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Abstract 
 

Network Influences on Chronic Illness Care in Large Physician Organizations: 
A Study of the California Managed Care Network in 2001 and 2006 

 
By 

 
Rodney Keith McCurdy 

 
Doctor of Philosophy in Health Services and Policy Analysis 

 
University of California, Berkeley 

 
Professor Stephen M. Shortell, Chair 

 
 
Although the prevalence and burden of chronic illness is immense and growing, national studies 
have found minimal use of evidence-based practices to improve the management and care 
provided for patients with these conditions. A productive body of work has identified facilitators 
and barriers to the use of care management processes (CMPs) in large physician practices using 
an organizational capabilities and external incentives framework. Physician groups enter into 
multiple affiliations in order to best position themselves to achieve economic success and to 
maintain professional autonomy. To date, little is known regarding the impact of these 
interorganizational networks on CMP use in physician groups and many experts have called for 
the incorporation of social network methods to explore this area.  
 
This study examines the relationships between network contagion and structural influences and 
CMP use among physician organizations in a managed care network. Specifically, the study 
addresses three main questions: 1) Do interorganizational ties influence the use of CMPs in 
physician organizations?; 2) Do external relationships influence how CMPs are used to treat 
patients with chronic conditions?; 3) Does change in network relationships influence change in 
CMP use in the practice setting?  
 
To address these questions, the study examined the managed care network in California during 
2001 and 2006.  Two unique datasets were merged to allow network analyses of the entire 
network of physician organizations, hospitals and hospital systems, and health maintenance 
organizations (HMOs) that participated in the network during this timeframe. An exchange 
perspective was employed to examine interorganizational relationships and network position 
based on the functions and exchange needs of the various actors in the market.  Statistical and 
visual representations of the entire network were accomplished for both years. Cross-sectional 
statistical analysis was performed to test for the influence of network contagion and structural 
effects on CMP use in 347 physician organizations and in homogeneity of CMP use among 
almost 30,000 pairs of physician groups in their treatment of four chronic conditions. Finally, a 
longitudinal analysis was performed to test for the effects of change in network affiliations on 
CMP homogeneity among almost 4,000 cohort pairs. This is the first known study to employ this 
methodology in the study CMP use in physician organizations.  
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Network analysis results highlight several important changes in exchange relation attributes 
among physician organizations in the California managed care network from 2001 to 2006.  
First, the overall size of the network in terms of the number of physician organizations 
participating in managed care declined considerably. Almost 25 percent of physician groups in 
2001 had exited the network five years later.  The majority of these organizations had closed due 
to financial hardships. The surviving physician organizations appear to be gaining network 
advantage in relationships with hospital systems and HMOs as these organizations have fewer 
structurally equivalent physician groups to meet their exchange needs.   
 
Empirical results supported the influence of contagion effects on CMP availability and use in the 
physician organization.  A physician group’s portfolio of direct interorganizational ties with 
hospitals and physician organizations was associated with greater odds of CMP use at the 
organizational level.  Results of the cross-sectional pairwise analysis found strong support for the 
contagion influence of shared physician group ties and shared affiliations with hospital systems 
on homogeneity in CMP use for four chronic conditions (asthma, congestive heart failure, 
diabetes, and depression).  
 
Network structural effects were found to influence homogeneity in CMP use among physician 
organizations occupying similar locations within the network space. Physician groups sharing 
space within the core were found to be more homogeneous than groups occupying separate 
locations in the network. Conversely, CMP homogeneity declined over the five year period for 
among groups sharing space in the periphery. CMP use appears to be concentrated within the 
core of the managed care network and results of the cohort analysis failed to find evidence of 
diffusion toward the periphery. The findings suggest that peripheral physician organizations with 
few ties to core exchange partners may be at a structural disadvantage when it comes to 
obtaining the resources necessary to implement CMPs.  
 
This study found that jointly interdependent exchange relationships are influential in the 
prevalence of CMPs in physician practices and in how they are used for chronic illness care.  
Implications of these findings suggest that current discussions surrounding the development of 
Accountable Care Organizations (ACOs) should be expanded in order to establish more linkages 
between core and periphery organizations in the health care network.  
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Chapter 1 

 
Introduction 

 
The burden of chronic illness on the American social and economic fabric is immense and 
growing.  Seventy percent of annual deaths, or approximately 1.7 million, are attributable to 
chronic illnesses (Centers for Disease Control and Prevention, 2007). Cardiovascular disease 
kills Americans at the rate of about 1 per minute; 75 percent of these deaths brought about by 
diabetic co-morbidity factors (American Diabetes Association, 2007; American Heart 
Association, 2007).  Patients with chronic illnesses use more health care resources at greater 
costs.  Medical expenditures for individuals with diabetes are almost two and a half times greater 
than for non-diabetics (Hogan, Dall, & Nikolov, 2003). Individuals who suffer with depression 
have 70 percent greater medical expenditures than non-depressed patients (Sederer & Clemens, 
2002).  Research estimates over $185 billion in lost employee productivity can be attributed to 
depression, diabetes, asthma and congestive heart failure (American Lung Association, 2006; 
Kessler et al., 2003; National Institute of Diabetes and Digestive and Kidney Diseases, 2005).   
 
Since the Institutes of Medicine’s landmark report, Crossing the Quality Chasm (2001), a 
considerable research effort has been made to identify processes for improving chronic illness 
care. The Chronic Care Model (CCM) is a comprehensive re-design of traditional medical 
practice focused on improving the management of patients with these conditions (Wagner et al., 
2001). Care management processes (CMPs) are evidenced-based methods of implementing CCM 
in physician practices but national surveys have found minimal usage of these methods in large 
physician groups (Casalino et al 2003, Shortell et al. 2009; Rittenhouse et al. 2010).  To date, 
researchers have focused their efforts on determining organizational capabilities necessary for 
CMP implementation and on identifying types of external incentives that encourage their use. 
The capabilities and incentives framework recognizes the considerable cost and professional 
reluctance that must often be overcome before significant practice redesign can be achieved 
(Rittenhouse et al 2010).  Recently, experts have called for the inclusion of network perspectives 
and methods to gain additional insight into determinants of quality improvement efforts in 
physician practices (Shortell & Rundall  2005).  
 
Physician organizations, as both professional and economic entities, are embedded in multiple 
levels of social structure (Granovetter 2005).  Multispecialty groups enter into relationships with 
other physician practices and with hospitals in order to provide a full range of services and to 
improve their bargaining power with health care insurers. Groups enter into vertical relationships 
with multiple payers in order to maintain a stable revenue flow and reduce financial risk.  These 
affiliations are consistent with the open-system environment described by Pfeffer and Salanick 
(1978) who stated that some level of interdependence between actors exist “whenever one actor 
does not entirely control all of the conditions necessary for the achievement of an action or for 
obtaining the outcomes desired from the action” (p.40).     
 
The purpose of this study is to examine the following questions:  Do interorganizational ties 
influence the use of CMPs in physician organizations? Do external relationships influence how 
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CMPs are used to treat patients with chronic conditions? And finally, do changes in network 
relationships influence CMP use in the practice setting?  
 
To address these questions, the study examined the managed care network in California during 
2001 and 2006.  Two unique datasets were merged to allow network analyses of the entire 
network of physician organizations, hospitals and hospital systems, and health maintenance 
organizations (HMOs) that participated in the network during this timeframe. An exchange 
perspective was employed to examine interorganizational relationships and network position 
based on the functions and exchange needs of the various actors in the market.  Statistical and 
visual representations of the entire network were accomplished for both years. Cross-sectional 
statistical analysis was performed to test for the influence of network contagion and structural 
effects on CMP use in a sample of physician organizations and in homogeneity of CMP use 
among pairs of physician groups in their treatment of four chronic conditions. Finally, a 
longitudinal analysis was performed to test for the effects of change in network affiliations on 
CMP homogeneity among cohort pairs. This is the first known study to employ this methodology 
in the study CMP use in physician organizations.  
 
The remainder of this dissertation is organized as follows:  Chapter 2 is a review of the evidence 
regarding the Chronic Care Model in general and for the effectiveness of CMPs in improving the 
quality of care for patients with chronic illnesses specifically. In addition, evidence regarding the 
current prevalence of CMPs is discussed to include recognized facilitators and barriers to quality 
improvement efforts. Chapter 3 outlines the conceptual framework used in this study which 
incorporates relevant aspects of new institutional theory, exchange theory, and network theory to 
address how networks may influence CMP use.  Chapter 4 poses specific research questions 
stemming from the theoretical framework and presents hypotheses to test them.  Chapter 5 
discusses the methodologies used in this study.  This chapter has two parts: a network analysis of 
the entire managed care network in California; and a statistical analysis of a sample of 347 
physician groups testing for the effects of network influence on CMP use. Chapters 6 and 7 
present the results of the network and statistical analyses respectively. Finally, the potential 
implications of the findings of this study on health care administration and policy are discussed 
in Chapter 8.  
 
As previously mentioned, the incorporation of network theory and the analysis of the entire 
managed care network in California is an important contribution to the study of CMP use in 
physician organizations. Little is known about how the various types of exchange relationships 
may influence professional practice. This study seeks to examine if contagion and structural 
attributes of network membership influence CMP use in physician organizations within the 
network.  
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Chapter 2 
 

Literature Review 
 
2.1 Introduction 
 
This chapter summarizes the literature on CMPs and the current evidence of their use in 
physician organizations. Section 2.2 provides an overview of the chronic care model and CMPs 
that support the concept. Section 2.3. discusses CMP prevalence in large physician organizations 
based on national surveys. Section 2.4. summarizes known facilitators and barriers to CMP use 
in the practice setting based on findings from qualitative and quantitative explorations. The 
evidence regarding the importance of interorganizational networks on innovation adoption and 
diffusion is presented in Section 2.5.  Opportunities to address current gaps in the literature are 
discussed in Section 2.6.  
 
2.2. The chronic care model 
 
In 2001, Dr Ed Wagner and colleagues at Group Health Cooperative of Puget Sound published 
the results of a systematic review of clinical evidence that identified best practices in the 
management of chronic illness care. The Chronic Care Model (CCM) was developed from this 
review and identified four components of health care delivery services that were critical to the 
effective management of patients with chronic illnesses.  First, improved clinical information 
systems are necessary to allow for better identification of patients with chronic illnesses and 
monitoring of their health status. Second, the nature of chronic illnesses requires a shift in 
emphasis from acute care to condition management. A greater proportion of internal processes 
should include activities designed to enhance proactive and prevention-focused interactions. 
Third, physicians could make these processes more efficient through the use of decision support 
systems, practice guidelines and automated reminders. Fourth, a proportion of internal processes 
should support educational activities, both individually and group-based, to better equip patients 
in living with their condition (Wagner et al., 2001). 
 
