sales of antibiotics have increased public access to these medicines. This study aimed to analyze the online antibiotic purchase behavior of the Chinese residents and identify its associated factors.
Methods: We conducted a nationwide cross-sectional online survey among Chinese community residents from January 20 to February 28, 2019. A structured questionnaire was used to collect data on their sociodemographic characteristics, health-related variables, and the online antibiotic purchase behavior in the past 3 months. Descriptive statistics and logistic regression analyses were used. The statistical analyses were performed using SAS version 9.4 (SAS Institute Inc.).
Results: A total of 101,120 respondents were included in the analysis. The weighted prevalence of antibiotic purchase online was 3.71% (95% CI, 3.53–3.88%). Residents who purchased antibiotics online were more likely to be older (age≥65 years), be a male, live in rural areas, have a higher education level, report an excellent economic status, suffer from chronic diseases, and search for health information on the internet.
Conclusion: Numerous residents had purchased antibiotics online in the past 3 months throughout China. We should pay more attention to this behavior. There is a need to strengthen regulation of antibiotic sales online and improve public education on antibiotic purchase online. More comprehensive information on antibiotic purchase online as well as the advantages and disadvantages of online sales of antibiotics should be investigated in the future studies.
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INTRODUCTION
Irrational use of antibiotics and the antibiotic resistance it has caused pose a serious threat to globe health (Weber, 2005; Laxminarayan et al., 2013; Zaman et al., 2017). The irrational use of antibiotics among residents consists mainly of the over-the-counter antibiotic purchases, storage and use. Throughout the world, the prevalence of purchasing antibiotics without a prescription, storage of antibiotics, or self-medication with antibiotics was high among residents. For example, 25.5 and 64.2% of the residents had purchased antibiotics without a prescription in Italy and China, respectively (Bianco et al., 2020; Lin et al., 2020); the prevalence of antibiotic storage among the residents in the United States and Australian Chinese migrants reached 48 and 47%, respectively (Hu and Wang, 2014; Grigoryan et al., 2019); and the overall prevalence of antimicrobial self-medication was 38.8% in low-and-middle-income countries (Ocan et al., 2015).
With the development of electronic commerce, online sales of antibiotics have increased public access to these medicines, which is an enormous challenge for antibiotic stewardship (Mainous et al., 2009; Orizio et al., 2011; Boyd et al., 2017). As a new platform for purchasing medicines, the online pharmacy was not properly supervised, and the over-the-counter antibiotic sales were common, which could pose a threat to the original system of antibiotic stewardship. For example, researches in the United Kingdom and the United States reported that 45.0 and 36.2% of online pharmacies dispensed antibiotics without a prescription, respectively (Mainous et al., 2009; Boyd et al., 2017). Furthermore, online pharmacy staff provided clients with limited information on the antibiotic use due to the lack of face-to-face communication (Gong et al., 2020). This may increase the risk of irrational use of antibiotics among residents, such as shortening the course of medication and changing the therapeutic dose, and therefore, result in antibiotic resistance. Facing the aforementioned challenges, there is a need to analyze the online antibiotic sale and purchase behavior. However, current researches mainly focused on the antibiotic sale behavior of online pharmacies that was a supply side of medicines, such as their over-the-counter antibiotic sales and service quality, and ignored the antibiotic purchase behavior of residents who was the demand side of medicines. Therefore, it is necessary to explore the purchases of antibiotics among residents, so as to attract administrator’s attention to this behavior, as well as provide evidence for antibiotic stewardship.
China is one of the countries with a serious problem of irrational use of antibiotics (Fang, 2014; Lv et al., 2014; Yu et al., 2014). In addition, the electronic commerce has developed rapidly and internet sales of medicines have increased substantially in this country. Total drug sales on the internet in China increased by 29%; from US$ 1.1 billion in 2017 to US$ 1.5 billion in 2018 (Beijing Weiming Penguin, 2019). Previous studies showed that, online sales of prescription-only medicines were not well regulated in China, and 67.8% of online pharmacies sold antibiotics without a prescription (Gong et al., 2020), which might encourage Chinese residents to use an online platform for antibiotic purchase. In view of these circumstances, we conducted this study aiming to analyze the online antibiotic purchase behavior of Chinese residents and identify its associated factors. As the first research report on the prevalence of antibiotic purchase online among residents and its associated factors, this study was hoped to help the researchers and policymakers worldwide better understand the online antibiotic consumption behavior of the general population, as well as provide evidence for formulating effective measures for antibiotic management.
METHODS
Study Population and Data Collection
