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To depict the evolution of the global trade of medical devices, this study analyzes the spatiotemporal evolution characteristics of global and China's trade patterns of medical devices from 2001 to 2020 based on data from the World Bank and United Nations Commodity Trade Statistics Database, and thereby investigates the status quo of global and China's medical device trade, as well as changes in China's position in the global medical device trade. The findings are as follows. First, the total global trade volume of medical devices is generally on the rise, showing closer network connections. Despite some changes in trade position, the core countries in the global medical device trade network are relatively fixed. The intermediate position of core trading countries has been weakened on the whole, whereas exporting countries have generally assumed an enhanced central position. Communities with geographical proximity have been formed in the global medical device trade network, including two large communities, the Asian-European countries and the Pacific Rim countries, and one small community, the South American countries. Second, with its rapidly growing trade volume of medical devices with other countries, China has now become the fourth largest medical device trading country in the world. Its number of import and export partners has remained relatively stable and continued to increase. Its export markets are relatively concentrated, and a tripartite pattern of import sources has been formed. China has established extensive interdependent relations and almost no one-way dependent relations in the medical device trade. Among its major trading partners for medical devices, the interdependence of China with developed countries/regions, such as European and American countries and Japan, has generally deepened.
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INTRODUCTION

Since the reform and opening up of China, Chinese people's awareness of life and health has increased with the improvement of living standards, and the state has paid more and more attention to the healthcare industry. As an important part of the healthcare system reform, the medical device industry is facing important challenges. Medical devices are an important component of human health protection, and the most important basic element in the construction of the medical service system. It is also a knowledge-intensive, highly specialized, and interdisciplinary high-tech industry. In recent years, with the continuous introduction of new medical reform policies in China, the healthcare system reform has attracted widespread attention.

In 2020, the COVID-19 pandemic had a severe impact on international trade and the world economy, posing serious challenges to the global public health system. As the basic equipment for modern healthcare, medical devices have played an important role in the global fight against the pandemic. Moreover, they are also products related to livelihood and health. As the foundation of the modern healthcare system, the development of medical devices is related to the future development of the national health industry. During the COVID-19 pandemic, medical devices, as one of the most important sectors of the healthcare industry, are an important measure of a country's scientific and technological progress, which further highlights its importance to a country's healthcare system. It is foreseeable that countries around the world will pay more and more attention to the medical device industry. In the long run, the outbreak of this pandemic is beneficial to the development of the medical device industry.



THEORETICAL BASIS

The international trade network is a complex economic system composed of interconnected national or regional economies. It is a new hot topic in the field of international trade. It has been studied from different disciplines and perspectives. Most studies investigated the topological structure and characteristics of the trade network based on centrality, community, clustering coefficient, and other measures of the whole industry or a certain sector or product around the world or in a certain region in a specific year or a long period of time through complex network analysis using a binary or weighted network (1–9).

Research on medical devices mainly takes a micro perspective and examines the technological innovation and enterprise efficiency of medical device companies using tools such as case analysis, data envelopment analysis (DEA), and questionnaire survey (10–13). Some studies have also been conducted from the perspective of the industry by investigating the current regulation status, innovation, regulation mechanisms, technical standards, and industry development of medical devices (14–20). However, few studies have been conducted from the perspective of trade.

It is evident from literature review that trade network has become the forefront of theoretical research of social network. Previous studies investigated the characteristics and patterns of trade networks by constructing a binary matrix or weighted directed network, which provides valuable insights for this study. However, further research is still required in this field. First, few studies have looked at the pattern of medical device trade network from the perspective of overall network and research findings on changes in China's position are inadequate. Second, data mining that covers the entire time scale and reflects the evolution process of global medical device trade network needs to be further expanded. The marginal contributions of this study are as follows. This study breaks the linear logic and considers both time and space dimensions. It attempts to characterize the evolution of the global medical device trade network by constructing a 20-year evolution diagram of this network and analyze the pattern of changes in China's position in medical device trade in an objective and comprehensive manner based on global medical device trade data from 2001 to 2020. It is hoped that the results of this study will provide a theoretical basis and decision-making support for China's efforts to cope with the changes in medical device trade pattern and build a medical device trade network system.



