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Objective: This paper examines the impact of healthcare industry convergence on the performance of the public health system in the eastern, central, and western regions of China.

Methods: Public health performance was measured by a composite index of three standards: average life expectancy at birth, perinatal mortality, and maternal mortality. The healthcare industry convergence was measured using a coupling coordination degree method. The spatial lag, spatial error, and spatial Durbin models were used to estimate the effect of healthcare industry convergence on public health system performance and this effect’s spatial dependence and heterogeneity across eastern, central, and western China using panel data from 30 Chinese provinces from 2002 to 2019.

Results: The convergence of the healthcare industry significantly promotes regional public health [[image: image] =0.576, 95% CI: (0.331,0.821)]. However, the convergence does not have a spatial spillover effect on the public health system at the national level. Additionally, analysis of regional heterogeneity shows that the direct effects of healthcare industry convergence on public health are positive and statistically significant for Eastern China, statistically insignificant for Central China, and positive and statistically significant for Western China. The indirect effects are negative, statistically significant, positive, statistically significant, and statistically insignificant for these three regions, respectively.

Conclusion: Policy efforts should strengthen the convergence between the healthcare industry and relevant industries. It can produce more current healthcare services to improve public health and reduce regional health inequality.
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1. Introduction

Healthcare industry convergence refers to the integration and collaboration between various sectors within the healthcare industry, such as medical services, healthcare delivery, pharmaceuticals, biotechnology, and information technology (1, 2). In China, the impact of healthcare industry convergence on public health can be significant. For example, convergence allows for the seamless flow of information among different sectors (3). It facilitates the use of advanced technologies, leading to better diagnosis, treatment, and monitoring of diseases, ultimately improving the overall quality of healthcare (4). Healthcare industry convergence also contributes to public health by emphasizing preventive care and health education. Through integrated platforms, individuals can access personalized health information, receive reminders for screenings and vaccinations, and engage in self-management of chronic conditions (5). This proactive approach can help reduce the disease burden, promote healthy lifestyles, and improve Chinese people’s health. Moreover, by integrating various sectors, such as telemedicine, mobile health applications, and e-commerce platforms, people in remote areas or those with limited mobility can receive timely medical consultations, access medication, and obtain health information more easily (6). Therefore, healthcare industry convergence helps in reducing regional disparities in healthcare access in China.

Although the benefits the healthcare industry convergence can bring to the public health system in China are extensive, the empirical study of healthcare industry convergence is few, especially the impact on public health conducted in a geospatial setting.

The concept of industry convergence earliest originated in Rosenberg’s work in the 1960s, which explained how different types of technologies in a common field eventually developed into the machine tool industry (7). It can be defined narrowly as the merging of sectors formed by the same technological convergence or broadly as the convergence of various industrial fields of economic development (8). In contrast, others described it as the dissolution of knowledge boundaries between specific industries leading to the merging of scientific knowledge (9). However, industrial convergence can occur not only at the technological or knowledge level, but also in the industrial value chain, where it leads to market convergence based on the diversified demand of consumers (10). With the new era of information and communication technology (ICT), industrial information integration was proposed in 2005 to focus on the digital and information transformation integration of industrial sectors (11). Above all, we can trace that the definition of industry integration has been enriching with social development. In a word, industry convergence is a phenomenon in which the boundaries between two or more different economic sectors become blurred from common convergence foundation (12).

With the increase of health needs and aging, more and more scholars have had a heated discussion on the integration and development of healthcare industry.

The popular integration application between medical areas and scientific technology innovation has attracted the attention of some scholars. Yin et al. discuss the prevention of COVID-19 from the perspective of industrial information integration (III), which was evaluated with gravity model and social network analysis to set up the industrial information integration of industrial sectors (13). At results, they propose an integrated framework for managing public health crises like COVID-19, which involves the fusion of big data intelligence with emergency management and scientific research. Saheb and Izadi identified the integration innovation mechanism between the IoT Big Data Analytics paradigm (IoTBDA) and healthcare services with a literature review of 46 papers on IoTBDA and 84 papers on healthcare industry (14). Their study shows the convergence of LoTBDA and healthcare industry has triggered the novel health applications and systems. Eidam et al. used a methodology of industry/technology sector classification based on publication and patent data (15). They proposed that the trend of Ubiquitous healthcare is an expression of an overall industry convergence between the ICT and health sector. Lee and Lee concluded that contactless medical services based on IT have gained a renewed significance during three time periods: pre-,during-,and post-COVID-19 (16). It is evident that these literature mainly emphasize the role of ICT in the healthcare industry, and overlook the integration characteristics of healthcare industry and ICT.