A nationally cross-sectional study on the online antibiotic purchase behavior was designed and conducted among Chinese residents. The data was collected as a part of the community survey module of the undergraduate students of Hainan Medical College using a web-based questionnaire. From January 20 and February 28, 2019, participants were recruited from these student’s native place communities, using the convenience sampling method. The inclusion criteria for the subjects were: 1) 18 years and older 2) those who could read Chinese and 3) able to use smartphone. We also excluded those with severe mental/cognitive problems.
The minimum number of residents required to estimate the prevalence of antibiotic purchase online was calculated. We used the formula for calculating the sample size of the cross-sectional study: n = z2 p(1-p)/d2, where n is the sample size, p is the proportion of purchasing antibiotic online, z is the normal deviation (1.96) and d is the margin of error (5%p). There was no previous study on the prevalence of antibiotic purchase online, therefore, we replaced the proportion with that of purchasing medicine online to calculate the sample size. Previous research on medicine purchase online had reported a prevalence of 0.45–12.80% (Atkinson et al., 2009; Bowman et al., 2020). And thus, we assumed that 5% of residents purchased antibiotics online (p = 5%) and set the confidence interval (CI) at 95%. The sample size calculated was 29,196. Furthermore, a study on the sample size estimation showed that the research design efficiency value should be considered when calculating the sample size in a sampling survey. The efficiency value of research design is the ratio of the variance of the planned sampling method estimator to the variance of the simple random sampling method estimator, when the survey unit is the same for the same target quantity (Lv and Feng, 2016). The required sample size can be obtained by multiplying the sample size calculated using the formula by the research design efficiency value. In our study, we assumed the research design efficiency value of the convenience sampling was three, and therefore, the required sample size was 87,588 (29,196*3). According to a web-based survey conducted in China, the response rate of residents was 61% (Li et al., 2020). Considering this response rate, an ideal sample size of 143,587 was needed in our study.
With the help of local community workers, these students who received unified training, identified the eligible residents and sent the questionnaire link to them through social networks. After clicking the link, respondents will first access the informed consent page, which includes the purpose of the investigation, the institution conducting the investigation, assurance of anonymity, and a question: “Do you agree to participate in this survey (Yes/No).” Only respondents who chose “Yes” were directed to the questionnaire page. Considering that some respondents are not familiar with antibiotics, we set a screening item at the beginning of the questionnaire: “Do you know the term of “antibiotic” or drugs like penicillin, amoxicillin, cephalosporin, and roxithromycin? (Yes/No).” If the screening item was answered with “No,” the survey ended, and if the screening item was answered with “Yes,” the survey continued. In addition, we set up three quality control questions at different places in the questionnaire to identify the respondents who filled the questionnaire at random. The three questions were “Where is the capital of China?”, “What is 7 minus 2?”, and “What is 1 plus 3?”. Each question had 4 alternative answers, of which only one was correct, and the correct alternatives for the 3 questions were inconsistent. After answering all the questions, respondents were directed to submit the questionnaire. The questionnaire system would mark the questionnaire as invalid if any of the three answers of the quality control questions was incorrect. Additionally, to prevent multiple submissions, each mobile phone or computer was eligible to answer only once. The answers to all respondent’s questionnaires were automatically entered into a data file and checked by two independent researchers. Respondent’s information was completely confidential and recorded anonymously. This study is a joint research project of Tongji Medical College, Huazhong University of Science and Technology and Hainan Medical College. The former institution was responsible for the study design and the latter was responsible for the data collection. The Medical Research Ethics Committee of Tongji Medical College, Huazhong University of Science and Technology approved the study [no. IEC (S175)] on March 1, 2018.
Measures
Antibiotic Purchase Online
Our primary outcome variable was the purchase of antibiotics online. Respondents were asked whether they bought any antibiotics online in the past 3 months. We defined respondents as purchasers of antibiotics online if they answered yes to the question.
Sociodemographic and Health-Related Variables
These variables included age (18–44, 45–64, or ≥65 years of age), gender (male or female), ethnicity (Han or minority), geographic location (east, central, or west), residence (urban or rural), education level (high school or below, associate or bachelor degree, or graduate degree or higher), marital status (never married, married and living with a partner, or divorced or widowed), employment status (employed or not employed), self-reported economic status (excellent, good, fair, poor, or terrible), health insurance status (insured or uninsured), whether suffering from physician-diagnosed chronic diseases (yes or no), and whether searching for health information online in the past 3 months (yes or no).