METHODOLOGY AND DATA


Methodology
 
First, Descriptive Analysis of Trade

The world and China's medical device trade trends are analyzed based on changes in total trade volume.



Second, Social Network Analysis

Social Network analysis is employed to examine changes in the measures of the global trade network of medical devices, including network density, average shortest path length, clustering coefficient, centrality, in-degree and out-degree, closeness centrality, betweenness centrality, and trade network group, thereby revealing the evolution characteristics of this network.



Third, Interdependence Index Analysis

To describe the interdependence of China with other countries in the global medical device trade, this study proposes an interdependence equation for medical device trade by drawing on the Grubel-Lloyd index that estimates the intensity of intra-industry trade:
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where DEi→j is the export of medical devices from country i to country j; DIi→j is the import of medical devices of country i from country j; and DrGLi, j is the interdependence index between country i and country j in medical device trade, with a value range of [0–1]. If country i only exports/imports medical devices to/from country j, there is only a one-way dependence index between the two countries, and DrGLi, j is 0. If country i's exports to country j are equal to its imports from country j, then the two countries have the greatest trade overlap, and DrGLi, j is 1. The larger the DrGLi, j, the higher the interdependence index between the two countries in medical device trade. DrGLi, j≥0.5 indicates high interdependence between the two countries in medical device trade, 0.2<DrGLi, j <0.5 indicates moderate interdependence, and DrGLi, j≤0.2 indicates low interdependence.




Data

Based on existing research (21, 22), this study analyzes the global trade of medical devices in detail through empirical study of import and export data of common categories of medical devices defined under Chinese Harmonized System (HS) codes 9018, 9019, 9020, 9021, 9022, and 9402.

With countries/regions involved in the trade of medical devices abstracted as nodes, 80 countries/regions, such as mainland China, the United States, Germany, and South Korea, are selected as the research objects. Given that the imports and exports of medical devices of these countries/regions in 2001–2020 accounted for 99.05% of the world's total, relevant data are highly representative. An 80*80 matrix was created for the trade network of medical devices based on the bilateral trade flows of the 80 countries/regions. The characteristics of this network were analyzed with UCINET software and visualization was performed using Gephi.




RESULT ANALYSIS


Structural Characteristics and Evolution of Global Medical Device Trade

From 2001 to 2020, the global trade volume of medical devices increased rapidly from US$112.963 billion to US$488.256 billion, representing an average annual growth of 7.23%. Changes in total trade volume are the combined result of changes in participating economies and trade volumes. With the continuous expansion of the global trade of medical devices, the number of participants in the trade has been increasing, and the structure of the trade network has become increasingly complex. From 2001 to 2020, the number of participants in the global medical device trade increased from 190 to 230, and the number of trade connections increased from 5,434 to 5,640, representing an increase of 17.39.0% and 6.65%, respectively. The global medical device trade network shows increasing complexity and has spread to all corners of the world.


Numerous Countries Participating in the Global Medical Device Trade and Forming a Closely Connected Network

As observed from the temporal evolution of node centrality and network connectivity (Table 1), the global medical device trade network is characterized by asymmetric structures of out-degree and in-degree of nodes and overall increasingly close connection. However, it also has the characteristics of a small-world network: a high clustering coefficient and a small average characteristic path length. Details are given as follows.


Table 1. Measures of global medical device trade network.
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First, the number of countries participating in the global medical device trade has increased, but importer and exporter countries have obviously asymmetric structures. From 2001 to 2020, the average number of trading partners of each country increased from 36 to 47, reflecting the trend of increasing trading partners of participating countries. However, the out-degree and in-degree centralization of the medical device trade network are asymmetric, but the gap narrowed slightly. Out-degree centralization decreased from 0.67 to 0.56, while in-degree centralization scores were mostly <0.4.

Second, countries are relatively closely connected in the global medical device trade, representing an integrated trade pattern. In terms of network connectivity, network density in 2020 is 0.5158, which is significantly higher than the 0.3769 in 2001. This means that the trading partners of each country are relatively concentrated, and countries have become more closely connected in medical device trade and formed a dense network, representing an integrated pattern of global medical device trade.