Care management processes (CMPs) are evidenced-based methods of implementing CCM in the 
physician practice (Casalino et al 2001).  Table 1 lists specific organizational processes arranged 
by the CCM component it supports.  CMPs vary considerably in the resources required to 
successfully implement them in the practice.  Some CMPs for example require significant 
financial investment in clinical information systems to facilitate identification of patients with 
chronic illnesses as well as to provide automated decision support and reminder capabilities.  
Some CMPs require an investment in additional staffing or different types of health care 
occupations in order to implement practice redesign and patient education efforts.  
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Table 1.  Components and processes of the Chronic Care Model in physician organizations.  
  Chronic Care Model Components 
  Clinical 

information 
systems 

Decision 
Support 
Systems 

Practice 
redesign 

Patient self-
management 
support 

Specific 
Care 
Manage-
ment 
Processes 
(CMPs) that 
support 
CCM 
 

- Electronic 
disease 
registry to 
identify and 
monitor 
patients with 
chronic 
illnesses 
- Electronic 
Medical 
Record 
- Data to 
physicians 
on 
performance 
in terms of 
organization
al quality 
outcome 
measures 
 
 

- Electronic 
decision 
support 
systems to 
include point 
of service 
reminders 
 

-  Use of 
clinical 
practice 
guidelines 
- Primary 
care services 
delivered 
via multi-
disciplinary 
teams  
- Use of 
group visits 
for chronic 
illnesses 
- Use of 
open access 
appointment 
scheduling 
 

- Nurse care 
managers to 
monitor 
patient 
condition and 
to assist in 
patient 
education 
efforts 
- Patient 
education 
opportunities 
that teach 
individuals 
how to better 
manage their 
chronic illness 

(adapted from Wagner et al 2001; Casalino et al 2003) 
 
A recent and growing body of evidence lends support to the argument that CMPs are an effective 
intervention to improve chronic illness outcomes.  Physician organizations implementing at least 
one component of CCM improved their clinical process outcomes for patients with asthma, 
congestive heart failure, diabetes and depression (Tsai et al 2005). Adams et al. (2007) found that 
the implementation of two or more CCM components resulted in lower rates of hospitalization, 
shorter inpatient stays, and fewer emergency room visits. In one of the few randomized 
controlled trails studying CCM interventions, Platt et al. (2006) found significant improvement 
in both clinical and behavioral outcomes for patients with chronic conditions as a result of CMP 
implementation. CMP use was associated with lower hemoglobin A1c and lipid levels for 
diabetic patients in small physician practices indicating that CMPs could be effectively 
incorporated into these types of physician organizations as well (Nutting et al 2007). 
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2.3. CMP prevalence in physician organizations 
 

The National Study of Physician Organizations (NSPO) is a research initiative designed to study 
the prevalence of CMP adoption in large physician practices. Two surveys, the first conducted in 
2001 and second in 2006, asked physician group chief executive officers or medical directors 
about the use of CMPs in their organizations.  The surveys were administered to medical groups 
and independent practice associations (IPAs) with greater than 20 physicians. The study found a 
generally low level of CMP use in both timeframes but more physician groups used CMPs in  
2006 compared to 2001. Disease registries, a foundational component of CCM, were used by 
only 30% of physician organizations in 2001 compared to approximately 50% in 2006 (Casalino 
et al 2003; Shortell et al. 2009; Rittenhouse et al. 2010).  Physician reminders and guidelines 
were the least implemented CMP although the prevalence of both increased roughly 10 percent 
from 2001 to 2006 (Schmittdiel et al. 2004; Casalino et al. 2003; Shortell et al 2009; Rittenhouse 
et al 2010).  
 
Significant variation existed in the extent of CMP usage by illness (see Table 2).  Mean CMP use 
was highest for diabetes and lowest for depression in both 2001 and 2006 (Casalino et al. 2003; 
Rittenhouse et al 2009). Research suggests a spillover effect from CMP adoption. Physician 
organizations that used more CMPs for diabetes also used more CMPs for other chronic illnesses 
(Li et al. 2004). 
 
Table 2. Mean CMP Use for Four Chronic Illnesses in Large Physician Practices (2001 and 
2006) 
 
  Disease Registry Guideline-based 

Reminders 
Feedback to 
Physicians 

Case managers 

  20011 20062 2001 2006 2001 2006 2001 2006 
Asthma 31% 58% 34% 36% 24% 51% 39% 37% 
CHF 34% 57% 28% 33% 42% 45% 43% 41% 
Depression 16% 39% 12% 23% N/A N/A 23% 21% 
Diabetes 40% 68% 39% 51% 48% 62% 42% 50% 
           
1. n=1003          
2. n=558                 
Source: National Study of Physician Organizations (2001 and 2006) 
 
2.4. Facilitators and barriers to CMP use in physician organizations 
 
CMP usage was associated with both organizational capabilities and factors in the institutional 
and resource environments. Larger groups, practices owned by hospitals or health systems, and 
those with greater clinical information system capabilities used more CMPs (Casalino et al. 
2003; Rittenhouse et al. 2010).  Physician organizations with a greater orientation towards 
primary care as opposed to specialty care used more CMP. Primary-care oriented physician 
groups were either comprised of a majority of primary care physicians or touted primary care 
services as part of a differentiation strategy (Schmittdiel et al. 2006).  
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External financial incentives to improve quality in physician practices have consistently been 
shown to be associated with greater CMP use in large physician organizations. Financial 
incentives included either additional money for meeting quality indicators or in the ability to 
negotiate more favorable contracts from health plans (Casalino 2003). Public reporting of quality 
performance data, such as patient satisfaction scores or clinical quality outcomes, was a 
significant institutional factor associated with higher CMP use (Schmittdiel et al 2004; Casalino 
et al 2003; Rittenhouse et al. 2008).  Characteristics of the resource environment, specifically 
greater HMO market penetration, higher financial risk for hospital costs, and a greater 
percentage of revenues from capitation (or pre-paid financial arrangements) were also associated 
with greater CMP use (Casalino et al 2003).  
  
Qualitative studies of interviews with physician executives have identified several barriers to 
CMP implementation. Executives cite a general lack of resources available for quality 
investment, reimbursement that does not reward higher quality, inadequate information systems, 
and overall physician resistance as barriers to CMP implementation in the practice setting 
(Bodenheimer et al., 2004). These responses are consistent with findings of previous research 
highlighting the lack of a business case for significant resource investments to improve quality 
performance by healthcare organizations (Leatherman et al. 2003).    
 
Until now, the examination of CMP prevalence in large physician organizations has incorporated 
a framework examining organizational capabilities and external incentives in the resource or 
institutional environment. This framework acknowledges the complexities involved in full-scale 
adoption of the chronic care model in physician organizations. Some components require 
significant capital investment in clinical information systems in order to successfully implement 
practice redesign. In addition, the focus and redesign of internal processes towards prevention 
activities is often perceived as incompatible by physicians with the traditional medical model of 
care delivery and physician clinical knowledge and training (Casalino et al 2002; Shortell et al 
2009; Rittenhouse et al 2010).  As a result, the framework contends that external incentives, to 
include both financial and incentives promoting public recognition are necessary to encourage 
CMP implementation. Both dimensions are important in that the ability of physician 
organizations to respond to external incentives is influenced by its capabilities. Organizational 
size and structure (medical group vs. IPA), hospital or HMO ownership, information systems, as 
well as an active internal quality improvement process, and a patient-centered culture provide 
groups with the capabilities necessary to implement CMPs (Rittenhouse 2010).  In the first 
longitudinal study of CMP usage, Shortell et al (2009) found that groups with greater internal 
capabilities were better able to expand their use of CMPs over a five year timeframe.  
 
Although this framework has proven quite fruitful in exploring CMP adoption in physician 
groups, it contains several assumptions that might hinder further examinations. Specifically, the 
model essentially treats all CMPs equally without regard for differences in required capital 
investments or variations between CMPs regarding the degree of incompatibility to-- and 
potential disruption of--the traditional flow of physician work.  Second, the framework assumes 
that CMP adoption is a rational organizational response to environmental incentives given that 
organizational capability exists.  This pro-innovation bias is common in diffusion research 
(Greenhalgh et al 2004) but it may be a particular problem in regards to some CMPs.   
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Finally, the framework is silent on how interorganizational relationships may influence CMP 
use. Physician groups operate in both economic and institutional environments and their 
portfolio of relationships effectively connects them to the larger professional community. An 
examination of network influences may provide some insight into how exchange partners may 
serve to influence CMP use in the focal organization.  
 
2.5. Network influences on innovation adoption in health care organizations 
 
The field of medical sociology has produced a rich body of evidence on importance of 
interorganizational ties in the adoption and diffusion of medical innovations. In most cases, an 
innovation is defined as the adoption of a program or technology which is new to the focal 
organization (Greer 1977).  Early research focused predominately on the acquisition of new 
technology. More recent research has highlighted the importance of external linkages in the 
diffusion of complex administrative and managerial processes. 
 
Interorganizatonal linkages provide economic advantages. A greater number of direct ties 
improves the likelihood of survival under conditions of economic uncertainty (Baum and Oliver 
1992). Organizations with more network connections have greater opportunities to exert 
influence within the network (Galaskiewicz 1979). Interorganizational ties are positively 
associated with organizational innovativeness (Powell et al 1996).  
 
In healthcare organizations, most studies examining the influence of interorganizational 
relationships on innovation adoption and diffusion concentrate on multi-hospital systems. In 
most studies, researchers find that system membership is associated with early adoption of a 
wide variety of clinical and managerial innovations such as reengineering activities (Walston et 
al 2001), total quality management (TQM) programs (Westphal, et al 1997; Young et al 2001), 
hospital case management (Roggenkamp et al 2005), strategic information systems (Wang et al 
2005), and matrix management organizational structures (Burns & Wholey 1993).  Goes and 
Park’s (1997) studied the diffusion of 15 separate innovations among 400 California hospitals 
over a 10-year period found. The author’s found that multi-hospital membership was strongly 
and consistently associated with adoption in periods of both resource munificence and 
uncertainty. 
 
 In one of the few non-hospital studies, Castle (2001) found that chain membership was 
associated with a greater likelihood of adoption of special care units and sub-acute care services 
in nursing homes (Castle 2001). Finally, Coleman et al’s (1957) classic study found that peer 
interaction was a strong predictor of a physician prescribing behaviors towards a new drug.  
 
To date, most research on CCM adoption has focused on reporting the national prevalence of 
CMP usage in large physician practices and in identifying organizational characteristics and 
external incentives to encourage their use. This body of work has made significant progress 
towards understanding determinants of quality improvement in physician organizations. There is 
considerable variation left to be explained however.  Shortell and Rundall (2003) call for the 
inclusion of a network perspective to gain additional insights into CMP adoption and spread. The 
following section discusses potential contributions of this study towards this recognized gap in 
the current evidence.  
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2.6 Opportunities and potential contribution of this study 
 
This study contributes to the literature by examining the influence of direct and indirect 
exchange relationships within a managed care network on CMP use among participating 
physician organizations. It incorporates aspects of new institutional theory, exchange theory, and 
network theory to capture relevant economic and institutional pressures associated with 
physician practice redesign. In addition, the study examines contagion and structural influences 
of the managed care network on how CMPs are used in the treatment of chronic conditions.   
 