Data Analysis
To account for the oversampling and the nonresponse, we used post-stratification weights, which corrected the distribution of respondents to match the known distribution of the Chinese population on age group, gender, residence, and geographic location (National Bureau of Statistics, 2010). We calculated the weighted prevalence of purchasing antibiotics online to obtain a nationally representative estimate. Descriptive analyses were reported as frequency and percentage. Chi-square tests were used to compare characteristics between those who purchased antibiotics online in the past 3 months and those who did not. We did univariable and multivariable logistic regression analyses to identify factors associated with antibiotic purchase online. The likelihood ration goodness-of-fit test was used for the multiple logistic regression. PROC SURVEY procedures were used in SAS version 9.4 (SAS Institute Inc.) to incorporate sampling weights into inferential statistics. All comparisons were two-tailed. We considered differences to be statistically significant if p was less than 0.05.
RESULTS
Characteristics of Study Respondents
During the study period, we distributed 171,335 questionnaire links, and 107,650 participants from 31 Chinese mainland provinces (municipalities, autonomous regions) completed the online questionnaire, with a response rate of 62.83%. Of them, 6530 who failed to pass the quality control questions were excluded. Finally, 101,120 respondents were included in the analysis. The mean age of the respondents was 30.43 (standard deviation: 13.12) years. Over half were female (58%), unmarried (63%), and living in urban area (60%). As for geographic location, 55, 22, and 23% lived in the eastern, central, and western China, respectively. Furthermore, 68% had an associate or bachelor degree, 91% had health insurance, 50% was employed, as well as 59% reported that their economic status was fair. Nearly one seventh of them (14%) suffered from physician-diagnosed chronic diseases, and 42% had searched for health information online in the past 3 months. Respondent’s characteristics are detailed in Table 1.
TABLE 1 | Resident’s characteristics and their associations with antibiotic purchase online in the past 3 months.
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The overall weighted prevalence of antibiotic purchase online in the past 3 months was 3.71% (95% confidence interval [95% CI], 3.53–3.88%). Additionally, the weighted prevalence was more than 6% (1.5 times of the overall weighted prevalence) among those who were aged 65 years or older, and who had a graduate degree or higher education level, reported an excellent economic status, or searched for health information online. Whereas, there was no difference in the prevalence among residents with different marital or insurance status, as well as among those who lived in different regions of China. Table 1 presents the results of frequency and prevalence of antibiotic purchase online in the past 3 months among residents according to their characteristics. Supplementary Figure S1 shows the prevalence of online antibiotic purchases in each province of China.
Factors Associated With Antibiotic Purchase Online in the Past Three Months
The crude and adjusted OR (aOR) for factors associated with antibiotic purchase online are shown in Table 2. After controlling for confounders, those aged 65 years or older were more likely to purchase antibiotics online than those aged 18–44 years (aOR, 2.18; 95% CI, 1.74–2.74). Being a female (aOR, 0.69; 95% CI, 0.62–0.77) was associated with reduced likelihood to purchase antibiotics online. Regarding self-reported economic status, residents with a good, fair, poor, or terrible economic status were all less likely to purchase antibiotics online compared with those reporting an excellent economic status (the values of four aOR and their 95%CIs were all less than one).
TABLE 2 | Univariable and multivariable logistic regression of factors associated with antibiotic purchase online in the past 3 months.
[image: Table 2]Additionally, residents who lived in rural areas (aOR, 1.43; 95% CI, 1.29–1.58), or suffered from chronic diseases (aOR, 1.44; 95% CI, 1.27–1.63) had higher odds of purchasing antibiotics online. Compared with those having a high school or lower degree, residents who had an associate or bachelor degree (aOR, 1.51; 95% CI, 1.31–1.74) as well as a graduate or higher degree (aOR, 2.11; 95% CI, 1.66–2.67) were more likely to purchase antibiotics from online pharmacies. In the past 3 months, those had searched for health information on the internet were more than three times (aOR, 3.10; 95% CI, 2.79–3.46) more likely to purchase antibiotics online.
DISCUSSION
