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Background: Drug interactions are the most common preventable cause of adverse drug reaction, which may result in drug toxicity or undesired therapeutic effect with harmful outcomes to patients. Given the rising use of combination therapies, the main objectives of this study were to estimate the degree to which physicians can identify potential drug-drug interactions (PDDIs) correctly and to describe the common source of information used by physicians when they need to check PDDIs.

Methods: A cross-sectional survey utilizing a self-administered online questionnaire was conducted among physicians in China. Participants were asked to classify 20 drug pairs as “no interaction,” “may be used together with monitoring,” “contraindication,” and “not sure.” We also collected data on the physician's source of information and altitude toward the PDDIs. An ordinary least square regression model was performed to investigate the potential predictors of PDDI knowledge.

Results: Eligible questionnaires were obtained from 618 physicians. The respondents classified correctly 6.7 out of 20 drug pairs, or 33.4% of the drug interactions investigated. The number of drug pairs recognized by respondents was ranged from 0 to 16. The percentage of physicians who recognized specific drug pairs ranged from 8.3% for no interactions between conjugated estrogens and raloxifene, to 64.0% for the interaction between dopamine and phenytoin. When the respondents want to check PDDI information, the most commonly used source of information was package inserts (n = 572, 92.6%), followed by the Internet or mobile Apps (n = 424, 68.6%), consultation with clinical pharmacists (n = 384, 62.1%), medical textbooks (n = 374, 60.5%), knowledge base in Chinese (n = 283, 45.8%), and other physicians (n = 366, 59.2%). In the multiple regression analysis, the significant predictors of a higher number of recognized drug pairs were years of practice and altitudes toward PDDIs.

Conclusion: In this online survey accessing physician's ability to detect PDDIs, less than half of the drug pairs were recognized, indicating unsatisfactory level of knowledge about the clinically significant drug interactions. Continuing education and accessible electronic database can help physicians detecting PDDIs and improve drug safety.
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INTRODUCTION

A drug-drug interaction occurs when the pharmacokinetic or pharmacodynamic properties of a drug are altered when two or more drugs are taken simultaneously (1, 2). The interactions between two or more drugs may exist antagonistic or synergistic effect, both of which lead to drug toxicity or undesired therapeutic effect with harmful outcomes to patients (3–5). The potential drug-drug interactions (PDDIs) were identified in around 30% of the prescriptions in the outpatient (6) and oncology departments in China (6, 7). Even though the prevalence data is largely lacking in China, the PDDIs may be more prevalent in intensive care settings (8) and hematology (9, 10), based on the data from other countries. Patients experienced a PDDI are generally associated with a longer hospital stay (11) and higher medical costs (12, 13), leading to substantial financial burden on healthcare systems as well as on patients and society (14).

Physicians play a key role in preventing and reducing the risk of PDDIs and associated adverse outcomes. Unlike other countries such as the United States (U.S.), the clinical decision support system, which assists clinicians to detect PDDIs, is not commonly available in China. Physicians rely on their own knowledge to recognize PDDIs when writing a prescription. Even with the help of clinical decision support system, the performance of such system in terms of accurately identifying PDDIs was still unknown in China. Unsatisfactory performance of these systems has been reported in U.S (15, 16). For example, large variations in the electronic databases were reported (17–20), resulting in confusions among clinicians. In a recent study comparing three commercial knowledge databases – First DataBank (FDB), Micromedex, and Multum, it was found that the overlap of drug pairs in all these three knowledge bases was as low as 5%, and the number of alerts generated for serious PDDIs were ranged from 25 to 145 alerts per 1,000 prescriptions (18). Despite the suboptimal performance of computerized systems, clinicians tend to override the automated alerts and may ignore PDDIs (21).

To our best knowledge, however, no studies have attempted to test physician's knowledge of PDDIs in China. Internationally, few studies assessed the ability of clinicians to detect PDDIs and their sources of drug information (22–25). In a postal survey of U.S. prescribers, response from a 16-item questionnaire suggested that prescribers were able to detect 42.7% of drug combinations (22). In another survey using simulated prescription profiles, 67% of 2-drug combinations were categorized correctly by pharmacists (23). In addition to the PDDI knowledge, the source of information contributes to the irrational use of medicines. For example, if physicians rely on the drug information from pharmaceutical companies rather than evidence-based guidelines, incorrect medication use may occur (26). But limited data is available for where the physicians obtained their PDDI information in China.