Third, the local clustering of the global medical device trade network has been increasing, and the trade efficiency has improved. From 2001 to 2020, the average clustering coefficient of the global medical device trade network showed an overall increasing trend and remained above 0.5, indicating that more and more trading countries have overlapping “circles of friends.” Meanwhile, the average characteristic path length gradually decreased and approached 1.4. This means that only one intermediate country is needed to achieve network connectivity between the trading countries, reflecting the high efficiency of trade realization in the global medical device trade network.



Relatively Fixed Core Countries in the Global Medical Device Trade Network, With a Shift From Intermediate to Central Position
 
Relatively Fixed Core Trading Countries, With Some Changes in Trade Position

Table 2 shows the ranking of trading countries/regions based on the imports and exports of medical devices in some years. It can be seen that the core exporters and importers in the global medical device trade network are relatively fixed, but there are some changes in trade position. In terms of out-strength, the core exporters were the United States, Germany, France, Switzerland, Ireland and China. Among them, the trade positions of France and Japan declined, that of China improved, and those of the United States and Germany were relatively stable. In terms of in-strength, the United States, Germany, Japan, the Netherlands, France, and China were the largest importers of medical devices in the world. Among them, the trade positions of the United States, Germany, and the Netherlands were relatively stable, while that of China remarkably improved.


Table 2. Changes in the top ten ranking of economies based on node strength in the global medical device trade network.
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A Weakened Intermediate Position of Core Trading Countries and an Enhanced Central Position of Exporting Countries

As shown by the spatiotemporal variations in node betweenness centrality and closeness centrality (Table 3), the betweenness centrality of the core trading countries of medical devices decreased, but the closeness centrality of exporting countries increased significantly. This means that despite the weakening of exporters' control over the trade network, core exporters still maintained a strong influence due to their enhanced central position. Furthermore, horizontal comparison shows that the betweenness centrality of each country was generally low and most of the top 10 countries were core exporters, including the United States, European countries, such as France and Germany, and Asian countries, such as China and South Korea. Among them, the United States has long been ranked first in terms of betweenness centrality, reflecting that it plays a significant bridging role in the global medical device trade and has absolute control over the global trade network. It should be noted that under the integrated pattern of the global medical device trade network, the United States' trade control decreased from 8.469 in 2001 to 6.381 in 2020. On the other hand, contrary to the decrease of betweenness centrality, most of the core exporters showed an increased closeness centrality. Among them, China's export influence increased significantly, with its ranking improving from outside the top ten to the fourth in terms of closeness centrality. On the whole, the weakened intermediate position of exporters reduced their trade control, whereas their enhanced central position intensified competition among them. This may offer opportunities for medical device importers, such as China, to enhance their control over the global medical device trade.


Table 3. Changes in the top 10 ranking of economies based on centrality in the global medical device trade network.
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Formation of Communities With Geographical Proximity in the Global Medical Device Trade Network

The network structure and core node characteristics of the global medical device trade show the pattern of a polycentric seller's market. To further clarify the community distribution characteristics in the trade of medical devices, this study identified the communities in the directed network of global medical device trade in 2020 as an example. Using the Louvain community detection algorithm, three communities reflecting significant geographical proximity were identified: the Asian-European countries (community 1), the Pacific Rim countries (community 2), and the South American countries (community 3; Figure 1).


[image: Figure 1]
FIGURE 1. Community detection in the global medical device trade network in 2020.


Community 1 is dominated by Asian and European countries. It is the community with the largest trade volume and the largest number of trade relations. It is also a main export area of medical devices. In particular, the exports of Germany and the Netherlands both exceeded US$ 4 billion. The medical device exports of its member countries accounted for 46.53% of the world's total. The trade relations established with them accounted for 58.12% of the total relations in the global medical device trade network. And the trade relations within the community accounted for 57.61%. In addition, this community includes many major importers of medical devices in the world. Countries with imports of more than US$ 100 million, such as the United Kingdom, Italy, Slovakia, and Romania, accounted for 40% of the total importers within the community. Community 2 is centered around the United States and China, covering 33 countries/regions in Asia, Europe and America. The medical device exports of its member countries accounted for 53.13% of the world's total, and their export relations accounted for 40.43%. The United States and China are the first and second core nodes, respectively, and Japan, a major exporter, is the third core node. Community 3 only includes Chile and Peru and accounted for the smallest proportion of imports (0.26%) and exports (0.61%).




