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Abstract. There is a substantial variation in healthcare spending and readmission 
rate for individuals having admissions to different hospitals. This study assessed 
how the community structure of physician collaboration networks that evolve 
during the period of providing healthcare services to hospitalised patients 
contribute to this variation. A physician collaboration network is said to have a 
community structure if the nodes (i.e. physicians) of that network can be easily 
grouped into sets of nodes such that each set of nodes is densely connected 
internally but sparsely connected between groups. This study constructed 
physician collaboration networks based on patient-sharing ties among physicians 
who provided healthcare services to hospitalised patients. An administrative health 
insurance claim dataset was utilised to extract patient-sharing ties among 
physicians. Simple linear regression models were estimated to assess the impact of 
the community structure of physician collaboration networks on the healthcare 
outcome measures (i.e. readmission rate and hospitalisation cost). From these 
models, this study found that the structure of a physician community has 
significant impact on readmission rate and hospitalisation cost. Healthcare 
administrators or managers could consider this finding in developing effective and 
efficient healthcare environments in their respective healthcare organisations. 
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Introduction 

Networks evolve naturally among physicians during the course of providing healthcare 
services to patients. A collaboration network, for instance, emerges among physicians 
in course of treating a hospitalised patient, or a referral network evolves among 
physicians through referring patients to other physicians. Prior studies suggested that 
structure (e.g. how close physicians are to their colleagues and overall reachability 
between any pair of physicians) of such networks affects the quality of care received by 
patients and, in turn, their treatment outcomes [1, 2]. 

In the present healthcare literature, there are very few studies that follow network 
community approach to examine physician collaborations [3, 4]. For example, by 
following a network community method Landon et al. [4] recently analysed hospital-
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based physician collaborations as means of selecting candidates for an Accountable 
Care Organisation (ACO). An ACO is a common platform of physicians in a specific 
locality that works within the framework of the current American fee-for-service 
system for the management of healthcare services and their associated incurred cost. 
However, these studies were based on a relatively small samples of physicians [3] or 
did not examine the physician community effect on healthcare outcomes [4]. In this 
study, we analysed physician collaboration networks in order to investigate how 
communities among physicians affect healthcare outcome measures. For identifying 
communities within physician collaboration networks, this study utilised a 
computational community detection algorithm. 

This study used health insurance claim dataset to extract physician collaboration 
networks that emerged during the course of providing health services to hospitalised 
patients. Although electronic health insurance claim databases are mainly maintained 
for billing and administrative purposes, they are found useful in a wide range of 
healthcare research areas including analysing healthcare utilisation [5], measuring 
coordination performance of the hospital care network [6, 7], and comparing disease 
prevalence and drug outcomes [8]. In particular, this study considered claim 
information that described physicians who shared or visited common patients.  

1. Research Method 

A brief explanation of different social network terminologies utilised in this article (i.e. 
network, link or tie, node and community) has been illustrated in Figure 1. 

 
 

 
Figure 1. Illustration of basic social network terminologies utilised in this article. 

 

1.1. Data Source 

This study used 85 physician collaboration networks that had been evolved among 
physicians in 85 different hospitals during the course of providing healthcare services 
to hospitalised hip replacement patients. This dataset was provided by an Australian 
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A network is a group of two or more actors (e.g.
organisation) that are linked together. In a visual
illustration, actors are presented by nodes and 
relations among actors are presented by links or 
ties. In the above figure, two nodes are presented 
by two small circles and a link shows the relation 
between them. The two nodes and a link between 
them form a network. 
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(b) Community Structure 

A network is said to have a ‘community
structure’ if the nodes of that network can easily
be divided into sets of groups such that each set
of nodes is densely connected internally and
loosely connected between groups. In the above
network, there are three communities (i.e. C1,
C2 and C3).  
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not-for-profit health insurance organisation and contained physician-patient interaction 
information from January 2005 to February 2009. Before giving permission to use this 
dataset for research analysis purpose, this dataset was de-identified for privacy reasons 
by following a standard encryption algorithm. The usage of this dataset for research 
purpose was approved by the University of Sydney’s ethics committee. 