Chapter 3 discusses the theoretical arguments supporting this analysis. Chapter 4 presents 
specific research questions based on the theoretical framework and hypotheses for each. Chapter 
5 outlines the research methods employed to examine the whole network of managed care 
exchange networks and to test the hypotheses. Chapters 6 and 7 contain results of the network 
and statistical analyses respectively.  Chapter 8 considers implications of the results on health 
policy.  
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Chapter 3 
 

Theoretical Framework 
 
3.1. Introduction 
 
The previous chapter summarized the evidence on CMP use in physician organizations and 
identified internal characteristics and external incentives that have consistently been shown to be 
associated with their use in national studies of large physician practices. The chapter also 
discussed gaps in the literature. These gaps highlight three important questions that have yet to 
be addressed. First, do interorganizational ties influence a physician group’s decision to 
incorporate CMPs into their practice? Second, do external relationships influence how CMPs are 
used for specific chronic conditions? Third, is CMP use influenced by changes in network 
relationships?  This chapter incorporates aspects of new institutional theory, exchange theory, 
and network theory in order to map the conceptual link between exchange relationships, 
contagion and structural aspects of the networks within which they exist, and the availability and 
use of CMPs by physician groups.  
 
The first part of the chapter discusses the institutional environment in which physician 
organizations operate and the role that coercive, normative, and mimetic pressures may play to 
influence a physician group’s decision regarding CMP use. The second part of this chapter 
focuses on theories of exchange and exchange networks as they relate to the health care market 
in both a fee-for-service and a managed care context.  Both environments are important in the 
study of exchange relationships since most physician organizations employ a mixed practice 
model and treat patients from both insurance models (Glied & Zivin 2002).  The main ideas from 
the exchange perspective relevant to this discussion are the concepts of organizational functions 
(or roles), exchange needs, and exchange dependence. Finally, the chapter ends with a discussion 
of interorganizational networks and how two perspectives—contagion and structural—may help 
explain the variation in CMP use among professional organizations.  
 
3.2.  Physician organizations and the institutional environment 
 
Physician organizations operate in highly institutionalized fields with strong norms of 
professional practice. Strict adherence to normative rules allows physician groups to appear 
legitimate to potential exchange partners and provides opportunities to enter into exchange 
agreements (Meyer and Rowan 1977). Professionalization, the need for legitimacy, and 
uncertainty in a dynamic and competitive market environment are powerful motivators for 
physician organizations to appear homogeneous. DiMaggio and Powell (1983) identified three 
types of isomorphic pressures driven by these motivations:  1) coercive, 2) normative, and 3) 
mimetic.  
 
The need to appear legitimate is often the motivation behind coercive and normative pressures. 
Coercive pressures include government rules and regulations that may influence structural or 
procedural aspects of the physician organization (DiMaggio & Powell 1983). Examples include 
the requirement that a physician organization undergo and achieve accreditation from a particular 
oversight body in order to obtain a state license to operate or to treat patients in public programs 
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such as Medicare. Similarly, a rule requiring a specific credential or certification in order to 
perform a certain procedure (e.g. ultrasound) is another example of coercive pressure stemming 
from government regulations.  In addition, normative pressures can dictate how medical care is 
given through the issuance of practice standards and policy statements by specialty medical 
associations. These organizations act as the oversight body for practicing physicians within the 
specialty and their recommendations effectively serve as a unified agreement on accept standards 
of practice which have been compiled by recognized leaders within the specialty using the most 
current clinical evidence. An example of the influence that these organizations have on the 
practice of medicine can be found in the court system. A critical factor in medical negligence 
cases is in the determination, typically given by an expert in the physician’s specialty of , 
whether a physician adhered to the standard of practice issued by his or her professional 
association during the provision of medical treatment (Kessler & Sage 2005).  Health care 
regulations and professionally developed standards of practice both serve to increase 
homogeneity among physician organizations. 
 
Mimetic pressures stem from environmental uncertainty and the imitation of organizations 
viewed as being successful reduces search costs and uncertainty in decision making (DiMaggio 
& Powell 1983). The motivation for change initially begins at the organizational level and most 
often is a rational response to changes in the task environment (Tolbert and Zucker 1983). The 
transfer of some functions typically accomplished by insurers to the physician organization under 
managed care significantly alters the role of physician groups in the managed care network 
compared to fee-for-service. Changes in organizational activities may influence relations with 
existing exchange partners and ultimately the pattern and nature of exchanges within the network 
(Barley 1990).  
 
One way that physician organizations may seek to manage potential inconsistencies in exchange 
relationships under fee-for-service and managed care is to decouple formal structure and 
activities (Meyer and Rowan 1977).  For example, physician organization (A) may hire a nurse 
case manager to help patients with chronic illnesses better manage their condition.  Case 
managers could effectively help meet the interests of managed care exchange partners without 
disrupting physician work schedules or organizational productivity that is so important in a fee-
for-service environment.  Over time, as other physician groups mimetic A’s practice and hire 
case managers, the impetus for change may move from the organizational to the network level as 
late adopters seek to gain legitimacy in order to attract managed care exchange partners (Tolbert 
& Zucker 1983).  
 
Physician groups are both institutional and economic organizations. As institutional 
organizations, adherence to norms of professional practice grants physician organizations the 
legitimacy necessary to gain access to critical resources (Meyer and Rowan 1977). For physician 
organizations, legitimation is a necessary precursor for exchange relationships. Legitimacy 
alone, however, does not guarantee success in the market place. As economic entities, the ability 
to manage relationships with exchange partners in a dynamic and competitive environment is a 
critical factor in the achievement of organizational goals. 
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3.3. Physician organizations and their exchange relationships 
 
This study considers a physician organization’s set of interorganizational relationships as the 
result of its strategic effort to meet economic and professional objectives. Economic objectives 
include the ability to exert market power in negotiations with insurers while maintaining 
autonomy over clinical practice (Shortell & Rundall 2003; Bazzoli et al 2004). Professional 
objectives include being recognized as legitimate members of the medical profession as well as 
peer recognition and acknowledgement of expertise in medical practice.  
 
In their classic study, Levine and White (1961) found that they could categorized participants in 
a community health system based on the function or role that the organization served for the 
system as a whole. Function was defined as the set of interrelated activities or services that were 
instrumental to the achievement of organizational objectives. Empirical analysis supported the 
author’s assertion that an organization’s function determined its resource needs (clients, services, 
or other resources) and limited its potential exchange partners (Levine & White 1961).  
 
Health care markets have many of the same characteristics as community public health systems 
in that 1) many of the same actors participate in both the public health system and the 
commercial market for medical services (Wholey & Burns 2003); 2) the delivery of medical care 
services is predominately a local phenomenon with the majority of participants operating within 
a limited geographic range; 3) organizations serve specific functions within the market and their 
exchange needs are influenced by the function they provide; 4) actors must enter into exchange 
relationships in order to obtain the necessary elements to achieve their objectives; and 5) the 
types of exchanges involve patient referrals, specialty services and knowledge, and other 
resources. 
 
One critique of the Levine and White (1961) study was that physicians were only indirectly 
included in their analysis of the community health system. The author’s identified the function of 
community hospitals as providing treatment. In fact, it is physicians and physician organizations 
that fulfill the treatment function within both the community public health system and local 
medical care market. The following section discusses in greater detail the function of physician 
organizations as they relate to the health care market as a whole, their exchange needs based on 
the function they serve, and attributes of their exchange relationships with other actors in the 
market.  
 

3.3.1.  Physician organizations and their exchange relationships 
 
Figure 1 describes the functions of physicians, hospitals, and insurers in a fee-for-service health 
care market. The function of physicians in this environment is the provision of professional 
services and expert knowledge required to diagnosis and treat patients. Physician resource needs 
include a stable source of insured patients requiring their services as well as sufficient access to 
advanced medical and surgical technology to care for them. To obtain these resources, physician 
organizations may affiliate with insurers, other physician groups, and hospitals as needed 
(Wholey & Burns 2003). Affiliations with other physician groups serve a variety of objectives.  
First, external ties expand a group’s access to more potential clients through referrals from other 
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physicians. Second, ties with other groups allow a practice to better serve the needs of its regular 
patients through referrals to more specialized physicians as necessary. Third, ties with other 
physicians may serve to strengthen a group’s market presence and negotiating strength with 
insurers and achieve greater efficiency through economies of scale.  Finally, physician 
organizations affiliate with hospitals to expand its capacity to deliver a full-range of services to 
its patients. Hospitals offer more comprehensive diagnosis support services and more intensive 
treatment capabilities which may not be practical or economical to have in the physician 
practice.  
 

 
Figure 1.  Exchange relationships in a hypothetical fee-for-service health care market 
 
Figure 1 also maps a hypothetical patient care event in order to convey important differences 
among the exchange relationships regarding: 1) the type of connection that exists between actors; 
2) the type of interdependency between exchange partners; and 3) the value differences among 
actors in the exchange (Levine & White 1961).  
 
In the scenario above, physician organization #1 treats a patient from the health insurer 
(exchange A).  If the doctor determines that the patient requires inpatient treatment and admits 
the patient to the hospital, the consequence of exchange A results in exchanges B and C. The 
relationships represented by these exchanges differ in the resulting interdependency between the 
actors.  Exchanges A and C result in a reciprocal interdependence since something of value from 
both partners is being exchanged (in this case, professional services in exchange for financial 
reimbursement). Exchange B, on the other hand, results in a joint interdependency between the 
physician organization and the hospital.  Joint interdependency exists when two actors enter into 
an exchange relationship on behalf of a third party (Levine and White 1961).  Similar 
relationships would exist should physician organization #1 decide to seek consultation from 
physician organization #2 in order to confirm a suspected diagnosis or to defer treatment to the 
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latter due to its recognized expertise. Exchange relationship A is considered to have a unilateral 
positive connection to exchanges B,C,D and E since institutional norms of practice exist for 
physician group #1 to serve as gatekeeper and subsequently determine the presence and sequence 
of future exchanges between the insurer and other health care actors in the market (Emerson 
1972).  
 
Reality, however, is more complex than the figure above portrays. In most markets, multiple 
hospitals and physician organizations exist as potential exchange partners.  The presence of a 
second hospital in the hypothetical market (see Figure 2 below) introduces a new dynamic into 
the exchange relationships.  Assuming that hospitals #1 and #2 are acceptable substitutes, the 
exchange relationships B and F are negatively connected since the first exchange prohibits the 
latter from taking place.  The existence of negatively connected exchange relationships 
encourages competition among substitutes (Emerson 1972).  The role of physician organizations 
as gatekeepers to the hospital industry has important implications in the ability of hospitals to 
acquire needed resources. 
 