Our study showed that 3.71% of Chinese residents had purchased antibiotics on the internet in the past 3 months. Currently, few study on online antibiotic purchase behavior of residents has been conducted in other countries, but studies on prescription medicine purchase online have been carried out. Relevant studies showed that 0.45 and 5.00% of residents have purchased prescription medicines on the internet in Malta and the United States in the past year, respectively (Baker et al., 2003; Bowman et al., 2020). Though the overall prevalence of 3.71% is relatively low in our study, this amount represents numerous people having purchased antibiotics online throughout China. This study did not investigate whether the respondents purchased antibiotics from online pharmacies with a prescription or not, but previous studies have reported that lots of Chinese people were accustomed to purchase antibiotics without a prescription. A study revealed that 50.6% of Chinese residents had purchased antibiotics without a prescription in retail pharmacies in the past year (Jiang et al., 2021). Furthermore, there is a large proportion of online pharmacies selling antibiotics without a prescription in China (Gong et al., 2020). These suggest that the online antibiotic purchase behavior of residents should not be neglected and enhanced supervision of internet sales of antibiotics is needed.
The current study found that the female was less likely to buy antibiotics on the internet, which may be due to that they were more cautious about medicine purchase online. A study on the online medicine purchase behavior of Chinese residents reported that women were less inclined to buy medicines in online pharmacies due to their cautiousness (Jia et al., 2018). Additionally, studies showed that convenience was an important reason for residents to purchase medicines online (Fittler et al., 2018; Bowman et al., 2020). This may also be the reason for the elderly and rural resident’s preference for purchasing antibiotics online. In China, the electronic commerce has developed rapidly and been widely popularized (Liang, 2017). The inconvenience in movement of the elderly and the lack of medical resources in rural areas may encourage the elderly and rural residents to purchase antibiotics in online pharmacies. Overall, online pharmacies might provide convenience for residents to obtain antibiotics. But at the same time, we should note that antibiotic can easily be used irrationally, especially in China, this issue is extremely serious (Fang, 2014; Lv et al., 2014; Yu et al., 2014). Therefore, how to ensure the convenience of online purchases of antibiotics, and the standard management of antibiotics at the same time, is worthy of discussion by relevant ministries. Furthermore, due to the physiological features of the elderly, the consequence of irrational use of antibiotics is more severely for them, which should be paid enough attention (Pea, 2018).
In our study, residents with higher education level were more prone to purchase antibiotics online. This is consistent with the result of studies on factors related to self-medication with antibiotics, which found that higher education level was associated with irrational use of antibiotics (Hounsa et al., 2010; Elong Ekambi et al., 2019). People with higher levels of education believe that they have a certain “medical savvy,", and often overestimate their understanding of antibiotics. Therefore, they may be more likely to feel confident in diagnosing an illness and, consequently, in self-prescribing an antibiotic therapy (Grosso et al., 2012). Notably, residents who suffered from chronic diseases or reported an excellent economic status were associated with greater likelihood of buying antibiotics on the internet. This can be explained by that these people may pay more attention to their health status, and when they suffer from minor illness, they would likely to take antibiotics to relieve symptoms. In addition, many residents with chronic diseases usually feel stigma (Sarfo et al., 2017; Liu et al., 2020; Himmelstein and Puhl, 2021). Face-to-face communication with the pharmacist can be avoided by online purchases of antibiotics, which can reduce their psychological stress.
In the past 3 months, nearly half of the residents had searched for health information on the internet, and they were more likely to purchase antibiotics online. This may be due to that they usually chose to seek information online to self-diagnose and self-medication when they suffered from illness. Information obtained online and internet usage habits may encourage them to purchase medicines online. It is very important to ensure that the internet provides correct health information and medication knowledge in the information age.
Strengths and Limitations
To our knowledge, this is the first study to explore the prevalence of antibiotic purchase online among residents and identify its associated factors. We considered that this study will help the researchers and policymakers worldwide understand the online antibiotic purchase behavior of residents, as well as provide evidence for antibiotic stewardship. This study has several limitations. First, this study was conducted by using a convenience sampling method and web-based survey. These may affect the sample’s representativeness. However, the survey was conducted by trained investigators in urban and rural communities all over the country, the sample size was large, and post-stratification weights were used to correct the distribution of the respondents, which can make the results more nationally representative. Second, we investigated the online antibiotic purchase behavior in the past 3 months, and therefore, recall bias may exist. Third, we did not collect the information on types of antibiotics purchased online, medical conditions that required antibiotics, whether residents purchased antibiotics with a prescription or not, and other possible factors influencing the purchase behavior, which limited our more comprehensive understanding of the online antibiotic purchase behavior of residents.