In addition to this, there are also a series of integration research about the development of healthcare industry and relevant service industries.

An emerging field is the convergence between healthcare service and tourism industries, known as wellness tourism industry (17). Zhang et al. proposed an improved Markov chain combination forecasting method to evaluate the development of healthcare tourism industry (18). They also used various processing methods to study the impact of medical tourism industry on regional economic performance economic results. Qian et al. utilized the input–output method to measure the convergence degree of the health tourism industry in China, and analyzed the driving factors with a multiple linear regression model (19). Majeed and Kim believe that this convergence can expand and extend the traditional medical and tourism industry chain beyond traditional boundaries, improving residents’ life satisfaction, health conditions, and mental health (20). The integration of sports and health industries has been a new paradigm for high-quality economic development (21). Chen explores the construction of guarantee conditions, incubation platforms and the synergy between supply and demand for the development of the integrated sports and health industry based on the big data (22). Xu et al. used coupling and coordination degree model to evaluate the convergence development degree between sports industry and health service industry (23). The health and care service integration is a new care service mode for the older adult (24). Chen et al. construct the utility model to explore how to allocate resource between pension and medical institutions in the current mode of integrating health and care services for older people (25). In the context of healthy aging in China, some scholars claim that the goal of integrating health and care services is to provide more reliable care and medical protection for the healthy life of the older adult (26). Most of them focus on the qualitative analysis of operation mechanism. There is only a few to measure the convergence level and the analysis of influencing factors. But there is no quantitative analysis of the impact of this convergence on health outcome.

To sum up, existing literature has analyzed several specific integration industries within healthcare industry. In fact, the integrating development of healthcare industry is not limited to above industries. To our knowledge, there is also lack of a comprehensive measurement and analysis for healthcare industry convergence. Furthermore, most of them did not conduct further quantitative analysis of the industry integration on public health. Research about spatial spillover is also relatively rare.

To fill the gap in the literature, this study systematically measures the level of integration of the healthcare industry in China based on data from 30 provinces, and uses spatial econometric models to explore the impact of the development of healthcare integration on public health and the differences between the eastern, central, and western regions.



2. Materials and methods


2.1. Data

To investigate the relationship between the convergence development of the healthcare industry and public health, this study utilized data from 30 provinces in inland China from 2002 to 2019. The data were collected from various sources, including the China Statistical Yearbook, China Health Statistical Yearbook, China Industrial Statistical Yearbook, China Statistical Yearbook of the Tertiary Industry, and China Statistical Yearbook on the High Technology Industry. Tibet was excluded from the study due to data unavailability. The data were collected annually to understand the trends over time comprehensively.



2.2. Survey measures


2.2.1. Public health performance

In general, it is more challenging to distinguish regional differences in public health from individual health. Given the limitations of a single index evaluation and data availability, this paper uses a comprehensive indicator of average life expectancy, perinatal mortality, and maternal mortality to measure public health performance (27, 28). The aggregate health outcome indicator is specified as follows.

[image: image]

Where [image: image] is public health outcomes, [image: image] is average life expectancy at birth, [image: image] the perinatal mortality, and [image: image]is the maternal mortality. Three objective variable weights [image: image] are calculated with the entropy method (29) (Appendix A discusses the technical details).

This study uses linear dimensionless functions to standardize three indicators. Formula (2) for average life expectancy and Formula (3) for the other two negative indicators are as follows.
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Where [image: image] is the initial value of the indicator [image: image] of a province [image: image] ([image: image]) in year [image: image], [image: image], and [image: image] are the standardized values, [image: image] is the minimum value of indicator [image: image] in all provinces in year [image: image], [image: image] is the maximum value of the indicator [image: image] in all provinces in year [image: image].

Finally, the health value ranges from 0 to 1. That is, the higher the health value is, the better the health level of the population is.



2.2.2. Convergence degree of the healthcare industry

The 2019 China Health Industry Statistical Classification proposed a series of new businesses relevant to healthcare services, which are considered the outcome of industry convergence. This study defines industry convergence as the process through which the healthcare industry is extended as the boundaries between the traditional healthcare industry (H0) and relevant industries (H1-H12) become less clear (30). Table 1 lists industries under the national industries classification (GB/T 4754–2017).