  
Figure 2.  Hypothetical fee-for-service health care market with positive and negative exchange 
connections. 
  

3.3.1.1. Physician relationships with hospitals 
 
As mentioned earlier, the function of hospitals in the health care system is to offer 
comprehensive support services designed to enhance the physician’s ability to deliver a full-
range of medical services. As such, physicians need access to capabilities that hospitals provide. 
Hospitals need physicians who will regularly use their facilities since institutional norms dictate 
that it is the doctor’s professional knowledge and judgment that determines when exchange 
relationships between insurer and hospital may exist. In many areas, hospitals expend a 
significant amount of resources and effort to recruit physicians to use their facilities. Areas of 
competition between hospitals can range from having the latest technology, guaranteed bed 

Healthcare Insurer
Function

Resources through pool of 
patients

Hospital #1 
Function

Treatment 
Support

Physician 
Organization #1 

Function
Diagnosis and Treatment

Reciprocal 
Joint

Exchange Interdependence

A* B*

C*

Hospital #2 
Function

Treatment 
Support

F†

Connection
* Positive
† Negative



 

14 
 

 

availability, and providing physician office space and/or clinical information technology 
(Alexander et al 1996).  
 
 As a result of normative rules, physician organizations in markets with several hospital 
substitutes may benefit considerably in terms of economic incentives, technology and practice 
convenience resulting from competition among hospitals for their valuable inpatient utilization. 
A greater number of exchange relations with hospitals could provide more resources to allow 
physician organizations to invest in quality processes such as CMPs. 
 

3.3.1.2. Physician relationships with insurers 
 
Healthcare insurers in the market typically compete on premium price. In order to attract new 
members, insurers need a robust network of physicians and hospitals that preferably will accept a 
negotiated fee schedule in order to control medical expenditures. Physician organizations with a 
strong market presence may benefit from competition between insurers during rate negotiations 
and, as a result, be better able financially to invest in CMPs. However, in markets with few 
insurers, competition between physician groups for covered patients may encourage low-cost 
and/or differentiation strategies. In this scenario, physicians may see population health services 
as a way to make themselves more attractive to insurers. 
 
The above discussion has focused on the various functions, exchange needs, and types of 
relationships between actors in a fee-for-service health care market. In this environment, 
equivalent to a buyer-seller market, financial reward for physician organizations is obtained 
through the provision of health care services.  Direct investment for quality processes to reduce 
utilization would be discouraged under this arrangement except as a means of differentiation in a 
competitive marketplace with few buyers and many sellers.  
 
Managed care networks, on the other hand, attempt to align the payment and delivery functions 
of health care within the same organizations. As such, managed care networks are more 
equivalent to manufacture-supplier relationships where health is the product and financial reward 
is obtained through lowering the cost of production (Gulati & Sytch 2007). The following 
section considers potential changes to established exchange relationships in a managed care 
network. 
  

3.3.2. Influence of managed care on existing exchange relationships 
 
Figure 3 portrays the relationships between HMO, physician organization and hospital in a 
managed care network where many of the traditional insurance functions have been delegated to 
the physician organization to include claims payment, utilization management, and prevention 
and wellness services.  
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Figure 3.  Exchange relationships in a managed care network. 
 
 
As in the fee-for-service market, the traditional functions of diagnosis and treatment remain for 
physician organizations.  In addition, institutional norms resulting in gatekeeper role for inpatient 
and specialty consultation remain with the physician organization.  The difference between the 
two scenarios is that many of the traditional insurance functions are now the responsibility of the 
physician organization and financial reward comes from greater efficiency in the delivery of 
medical services and lower inpatient and specialty utilization. This shift in incentives may serve 
to make the implementation of CMPs in the practice a more attractive investment.  
 
In addition to the expansion of roles and functions of a physician organization under managed 
care, the sharing of financial risk for the cost of health care services for enrolled patients, may 
facilitate in the alignment of goals of among all network members thereby creating joint 
exchange interdependencies among all actors.  The establishment of centers of excellence for 
high-cost inpatient procedures, creation of a tiered-hospital network system, and treatment pre-
authorization procedures place some constraints on a physician organization’s freedom of choice 
to admit patients to certain hospitals in the network.  
 
The aggregate of all relationships among physician groups, hospitals and HMOs comprises the 
exchange network for managed care services. In exchange theory, all relative exchange 
relationships associated with a focal organization are considered important (Cook and 
Whitmeyer 1992).  Network theorists take a broader, more inclusive perspective on 
interorganizational relationships. For physician organizations, networks are important 
mechanisms for acquiring legitimacy (Podolny & Page 1998) and the resulting pattern of 
relationships embeds these organizations in multiple layers of social and economic structure 
(Hanneman & Riddle  2005; Mizruchi & Marquis  2006) that can influence the flow of 
information and resources (Provan et al 2007).  
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3.4. Physician organizations and the network environment 
 
Two perspectives on networks are relevant in the discussion of their influence on CMP use by 
physician groups in a managed care network. A contagion perspective is locally-focused and 
examines the influence of direct and indirect relationships on the focal organization. A structural 
perspective, on the other hand, takes a global approach and focuses on the pattern of 
relationships within the whole network.  Contagion effects are relational. Structural effects are 
positional. The following sections discuss the implications of each type of influence and argues 
that both perspectives are relevant and useful in developing hypotheses of network influence on 
CMP use.  
 

3.4.1. Contagion effects in managed care networks and CMP use by physician 
organizations 
 
Researchers who believe that contagion effects are important in predicting CMP use would 
examine the focal organization and all of its relevant exchange partners. Mechanisms of 
influence at this level can include coercion in order to obtain or maintain an important exchange 
partner, knowledge and information transfer, or direct competition for resources (Borgatti and 
Everett 1992). Other network organizations not connected to ego would not be considered 
relevant to a group’s decision to implement CMPs. 
 

3.4.1.1. Direct interorganizational ties 
 

Greater network connectivity through direct interorganizational ties have consistently been 
proven influential across a wide spectrum of research questions ranging from the acquisition of 
expensive new technologies in hospitals (Anderson & Jay 1985; Castle 2001; Wang et al 2005) s 
well as in the adoption of management strategies (Davis 1991; Burns & Wholey 1993). Direct 
linkages have been shown to be positively associated with organizational innovation (Powell et 
al 1997; Ahuja 2000) and survival in the marketplace (Baum & Oliver 1992).  Based on this 
strong and consistent pattern of evidence, it is logical to assume that physician organizations 
with many exchange partners should enjoy the same resource and boundary-spanning advantages 
compared to less connected groups.  
 
Direct ties among professional organizations also serve as a mechanism for the 
institutionalization of new standards of practice. In fact, it is probably no accident that much 
network research has been conducted in the health care arena since the pressure to appear 
consistent with normative rules and values may serve to make professional organizations 
especially sensitive to network influences. Prominent examples of the influence of direct ties on 
health care practice include Coleman et al (1957) classic study on changes in prescription 
behavior among physicians, the spread of TQM among hospitals in both the private and federal 
sectors (Wetphal et al. 1997; Young et al 2001 respectively), the development of special care and 
sub-acute services in nursing homes (Castle 2001) and the use of case managers in hospitals 
(Roggenkamp et al. 2005). 
 
In addition to direct ties, physician organizations may be influenced indirect affiliations with 
other exchange partners.  
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3.4.1.2. Structural Equivalents 

 
Burt’s (1987) reexamination of Coleman et al’s (1957) study brought considerable attention to 
the importance of indirect ties as conduits of innovation diffusion. When two actors A and B are 
not connected directly but are connected to exactly the same alters for the same type of 
relationship, then A and B are considered structurally equivalent in the network of relationships 
(Burt 1976).  Borgatti and Everett (1992) argue that structural equivalency is a local concept that 
belongs with the contagion perspective since all the information necessary to examine structural 
equivalency is who actors A and B are connected to. No information about the rest of the 
network is needed.  
 
The importance of structural equivalent organizations in the examination of CMP use by 
physician organization is in the recognition that the usual research assumption of independence 
among observations does not apply to network organizations. Just as individuals may be assumed 
to share some commonalities if they have the same parents, or same teacher, or attend the same 
church, organizations with the same exchange partners may display similarities that are in fact 
due in part to the relationships they share (Borgatti and Everett 1992). Classic examples of this 
phenomenon in social networks include Davis et al.’s (1941) examination of social participation 
among southern women and Galaskiewicz et al.’s (1985) study of CEO and corporate board 
overlaps. In the context of this study, two physician organizations that use the same management 
agency, practice in the same hospitals, and treat patients from the same HMOs are indirectly 
linked through these third parties (Breiger 1974; Faust 2005). As a result, the structurally 
equivalent physician organizations may be more similar regarding management practices, 
inpatient admission and discharge processes, and practice guidelines compared to groups with 
different external relationships due to the influence of common exchange partners.  
 

3.4.1.3. Structural Holes 
 
Evidence suggests that the absence of direct ties may also provide opportunities for some actors 
to exert influence in the network to achieve their organizational objectives. Structural holes exist 
in the network if two actors are not connected either directly or indirectly (Burt 1992).  If this 
situation exists, a third party may be able to use the lack of connection between two 
organizations to serve its own advantage.  If physician organizations A and B have no common 
affiliations with other groups or hospitals but are both affiliated with the same HMO, the 
purchaser of health care services may be in a position to exploit its position to achieve its 
objective of negotiating lower rates. For example, the HMO could use its membership size to 
foster competition between the physician organizations. Structural holes have been shown to 
impede organizational rates of innovation (Ahuja 2000). On the other hand, the HMO could use 
its position to bridge barriers between suppliers of health care services and improve integration 
through the system.  It appears that the consequences of structural holes within a network depend 
in large part on the organizational objectives of exchange partners able to exploit their existence 
(Ajuha 2000; Shortell & Rundall 2003). 
 
Network contagion effects are ego-centric. The concepts of direct and indirect ties, structural 
equivalence, and structural holes all define an organization by its specific relationships (or lack 
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thereof). The structural perspective, on the other hand, examines the influence of the whole 
network on the focal organization. 
 

3.4.2. Structural effects in networks 
 
The structural perspective of networks argues that the aggregate of all direct and indirect ties 
among network members results in patterns of relationships (Bonachich 1978) that enable 
researchers to identify and categorize relational attributes of members based on their position in 
the network.  Nodes in the center of the network space typically have more connections to other 
network members who, in turn, are also more connected. As such, network density is high 
among nodes located in the center of the network graph since they tend to have overlapping 
relationships. Nodes located more towards the periphery of the graph have fewer ties in general 
and fewer ties with central nodes in particular. Network density is lower among nodes in the 
periphery since they have fewer relationships overall and share fewer common ties with other 
periphery members (Borgatti & Everett 1992). Members occupying a common position in the 
network have similar relationship portfolios without necessarily being connected to the same 
alters. Although structural equivalent actors, by definition, must occupy the same position on a 
network graph, not all nodes that occupy the same position have to be structurally equivalent 
(Borgatti & Everett 1992). From a structural perspective, network effects on ego result from the 
consequence of its position in the network space regardless of who ego is connected to.  
 