Practical Implications
Our study investigated the online antibiotic purchase behavior of residents, which could provide evidence for researchers and policymakers worldwide to understand this behavior. Additionally, the study results showed that the prevalence of antibiotic purchase online was relatively high among Chinese residents. This implied that, on the one hand, the regulation of antibiotic sales online should be strengthened; on the other hand, there is a need to improve public education on antibiotic purchase online, so as to promote purchases of antibiotics with a prescription and rational use of antibiotics.
Future Researches
As a new channel to obtain antibiotics, online antibiotic purchase has rarely been studied. Therefore, it is necessary to pay attention to this purchase behavior, and carry out more relevant researches. For the future studies, more detailed information of antibiotic purchase online should be collected, such as types of antibiotics purchased and whether residents purchased antibiotics with a prescription or not, so as to provide a more comprehensive reference for antibiotic stewardship. In addition, antibiotic is an important kind of medicines for the treatment of acute bacterial diseases. Online sales of antibiotics have improved the accessibility of these medicines among residents. However, considering that antibiotics should be used accurately and timely for patients when needed, whether online purchases of antibiotics will result in delay in treatment is a matter of concern. Extensive researches and discussions should be conducted to reveal the advantages and disadvantages of online sales of antibiotics.
CONCLUSION
Our study found that numerous Chinese residents had purchased antibiotics on the internet. Age, gender, residence, education level, economic status, suffering from chronic diseases, and searching for health information on the internet were all significantly associated with the purchase behavior. Therefore, it is necessary to strengthen the regulation of antibiotic sales on the internet, and improve public education on antibiotic purchase online. In the future studies, more comprehensive information on antibiotic purchase online should be collected, as well as the advantages and disadvantages of online sales of antibiotics should be investigated.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available from the corresponding author on reasonable request.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by Medical Research Ethics Committee of Tongji Medical College, Huazhong University of Science and Technology. The participants provided their electronic informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
NS, YG, and XY conceived the study. JL, JW, KM, and GZ commented on the research question and design. NS, RA, YD, and YZ participated in the data analysis. NS wrote the draft of the paper. All authors contributed to writing, reviewing or revising the paper and read and approved the final manuscript.
FUNDING
This work was supported by National Natural Science Foundation of China (grant number 71874060). The funder had no role in the study design, collection, analysis or interpretation of the data, writing the manuscript, or the decision to submit the paper for publication.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
ACKNOWLEDGMENTS
We greatly appreciate community residents for their time and efforts in participating in this study. We also thank all community workers for collaborating with us on this project.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2021.761086/full#supplementary-material
REFERENCES
 Atkinson, N. L., Saperstein, S. L., and Pleis, J. (2009). Using the Internet for Health-Related Activities: Findings from a National Probability Sample. J. Med. Internet Res. 11 (1), e4. doi:10.2196/jmir.1035
 Baker, L., Wagner, T. H., Singer, S., and Bundorf, M. K. (2003). Use of the Internet and E-Mail for Health Care Information: Results from a National Survey. JAMA 289 (18), 2400–2406. doi:10.1001/jama.289.18.2400
 Beijing: Weiming Penguin (2019). Drug Sale in the Three Key Market Terminals of China in 2018 Was 1 713 Trillion, Increased by 6.3%. Available at: http://dy.163.com/v2/article/detail/E9LPFRL50518TH54.html(Accessed October 13, 2021). 
 Bianco, A., Licata, F., Zucco, R., Papadopoli, R., and Pavia, M. (2020). Knowledge and Practices Regarding Antibiotics Use: Findings from a Cross-Sectional Survey Among Italian Adults. Evol. Med. Public Health 2020 (1), 129–138. doi:10.1093/emph/eoaa028
 Bowman, C., Family, H., Agius-Muscat, H., Cordina, M., and Sutton, J. (2020). Consumer Internet Purchasing of Medicines Using a Population Sample: A Mixed Methodology Approach. Res. Soc. Adm. Pharm. 16 (6), 819–827. doi:10.1016/j.sapharm.2019.09.056
 Boyd, S. E., Moore, L. S. P., Gilchrist, M., Costelloe, C., Castro-Sánchez, E., Franklin, B. D., et al. (2017). Obtaining Antibiotics Online from within the UK: a Cross-Sectional Study. J. Antimicrob. Chemother. 72 (5), 1521–1528. doi:10.1093/jac/dkx003
 Elong Ekambi, G. A., Okalla Ebongue, C., Penda, I. C., Nnanga Nga, E., Mpondo Mpondo, E., and Eboumbou Moukoko, C. E. (2019). Knowledge, Practices and Attitudes on Antibiotics Use in Cameroon: Self-Medication and Prescription Survey Among Children, Adolescents and Adults in Private Pharmacies. PLoS One 14 (2), e0212875. doi:10.1371/journal.pone.0212875
 Fang, Y. (2014). China Should Curb Non-prescription Use of Antibiotics in the Community. BMJ 348, g4233. doi:10.1136/bmj.g4233