China has become the second largest pharmaceutical market in the world. With the rising use of medications, it is becoming increasingly urgent to navigate potential ways reducing the risk of PDDIs. In 2019, the National Health Commission (NHC) released opinions on strengthening rational use of medicines to address the emerging issue in patient safety. As such, understanding the physician's knowledge level of PDDIs is warranted to develop evidence-based strategies and policies to improve patient care. Therefore, the objective of this study was 3-fold: [1] to estimate the degree to which physicians can identify PDDIs correctly; [2] to describe the source of information that physicians used; [3] to understand their altitude with respect to improving knowledge level of PDDIs.



MATERIALS AND METHODS


Study Design

This study employed a cross-sectional study design. We carried out an anonymous, online survey that was open to practicing physicians in Shanghai, China, from November 1 to December 15, 2020. This study was approved by the Institutional Review Boards of Minhang Hospital of Fudan University. The study protocol and gave an exemption from full review. Written informed consent was waived for this study because of the anonymous survey approach. This study followed the Checklist for Reporting Results of Internet E-Surveys (CHERRIES) (27).



Survey Questionnaire

The questionnaire, which accessed the knowledge level of PDDIs, was created based on previous studies and clinical practices in China (22, 24, 28). This questionnaire has been reviewed by an expert panel that consisted of physician, pharmacists, outcomes researcher. The questionnaire included three sections; the first section was to ask physician's characteristics, including age, gender, education, years of practice, and specialty. The second section was to access physician's knowledge for PDDIs. Participants were asked to classify the 20-drug pairs into four categories: “no interaction” (n = 5), “have interaction, may be used together but with monitoring” (n = 8), “contraindication” (n = 7), and “not sure.” Each correct answer was given one point, with a maximum score of 20. These DDI pairs are commonly used in the literature testing the knowledge level of PDDIs (22, 24, 28). We selected these drug pairs because they are frequently used in China with significant clinical impacts. The last section was to understand the source of information. As various sources of drug information may be used to check for PDDIs, the participants were expected to choose multiple answers from the options given. We also evaluated physician's altitude on the prevention of PDDIs. The 5-point Likert scale was used to allow the participants to express the extent they agree or disagree with the four statements regarding their altitude toward of avoiding PDDIs in practice. The questionnaire was shown in the Appendix.



Participants Recruitment

To reach a representative sample of physicians, following the previous research (29), we first selected 20 clinical pharmacists as the original delivers who invited the physicians in their units to participate. Physicians working in both community clinics and hospitals were invited to participate. Then we sent out private messages via WeChat that included a link to web-based questionnaire through an internet survey portal (https://www.wjx.cn/). WeChat is the largest social media platform in China and has been widely used to distribute online surveys (30, 31). Each WeChat account was allowed to answer the questionnaire once to avoid multiple response from the same participants. A total of 900 participants were invited in this survey and 709 physicians participated the survey. The response rate was 78.8%.

The returned questionnaire was considered as eligible if [1] all the questions related to the PDDIs were answered; [2] the time spent on answering the questionnaire was within the range of 2–20 min, which was considered as typical timestamps. In the questionnaire development stage, we collected the feedbacks from a small group of physicians on whether the survey questions were clear. The typical timestamps were determined by the time they spent on completing the questionnaire. This approach has been applied in previous studies (30, 32). If the respondents submitted the same answers for all the PDDIs questions, then the questionnaire was excluded from the analysis.



Data Analysis

For descriptive analysis, frequency distributions (e.g., percentage) was used to describe categorical variables and means were used to describe continuous variables, respectively. Fisher's exact test was for categorical variables and Student's t-test was used for continuous variables. The mean was calculated to describe the score of PDDI questions. We also constructed an ordinary least square regression model to examine the potential predictors of PDDI knowledge, including physician's demographics, specialty, type of hospitals, practices, and their altitude toward PDDIs. The selection of these factors was based on the practices in China. The number of drug pairs categorized correctly was used as dependent variable, and the physician's self-reported characteristics and altitude on the PDDIs were included as independent variables. On the basis of parsimony, the interaction terms were not included in the regression model because the interacting effect of independent variables is difficult to interpret (22). Statistical significance was determined at a-level of 0.05. All statistical analyses were performed using SAS 9.4.