Core actors in interorganizational networks are assumed to have advantages in the ability to 
obtain resources, coordinate their activities, and to gain access to information compared to 
periphery actors (Hanneman & Riddle 2005).  This structural advantage allows for core 
organizations to be more innovative (Powell et al 1996) and have more influence over the 
network (Galaskiewicz 1979). The mechanisms of structural influence are not relational or 
transmission-based but may include pressures resulting from expectations associated with roles 
or status in the network as well as pressures from competition (Borgatti & Everett 1992).  
 
Early CMP use may be positively associated with physician organizations in the core of the 
managed care network. This prediction would be consistent with previous evidence that core 
physicians are the first to modify practice behavior (Coleman et al 1957).  On the other hand, 
core groups may be reluctant to change patterns of behavior due to their multiple joint 
interdependencies with other actors. Constrained in part by the embeddedness perceived through 
joint interdependency (Uzzi 1996), core groups may resist implementing CMPs in order to 
reduce uncertainty among exchange partners. As a result, periphery groups may perceive CMPs 
as an effective strategy of differentiation in order to attract more exchange partners in the 
managed care network (Borgatti and Everett 1992; Shortell & Rundall 2003). 
 

 3.4.3. Combined network effects of contagion and structural 
 
Although both the contagion and the structural perspectives offer insightful ways to consider the 
effects of networks on focal organizations, the reality is that the perspectives overlap somewhat 
(Borgatti and Everett 1992) and both are probably important influences on CMP use in a 
managed care network.  Evidence suggests that both mechanisms influence innovation diffusion 
although it is possible that each may exert a greater influence at different stages of the diffusion 
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process (Rogers 1995; Valente 2005). Burns and Wholey (1993) found that hospital adoption of 
matrix management spread from core to periphery with more central hospitals adopting earliest, 
proceeded by those with direct ties to more central organizations second, and finally by hospitals 
in the periphery. Adoption by periphery organizations was associated with non-contagion 
measures of cumulative adopters in the whole network rather than by direct interorganizational 
linkages to previous adopters (Burns & Wholey 1993).  Similar results have been found in other 
studies and suggest that this pattern of influence—contagion effects first; followed by structural 
effects—may be particularly relevant when examining process-oriented innovations which may 
be more difficult to implement as opposed to simply the acquisition of a new technology (Teece 
1980; Westphal et al 1997; Young et al 2001; Walston et al 2001).  This paper argues that both 
contagion and structural network effects are important in the examination of CMP use by 
physician organizations in a managed care network. As such, it is important to develop measures 
that allow for both types of influences to be identified and considered separately (Borgatti & 
Everett 1992).  
 
 
3.5. Summary 
 
This chapter has discussed the applicable theories relevant to the examination of network 
influences on CMP use in physician organizations.  As institutional organizations, physician 
groups are pressured to conform to accepted professional norms of practice and external 
relationships. As a result, institutional pressures can serve as a facilitator or barrier to innovations 
and types of network relationships (Provan et al 2003).  As economic organizations, physicians 
must enter into exchange relationships in order to obtain needed resources. In many areas of the 
U.S., such as in California, physicians must participate in both fee-for-service and managed care 
environments in order to survive while, at the same time, manage the differences in roles and 
relationships between the two environments. Whether these organizations can be effective in 
both satisfying all exchange partners and preserving their technical core will depend, in large 
part, on the contagion and structural influences in the networks in which they exist.  
 
The following chapter presents specific research questions and hypotheses stemming from the 
theoretical framework. Chapter 5 details the methods used in the study. Results of the network 
and statistical analyses are reported in Chapters 6 and 7 respectively. Chapter 8 discusses the 
implications of the empirical findings for health care policy.  
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Chapter 4 
 

Research questions and hypotheses 
 
4.1. Introduction 
 
The overall objective of this study is to examine the effects of physician group inter-
organizational exchange relationships in a managed care network on the prevalence of CMPs in 
group practices and in the implementation of these processes for specific chronic conditions. To 
accomplish this task, 11 specific research questions were developed to meet the objectives. The 
following sections discuss specific research questions at the organizational and pairwise level of 
analyses and hypotheses to test them. 
 
4.2. Network effects at the organizational level  
 
Figure 4 presents the hypothesized relationships between a physician organization’s dependence 
on the managed care network, contagion and structural effects of exchange relationships and 
network position respectively, and resource availability in terms of local competition and CMP 
use. The level of analysis for this discussion is the physician organization.  
 

 
Figure 4. Hypothesized relationships between network dependency, contagion and structural 
attributes, and resource availability and CMP use in a physician organization. 
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Research question #1. Is CMP use by a physician organization a function of the group’s 
dependency on managed care to meet its overall resource needs?   
 
Most physician groups employ a mix-practice model that includes patients under a variety of 
insurance types and reimbursement methods ranging from fee-for-service to managed care. 
Under this revenue scenario, an organization’s rational response would be to devote the greatest 
proportion of its operating capacity to treat patients from insurers with the most favorable 
reimbursement arrangements.  However, organizational capacity within most physician practices 
is typically viewed as fixed and based on a standardized appointment schedule to maximize 
workflow predictability for physicians and support staff (Glied & Zivin 2002). HMO patients are 
enrolled to primary care physicians in order to improve continuity and coordination of care to 
reduce unnecessary utilization. Physician organizations with more HMO patients per affiliated 
primary care physician have a greater proportion of their practice capacity devoted to managed 
care compared to fee-for-service. As a result, these organizations must devote more of their daily 
activities to the additional utilization management and prevention functions that managed care 
networks demand.  Physician groups more heavily dependent on managed care patients may a 
greater incentive to lower operating costs by implementing less-intensive population health 
services such as CMPs for chronic illness care.  
 
Hypothesis 1: The odds of a group using a CMP will be positively associated with the 
number of HMO enrollees per primary care physician 
  
Research question #2.  Is CMP use by a physician group a function of its affiliations with 
exchange partners in the managed care network? 
 
As discussed previously, the predominant exchange partners within a managed care network 
involve physician groups, hospitals and hospital systems, and HMOs (Wholey & Burns 2003). 
Physician groups affiliate with each other in order to strengthen their negotiating position with 
insurers and to expand their market presence and referral base. In addition, some groups are 
connected structurally as well via common ownership, sharing a common medical director, or 
using a common management agency. Groups that are structurally connected through these 
mechanisms may perceive a greater incentive to invest in improved quality and efficiency due to 
advantages of economies of scale. In addition, organizations with a more centralized decision-
making process may be able to implement changes to the group’s technical core more effectively 
than groups with a de-centralized structure.  
 
Hypothesis 2-1: The odds of a group using a specific CMP will be positively associated with 
the number of physician group ties to other physician groups in the managed care network  
 
Physician organizations need access to hospitals in order to provide a comprehensive range of 
health care services. Hospitals need physicians committed to practicing in their facilities in order 
to enable exchange possibilities with insurers. Physician groups with affiliations at multiple 
hospitals may enjoy advantages gain from hospital competition for their business. A greater 
number of hospital affiliations equates to a greater overall capacity to deliver services, a more 
stable and larger revenue stream from insurers, and potential incentives from hospitals in the 
form of access to needed capital, information technology investments, and conveniently located 
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office space.  Thus, groups with more hospital affiliations may enjoy considerable resource 
advantage and, as such, be more able to invest in CMPs compared to groups with few hospital 
ties.  
 
Hypothesis 2-2: The odds of a group using a specific CMP will be positively associated with 
the number of hospital affiliations in the managed care network 
 
Physician groups enter into affiliations with HMOs in order to obtain a stable flow of insured 
patients. In a highly competitive HMO marketplace, with many insurers and few physician 
organizations, more HMO affiliations may be a strategic decision on behalf of the physician 
group designed to ensure both an adequate and stable resource flow should any of their exchange 
partners not survive in the market. Thus, groups with more HMO ties may enjoy a resource 
advantage over less connected groups and be more able to invest in CMPs.   
 
Hypothesis 2-3: The odds of a group using a specific CMP will be positively associated with 
the number of its HMO affiliations in the managed care network  
 
Characteristics of the exchange relationship between physician organization and insurer differ 
substantially in a managed care environment compared to fee-for-service. HMOs delegate some 
functions typically accomplished by insurers to the physician organization.  In addition, an 
exchange relationship between a group and an HMO often involves the sharing of some financial 
risk for health care costs accrued by plan patients. Physician groups that enter into affiliations 
with many HMO for the purpose of securing a stable revenue stream may face higher transaction 
costs due to the considerable variation between HMOs in benefit design, patient co-pay 
responsibilities and authorization procedures. Physician organizations unable to introduce a 
corporate or managerial logic (Shortell & Rundall 2003) into its technical core may suffer 
significant financial loss and be less likely to have the resources to invest in CMPs.   
 
Hypothesis 2-4: The odds of a group using a specific CMP will be negatively associated 
with the number of its HMO affiliations in the managed care network. 
 
Finally, a group’s affiliations with high status network members may serve to influence its 
practice design.  Academic medical centers are considered highly prestigious institutions in the 
health care field due to their connection to research and medical innovation (Scott 2001). Groups 
affiliated with academic medical centers may invest in quality processes such as CMPs due to 
institutional pressures as recognized leaders in the medical field.  
 
Hypothesis 2-5: The odds of a group using a specific CMP will be greater for groups 
affiliated with an academic medical center 
 
Research question #3.  Is CMP use by a physician group a function of its position within the 
managed care network? 
 
A group’s position within the space of all exchange relationships in a managed care network is a 
function of the number of affiliations as well as the position of its exchange partners. 
Organizations located in the core of the managed care network have many overlapping ties with 
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multiple exchange partners resulting in a higher overall density among core members compared 
to organizations in the periphery. Physician organizations located in the core may enjoy such 
structural advantages as more opportunities for exchange, a more consistent and stable resource 
stream, and earlier access to important information compared to groups in the periphery. These 
resource and informational advantages may allow core groups to invest in CMPs.   
 
Hypothesis 3-1: The odds of a group using a specific CMP will be greater for groups in the 
core of the managed care network.  
 
Physician organizations in the periphery have fewer exchange partners overall, fewer core 
exchange partners, and less overlapping ties. As a result, periphery groups may be more 
dependent on maintaining relationships with HMOs compared to groups in the network core. The 
need sustain current exchange relationships and to attract more partners may lead periphery 
groups to invest in CMPs as a differentiation strategy.   
 
