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Abstract 

Determining networks of healthcare providers quantitatively can identify impactful care processes that improve health 

outcomes for a high-risk populations such as elderly people with multiple chronic conditions. By applying social 

network analysis to health claim data of a large university in the Midwest, we measured healthcare provider networks 

of patients with diabetes for two consecutive years. Networks were built based on the assumption that having common 

patients may indicate potential working relationships between providers. Measures of the social network analysis 

including degree and betweenness centrality were utilized to identify healthcare providers with an important role in 

the care process. Both degree and betweenness centrality measures identified a supply center and three laboratories 

as the central providers of the network for both years. This study can positively impact informed decision-making of 

policymakers and insurance companies to better design their insurance coverage plans based on the collaboration 

patterns of the healthcare providers. 

Introduction 

Approximately 117 million people in the U.S. have at least one chronic condition as reported by the National Health 

Interview Surveys(1). In a recent report from the Center for Disease Control and Prevention (CDC), population in the 

U.S. living with diabetes or prediabetes has been estimated to be 100 million(2). Needs and processes for the 

management of diabetes are often complex and highly varied. Patients with chronic conditions can develop or have 

already developed multiple comorbidities; collaboration among healthcare providers is key to improving the health 

outcomes of these patients(3).  

Focusing on diabetes, the care team involved are complex and with a wide variety of roles and responsibilities. The 

care team for patients with diabetes can consist of physicians, nurse practitioners, physician’ assistants, nurses, 

dietitians, exercise specialists, pharmacists, dentists and mental health professionals(4). Despite large networks and 

variation in specialties, collaborative approaches among providers have been shown to improve health outcomes of 

patients with diabetes(5),(6). Researchers have suggested that these collaborations among healthcare providers 

promote shared problem-solving and decision-making which increase team awareness and facilitate continuous 

improvement(7). Although benefits of collaboration have been discussed, it remains a challenge to determine 

quantitatively the care collaboration that are actually occurring in practice and how providers work together, e.g., 

providers with large influence or central to care (8). 

Social network analysis (SNA) is a quantitative approach for the assessment of collaboration among healthcare 

providers(9). Previous studies have shown that SNA can be applied to survey and interview data collected from 

providers to identify channels of communication, advise network formation, and change in the 

workflow(10),(11),(12). Data collected through survey and interview are limited and may not cover all the possible 

relationships among the healthcare providers(13). Application of SNA to administrative data to identify connections 

between providers based on their common patients have also been recommended to get a more detailed understanding 

of the hidden and informal relationship that may exist between the healthcare providers(8).  

Social network analysis measures relationships, either formal or informal, to understand how the knowledge and 

information are shared between the actors of the network(14). In the healthcare domain, SNA has been used to study 

collaboration between the providers. These relationships have been explored in three domains: hospital social 

networks, physicians social networks, and referral networks(15). Barnett et al. (2012) used Medicare data to construct 

networks of 68,288 office-based physicians affiliated with 528 hospitals over a one-year period, and linear regression 

models were used to evaluate relationships between the hospital network structure including degree and betweenness 

and hospital spending and care density. The findings showed that hospitals with physicians who had higher number 

of connections had higher costs and more intensive care(16). Landon et al. (2013) showed that applying SNA to 

administrative data and using the patient-sharing approach could identify naturally occurring networks of physicians 

that could form an Accountable Care Organization. Physicians who already had established relationships, had higher 
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chances of delivering coordinated and integrated care(17). Mandl et al. (2014), performed a retrospective analysis of 

a three-year period data of a single insurer and looked at the recurrence of provider constellations and network 

cohesion by assessing measures including network density, collaborative pair, triad, provider personal network and 

constellation. They showed that the prevalence of healthcare providers’ teams that consistently worked together and 

provided care to one specific patient was rare (18). Thus, SNA techniques have the potential to quantitatively measure 

care networks; however, current studies primarily characterize the collaborative networks for physicians that provide 

direct care to patients. Considering the complications of diabetes and different types of the providers that should be 

included in the process(19), limiting the network to only physicians that offer direct care may fail to include other 

providers including nurses, nutritionists and pharmacists.  

In this study, we used the patient sharing approach and SNA to study network of healthcare providers for patient 

with diabetes. We assessed healthcare provider types within the network and their relationships by developing the 

networks based on the patient sharing. Characteristics of the networks (degree, centrality, patient sharing, and 

density) over a two-year period were used to identify providers with key roles in the care process.  

Methodology 

Data Source  

This study was approved by the university Institutional Review Board. The data source included health claim data of 

the employees (faculty and staff) of a large university in the Midwest and their dependents (spouse, partners, and 

children). Dataset was managed by the Regenstrief Center for Healthcare Engineering. The dataset followed 

individuals who were eligible for the insurance plans from this population for two consecutive years (2012, 2013). 

This study excluded student population as they had different insurance coverages and plans.  