TABLE 1 Industries according to National industries classification (GB/T 4754–2017).
[image: Table1]

To understand the convergence in the overall healthcare industry (Appendix B discusses the technical details), we use employment number and investment in fixed assets as two input variables. We also use gross domestic product (GDP), or the number of people served, as one output variable. We measure the degree of industry convergence between the healthcare industry (H0) and 12 relevant industries(H1-H12) by coupling the coordination degree model and entropy method (As Table 2 shows). Furthermore, we synthesize 12 industry convergence degrees to generate the whole convergence degree for the healthcare industry at the province level in China (Table 3 shows).



TABLE 2 Average convergence degree between healthcare service industry and other 12 industries for 30 provinces from 2002 to 2019.
[image: Table2]



TABLE 3 Convergence degree of healthcare service industry (HICD) and rank for 30 provinces in China from 2002 to 2019.
[image: Table3]



2.2.3. Covariates

According to existing research, other variables may also affect public health performance. This paper controls for the following variables in the model:

1. Aging ratio, represented by the proportion of the total population aged over 65 years in area [image: image] in year [image: image] ([image: image]). Aging is an important indicator of public health performance (31).

2. Per capita years of education, represented by different years of education of the population in area [image: image] in year [image: image] ([image: image]). Per capita education years are calculated by the average years of education for primary school graduation (6 years), junior high school graduation (9 years), senior high school graduation (12 years), and bachelor’s education (16 years). The higher education years people have, the more ways and channels they have to improve their health (31).

3. Real per capita GDP, represented by the economic level in area [image: image] in year [image: image] ([image: image]), is used as a measure of economic growth. The real per capita GDP eliminates the influence of price with GDP deflator (the base year is 2002).

4. Urbanization ratio, represented by the proportion of the urban population in area [image: image] in year [image: image] ([image: image]). Urbanization is usually accompanied by population migration to the cities, improving the health level of residents mainly through increased medical resources, and perfecting the medical insurance system and public health infrastructure investment (32).

5. Ratio of health expenditure to a total financial budget, represented by the proportion of local government health expenditures in the total financial budget in area [image: image] in year [image: image] ([image: image]).When the government spends more on health, it results in greater accessibility and convenience of medical services for the local residents.




2.3. Statistical modeling

In this study, we aim to analyze the impact of the convergence development of the healthcare industry on public health performance at the provincial level. To adequately address the spatial dependencies and potential spillover effects, we employ a spatial econometric model instead of panel models in most studies.


2.3.1. Spatial correlation test

It is necessary to examine significant spatial correlations in public health before conducting spatial econometric models (33). We use Global Moran’s I to explore the spatial distribution of public health performance; the formula is shown in Equation (4),

[image: image]

Where [image: image] and [image: image] are calculated by the following equations:
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In the equation, [image: image] is the public health performance metrics of regional observations, [image: image] is the number of regions.

This paper utilizes a distance-based weight matrix known as the geographical adjacency weight matrix [image: image]. In this matrix, a value of 1 means that regions [image: image] and [image: image] are spatially adjacent, and 0 means that regions [image: image] and [image: image] are not spatially adjacent:

[image: image]

In addition to global Moran’s I, we also use Local Moran’s I to test for spatial correlation in a specific local area. The formula for Local Moran’s is shown in equation (5).

[image: image]



2.3.2. Spatial econometric model

Based on the spatial correlation test, there are three common spatial econometric models: spatial lag model (SLM), spatial error model (SEM), and spatial Durbin model (SDM).

When the dependent variable is spatially correlated, the SLM is used with the following formula:

[image: image]

When the model concerns the spatial dependence reflected in the residuals, the SEM is used as following:

[image: image]

When the spatial correlation is presented in both the dependent and independent variables, the SDM is used:

[image: image]

To reduce the effect of heteroskedasticity and data fluctuations on the model estimation results, the variables in the model are log-transformed. [image: image] denotes public health performance in area [image: image] at time [image: image]; [image: image] represents the convergence degree of the health industry; [image: image] are the control variable vectors, including aging ratio [image: image], per capita years of education [image: image], real per capita gross domestic product [image: image], urbanization ratio ([image: image]), ratio of health expenditure to total financial expenditure ([image: image]); [image: image] denotes the spatial autoregressive model; [image: image] is the element of spatial weight matrix; [image: image] is the regression coefficient of independent variable; [image: image] represents the autocorrelation coefficient of residual error term; [image: image] is the spatial lag coefficient of the independent variable;[image: image]and [image: image] are the individual effects and the time effects, respectively; [image: image] is the random error item; [image: image] is a new random error item [image: image].