Characteristics of China's Medical Device Trade in the Network

China has been a net exporter of medical devices since 2001. Its trade surplus gradually increased from US$153 million in 2001 to US$25.747 billion in 2020. In particular, its trade surplus in 2020 increased by US$10.2 billion compared with 2018 due to the COVID-19 pandemic. China has now become the fourth largest trader of medical devices in the world. It shows the following characteristics in the import and export network of medical devices.


Increased Imports and Exports

China experienced high growth of medical device imports and exports from 2001 to 2020 according to the node strength and ranking shown in Table 4. Its exports increased from US$1.582 billion to 41.880 billion, with its ranking improving from 16th to 4th. Its imports increased from US$1.429 billion to 16.133 billion, with its ranking improving from 16th to 4th. In 2020, due to the COVID-19 pandemic, China demonstrated its strength in the supply and demand of medical devices for the first time, resulting in a substantial increase in exports. China has a high level of participation in the global medical device trade network, with high rankings in terms of both out- and in-strength. However, obvious differences are observed between its import and export trends.


Table 4. China's node degrees, imports and exports, and rankings in the medical device trade.
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Relatively Concentrated Export Markets and a Tripartite Pattern of Import Sources

Table 5 shows the inter-annual changes in China's major export markets for medical devices and their shares. It can be seen that the share of its top 10 export destinations in its total medical device exports is decreasing year by year. Although the United States, Japan, and Germany remain the main export markets for Chinese medical devices, their market share is decreasing year by year, representing a sharp decrease from 63.91% in 2001 to 34.59% in 2020 of China's total medical device exports.


Table 5. Changes in China's major export markets for medical devices and their shares.

[image: Table 5]

On the other hand, changes in the in-degree value and ranking of China's medical device trade followed a basically similar trend with those in out-degree. From 2001 to 2020, the number of import sources of China increased from 33 to 51, with the in-degree ranking rising from 15th to 7th. On the whole, China has an increasing dependence on medical device imports and has an increasing number of import sources. Furthermore, based on the inter-annual changes in China's major medical device import markets and their shares in Table 6, it can be seen that China's major medical device import sources have gradually changed from North America and Europe to North America, South America, and Europe. In 2001, China had only a few core import sources of medical devices, mainly including North American, European, and East Asian countries/regions, such as Hong Kong (China), the United States, Japan, and Germany. In 2010, China's major import sources of medical devices remained basically unchanged. Meanwhile, the market share of medical devices imported from European countries, such as Germany, the United Kingdom, the Netherlands, and Switzerland, increased. These countries gradually became important import sources of medical devices for China. In 2020, Asian countries, such as Singapore (3.40%) and South Korea (2.70%), have become important import sources of medical devices for China.


Table 6. Changes in China's major import markets for medical devices and their shares.
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In general, China's medical device import sources have developed into a tripartite pattern consisting of North America, Europe, and Asia. Within this pattern, the main import sources include community 1 and 3 members, such as the United States, Germany, Japan, the Netherlands, Hong Kong (China), and Singapore, together maintaining a share of around 80% in China's medical device market.




Interdependence of China in Medical Device Trade

To characterize the interdependence between China and its trading partners for medical devices, and considering the high concentration of China's medical device trade volume, this study uses the independence index model to calculate China's interdependence index with its major trading partners of medical devices in 2001, 2010, and 2020, respectively (Table 7).


Table 7. Interdependence between China and its top 20 trading partners for medical devices in 2001, 2010, and 2020.
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In terms of medical device trade, the interdependence between China and developed countries/regions, such as the United States, Hong Kong (China) and Germany, has generally increased, while that with Japan and the United Kingdom has decreased significantly. Furthermore, for most countries/regions with high interdependence with China, China's exports to them were higher than their exports to China in 2020, which indicates that these countries/regions were more dependent on China. However, China was more dependent on these countries/regions in 2001 and 2010. Meanwhile, China's exports to countries/regions with low interdependence have gradually increased and were much higher than their exports to China, resulting in low interdependence but high one-way dependence.

