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Objective: To analyse the relationship between the adverse drug reactions (ADRs) of essential drugs and visits, based on the recorded 
annual increase in ADRs associated with essential medicines in China, to provide a reliable theoretical basis for further analysis and 
optimization of the safety of essential drugs.
Methods: The data of adverse reactions of essential drugs in China from 2011 to 2020, time series analysis was conducted, and vector 
autoregressive (VAR) model was established. The relationship between the number of ADRs and visits was explored empirically 
through Granger causality test, impulse response function and variance decomposition.
Results: There was a long-term cointegration relationship and one-way causality between the number of visits and ADRs caused by 
essential medicines. In the initial stage, the ADR response to the number of visits increased sharply, but with an increase in the number 
of lag periods, the impact remained basically stable, even showing a slight decreasing trend.
Conclusion: The number of visits impacts ADRs caused by essential medicines, but this impact remains basically stable after 
reaching a certain level.
Keywords: essential medicines, adverse drug reactions, vector autoregressive model, time-series analysis

Background
The concept of essential medicines was proposed by the World Health Organization (WHO) in 1977.1 It refers to 
medicines needed to satisfy basic medical and health demand in suitable dosage form, at reasonable prices, and with 
guaranteed supply and fair access to the public.1,2 Since the implementation of a new medical reform in 2009,3 China 
has gradually established a national essential medicine system, which has played an important role in establishing and 
implementing the improvement of drug supply security systems, regulating the bulk of basic drugs, and reducing 
medical expense burdens. Currently, the study of basic drugs is concentrated on their affordability, accessibility and 
rationality.4,5 For example, the significant measures to implement the essential medicine system have impacted the 
affordability of primary medical institutions, patients and the government;6,7 accessibility issues in medical institutions 
and social pharmacies;8–11 and discussions of the rationality of basic drug prescriptions.12 However, from 2009 to 
2020, the number of reported cases of ADRs associated with basic drugs collected by the National Center for the ADR 
Monitoring System increased year by year.13 In 2020, total ADRs reached 830 thousand, including 88 thousand serious 
reports, accounting for 10.6%.14 The reasons for this phenomenon merit further study and discussion. This study 
analysed the trend of ADRs caused by essential medicines in the past 10 years through a time-series analysis. To 
provide strong support to further guarantee the safety of basic drugs, we empirically analysed the related influencing 
factors of ADRs associated with basic drugs by using the VAR model, such as the number of visits.
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Methods
Data Collection and Processing
Data were collected from the National Economic and Social Development Statistical Bulletin and the National Annual 
Report on Adverse Drug Reactions by the government agency.13,15 The indicators can be selected and included directly 
in this study, owing to the use of analyzed data in which participants were not identifiable. The variables analysed were 
the number of ADRs associated with basic drugs from 2011 to 2020, referred to as ADR_TOTAL, and the number of 
visitors, referred to as V. Simultaneously, data from 2014 to 2020 on ADRs caused by chemical drugs and biological 
preparations, denoted as ADR_CB, were extracted, as were data on ADRs caused by Chinese traditional patent medicine, 
written as ADR_TCM. Because the number of adverse reactions is in units of 10,000 cases and the number of visits in 
units of 100 million people, to facilitate the later modelling and statistical analysis, the number of ADRs and number of 
visits in 2011 were used as the bases, and the annual data were divided by the corresponding bases in 2011 to obtain the 
percentage value. The final obtained ADR sequence was recorded as EMADR_TOTAL and the number of visits as TV.