Hypothesis 3-2:  The odds of a group using a specific CMP will be greater for groups in the 
periphery position of the managed care network 
 
Research question #4.  Is CMP use by a physician group a function of the availability of 
resources in its managed care service area? 
 
Market variations in competitiveness and overall resource availability may affect a group’s 
ability to invest in quality processes. Competition for both HMO contracts and critical hospital 
capacity may drive innovation and differentiation strategies for groups in some markets. 
Physician practices including population health services may be more attractive to HMOs. In 
addition, this environment may foster the diffusion of quality innovations due to the mimetic 
pressures facilitated by the close proximity of competing groups. 
 
Hypothesis 4-1: The odds of a group using a specific CMP will be positively associated with 
the number of groups participating in the same market 
 
On the other hand, groups in highly competitive markets may have limited operating margins 
compared to groups with fewer competitors and, as a result, may be less likely to have the 
additional resources necessary to invest in CMPs.  
 
Hypothesis 4-2:  The odds of a group using a specific CMP will be negatively associated 
with the number of groups participating in the same market. 
 
The research questions and hypotheses above address the effect of network influence on CMP 
use in the physician organization.  The following section discusses the potential of networks to 
influence professional practice in regards to how CMPs are used for chronic illness care. 
Specifically, research questions and hypotheses are presented regarding network contagion and 
structural influences on homogeneity in CMP use among pairs of physician organizations.   
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4.3. Network effects at the pairwise level  
 
Figure 5 presents the hypothesized relationships homogeneity in pairs of physician organizations 
regarding their CMP use as a function of network contagion and structural influences. Contagion 
influences from shared affiliations and structural influences resulting from occupying a similar 
location in the network are hypothesized to be associated with homogeneity in CMP use among 
pairs of physician groups. In addition, CMP homogeneity is expected to be a function of similar 
network dependency and market overlap. The level of analysis for the following discussion is 
physician group pairs. 
 

 
 
Figure 5. Hypothesized relationships between common network dependency, network affiliation 
co-memberships, market overlap and homogeneity in CMP use between pairs of physician 
groups. 
 
Under conditions of uncertainty, coercive, normative, and mimetic pressure may influence 
physician group decision making. Contagion and structural attributes of managed care network 
may serve to institutionalize CMP use as a result of these pressures.  
 
Research question #5.  Is pairwise homogeneity in CMP use a function of a common level of 
dependence between the pair on the managed care network to meet overall resource needs? 
 
Organizations within a managed care network perform specific functions on behalf of the 
network. Organizational functions serve to dictate exchange needs and the type of exchange 
partners available for the focal organization (Levine & White 1961). Domain consensus within a 
network is obtained when potential exchange partners recognize the focal organization as 
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capable of performing the functions it claims to provide. Levine and White (1961) argue that 
“domain consensus is a prerequisite to exchange” (p. 599) and, as such, is similar to the concept 
of legitimacy in new institutional theory (DiMaggio & Powell 1983).  
 
The argument here is that, in a managed care networks, a form of domain consensus for a 
physician organization is the proportion of its operating capacity devoted to managed care 
patients. Groups with a high amount of HMO enrollees for each affiliated primary care physician 
are claiming to be able to perform the functions that are required of physician organizations 
within a managed care environment.  Physician organizations striving to achieve domain 
consensus may mimetic how CMPs are use in groups they view as having achieved it and who 
they consider are successful in the network.  
 
Hypothesis 5: Homogeneity in CMP use between pairs of physicians groups is positively 
associated with a common level of HMO enrollees per primary care physician among the 
organizations. 
 
Research question #6.  Is pairwise homogeneity in CMP use a function of a shared affiliations 
between the pair in the managed care network? 
 
As discussed previously, structurally equivalent nodes are not directly connected to each other 
but are indirectly connected in that they share the same alters for the same type of relationship 
(Burt 1972).  Co-membership in exchange relationships may serve as a mechanism contagion 
influences on practice homogeneity among structurally equivalent actors either through 
similarities in the attributes of the specific exchanges or through similarities in the attributes of 
third party nodes.    
 
Hypothesis 6-1: Homogeneity in CMP use between pairs of physician groups will be 
positively associated with the number of shared ties with other physician groups 
 
Hypothesis 6-2: Homogeneity in CMP use between pairs of physician groups will be 
positively associated with the number of shared affiliations with hospital systems 
 
Hypothesis 6-3: Homogeneity in CMP use between pairs of physician groups will be 
positively associated with the number of shared affiliations with HMOs 
 
The evidence presented earlier provides a convincing argument for incorporating both the 
contagion and structural properties of networks into the examination of CMP homogeneity in 
physician organizations. The following section presents hypotheses associated with positional 
effects and CMP use.  
 
Research question #7.  Is pairwise homogeneity in CMP use a function of shared position in the 
managed care network? 
 
Physician groups occupying a common position in the network have similar relationship 
portfolios and are substitutable in regards to the network as a whole. Physician organizations in 
the core of the managed care network are considered to have a structural advantage in terms of 
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resources and boundary-spanning due to the high overlap of exchange partners. In addition, these 
organizations may be able to exert more influence over the network based on their position 
compared to groups in the periphery.  Based on this, pairs of physician organizations that occupy 
the same position in the network should be more homogeneous in how they use CMPs for 
chronic illness care compared to pairs that reside in different network spaces.   
 
Hypothesis 7-1: Homogeneity in CMP use between pairs of physician groups will be 
positively associated with shared core position in the managed care network 
 
Hypothesis 7-2: Homogeneity in CMP use between pairs of physician groups will be 
positively associated with shared periphery position in the managed care network 
 
Homogeneity among physician groups that share same positions within the network may be a 
function of legitimacy pressures based on status or role connotations associated with each 
location regardless of the availability of resources in the local market.  
 
However, it could be that structural advantage gains from occupying positions in the core 
influences the diffusion of innovations within the network.  Burns & Wholey (1993) found that 
the diffusion of matrix management in hospitals began among core hospitals and then spread to 
hospitals connected with core organizations. Late adoption by organizations in the periphery was 
associated more with the prevalence of matrix management in the network and not from 
contagion effects.  If CMP use is dependent more on the availability of resources than 
legitimation pressures at this stage of diffusion (DiMaggio & Powell 1983; Rogers 1995), it 
could be that periphery organizations are less homogeneous if CMP diffusion is slow.  
 
Hypothesis 7-3: Homogeneity in CMP use between pairs of physician groups will be 
negatively associated with shared periphery position in the managed care network 
 
Research question #8.  Is pairwise homogeneity in CMP use a function of a market overlap 
between the pair in the managed care network? 
 
Physician groups that operate in the same geographic locations and treat the same type of 
patients (commercial, Medicare, or Medicaid) may be particularly aware of each other due to 
geographic proximity and similar patient populations. Market overlap may, therefore, be a 
mechanism for mimicry through awareness and information between pairs of physician 
organizations due to opportunities for interaction as they fulfill their functions to the local health 
care system. On the other hand, market overlap may be a mechanism for competitive pressures in 
some areas with few HMOs.  Competitive pressures may result in heterogeneity in CMP use as 
physician organizations posture themselves in the market through differentiation.  
 
Hypothesis 8-1: Homogeneity in CMP use between pairs of physician groups will be 
positively associated with market overlap between the pair 
 
Hypothesis 8-2: Homogeneity in CMP use between pairs of physician groups will be 
negatively associated with market overlap between the pair 
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The preceding section presented research questions and hypotheses for network influences on 
CMP homogeneity in pairs of physician groups. The discussion so far has been cross-sectional in 
nature—focusing on predictions at a specific snapshot in time without regard to the evolution of 
network relationships or the stage of CMP diffusion.  The following section presents hypotheses 
based on changes in network contagion and structural influences and changes in CMP 
homogeneity among cohort pairs of physician organizations in a managed care network.  
 
4.4.  Change in network attributes and pairwise homogeneity 
 
As presented earlier, contagion and structural effects may influence CMP homogeneity among 
physician group pairs at different stages of innovation diffusion (Rogers 1995; Valente 2005). 
Previous studies suggest that innovation diffusion flows from the network core to the periphery 
(Burns & Wholey 1993), that contagion effects are important during early stages of diffusion 
(Westphal et al 1997; Young et al 2001), and adoption by periphery organizations is more 
influence by structural attributes (Burns &Whole 1993).  
 
Research question #9.  Is change in pairwise homogeneity in CMP use a function of a change in 
shared exchange affiliations between the pair in the managed care network? 
 
Greater co-membership in exchange relationships offer increased opportunities for shared 
influence and, as a result, may increase practice homogeneity among pairs of physician groups 
compared to groups that are not structurally equivalent.  
 
Hypothesis 9-1: Change in CMP homogeneity between pairs of physician groups will be 
positively associated with change in the number of shared ties with other physician groups 
 
Hypothesis 9-2: Change in CMP homogeneity between pairs of physician groups will be 
positively associated with change in the number of shared hospital system affiliations 
 
Hypothesis 9-3: Change in CMP homogeneity between pairs of physician groups will be 
positively associated with change in the number of shared HMO affiliations  
 
 
Research question #10.  Is change in pairwise homogeneity in CMP use a function of a change in 
shared position within the managed care network? 
 
Assuming that CMP use for chronic illnesses care is a rational response for physician 
organizations as a means of achieving domain consensus and attract managed care exchange 
partners, it is expected that CMP use would be higher in the network core than in the periphery 
and would be influenced more by contagion effects of network relationships. Thus change in 
CMP homogeneity over time for cohort pairs may be associated with periphery organizations.  
 
Hypothesis 10-1: Change in CMP homogeneity between pairs of physician groups will be 
negatively associated with shared core position in the managed care network 
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Hypothesis 10-2: Change in CMP homogeneity between pairs of physician groups will be 
positively associated with shared periphery position in the managed care network 
 
Research question #11.  Is change in pairwise homogeneity in CMP use a function of a change in 
market overlap between the pair in the managed care network? 
 
As discussed earlier, market overlap may serve as a mechanism for greater homogeneity due to 
mimetic pressures or may drive differentiation strategies depending on the resource environment.  
 
Hypothesis 11-1: Change in CMP homogeneity between pairs of physician groups will be 
positively associated with change in market overlap in the managed care network  
 
Hypothesis 11-2: Change in CMP homogeneity between pairs of physician groups will be 
negatively associated with change in market overlap in the managed care network 
 
Table 3 provides a consolidated list of the hypotheses developed above. The following chapter 
discusses the research design, measures and analytical methods used to test the hypotheses.  
Chapters 6 and 7 presents the results of the empirical analyses and their implications are 
discussed in Chapter 8. 
 