According to the ranking of China's major trading partners by interdependence index (Table 8), the number of countries/regions that maintain high interdependence with China on the medical device trade has gradually increased and most of them are developed countries/regions, such as European and American countries and Japan. The number of countries/regions that maintain low interdependence with China has gradually decreased, and there have been no countries/regions that are completely one-way dependent on China.


Table 8. Ranking of China's top 20 trading partners for medical devices by interdependence in 2001, 2010, and 2020.
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On the whole, China has established extensive interdependent relations and almost no one-way dependent relations in the medical device trade. Among its major trading partners for medical devices, the interdependence of China with developed countries/regions, such as European and American countries and Japan, has generally deepened.




CONCLUSIONS AND DISCUSSIONS


Conclusions

This study analyzes the spatiotemporal evolution characteristics of global and China's trade patterns of medical devices from 2001 to 2020 based on data from the World Bank and United Nations Commodity Trade Statistics Database, and thereby investigates the status quo of global and China's medical device trade, as well as changes in China's position in the global medical device trade. The findings are as follows.

First, the total global trade volume of medical devices is generally on the rise. The changes in total trade volume are the combined result of changes in participating economies and trade volumes. The development trends of the number of participating economies and trade connections generally correspond to the total trade volume. Connections between countries/regions in the medical device trade have strengthened, which is reflected by increasing interactions and interdependence, and closer network connections. Despite some changes in trade position, the core countries in the network are relatively fixed. The intermediate position of core trading countries has been weakened on the whole, whereas exporting countries have generally assumed an enhanced central position. Communities with geographical proximity have been formed in the global medical device trade network, including two large communities, the Asian-European countries and the Pacific Rim countries, and one small community, the South American countries.

Second, China's trade volume of medical devices with other countries has grown rapidly, exhibiting a continuous upward trend. With its greatly increased imports and exports, it has now become the fourth largest medical device trading country in the world. Its number of import and export partners has remained relatively stable and continued to increase. Besides, its export markets are relatively concentrated, and a tripartite pattern of import sources has been formed. According to the interdependence index, the interdependence between China and developed countries/regions, such as the United States, Hong Kong (China) and Germany, has generally increased in the medical device trade, while that with Japan and the United Kingdom has decreased significantly. China has established extensive interdependent relations and almost no one-way dependent relations in the medical device trade. Among its major trading partners for medical devices, the interdependence of China with developed countries/regions, such as European and American countries and Japan, has generally deepened.



Discussions

Due to the COVID-19 pandemic, the global demand for medical devices has surged. In the context of the persistent pandemic, the international dependence on Chinese medical devices may further increase. Therefore, the following suggestions are made.

First, the application of big data promotes the rapid development of the medical device industry. As the first entry point for collecting patient health data, medical devices have an important strategic position. In addition to providing support for services, deep mining of health big data can also lead the strategic planning and guide the direction of future research and development. Big data mining makes it possible to reduce the workload of doctors during the pandemic, improve the efficiency of diagnosis, and improve the accuracy of diagnostic tests. Big data enables the quality upgrade and structural optimization of the medical device industry, and promotes the high-end leap of the whole industry chain. It can also optimize the allocation of resource elements in the medical device industry and improve total factor productivity. Moreover, digitalization can give birth to new models, new demands, and new forms of the medical device industry, creating new momentum for industrial growth.

Second, since the outbreak of the COVID-19 pandemic, China has demonstrated its strength in supplying medical devices and occupied the global market with numerous medical device orders. China should seize the current opportunities, dedicate more efforts to innovation and research and development, and strengthen international cooperation, especially in the field of high-end medical devices. Meanwhile, efforts should also be made to enhance the international influence of Made in China brands, improve quality standards, continuously strengthen the publicity of Chinese medical device brands, and promote overseas marketing of more pharmaceutical brands.
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