Index Selection
Theoretically, the number of ADRs is closely related to the number of varieties of basic drugs, ADRs reporting skills and 
structures, the usage of basic drugs and other factors, while the usage of basic drugs is influenced by factors such as the 
number of visits and relevant policies. Considering, the factors such as the monitoring system of ADRs and the policies 
for promoting the use of essential drugs are difficult to quantify for analysis. Meanwhile, we have the time-series analysis 
descriptive statistics for the ADRs associated with basic drugs was depicted with EViews 10 software (QMS, Irvine, CA, 
USA). An influence of the number of included varieties of basic drugs on ADRs can be ruled out because the descriptive 
analysis in the figure showed that while the number of ADRs associated with basic drugs increased year by year, the 
number of ADRs associated with Chinese traditional patent medicine tended to be stable (Figure 1). Therefore, this study 
attempts to explore the relationship between the ADRs associated with basic drugs and the number of visits based on 
time series analysis.

Statistical Analysis
A time-series analysis with vector autoregression (VAR) model was performed with EViews 10 software to examine the 
dynamic interaction between ADR and visits.16 First, the augmented Dickey–Fuller (ADF) stationarity test was employed 

Figure 1 Time-series analysis descriptive statistics of ADRs associated with basic drugs. Blue bar is ADR_CB, the 
ADRs caused by chemical drugs and biological preparations; red bar is ADR_TCM, the ADRs caused by Chinese traditional patent medicine; green bar is ADR_TOTAL, the 
all ADRs associated with basic drugs from 2011 to 2020.
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to identify whether a unit root existed in the EMADR_TOTAL and TV series and determine the stationarity of the two 
series. The analysed time-series variables are all nonstationary series, and cointegration analysis can be performed on the 
original series variables. When the analysed variables for a time series are all nonstationary series (ADF, P>0.05), 
cointegration analysis can be performed on the original series variables. If there is a cointegration relationship between 
the two series (none and at most 1, P<0.05), then the VAR model can be further constructed, and the causal relationship 
between basic drug ADRs and the number of visits can be explored by means of Granger causality, impulse response 
analysis and variance decomposition. The optimal lag order of the VAR model is determined with the minimization 
principles of the Akaike information criterion (AIC) and Schwarz criterion (SIC). Next, the stationarity of the VAR 
model was tested. Only if a VAR model is stable can Granger analysis, impulse response analysis, and variance 
decomposition be carried out because these methods all require the VAR model to be a stationary system. A P value 
of <0.05 was considered to reject the null hypothesis.

Patient and Public Involvement
No patient involved

Results
Based on the data processed above, we performed statistical analysis on the two variables MEADR_TOTAL and TV. The 
processed data of the two groups showed a normal distribution (Jarque–Bera, P=0.989 and P=0.763, respectively); that 
is, the processing was reasonable and effective.

The ADF test revealed that the null hypothesis that there was a unit root could not be rejected for either the 
EMADR_TOTAL or the TV sequence (P=0.856 and P=0.319, respectively). Both sequences were thus nonstationary 
sequences, and cointegration analysis was required for them. A cointegration test was performed to determine whether 
there was a long-term equilibrium relationship between the two. The analysis of the cointegration test showed that there 
was a correlation between the EMADR_TOTAL and TV sets of sequences (none, P=0.001 and at most 1, P=0.002).

Based on the principle of AIC and SC minimization, the optimal lag order of the VAR model was determined to be 1. 
Then, the stationarity test of the VAR sequence was carried out (Figure 2). All the unit roots were inside the unit circle, 
which means that the VAR sequence was stationary. Therefore, the assumptions required for the Granger causality test, 

Figure 2 Stationarity test of VAR system. All the unit roots (blue dot) were inside the unit circle, which means that the VAR sequence was stationary.
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impulse response analysis and variance decomposition test for the two groups of variables EMADR_TOTAL and TV 
were satisfied. Through the Granger causality test, it could be concluded that the null hypothesis that TV is not the 
Granger-cause of EMADR_TAOTAL was rejected (P=0.034), indicating that the number of visits Granger-causes the 
number of ADRs associated with basic drugs. The null hypothesis that EMADR_TAOTAL is not the Granger-cause of 
TV was not rejected (P=0.674), which indicates that the number of ADRs caused by basic drugs does not Granger-cause 
the number of visits. Therefore, there is only a one-way relationship between the number of ADRs caused by the basic 
drugs and the number of visits.