3. Results


3.1. Descriptive statistics

Table 4 provides a statistical summary of all variables in the 30 provinces from 2002 to 2019. Table 5 summarizes the global Moran’s I for public health performance, which shows a consistent decreasing trend in recent years but remains statistically significant and positive. These results showed a significant spatial correlation in the public health performance of 30 provinces during the sample period.



TABLE 4 Statistical summary of all variables.
[image: Table4]



TABLE 5 Moran’s I values of public health for 30 provinces in China during 2002–2019.
[image: Table5]

Local Moran’s I is a more accurate tool for analyzing the level of spatial clustering among provinces compared to global Moran’s I. Local Moran’s I scatter plots in 2002 and 2019 are shown in Figures 1, 2. The scatter plots are divided into four quadrants: quadrant I (high–high agglomeration) and quadrant III (low–low agglomeration) represent positive spatial correlations, and quadrant II (Low-High agglomeration) and quadrant IV (High-low agglomeration) represent negative spatial correlations. Figures 1, 2 show that most provinces fall in quadrants I and III, indicating a positive spatial correlation in public health across Chinese provinces. In 2002 and 2019, there are two-thirds of the provinces located in the high–high agglomeration quadrants, while the provinces in Midwestern China(Qinghai, Xinjiang, Yunnan, Guiyang, Gansu, Ningxia, Inner Mongolia), belong to the low–low agglomeration quadrant; these provinces are generally regarded as the poor economy and scarce public service resources (34).

[image: Figure 1]

FIGURE 1
 Local Moran’s I scatter plot of 30 provinces in 2002.


[image: Figure 2]

FIGURE 2
 Local Moran’s I scatter plot of 30 provinces in 2019.




3.2. Results of the impact of healthcare industry convergence on public health with spatial econometric model

Based on the results of Moran’s I, we used the spatial panel model to examine the factors affecting public health. When [image: image] the likelihood ratio (LR) tests were conducted, the SAR [image: image] and SEM [image: image] were rejected against the SDM. This result implies that the SDM model outperforms the other two models and was chosen for regression analysis. LR tests were then conducted to determine the best model specification. The test results show the spatial-fixed and time-fixed effects [image: image] were significant at the level of 1%. Therefore, it is reasonable to choose a model with two-way fixed effects. The Hausman test further confirms the conclusion [image: image], which also rejected the random effects model specification [image: image]. Therefore, these results indicate that the SDM with spatial and time-period fixed effects best fits our data.

Table 6 reports the results of four estimation methods (SDM, SLM, SEM, FE). The results suggest that the convergence development of the healthcare industry has a significant positive impact on public health performance. With regard to controlling variables, the results indicate that per capita years of education ([image: image]) and urbanization ([image: image]) were positively associated with public health performance while aging ([image: image]) has significantly negative associations.



TABLE 6 Four models about the impact of healthcare service industry convergence on public health in China.
[image: Table6]

The coefficients of the SDM do not directly reflect the spillover effects of explanatory variables [image: image] on the dependent variable [image: image], which can lead to potentially misleading conclusions. Thus, the partial differential is used to estimate further the direct and indirect effects of convergence development on the healthcare industry and those of other control variables on public health. Table 7 shows each variable’s direct, indirect and total effect on public health performance. We found that the core independent variable of [image: image] (0.153) has a direct impact on promoting overall public health. However, we did not observe a significant spatial spillover effects on neighboring regions. The results of the direct effects are consistent with the SDM empirical results. For the results of indirect effects, the coefficient of [image: image] (−1.076) was significantly negative, while [image: image] (0.235) and [image: image] (0.188) were significantly positive.



TABLE 7 The direct, indirect, and total effects of SDM in China.
[image: Table7]



3.3. Analysis of empirical results in east, central and west regions

We then divided the 30 sample provinces into the eastern, central, and western regions according to their geographical location and economic development. The SDM model is again used to estimate the association between the convergence development of the healthcare industry and public health performance. The decomposition results of the direct, indirect and total effects are shown in Table 8. For the core explanatory variable [image: image], the total effect is significant in the eastern region (−0.442) and central region (1.278), but not in the western region. The direct effects are significant positive in the eastern region (0.438) and western region (0.445), while the indirect effects are significantly negative in the eastern region (−0.880) and positive in the central region (1.490). These results indicate that the relationship between the convergence development of the healthcare industry and public health performance varied significantly among the three regions. We also find that other controlling variables’ impacts on public health differed for the eastern, central and western regions of China.