RESULTS


Characteristics of Respondents

After discarding 88 questionnaires that deemed ineligible based on predefined criteria, 618 (or 88%) of 706 questionnaires were included in the analysis. As shown in Table 1, the majority (42.6%) of respondents were aged between 30 and 39 years old; 353 (57.1%) were female, and 256 (41.4%) held a graduate degree. Most of physicians worked in community hospitals (38.8%) and tertiary hospitals (38.8%), and 25.9. 18.8, 35.1, and 14.6% of the respondents having practiced for <5 years, 5–9 years, 10–19 years, and more than 20 years, respectively. 40.0% of the respondents were internal medicine or family medicine physicians.


Table 1. Self-reported characteristics of physicians who participated in the survey (n = 618).
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Knowledge of PDDIs

Table 2 presents the frequencies (percentages) of respondents choosing each answer of the 20-drug pairs. On average, the respondents classified correctly 6.7 out of 20 pairs, or 33.4% of the drug interactions investigated. The number of drug pairs recognized by respondents was ranged from zero to 16. The percentage of physicians who recognized specific drug pairs ranged from 8.3% for no interactions between conjugated estrogens and raloxifene, to 64.0% for the interaction between dopamine and phenytoin.


Table 2. Frequencies (percentages) of physician's response to PDDIsa.
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For the five drug combinations without interactions, 9.8% of the respondents answered correctly. For the 15 drug combinations that were considered as having interactions, which include both “contraindication” and “have interaction but may be used together with monitoring,” 41.2% of them were categorized correctly by the respondents. Of particular, 15.1% of respondents categorized correctly for the six drug pairs having contradicted interactions, while 60.2% of the respondents categorized them as “needs to have close monitoring.” For the seven drug pairs that were deemed with clinical significance by the expert panel (33), the majority of respondents detected the interactions, but 10% of the respondents still categorized as “no interaction” and 15% of them answered “not sure.”



Source of PDDI Information

The respondents' source of PDDI information was shown in Figure 1. When the respondents wanted to check PDDI information, the most commonly used source of information was package inserts (n = 572, 92.6%). The less commonly used information sources were Internet or mobile Apps (n = 424, 68.6%), consultation with clinical pharmacists (n = 384, 62.1%), medical textbooks (n = 374, 60.5%), knowledge base in Chinese (n = 283, 45.8%), and consultation with other physicians (n = 366, 59.2%).


[image: Figure 1]
FIGURE 1. Source of information for PDDIsa. aSum may not be 100% because respondents were allowed to choose multiple answers.




Altitude Toward PDDIs

As shown in Figure 2, 88.0% of respondents reported that they always checked PDDIs while prescribing for patients, among them, 28.6% agreed with the statements and 59.4% strongly agreed, respectively. 69.1% of respondents agreed that they would consider PDDIs while prescribing. Less than half of the respondents agreed that the PDDI information were useful for their practice, but 78.0% of them had the willingness to improve their knowledge for PDDIs.


[image: Figure 2]
FIGURE 2. Physician's altitude toward PDDIs*. *Sum may not be 100% because respondents were allowed to choose multiple answers.




Predictors of PDDI Knowledge

In the multiple regression analysis, it revealed that significant predictors of a higher number of recognized drug pairs were years of practice (p = 0.015) and altitudes toward PDDIs (Table 3). Respondents who reported to check references for PDDIs detected more drug interactions than those who did not look for PDDIs (p = 0.029). Respondents who reported to consider PDDIs while prescribing for patients had lower score for PDDIs than those who did not (p = 0.011).