Study Design and Analysis  

This is a retrospective analysis of the health insurance claim data. The claim data included eligibility and medical 

information of the employees (faculty and staff) and their dependents (spouse and child). The eligibility file included 

demographic data including age, gender, type of compensation (hourly and salary), type of plan, and date of 

eligibility. The medical file included information such as primary, secondary and tertiary diagnosis, date of service, 

cost of service, and healthcare provider information. Every eligible individual and every healthcare provider had a 

unique identifier. Individuals with diabetes and their healthcare providers were identified in 2012 (Year1), and 2013 

(Year2) using their unique IDs. To determine population with diabetes, we checked primary, secondary and tertiary 

diagnoses for the International Classification of Diseases 9th edition code (ICD9) starting by 250. All health services 

utilization and healthcare providers for the patients with diabetes were extracted from the medical file.  

Measuring Healthcare Providers Network 

To develop the networks of healthcare providers, we defined a relationship (link, edge, and tie) between two 

healthcare providers if they had one or more common patients. In the network, the nodes represent the healthcare 

providers and the edges between them represent the patient shared. The weights of the edges represent the number of 

patients shared among the healthcare providers.  

Measures of the social network analysis described characteristics of the healthcare providers’ networks. The Degree 

was defined as the number of ties the provider had in the network. The providers that were counted toward the 

degree number could be any provider that the patient had visited during a one-year period. Another measure was 

betweenness centrality. Betweenness centrality measured the degree of which a node was ‘between’ pair of other 

nodes in the network. A node that had higher betweenness centrality had better access to other nodes and more 

influence on other actors of the network(16). Components of healthcare providers-subgroups of providers all 

connected to each other- and graph clustering coefficient were measured(20). Density of the network represented 

proportion of edges in a graph to the maximum possible number of edges(20). All analysis was completed using 

SAS (v 9.4, SAS Inc., Cary, NC) and RStudio (version 0.99.903) with igraph package (version 1.1.2).  

Result   

The study cohort of patients included individuals diagnosed with diabetes (N=911). The cohort consisted of 50% 

women with average age of 53 ± 10 years (age in Year1) and 50% men with average age of 54 ± 11 years (age in 

Year1). For the study cohort, 57% of the population were 65 years or older. From the study population, 66% were 

employees (N=599) while 34% were dependents (spouse and children, N=312). In Year1, the study population 

received services from 2,351 healthcare providers, and in Year2 from 2,273 providers. For both Year1 and Year2 

females had higher utilizations compared to males (1,640 vs. 1,322 and 1,499 vs. 1,367). In Year1, the range of 
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providers visited by patients was from 1 to 90 providers and in Year2 from 1 to 50. In both years, the provider type 

with the highest utilization was an acute care hospital with 541, and 525 patients respectively.  

Network Characteristics  

The provider network in Year1 is depicted in Figure 1. The circles represent the providers as the nodes; the thicker 

lines between the nodes represent stronger ties between the providers. The network consisted of 2,348 nodes and 

51,955 edges with a density of 0.0188. Eighty-five percent of the edges in the network (44,329) represented 

observations where only one patient was shared. Eight percent of the edges represented 2 patients shared, 3% 

represented 3 patients shared, and 4% represented 4 patients or more.  

 

Figure 1. Network of healthcare providers for patients with diabetes in Year1. Node represent the healthcare providers 

and edges between them represent the patients shared among the healthcare providers. Thicker edges show stronger 

relationships in other words larger number of patient shared.  

 

We identified the top four providers with highest degree centrality and betweenness. The provider with the highest 

betweenness centrality (655,960) and degree (1,089) was a supply center providing home care to 164 unique patients. 

The three other providers were laboratories (Table 1).  

Table 1. Providers with the highest degree centrality and betweenness in Year1 

 Degree  Betweenness Unique Patients 

Supply center 1,089 655,960 164 

Lab 1  900 343,408 238 

Lab 2  857 159,329 454 

Lab 3  802 514,934 149 

 

The network composed of 15 components; the biggest component with all nodes directly or indirectly connected (20) 

composed of 2,268 providers with 51,641 edges. The global transitivity of the network was 0.312. 
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In Year2, the network composed of 2,270 nodes and 44,315 edges with a density of 0.0172 (Figure 2). In Year2 

network, 83% of the edges were shaped based on 1 patient shared, 9% based on 2 patients shared, 3% based on 3 

patient shared and 5% based on 4 patients shared or more. Similar to Year1, nodes with highest degree centrality and 

betweenness were further described in Table 2. The node with the highest betweenness centrality (487,403) and degree 

(893) was the same provider as Year1 with 155 unique patients; 128 of these patient also received services from this 

provider in Year1. The other three providers with highest degree and betweenness were also the same providers from 

Year1.  

 

Table 2. Providers with the highest degree centrality and betweenness in Year2 

 Degree  Betweenness Unique Patients 

Supply center  893 487,403 155 

Lab1  828 308,276 235 

Lab 2 816 153,073 444 

Lab 3 590 398,711 139 

 

The network had 19 components; the biggest component of the network composed of 2,109 nodes and 43,321 edges. 

The global transitivity of the network was 0.292.  