 Fittler, A., Vida, R. G., Káplár, M., and Botz, L. (2018). Consumers Turning to the Internet Pharmacy Market: Cross-Sectional Study on the Frequency and Attitudes of Hungarian Patients Purchasing Medications Online. J. Med. Internet Res. 20 (8), e11115. doi:10.2196/11115
 Gong, Y., Jiang, N., Chen, Z., Wang, J., Zhang, J., Feng, J., et al. (2020). Over-the-counter Antibiotic Sales in Community and Online Pharmacies, China. Bull. World Health Organ. 98 (7), 449–457. doi:10.2471/blt.19.242370
 Grigoryan, L., Germanos, G., Zoorob, R., Juneja, S., Raphael, J. L., Paasche-Orlow, M. K., et al. (2019). Use of Antibiotics without a Prescription in the U.S. Population: A Scoping Review. Ann. Intern. Med. 171 (4), 257–263. doi:10.7326/M19-0505
 Grosso, G., Marventano, S., Ferranti, R., and Mistretta, A. (2012). Pattern of Antibiotic Use in the Community: νon-adherence and Self-Prescription Rates in an Italian Urban Population. Mol. Med. Rep. 5 (5), 1305–1310. doi:10.3892/mmr.2012.818
 Himmelstein, M. S., and Puhl, R. M. (2021). At Multiple Fronts: Diabetes Stigma and Weight Stigma in Adults with Type 2 Diabetes. Diabet. Med. 38 (1), e14387. doi:10.1111/dme.14387
 Hounsa, A., Kouadio, L., and De Mol, P. (2010). Self-medication with Antibiotics Obtained from Private Pharmacies in Abidjan, Ivory Coast. Med. Mal. Infect. 40 (6), 333–340. doi:10.1016/j.medmal.2009.10.002
 Hu, J., and Wang, Z. (2014). In-home Antibiotic Storage Among Australian Chinese Migrants. Int. J. Infect. Dis. 26, 103–106. doi:10.1016/j.ijid.2014.04.017
 Jia, L., Han, L., Hu, M., and Xiang, N. (2018). Study on Online Drug-Purchasing Behavior Based on the Data from Jiangsu Province. Shanghai. Med. Pharm. J. 39 (13), 62–64. 
 Jiang, Y., Yang, Y., and Cheng, J. (2021). Investigation of Cognition and Self-Medication Behavior of Antibiotics Among Urban and Rural Residents in Lu’an City. China Pharm. 32 (1), 98–103. 
 Laxminarayan, R., Duse, A., Wattal, C., Zaidi, A. K., Wertheim, H. F., Sumpradit, N., et al. (2013). Antibiotic Resistance-The Need for Global Solutions. Lancet Infec.t Dis. 13 (12), 1057–1098. doi:10.1016/s1473-3099(13)70318-9
 Li, D., Yang, H., Gong, Y., Zhao, Y., Qiu, L., Sun, N., et al. (2020). Development and Nationwide Application of an Antibiotic Knowledge Scale. Prev. Med. 141, 106262. doi:10.1016/j.ypmed.2020.106262
 Liang, D. (2017). Electronic Commerce Becomes a New Driving Force for Rural Economic Growth. J. Finance Econ. 2 (27), 86–89. doi:10.19622/j.cnki.cn36-1005/f.2017.02.015
 Lin, L., Fearon, E., Harbarth, S., Wang, X., Lu, C., Zhou, X., et al. (2020). Decisions to Use Antibiotics for Upper Respiratory Tract Infections across China: a Large-Scale Cross-Sectional Survey Among university Students. BMJ OpenOpen 10 (8), e039332. doi:10.1136/bmjopen-2020-039332
 Liu, X. H., Zhong, J. D., Zhang, J. E., Cheng, Y., and Bu, X. Q. (2020). Stigma and its Correlates in People Living with Lung Cancer: A Cross-Sectional Study from China. Psychooncology 29 (2), 287–293. doi:10.1002/pon.5245
 Lv, B., Zhou, Z., Xu, G., Yang, D., Wu, L., Shen, Q., et al. (2014). Knowledge, Attitudes and Practices Concerning Self-Medication with Antibiotics Among university Students in Western China. Trop. Med. Int. Health 19 (7), 769–779. doi:10.1111/tmi.12322
 Lv, Y., and Feng, G. (2016). Common Sample Size Estimation Methods in Medical Research. J. Chronic Pathematol. 17 (4), 359–361. doi:10.16440/j.cnki.1674-8166.2016.04.001
 Mainous, A. G., Everett, C. J., Post, R. E., Diaz, V. A., and Hueston, W. J. (2009). Availability of Antibiotics for purchase without a Prescription on the Internet. Ann. Fam. Med. 7 (5), 431–435. doi:10.1370/afm.999
 National Bureau of Statistics (2010). Tabulation on the 2010 Population Census of the People's Republic of China. Available at: http://www.stats.gov.cn/tjsj/pcsj/rkpc/6rp/indexch.htm (Accessed October 13, 2021). 
 Ocan, M., Obuku, E. A., Bwanga, F., Akena, D., Richard, S., Ogwal-Okeng, J., et al. (2015). Household Antimicrobial Self-Medication: a Systematic Review and Meta-Analysis of the burden, Risk Factors and Outcomes in Developing Countries. BMC Public Health 15, 742. doi:10.1186/s12889-015-2109-3
 Orizio, G., Merla, A., Schulz, P. J., and Gelatti, U. (2011). Quality of Online Pharmacies and Websites Selling Prescription Drugs: a Systematic Review. J. Med. Interne.t Res. 13 (3), e74. doi:10.2196/jmir.1795
 Pea, F. (2018). Pharmacokinetics and Drug Metabolism of Antibiotics in the Elderly. Expert Opin. Drug Metab. Toxicol. 14 (10), 1087–1100. doi:10.1080/17425255.2018.1528226
 Sarfo, F. S., Nichols, M., Qanungo, S., Teklehaimanot, A., Singh, A., Mensah, N., et al. (2017). Stroke-related Stigma Among West Africans: Patterns and Predictors. J. Neurol. Sci. 375, 270–274. doi:10.1016/j.jns.2017.02.018
 Weber, J. T. (2005). Appropriate Use of Antimicrobial Drugs: a Better Prescription Is Needed. JAMA 294 (18), 2354–2356. doi:10.1001/jama.294.18.2354
 Yu, M., Zhao, G., Stålsby Lundborg, C., Zhu, Y., Zhao, Q., and Xu, B. (2014). Knowledge, Attitudes, and Practices of Parents in Rural China on the Use of Antibiotics in Children: a Cross-Sectional Study. BMC. Infect. Dis. 14, 112. doi:10.1186/1471-2334-14-112
 Zaman, S. B., Hussain, M. A., Nye, R., Mehta, V., Mamun, K. T., and Hossain, N. (2017). A Review on Antibiotic Resistance: Alarm Bells Are Ringing. Cureus 9 (6), e1403. doi:10.7759/cureus.1403
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2021 Sun, Gong, Liu, Wu, An, Dong, Zhu, Mu, Zhang and Yin. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/xhtml/nav.xhtml
Contents