With the number of visits taken as the influencing factor and the number of ADRs caused by essential drugs taken as 
the response factor, the impulse responses of EMADR_TOTAL to a 1-standard-deviation shock to itself and to TV were 
analysed (Figures 3 and 4, respectively). The response of EMADR_TOTAL to a one-standard-deviation shock to TV 
showed a positive response in the initial stage, reached the maximum value in the second period, and then repeatedly 
fluctuated. After the fourth period, it fluctuated around the value of 0, and finally, the effect tended to disappear. At the 
same time, the response of EMADR_TOTAL to a one-standard-deviation shock to itself was negative in the initial stage 
and then fluctuated repeatedly, and the fluctuation range gradually flattened. The response direction of EMADR_TOTAL 
to a self-perturbation was opposite to that of a TV perturbation, and the response to the self-perturbation was larger. This 
showed that in the long run, the impact of the number of visits and basic drugs on the number of ADRs caused by the 
basic drugs becomes increasingly stable and that the basic drugs themselves have a greater impact on the number of 
ADRs.

The variance decomposition provided the relative degree of influence of each disturbance factor on each variable in 
the VAR model. The part of the variance in the EMADR_TOTAL variable explained by a self-change showed a sharp 
downwards trend in the early stage, slight fluctuations in the third and fourth periods, and then a slight increasing trend, 
while the part explained by the TV change showed a sharp increase in the early stage and then a slight downwards trend 
(Figure 5). Approximately 80% of the variance in the EMADR_TOTAL variable was explained by the self-disturbance, 
and the remaining 20% was explained by the TV perturbation. This means that in the initial stage, the number of visits 
had a greater impact on ADRs caused by basic drugs but that in the long run, this impact was basically stable and 
relatively small.

Figure 3 Response of EMADR_TOTAL to TV perturbation. Blue line is trace of impulse response values, between the red dotted lines are the response standard errors.
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Discussion
ADRs refer to harmful reactions unrelated to the purpose of the drug when normal doses of qualified drugs are used for 
the prevention, diagnosis and treatment of diseases.17 At present, reports relevant to the ADRs associated with essential 
medicines focus on the analysis of the drugs’ safe use, rational clinical application, and interactions to reduce the 
occurrence of ADRs.18,19 Simple statistics are available on ADR-susceptible populations, affected systems, Chinese 

Figure 4 Response of EMADR_TOTAL to self-disturbance. Blue line is trace of impulse response values, between the red dotted lines are the response standard errors.

Figure 5 Variance decomposition of EMADR_TOTAL. Blue line is EMADR_TOTAL, the all ADRs induced by the basic drugs; red line is 

TV, the number of visitors from 2011 to 2020.
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traditional patent medicine injections, antibacterial drugs, etc.20–22 There are also related discussions on ADR monitoring 
models and monitoring signals for basic drugs by Liu Cuili et al23 and research on related genes and proteins for 
predicting ADRs by Kuhn, M et al24,25 Currently, there are no macro time-series analyses on the long-term trend of the 
basic drug ADR series and related influencing factors. This study makes up for the lack of comprehensive safety 
evaluation from a macro perspective, and can provide references for similar studies in the future.

The VAR model is to construct the model by taking each endogenous variable in the system as a function of the lag value of 
all endogenous variables in the system, so as to extend the univariate autoregressive model to the “vector” autoregressive 
model composed of multiple time series variables.26–29 The model does not care whether the regression coefficient of the 
equation is significant or not, but focuses on the stability level of the whole model. Only on the basis of the stability of the VAR 
system can impulse response and variance decomposition be used to study the dynamic impact of random disturbance on the 
variable system.30,31 In this study, ADF balance test and cointegration analysis were used to determine that there is a long-term 
equilibrium relationship between the two groups of variables “EMADR_TOTAL” and “TV”, so the VAR model can be 
established and run. The stationarity test of the overall model found that all the unit roots were in the circle, that is, the VAR 
model was stable and could carry out subsequent analysis, and the subsequent analysis results were reasonable.