 

Figure 2. Network of healthcare providers for patients with diabetes in Year2. The nodes represent the healthcare 

providers and the edges represent the patients shared between them. The thicker edges represent larger number of 

patients shared among the providers.  

 

Discussion  

This study applied social network analysis to health administrative data for assessing the healthcare providers included 

in the care process of patients with diabetes. Social network analysis has been used in the healthcare context to assess 

collaboration of healthcare professionals(9). In recent years, a new approach has been started by researchers to apply 
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SNA to large-scale health data sets and identify relations between providers based on the patient sharing patterns(21). 

For patients with chronic conditions, there is a need to rethink the service delivery models using perspective from 

novel approaches to address patients’ increasing health services needs and healthcare costs. Identifying the working 

relationship and network of healthcare providers informs the policymakers and insurance companies for making 

informed decision to influence healthcare providers’ behavior and better healthcare delivery management(22), (16).  

In the study cohort, women had a higher number of healthcare providers compared to the men in both years of the 

study. Diabetes might have more significant impact on women as it affects both the mother and their unborn. Women 

who suffer from diabetes or develop diabetes during pregnancy may face more difficulties during the pregnancy 

including miscarriages or offspring with complications and impairments(23). Compared to men, women with diabetes 

are at higher risk for blindness and depression(24). There might be a chance that women associated with this institution 

include an over-representation of people having sufficient healthcare insurance coverage and receiving improved 

healthcare. Having gestational diabetes in earlier years and socioeconomic challenges as children have higher impact 

on developing diabetes for women vs. men(25). Nevertheless, considering the key role of women in performing health-

related activities for the family(26), further study regarding healthcare process and path for women with chronic 

condition is needed to explore ways for improving their health outcomes.  

Based on the network of Year1 and Year2, the provider with the highest degree and betweenness was a supply center 

that provided home care to patients and facilitated the home-based care by variety of services especially after an 

episode of care and hospitalization. Organizations that offer home health can have a significant role in the care of 

patients with diabetes as they provide mental and physical stress relief for the patients(27). High betweenness 

centrality of a provider shows its great influence on the network while the degree shows the number of connections 

of the provider to other healthcare providers (22). These measures of SNA help to identify key players in the care 

process for patients with chronic conditions, therefore facilitate informed decision-making of policy makers in 

defining evidence-based guidelines, policies and plans.  

In both years, the providers with highest degree and betweenness (after the supply center) were laboratories. The 

clinical laboratory has a key role in the diagnosis and monitoring of the disease for patients with diabetes(28). 

Besides the diagnostic services, clinical laboratories have started to help physicians in the therapeutic decision 

making. Integrating the laboratory insight with the physicians’ preferences will lead to improved care for the 

patients(29). Facilitating communication between physicians and laboratory and involving patients in the process 

will help to move toward a more efficient and transparent healthcare system.  

This study has some limitations. The data is limited to one employer only. Based on the employer type and coverage 

plans, patterns of service utilization may differ for the employee population. Studies that include populations from 

various types of employers might be helpful to explore impact of employer type and insurance plans on care for 

patients with diabetes. Identifying meaningful relationships between providers was another challenge. Care of 

diabetic patients is complicated and requires teams of healthcare providers with various expertise. Therefore, we 

took a different approach from previous studies and included all providers in the dataset not only the ones from 

which patients had received direct care. A more complex network algorithm is needed to better identify relationships 

between healthcare providers from the administrative data. Moreover, despite the patient-sharing approach 

validation(21) as a method to identify collaborative networks of healthcare providers, relationships identified 

through this approach may not necessarily mean that those providers who share patients also have constant 

communication. Another limitation was that we did not have access to the medication file of the study population 

which included their pharmacy usage. A more comprehensive data set that includes all providers including the 

pharmacists will be used for the future research. Lastly, health administrative data does not include patient health 

outcomes, therefore limiting the ability to compare health outcomes of the patients that are treated in different types 

of provider networks. Datasets with unique patient IDs in medical health records and health administrative data will 

enable the researchers to compare the outcome of care for patients with diabetes when treated in different types of 

networks.  

Applying social network analysis to large-scale health data is a rising approach that facilitates assessment of 

healthcare providers collaboration(30),(31),(16),(18). In this study, we looked into network of providers for patients 

with diabetes based on claim data of a large university in the Midwest. By characterizing network of healthcare 

providers, the long-term goal of this research is to provide decision support tools for policy makers and healthcare 

providers and facilitate informed decision-making when designing insurance plans and coverages.  
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Conclusion  

This study applied a new methodology based on the work of Barnett et al. (21) to identify providers included in the 

process of care for patients with diabetes. Increasing prevalence of chronic conditions and the associated costs and 

service utilization calls for novel methods to detect provider collaboration teams that minimize the costs and improve 

health outcomes of the patients. By applying social network analysis to claim data, the approach introduced here helps 

to expand the impact of data analytics to continuously monitor changes in the network of providers for patients with 

chronic conditions and the impact on the outcome and costs.  
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