A hospital admission of a patient generates many physician claims submitted to the 
health insurance provider. These claims render details of services that had been 
provided by physicians during their visits to hospitalised patients. This study utilised 
these physician claims to count the number of patients shared by each pair of 
physicians and to create physician collaboration networks based on shared patients. 
The 85 physician collaboration networks considered in this study were constructed 
from 24,559 interactions between 2,229 physicians and 2,352 patients. 

1.2. Constructing Physician Collaboration Networks 

A physician collaboration network can be defined as a network that evolves among 
physicians as a result of providing treatment to common patients. It can therefore be 
thought as ‘patient-sharing network among physicians’. This study first identified 
patients visited by multiple physicians from physician claims submitted to the health 
insurance organisation. This information is then used to assign links between any pair 
of physicians for constructing the physician collaboration network in a specific hospital. 
If two physicians shared a common patient then this study assigns a link of weight one 
between them. An illustration of the construction of such a physician collaboration 
network is presented in Figure 2. 

 
 

 
Figure 2. Construction of physician collaboration network. In a hospital (say H1), patient Pa1 is visited by 
Ph1, Ph2 and Ph4 physicians, patient Pa2 is visited by Ph2, Ph3 and Ph4 physicians, and physician Ph3 and 
Ph4 visit patient Pa3. This patient-physician network is depicted in the panel (a). The corresponding 
physician collaboration network for this patient-physician network is demonstrated in the panel (b). The 
number next to each link represents the number of shared patients between the corresponding physician 
nodes of that link.  

 

1.3. Identifying Communities within Physician Collaboration Networks 

In recent years, networks (e.g. physician collaboration networks) have been studied and 
developed in many areas of science including internet, power grids and food webs. One 
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of the main issues in modeling such networks is to extract hidden structures, called 
communities. Communities consist of entities, called nodes, and their relationships, 
called edges. They emerge as dense parts in a network while they may have a few 
relationships to each other. In order to uncover the community structure of each 
physician collaboration network, this study applied an algorithm introduced by 
Newman [9] and refined by Newman and Girvan [10]. This algorithm can detect 
groups within networks that share higher number of ties than would be expected by 
chance alone. This so-called modularity maximisation algorithm assigns each node to a 
single community. The number of links presented among the participating nodes in a 
network defines the census of communities and their sizes [9, 10]. In a physician 
collaboration network, communities are comprised of distinct and non-overlapping 
groups of physicians. The community detection process for a hospital from the research 
dataset of this study is depicted schematically in Figure 3. 

 
 

  
 

Figure 3. Community detection process from the physician-patient interactions for a hospital from the 
research dataset. The panel (a) represents the physician-patient interactions that evolve through physicians’ 
visit to hospitalised patients. The red circle shapes represent physicians and the yellow triangular shapes 
represent patients. The panel (b) represents the corresponding physician collaborations network. In both of 
these panels, there are unreadable texts that represent system generated names for each patient and physician 
node. Lastly, the panel (c) represents the corresponding communities. Members of each of the 5 communities 
have been illustrated by identical colors. 

 
 
The underlying interactions between patients and physicians shape a given 

physician collaboration network. In a physician collaboration network, a link between 
two physicians indicates that they have a common patient. In order to explore physician 
communities, this study therefore looked at network measures that captured structural 
attributes of communities (i.e. number of community and average number of node per 
community) and a statistical measure that took the underlying community membership 
statistics of physicians and patients under consideration (i.e. ratio between the number 
of physicians and patients in a physician collaboration network). 

1.4. Healthcare Outcome Variables: Hospitalisation Cost and Readmission Rate 

In calculating hospitalisation cost for a physician collaboration network, this study 
considered the average of hospitalisation costs for all patients, who belong to that 
physician collaboration network, extracted from their claim details. For a physician 
collaboration network, the readmission rate represents the ratio of patients (in 
percentage) who have hospital admissions (for the same medial reason) more than once 
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within a period of 28 days after discharging from hospitals for their initial/first hospital 
admissions.  

2. Results 

On average, there are 4.25 communities noticed in each physician collaboration 
network. The range is between 2 and 7 (SD = 1.24). The average of hospitalisation cost 
is $24,009 and ranged from $13,926 to $622,193 (SD = 9596). For the readmission rate, 
the average value is 11.64% and ranged from 0 to 67% (SD = 12.79). The descriptive 
information about the research dataset is provided in Table 1. 