 
Table 3. Hypotheses associated with network attributes and CMP use.    
Network attribute Hypotheses 

 
Part I. Group level analysis of network attributes and CMP prevalence 
Network 
dependency 

H1. The odds of a group using a specific CMP will be positively associated 
with the number of HMO enrollees per primary care physician  

Network 
affiliations 

H2-1. The odds of a group using a specific CMP will be positively 
associated with the number of ties to other physician groups in the 
managed care network  
H2-2. The odds of a group using a specific CMP will be positively 
associated with the number of hospital affiliations in the managed care 
network 
H2-3. The odds of a group using a specific CMP will be positively 
associated with the number of HMO affiliations in the managed care 
network  
H2-4. The odds of a group using a specific CMP will be negatively 
associated with the number of HMO affiliations in the managed care 
network. 
H2-5. The odds of a group using a specific CMP will be greater for groups 
affiliated with an academic medical center 

Network position H3-1. The odds of a group using a specific CMP will be greater for groups 
in the core position of the managed care network  
H3-2:  The odds of a group using a specific CMP will be greater for groups 
in the periphery position of the managed care network 

Market Overlap H4-1. The odds of a group using a specific CMP will be positively 
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associated with the number of groups participating in the same market 
H4-2.  The odds of a group using a specific CMP will be negatively 
associated with the number of groups participating in the same market. 

Part II. Pairwise analysis of network attributes and CMP homogeneity  
Common 
network 
dependence 

H5. Homogeneity in CMP use between pairs of physicians groups is 
positively associated with common level of network dependence 

Co-membership 
in network 
affiliations 

H6-1. Homogeneity in CMP use between pairs of physician groups will be 
positively associated with shared ties to other physician groups 
H6-2. Homogeneity in CMP use between pairs of physician groups will be 
positively associated with the number of shared hospital system affiliations  
H6-3. Homogeneity in CMP use between pairs of physician groups will be 
positively associated with the number of shared HMO affiliations 

Common 
network 
position 

H7-1. Homogeneity in CMP use between pairs of physician groups will be 
positively associated with shared core position in the managed care network 
H7-2. Homogeneity in CMP use between pairs of physician groups will be 
positively associated with shared periphery position in the managed care 
network. 
H7-3. Homogeneity in CMP use between pairs of physician groups will be 
negatively associated with shared periphery position in the managed care 
network 

Market overlap H8-1. Homogeneity in CMP use between pairs of physician groups will be 
positively associated with market overlap 
H8-2. Homogeneity in CMP use between pairs of physician groups will be 
negatively associated with market overlap 

Part 3. Cohort analysis of change in network attributes and CMP homogeneity 
Change in co- 
membership in 
network 
affiliations 

H9-1.Change in CMP homogeneity between pairs of physician groups will be 
positively associated with change in the number of shared ties with other 
physician groups 
H9-2. Change in CMP homogeneity between pairs of physician groups will be 
positively associated with change in the number of shared hospital system 
affiliations 
H9-3: Change in CMP homogeneity between pairs of physician groups will be 
positively associated with change in the number of shared HMO affiliations 

Change in 
network 
position 

H10-1.Change in CMP homogeneity between pairs of physician groups will 
be negatively associated with shared core position in the managed care 
network 
H10-2. Change in CMP homogeneity between pairs of physician groups will 
be positively associated with shared periphery position in the managed care 
network  

Change in 
market overlap 

H11-1. Change in CMP homogeneity between pairs of physician groups will 
be positively associated with change in market overlap in the managed care 
network  
H11-2. Change in CMP homogeneity between pairs of physician groups will 
be negatively associated with change in market overlap in the managed care 
network 
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Chapter 5 
 

Methods 
 
5.1 Introduction 
 
The aims of this study are twofold: 1) use network analysis methods to describe the exchange 
relationships of physician groups in a managed care network; and 2) determine the influence of 
networks on CMP use in and among physician groups in the network. The previous chapter 
presented 11 specific research questions and 24 hypotheses to test the relationship between 
networks and CMP use at the physician group level and between pairs of physician 
organizations. This chapter discusses the research design and analytical methods employed to 
achieve the study’s objectives.  
 
The chapter begins with a discussion of the study participants to include data sources and 
eligibility requirements (Section 5.2). The remainder of the chapter follows the aims mentioned 
above. Section 5-3 outlines the network analysis procedures necessary to identify exchange 
affiliations, position in the network, and co-membership variables. Section 5.4 discusses the 
statistical analysis to include measures and analytical models in which the results from Section 5-
3 will be used to examine their relationship with CMP use.  
 
 
5.2  Research Design 
 

5.2.1 Environment  
 
The managed care network in California was selected as the study location due to three 
important factors.  First, the managed care network in California is based predominately on the 
delegated network model described in theoretical framework. As the term implies, much of the 
functions typically associated with insurers are delegated to the physician group (Casalino 2001). 
The prevalence the delegated network model places greater emphasis on emphasis overall 
network performance (Robinson 2001).  Second, physician organizations in California treat more 
HMO patients and have a greater percentage of total revenue coming from managed care 
compared to groups in other states (Rosenthal et al. 2001).  Finally, the California healthcare 
market experienced a period of heavy consolidation in both the physician group and HMO 
sectors due to bankruptcies and mergers resulting in highly concentrated HMO and physician 
group markets (Rosenthal et al 2001; Schneider et al 2007). 
 
 5.2.2 Data Sources 
 
Two data sources were used in this study:  Cattaneo and Stroud, Inc. Annual Physician Group 
Reports; and 2) The National Study of Physician Organizations.  Network measures were 
developed from the first source and then combined with data from the second to conduct the 
statistical analysis.  
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Cattaneo and Stroud, Inc. (C&S), is a California health care consulting firm specializing in 
managed care. The firm publishes a publically available database on physician organizations 
participating in managed care on its website (http://www.cattaneoandstroud.com). The database 
is maintained through annual surveys of physician groups and HMOs. The physician survey is 
conducted by mail with an extensive telephone follow-up. Physician organizations are included 
in the survey if they have at least six primary care physicians and at least one HMO affiliation 
(Cattaneo and Stroud 2009). Response rates have consistently achieved an average of 95 percent 
since the survey began in 1998 and survey data have been used in recent peer-reviewed articles 
examining HMO penetration rates as well as physician concentration in California health care 
markets (Schneider et al 2007).  The number of physician organizations actively participating in 
managed care with six or more primary care physicians totaled 383 in 2001 and 300 in 2006. 
Network information available on the C&S database included ownership and management 
information, affiliations with specific hospitals and HMOs, service areas.  In addition, 
organizational characteristics available in the database include organizational type (medical 
group or independent practice association), number of physicians (primary care and specialty), 
and the number of enrolled patients by insurance type (Commercial, Medicare, and Medicaid). 
 
The National Study of Physician Organizations (NSPO) surveyed chief executive officers or 
medical directors from groups with 20 or more physicians in 2001 and again in 2006 on their use 
of CMPs for four chronic conditions (asthma, congestive heart failure, diabetes and depression). 
Details regarding NSPO’s survey design and response rates have been reported in several peer-
review publications (Casalino et al., 2003; Gillies et al., 2003; Shortell et al 2009; Rittenhouse et 
al 2010). A listing of the survey questions from NSPO used in this analysis is provided at 
Appendix A. California physician organizations, on average, used more CMPs than practices in 
other areas of the nation. The authors cited several factors that could contribute to this finding to 
include a longer experience with managed care, greater number of external reporting 
requirements, and a greater density of physician organizations (Gillies et al., 2003). 
 
 
5.3. Network analysis 

 
Using the C&S data, the California managed care networks for 2001 and 2006 were examined by 
developing a series of network matrices for each year for each type of exchange relationship:  1) 
physician group to physician group; 2) physician group to hospital; and 3) physician group to 
HMO. In addition, a fourth matrix was developed to identify market overlap among physician 
groups for each timeframe.  All network analyses were conducted using UCINET 6.0 (Borgatti et 
al 2002). 
 

5.3.1.  Group to group matrix 
 
A physician organizations participating in managed care were entered into adjacency matrices 
for 2001 (383 x 383) and 2006 (300 x 300) to identify groups that were linked via common 
ownership, common medical director, or common management agency.  Values each 
relationship varied based on an assumption that each tie represented a different type of 
relationship and that some relationships may be more advantageous for centralized decision-
making than others. In this case, an ownership tie was given 3 points, a medical director tie was 
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given 2 points, and a management agency tie was given 1 point. Cell values ranged from 0 to 6 
depending on the number and type of structural ties.  Row totals in the matrices were the sum of 
the strength of a specific group’s ties with other physician organizations.  
 

5.3.2. Group to hospital system matrix 
 
Affiliation matrices for 2001 (383 x 14) and 2006 (300 x 16) were developed to identify linkages 
between physician groups and hospital systems. Cells values were coded 0 or 1 signifying if an 
affiliation existed. Hospital systems were defined as having three or more hospitals as per the 
California Office of Statewide Health Development and Planning (OSHPD 2010).  Row totals in 
the matrices were the sum of hospital system affiliations for a specific physician organization in 
that year. 
 
 5.3.5.  Group to HMO matrix 
 
Affiliation matrices for 2001 (383 x 38) and 2006 (300 x 36) were constructed to capture 
affiliations between groups and HMOs as per the C&S data. Cells were coded 0 or 1 identifying 
either the absence or presence of an affiliation between the group and HMO. Row totals in the 
matrices provided the number of HMO affiliations for a particular group in a specific year.  
 

5.3.6.  Patient type and service area matrix 
 
A total of six affiliation matrices were developed to identify the type of patients enrolled to the 
physician group by county.  Three matrices were created for each year; one each for commercial, 
Medicare and Medicare (known as Medi-Cal in California) patients.  Cells were coded 0 or 1 
depending on whether the group had enrolled patients for a specific insurance category in the 
county. Row totals in the matrices indicated the number of counties a physician organization 
operated in for a specific insurance type. 
 

5.3.7.  Co-membership matrices 
 
Co-membership matrices have been used to examine the extent of indirect connections between 
nodes stemming from participation in the same social events (Davis 1941) or participation on the 
same corporate boards (Galaskiewicz et al. 1985). In the context of this study, co-membership 
matrices were used to identify the number and types of shared exchange relationships between 
physician organizations for hospital systems and HMOs. The value for cell Xij in a group by 
group co-membership matrix is the number of common exchange partners between groups (i) 
and (j) for the applicable type of exchange relationship.  In addition, group co-membership 
matrices were created based on the patient type and service area affiliation matrices to identify 
shared markets between the groups.  The value for cell Xij in the market co-membership matrix 
is the amount of market overlap between physician organizations (i) and (j).   
 

5.3.8.  Identification of network position through core/periphery analysis 
 
At the network level, core-periphery analysis is a qualitative approach to examining the pattern 
of affiliations in two-mode matrices where relationships are identified using binary data 
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(Hanneman & Riddle 2005).  A form of block-modeling, the analysis seeks to construct 
partitions that divide rows and columns into two classes and compares the results to an idealized 
image.  A high density block (called the “core”) consists of frequently co-occuring actors and 
affiliations. Similarly, the “periphery”, is comprised of actors and affiliations with few common 
ties (Hanneman & Riddle 2005).    
 