The VAR model was constructed with the time-series data of the number of medical visits and the number of ADRs 
caused by basic drugs in China from 2011 to 2020. Through the methods of Granger causality tests and impulse response 
and variance decomposition analyses, we discussed the dynamic relationship between the number of visits and the 
number of ADRs caused by basic drugs, improve the safety analysis of basic drugs from a macro perspective. From each 
test, it could be concluded, first, that there was a long-term stable relationship and one-way Granger causality between 
the two series, which showed that the number of visits had a certain influence on the number of ADRs. Then, through the 
impulse response and variance decomposition analyses, it was found that the impact of the number of visits showed 
a sharp increase only in the initial stage and that upon reaching a threshold of approximately 20%, the impact basically 
remained stable and even showed a slight declining trend. Thus, the impact of visits on the number of ADRs caused by 
basic drugs may decrease in the long run.

There are many factors that affect the number of ADRs, such as the list of essential medicines, usage, the monitoring 
system of ADRs, and number of patients, and other factors.32,33 This study analyses of the total number of ADRs 
associated with basic drugs in China from 2011 to 2020 and the ADRs caused by Chinese traditional patent medicines, 
chemical drugs and biological preparations of basic drugs found that the number of ADRs caused by Chinese traditional 
patent medicines tended to be stable and that the dynamic trend in the number of ADRs caused by chemical drugs and 
biological preparations was basically the same as that for the overall ADR number. In the past 10 years, China has 
successively updated the 2012 version (with 520 drugs) and the 2018 version (with 685 drugs) of its essential drug list.34 

So that, our tests allowed us to rule out an influence of the number of catalogue varieties.
The usage of basic drugs is affected by factors such as diagnosis and treatment plan, disease degree, and the number 

of visits. Currently, most factors, such as diagnoses and treatment plans, reporting skills of ADRs, disease severity, are 
difficult to collect or quantify except for the number of visits. Which makes them impossible be directly applied to 
statistical analysis. Therefore, this paper studied mainly the time series relationship between the ADRs associated with 
basic drugs and the number of visits. However, there are only nearly 10 years of relevant data for basic drugs, which 
imposes certain limitations on the VAR analysis of dynamic changes. The main influencing factor of ADRs caused by 
basic drugs may be itself. which is not discussed in this paper because it needs to be explored in many directions and 
further excavation.

For discussions of the influencing factors of the time-series increase in ADRs caused by basic drugs, the relevant data in 
this paper can provide reference for the safety evaluation of the national essential drug system, and further improve the safety 
guarantee of basic drugs. At the same time, it also provides a reference for the safety and effect evaluation of the 
implementation of essential drugs policy and provides a scientific basis for the management of essential drugs in the country. 
Following, we will further exploration and analysis will be conducted from multiple perspectives, such as the optimization of 
the quality of basic drug preparations, improvement to basic drug safety evaluation models, pharmacovigilance, and 
improvement and strengthening of the ADR monitoring system.
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Conclusion
In summary, through the analysis of the current, limited ADR data for basic drugs, it is found that the number of visits 
has a certain impact on ADRs but that after this impact reaches a certain level, it basically remains stable Indeed, in the 
long run, it may become increasingly small. We also found that the basic drugs themselves had a greater impact than the 
number of visits on ADRs. It is suggested that it is worth focusing more on basic drugs themselves in the future—for 
example, through comprehensive evaluations of their quality—to further explore the reasons for the increase in ADRs 
associated with basic drugs year by year and improve the overall safety of basic drugs. In view of the limitations of our 
current research data, we welcome all research and regulatory teams to provide advice and support in identifying 
influencing factors and collecting data to study various aspects of essential medicine ADRs.
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