 
 

Table 1. Descriptive statistics about physician collaboration networks. 

 Average Range Standard deviation 

Communities per physician collaboration network 4.25 [2 – 7] 1.24 

Number of physician per community 13.42 [3.2 – 37.8] 6.96 

Ratio of the number of physicians and patients 3.17 [0.74 – 6.79] 1.44 

Readmission rate (%) 11.64 [0 – 67] 12.79 

Hospitalisation cost ($AUD) $24,009 [$13,926 - 622,193] 9596 

 
 
An increase in the number of communities in each physician collaboration network 

is associated with the lower readmission rate. If there emerges higher number of 
communities in a physician collaboration network then there is a higher chance that 
patients belonging to that network will have lower readmission rates. The result from a 
simple linear regression model is presented in Table 2. 

In contrast, the average number of nodes (i.e. physicians) per community has a 
positive influence on the readmission rate. The outcome from a simple linear regression 
model is presented in Table 2. The physician communities having higher members will 
drive the readmission rate affirmatively and vice versa.  

We noticed that the ratio between the number of physicians and patients in a 
physician collaboration network has a positive impact on the hospitalisation cost. If the 
ratio is high then healthcare spending will be high and vice versa. The result obtained 
from a linear regression model is presented in Table 2. 

 
 

Table 2. Linear regression models for checking relations between independent and dependent variables. 

Model Dependent Variable R2 Value Intercept Independent Variable Coefficient Sig. 

1 Readmission rate 0.127 31.12 Number of community -3.29 0.01 

2 Readmission rate 0.077 8.81 Physician per community 0.41 0.04 

3 Hospitalisation cost 0.323 19172.36 Ratio of physician and patient 1525.17 0.00 
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3. Discussion, Conclusion and Future Research Direction 

This study found that hospitals with a higher number of physician communities have a 
lower readmission rate. This association reflects the ease of knowledge sharing 
regarding patient care among physicians who belong to the same community. 
According to the community detection method followed in this study, physicians are 
more connected (i.e. having more shared patients) with their peers working in the same 
community compared to their other peers who belong to other communities. This 
higher level of connectedness facilitates efficient and effective exchange of healthcare 
knowledge among physicians.  

Hospitals with higher number of nodes (i.e. physicians) in their communities have 
higher levels of readmission rate. Member physicians of a large community need to 
retain higher number of relations with their colleagues compared to the member 
physicians of a small community. A larger community has higher number of members 
who are well-connected among themselves compared to a smaller community. 
Maintaining this greater number of relations has two possible consequences. First, 
physicians need to give an extra time and effort to maintain and continue these 
relations. Second, they may suffer from ‘information overload’ which refers to the 
difficulty experienced by a person in understanding an issue and making decisions that 
that can be caused by the presence of too much information [11]. Physicians may 
receive a large volume of information (i.e. receiving different information from their 
colleagues) or repetitive information (i.e. receiving same or similar information from 
their colleagues) from an increasing number of their colleagues.  

This study constructed physician collaboration networks from the physician-
patient interactions. Hospitals with higher number of physicians in these physician-
patient interactions have increased levels of spending (i.e. hospitalisation cost). The 
presence of increased number of physician in a physician collaboration network may 
create redundant physicians visits to patients. Therefore, this association reflects the 
difficulty of care coordination as physicians have to manage information from an 
increasing number of their colleagues, which could be either a cause or an effect of 
increased healthcare utilisation.  

In summary, this study demonstrated that structural characteristics of physician 
collaboration networks have significant impact on hospitalisation cost and readmission 
rate. This study provides some opportunities for future research. First, based on the 
presence of shared patients this study constructed physician collaboration networks 
from health insurance claim data. However, it cannot be known what information, if 
any, pass across the ties defined by shared patients. Further research can explore this by 
observing a real (i.e. not from the electronic claim data) physician collaboration 
network in hospitals. Second, unobserved moderating factors (e.g. patient age, 
comorbidity score and length of stay, hospital type, and casemix of both patient and 
hospital) could be considered to check whether they have any impact on the relation 
between physician community and healthcare outcome. Third, other dependent 
variables (e.g. patient satisfaction and hospital infection rate) could be taken under 
consideration. Finally, physician communities other than for hip replacement patients 
can be considered to check the generality of this study’s findings. 
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