Table 3. Predictors of the knowledge level for PDDIsa.
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DISCUSSION

In this online survey accessing physician's ability to recognize PDDIs, less than half of the interacting drug combinations were recognized by the physicians who responded to the survey, which is consistent with previous studies conducted in the U.S. (22) and Central Saudi Arabia (28). Based on the participants' response, it seems that some potentially harmful drug interactions may not be detected by many physicians. For the seven drug combinations that are considered as contradicted, nearly 80% of the respondents categorized incorrectly. This insufficient detection of contradicted drug combinations could be partly explained by that the use of these drugs requires close monitoring, and hence a large proportion (around 60%) of respondents chose “use with monitoring” rather than “contradicted.” However, up to 25% of the physicians still remained unsure or unaware of these serious PDDIs. In addition, the participants were asked to restrict the use of references, which may contribute the relatively poor performance of recognizing PDDIs (22, 34).

Our findings also revealed that package inserts were the most commonly used information source for physicians when they need to check PDDIs, which is a major risk factor for incorrect medication use (26). As the electric databases or computerized systems are not widely available in China, it would be difficult for physicians to stay current with the best available evidence. With the busy working schedule, it appears to be impossible for physicians to check package inserts for every potential drug interaction they found, leading to substantial threats to the patient safety. Therefore, easily accessed scientific resources should be available for physicians to improve drug safety. Even with the assistance of the computerized systems to detect PDDIs, preventing DDIs is still difficult especially when more drugs are a part of a patient's daily schedule (35). Pharmacists and physicians tend to be desensitized to the alerts that are given by the software systems (36), mainly because they are given the option to override those alerts with mild or insignificant clinical outcomes (35, 36). Overriding alerts may become a habit for many pharmacists; in some clinical settings, the override rates could be as high as 71.9%, which may rise the tendency of a pharmacist or physician to override a harmful PDDI (37). Hence, the burning issue of drug interaction won't be easily fixed by the implementation of the computerized system, a multi-facetted approach is necessary to improve drug safety.

This study also attempted to investigate the predictors of physician's PDDI knowledge. Due to small sample size, few predictors, including years of practice, type of hospital, and altitude toward PDDIs, were statistically significant. Higher scores for PDDIs were reported among physicians working in the secondary hospitals, potentially because they tend to provide care to a wide spectrum of non-surgical conditions and might be more familiar with the PDDIs included in the questionnaire. Noticeably, our analyses indicated the strong association between self-reported willingness to check references and knowledge of PDDIs as demonstrated by correct responses to drug pairs. Our finding highlighted the importance of raising awareness of PDDIs among physicians, possibly through continuing education with a specific focus on the most harmful PDDIs. Furthermore, two-thirds of physicians would consult with pharmacists if they have question regarding PDDIs. Recently, the pharmacist's role in improving patient care has been recognized in China. For example, the review of prescription by clinical pharmacists was mandated in tertiary hospitals in Shanghai. The physician-pharmacist collaboration model, in which pharmacists are included in the multidisciplinary heath care team, has been piloted in some tertiary hospitals. Most of PDDIs are preventable through quick response and effective team collaborations, therefore, more efforts should be pioneered in building up the physician-pharmacist collaboration to improve pharmaceutical care (7).

There are several limitations in this analysis. First, our findings have limited generalizability and may not reflect the general doctor population in terms of their level of knowledge about PDDIs. Despite of the efforts in the distribution of questionnaire, only a small proportion of physicians in China responded. Hence, the findings cannot be generalizable to all Chinese physicians. Second, selection bias may exist because physicians who were familiar with PDDIs were more likely to participate the survey. As such, it will be impossible to understand the knowledge level of those physicians who did not participate the survey. Third, the questionnaire used to test the knowledge level of PDDIs is not validated, even though it was developed based on the existing studies (22, 24, 28). The 20-drug pairs might not be adequate to reflect the extent of knowledge applicable to the huge number of PDDIs. Hence, the physician's knowledge about PDDIs may not be well-accessed in this study. However, these DDI pairs have significant clinical impacts and every practicing physicians should be familiar with them. Last, we only included a couple of predictors for PDDI knowledge level, the lacking of confounders may cause inaccurate results of the multivariate regression model.

In conclusion, this study indicates unsatisfactory knowledge level about clinically significant drug interactions among physicians. This study also provides insights into where the physicians obtain their drug information. Continuing education and accessible electronic database can help physicians detecting PDDIs and improve drug safety.
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