		Cover

		Prevalence of Antibiotic Purchase Online and Associated Factors Among Chinese Residents: A Nationwide Community Survey of 2019		Introduction

		Methods		Study Population and Data Collection

		Measures

		Data Analysis





		Results		Characteristics of Study Respondents

		Prevalence of Antibiotic Purchase Online in the Past Three Months

		Factors Associated With Antibiotic Purchase Online in the Past Three Months





		Discussion		Strengths and Limitations

		Practical Implications

		Future Researches





		Conclusion

		Data Availability Statement

		Ethics Statement

		Author Contributions

		Funding

		Publisher’s Note

		Acknowledgments

		Supplementary Material

		References









OPS/images/cover.jpg
* frontiers
in Pharmacology

Prevalence of Antibiotic Purchase
Online and Associated Factors
Among Chinese Residents: A
Nationwide Community Survey of
2019





OPS/images/fphar-12-761086-t001.jpg
Characteristic

Overal

Age (years)

18-44

45-64

265

Gender

Male

Female

Ethnicity

Han

Minority

Geographic location
East

Central

West

Residence

Urban

Rural

Education level

High school or below
Associate or bachelor degree
Graduate degree or higher
Marital status

Never married
Married and living with a partner
Divorced or widowed
Employment

Not employed
Employed
Self-reported economic status
Excellent

Good

Fair

Poor

Terrible

Health insurance
Uninsured

Insured

Chroric disease

No

Yes

Searching for health information online

No
Yes

Cl, confidence interval; NA, not applicable.
“Estimates are weighted to be nationally representative.

Total No. (%)

101120

82394 (81.48)
16914 (16.73)
1812 (1.79)

42930 (42.45)
58190 (57.66)

90876 (89.87)
10244 (10.13)

55797 (55.18)
21812 (21.57)
23511 (23.25)

61036 (60.36)
40084 (39.64)

27908 (27.60)
69035 (68.27)
4177 (4.13)

63645 (62.94)
35628 (35.23)
1847 (1.89)

50926 (50.36)
50194 (49.64)

5626 (5.56)
11207 (11.08)
60064 (59.40)
16233 (16.05)

7990 (7.90)

8749 (8.65)
92371 (91.35)

86834 (85.87)
14286 (14.13)

58650 (58.00)
42470 (42.00)

Antibiotic purchase online

Unweighted frequency and
percent No. (%)

3318 (3.28)

2654 (3.22)
539 (3.19)
125 (6.90)

1710 (3.98)
1608 (2.76)