TABLE 8 The direct, indirect, and total effects of SDM for the Eastern, central, and Western region.
[image: Table8]




4. Discussion

Our empirical analysis confirms the positive and significant effect of the convergence development of the healthcare industry on public health in China. Industry convergence can overturn traditional competitive logic and migrate beyond industry boundaries, thereby leading to changes in how value is distributed, created and captured (35, 36). In response to the speed of logical market changes and technological advances, many industries tend to produce products with short lead times, strong integration and low R&D costs and adopt cooperative competition (37). As industry convergence progresses, the boundaries of the healthcare industry have changed, giving rise to new business models, expanding the scope of current healthcare services, and providing a more comprehensive range of high-quality products and services to meet the health needs of the population (38). Eventually, realizing an enhanced industry value chain will improve public health (39). This study fills the gap in the literature on the association between the province-level convergence degree of the healthcare industry and public health.

Although the convergence development of the healthcare industry positively impacts public health, no spatial spillover effects have been noted in China. The reason might be that the healthcare industry has not yet fully penetrated relevant sectors, and the impact of industrial scale and brand have not yet been formed. Therefore, there is a need to improve the quality of convergence and deepen the cross-border integration of the healthcare industry to achieve better spillover effects on public health (40).

We have found a significant difference in the development of the healthcare industry in the east, central and western regions of China, which may be attributable to changes in regional economic development and industrial structure (41, 42). The eastern part has a more developed economy, talent pool, infrastructure, market environment and government support than China’s central and western regions. From a supply perspective, the convergence development of the healthcare industry is conducive to triggering innovation and generating new products that may increase industrial profits. From a demand perspective, residents in the eastern region have a substantial spending ability in the healthcare industry (43). Therefore, the higher integration of the healthcare industry in the east part has contributed to improving healthcare service capacity, directly affecting local public health. However, we have noted an imbalance in the allocation of policy resources, leading to a negative spatial spillover effect of the healthcare industry on public health in neighboring provinces (44).

The central and western regions have been less developed than the eastern region in China. However, the China government has implemented a series of effective supporting policies in recent years. The central region has been actively promoting the building of the Belt and Road Initiative, which aims to enhance communication and cooperation with neighboring areas (45). These efforts are expected to produce positive spatial spillover effects of the healthcare industry on public health in the central region. In the western region, all economic indicators have been improved due to the implementation of the Western Development Strategy. Economic growth has also promoted the convergence development of the healthcare industry, which has improved residents’ health service expenditures and health levels in the western region.

This study does have several limitations. Firstly, the analysis is based on the spatial Durbin model. Although SDM has been considering spatial autocorrelation, it may affect the accuracy of the results because the same spatial dependence relationships between provinces are assumed. Secondly, due to limited access to such information, we used province-level variables instead of city-level variables. Even though the convergence development of the healthcare industry and public health performance tend to be similar in a certain province, they are subject to minor differences for smaller cities within the same province based on local economic conditions and government policies. Thirdly, the period of this study is from 2002 to 2019 due to the lack of data. Therefore, it was not reflected in the association between the convergence development of the healthcare industry and public health during the COVID-19 pandemic from 2020 to 2022. Finally, this study is based on regional public health performance. We could not investigate the healthcare industry’s effect on individual health status. Future studies should link the regional development of the healthcare industry and individual health levels.



5. Conclusion

In conclusion, this study fills the gap in the literature on the impact of healthcare industry convergence on public health performance. Based on the panel data of 30 provinces in China from 2002 to 2019, the main findings of this study indicate a significantly positive direct association between the convergence development of the healthcare industry and public health. However, no spillover effect was observed in China. Moreover, the study found substantial variation in the impact of healthcare industry convergence among the eastern, central, and western regions due to differing social, economic, and medical development levels.

Building upon these findings enriches the theoretical research on public health by extending the convergence development of the healthcare industry. Policymakers should produce integrated platforms to offer more comprehensive and efficient care. Furthermore, they should also focus on regional differences to redistribute capital, policy, and human resources in the healthcare industry, thus improving public health and reducing health inequality between regions.
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