2954 (3.25)
364 (3.55)

1908 (3.41)
669 (3.07)
746 (3.47)

1951 (3.20)
1367 (3.41)

682 (2.44)
2364 (3.42)
272 (651)

2034 (3.20)
1193 (3.35)
91(4.93)

1578 (3.10)
1740 (3.47)

417 (7.41)
526 (4.69)
1592 (2.65)
468 (2.88)
315 (3.94)

283 (3.2
3085 (3.29)

2610 (3.01)
708 (4.96)

998 (1.70)
2320 (5.46)

Weighted percent®
% (95% CI)

3.71(3.53-3.88)

334 (3.20-3.47)
329 (2.99-358)
693 (5.73-8.14)

4.31 (4.04-4.57)
3.09 (2.86-3.32)

363 (3.45-3.81)
4.44 (3.78-5.00)

382 (3.59-4.06)
350 (3.15-3.85)
377 (3.41-4.12)

3.41 (321-361)
4.02 (3.73-4.32)

266 (2.38-2.98)
401 (3.79-4.28)
807 (6.72-9.41)

361 (3.41-3.81)
3.71 (3.42-3.99)
5.00 (3.62-6.55)

332 (3.10-3.54)
4.05 (3.78-4.31)

7.70 (6.68-8.72)
5.45 (4.79-6.11)
2.85 (2.66-3.03)
3.00 (2.65-3.36)
5.10 (4.28-5.91)

3.88 (3.24-4.52)
3.69 (3.51-3.88)

3.25 (3.08-3.41)
5.62 (5.03-6.22)

222 (2.02-243)
6.09 (5.77-6.41)

p Value

NA
<0.0001

<0.0001

0.0201

0.3213

0.0008

<0.0001

0.1394

<0.0001

<0.0001

0.5833

<0.0001

<0.0001





OPS/images/fphar-12-761086-t002.jpg
Characteristic

Age (years)
18-44
45-64
265
Gender
Male
Female
Ethnicity
Han
Minority
Geographic location
East
Central
West
Residence
Urban
Rural
Education level
High school or below
Associate or bachelor degree
Graduate degree or higher
Marital status
Never married
Married and living with a partner
Divorced or widowed
Employment
Not employed
Employed
Self-reported economic status
Excellent
Good
Fair
Poor
Terrible
Health insurance
Uninsured
Insured
Chronic disease
No
Yes

Searching for health information online

No
Yes

Cl, confidence interval; OR, odds ratio.
aadiusted for the other eleven variables.

Crude OR (95% Cl)

1.00
0.98 (0.89-1.09)
216 (1.78-2.61)

1.00
0.71(0.64-0.78)

1.00
1.23 (1.05-1.45)

1.00
091 (081-1.03)
098 (0.88-1.11)

1.00
1.19 (1.08-1.31)

1.00
1.53 (1.36-1.73)
3.22 (2.61-3.97)

1.00
1.03 (0.93-1.14)
1.43 (1.05-1.95)

1.00
1.23 (1.11-1.35)

1.00
069 (0.57-0.84)
0.35 (0.30-0.41)
037 (0.31-0.45)
064 (0.52-0.80)

1.00
0.5 (0.79-1.14)

1.00
1.77 (1.57-2.01)

1.00
285 (2.56-3.18)

p Value

0.7630
<0.0001

<0.0001

0.0117

0.1425
0.7909

0.0006

<0.0001
<0.0001

0.6922
0.0233

<0.0001

0.0002
<0.0001
<0.0001
<0.0001

05756

<0.0001

<0.0001

Adjusted
OR (95% CI)*

1.00
1.09 (0.95-1.25)
218 (1.74-2.74)

1.00
0.69 (0.62-0.77)

1.00
1.15 (0.97-1.37)

1.00
093 (0.83-1.06)
0.96 (0.85-1.08)

1.00
1.43 (1.29-1.58)

1.00
1.51 (1.31-1.74)
2.1 (1.66-2.67)

1.00
0.91 (0.77-1.06)
0.97 (0.67-1.40)

1.00
1.06 (0.94-1.20)

1.00
0.76 (0.62-0.93
0.45 (0.37-0.59
0.44 (0.36-0.54
0.70 (0.55-0.90

1.00
0.0 (0.75-1.10)

1.00
1.44 (1.27-1.63)

1.00
3.10 (2.79-3.46)

p Value

0.2067
<0.0001

<0.0001

0.1023

02712
0.4653

<0.0001

<0.0001
<0.0001

02277
0.8763

0.3554

0.0084
<0.0001
<0.0001

0.0057

0.2997

<0.0001

<0.0001









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
, frontiers
in Pharmacology