 The following section discusses the second objective of this study by presenting the statistical 
analysis measures and models used to test the hypotheses concerning the relationships between 
network attributes and CMP use in physician organizations in the network.  
  
5.4. Statistical analysis 
 
The study examines network effects on CMP use at two levels of analyses. Hypotheses H1 
through H4-2 made predictions regarding the relationship between exchange network ties and 
CMP use in the physician group.  The level of analysis for these hypotheses is the physician 
group.  Hypotheses H5 through H8-2 are concerning the effect of shared network relationships 
and position with similarity in CMP use between pairs of physician organizations. The level of 
analysis for these hypotheses is the physician group pair. Finally, hypotheses concerning the 
relationship between changes in network attributes and change in CMP homogeneity were 
presented in H9-1 through H11-2.  Here again, the level of analysis is the physician group pair.  
 
The following sections discuss the measures and analysis plan designed to test hypotheses at 
each level of analysis.  Section 5.4.1 describes measures and the analytical model used at the 
physician group level.  Section 5.4.2 discusses measures and analytical models used to test the 
pairwise hypotheses.   
 

5.4.1.  Analysis plan at the physician organization level 
 
Table 4 presents key independent, dependent and control measures used to test for the 
hypothesized relationships at the organizational level between network dependency, affiliations, 
network position, market size and CMP use.  

 
5.4.1.1. Independent variables at the physician group level 

 
a. Network dependency 

 
It was argued earlier that groups with a greater proportion of operational capacity devoted to 
managed care patients would be more dependent on the managed care network to meet its 
resource needs. Variable ENRPCP is the group’s number of HMO enrollees per primary care 
physician. The variable was subsequently divided into low, medium, and high categories based 
on tertile distribution of original values to help in interpretation of results.  
 

b. Network affiliations 
 

Variables were created to measure the extent of a physician’s group affiliations with other 
members in the managed care network.  
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Group to group ties: The variable OV_POSUM is the sum of each row in the 
group by group matrix and represents the number and strength of ties a specific group has with 
other physician organizations. A higher value for OV_POSUM means that the physician 
organization is connected to more groups through ownership, medical director, or management 
agency in the managed care network.  

 
Group to hospital affiliations:  The variable HOSP is the sum of each row in the 

group by hospital matrix and represents the number of unique hospital affiliations for a specific 
group. A higher value for HOSP means that the group is affiliated with a greater number of 
hospitals in the network. 
 

Group to HMO affiliations:  The variable HMO is the sum of each row in the 
group by HMO matrix and represents the number of unique HMO affiliations for a specific 
group. A higher value for HMO means that the group is affiliated with a greater number of 
HMOs in the network. 
 

Other affiliations:  The variable AMC represents physician groups that are 
affiliated with one or more academic medical centers. A one (1)  in variable AMC represents the 
presence of an affiliation. 
 

c. Network position 
 

As discussed previously, core/periphery analyses were conducted for group by hospital system 
and group by HMO affiliation matrices. For the purpose of this study, a core physician group 
member in the managed care network was operationally defined as a group identified as 
occupying a position in the core of both affiliation matrices. A one (1) in variable BHCORE 
identifies these groups. 
 

d. Total market overlap 
 
The variable OV_PTSUM is the row sum for each group in the patient type and county co-
membership matrix.  For physician organization (X), OV_PTSUM represents the total number of 
physician groups that operate in the same county and enroll the same patient types as X.  A 
higher value in OV_PTSUM represents a greater number physician groups and is a proxy for the 
number of groups in geographic proximity to X as well as the size and competitiveness of the 
market in which X competes and practices.  
 
 

5.4.1.2. Dependent variables at the physician group level 
 

Dependent variables at the physician group level consist of four categorical variables based on 
NSPO survey responses. Variable REGYES represents groups reported using disease registries.  
Variable GUIDYES represents groups that reported using practice guidelines. Variable 
FEEDYES identifies groups that reported giving feedback to physicians on the patients. Lastly, 
variable CASEYES represents groups that reported employing nurse case managers.  A one (1) 
in these variables represents the presence of the applicable CMP for at least one of the four 
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chronic conditions surveyed (asthma, congestive heart failure, diabetes and depression). A zero 
(0) signifies the CMP is not used in the practice.  
 

5.4.1.3. Control variables at the physician group level 
 
Control variables included measures for organizational characteristics identified as important in 
previous research on CMP use.  Measures include physician group size, ownership, clinical 
information technology, profitability and whether the group received additional money for 
quality performance.  These measures were taken from the NSPO study. The variable PERPCP 
was obtained from the C&S data and represents the percentage of a group’s total affiliated 
physicians who are primary care providers as opposed to specialists.  The potential importance of 
this variable is supported by Schmittdeil et al (2006) who found that the number of primary care 
physicians in a practice was positively associated with a prevention and wellness orientation in 
the physician organization.  
 

5.4.1.4. Analytical model at the physician group level 
 
Model (1) describes the multiple logistic regression model used to test for the odds of a group 
using a specific CMP as a function of network dependency, network affiliations and position, 
and market overlap.  Control variables include key organizational characteristics as well as if the 
group receives additional money for quality performance.  
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Where: 

ln[pi/1-pi]= probability of group (i) using a CMP component (registry, guidelines, feedback and 
case management) for at least one chronic illness surveyed 
1O = Set of organizational capability variables  
2E = Group receives additional money for quality (1/0)  
3ENRPCP_MED= Number of HMO enrollees per primary care physicians-second tertile 

(0/1)* 
4eENRPCP_HIGH=Number of HMO enrollees per primary care physicians-third tertile (0/1)*     
5OV_POSUM = Number and strength of group to group ties (Continuous) 
6HOSP = Number of hospital affiliations (Continuous) 
7AMC = Group is affiliated with an academic medical center (1/0) 
8HMO = Number of HMO affiliations (Continuous) 
9BHCORE = Groups is a core member of managed care network (1/0)** 
10OV_PTSUM = Number of overlapping groups for same patient type and service area 

(Continuous) 
* Reference category is first tertile HMO enrollees per primary care physician 
** Reference category is periphery group 
 



 

36 
 

 

5.4.2.  Analysis plan at the pairwise level 
 
Table 5 presents key independent, dependent and control measures used to test for the 
hypothesized relationships at the physician organization pair level.  Measures were created to 
measure the type and extent of shared affiliations, common network position, and market overlap 
between the two physician groups.  
 

5.4.2.1. Independent variables at the pairwise level 
 

a. Network dependency 
Three categorical variables were created to identify groups that were equivalent in their 
dependency on the managed care network.  A one (1) in variables PENRPCP_Low, 
PENRPCP_Medium, and PENRPCP_High signify that both groups are in the same tertile 
distribution for the number of HMO enrollees per primary care physician.  The reference 
category for network dependency is pairs with differing levels of network dependency.  
 

b. Network co-membership 
 
Network co-membership variables for the pairwise analysis of physician groups (i) and (j) reflect 
the actual value for cell Xij in the applicable co-membership matrix. The following section 
discusses each co-membership type.  
  

Group to group ties:  The variable OV_GRP for cell Xij represents the value of 
the group to group relationship between (i) and (j). Cell values range from 0-6. A cell value of 
zero (0) reflects the absence of a direct structural tie between (i) and (j).  A cell value of six (6) 
reflects that groups (i) and (j) share a common owner, medical director, and management 
agency.  As such, the variable OV_GRP represents both the presence of a structural tie between 
(i) and (j) and the assumed strength of the relationship. A higher value for OV_GRP is assumed 
to represent a stronger tie between the groups.    

 
   Hospital system co-membership:  The variable OV_HS represents the value of 
cell Xij in the hospital system co-membership matrix. A higher value in this cell means that 
groups (i) and (j) are share more hospital system affiliations.  
 
   HMO co-membership:  The variable OV_HMO is the value for cell Xij in the 
HMO co-membership matrix and reflects the number of common HMO affiliations between 
groups (i) and (j).  A higher value means a greater number of shared HMO affiliations.  
 

c. Network position 
 
Two categorical variables were created to identify pairs that occupy common positions in the 
managed care network based on the core/periphery analysis described earlier.  The variable 
BHCORE identifies pairs where both groups are core members of the network. Similarly, the 
variable BHPERIPH identifies pairs where both groups are positioned in the periphery. The 
reference category for this variable is pairs of groups that occupy different spaces within the 
network. 
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d. Market overlap 

 
The variable OV_PT reflects the value of cell Xij in the patient type and county co-membership 
matrix. A greater value for OV_PT signifies a higher market overlap between groups (i) and (j).  
 

5.4.2.2. Dependent variables at the pairwise level 
 
A two-part process was developed to calculate the level of homogeneity in CMP use between 
pairs of physician groups. Table 6 provides a visual representation of this process for a specific 
chronic condition (X).  Groups were compared for both 1) commonality in the use of specific 
CMPs for condition (X) and 2) commonality in both the use and non-use of specific CMPs for 
condition (X).  Following the example provided in the table, groups (i) and (j) both use a disease 
registry and case managers for condition X. In addition, the groups are also similar in that neither 
uses feedback to physicians for this condition.  The groups differ however in the use of 
guidelines as group (i) uses them for condition X and group (j) does not.  For this example, 
SIMADOPT_X=2 and SIMTOT_X=3 since the groups both use two common CMPs and are also 
consistent in the non-use of a third.  A value of .667 for SIMRAT_X in this example signifies 
that CMP homogeneity is 67 percent of total practice homogeneity.  
 

 
Using the method described above, a CMP homogeneity measure was created for asthma 
(SIMRAT_A), congestive heart failure (SIMRAT_C), diabetes (SIMRAT_DI), and depression 
(SIMRAT_DE).  In addition, variable SIMRAT measures the total CMP homogeneity for all 
chronic conditions between pairs of physician organizations.  A higher value for these measures 
indicates greater homogeneity in CMP use.  
 

5.4.2.3. Control variables at the pairwise level 
 
Categorical variables for size, ownership, percent primary care physicians, and incentives for 
quality were developed to capture commonality between the pairs in important organizational 
characteristics. A value of one (1) identifies pairs that share a specific characteristic and a zero 
(0) represents heterogeneous pairs.  
 

5.4.2.4. Analytical model at the pairwise level 
 
Model (2) describes the multiple regression analytical model used to test the pairwise 
hypotheses. Let SIMRAT_X equal the percentage of homogeneity in CMP use between groups 
(i) and (j) for disease X. Pairwise homogeneity is predicted to be a function of equivalent 
network dependency, shared affiliations, common network position, and market overlap between 
the groups.  Control variables in the model include common size, ownership category, group 
type, and external incentives for quality.  
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   (2) 

 
Where: 

SIMRAT_Xij= percentage of common CMP use for chronic disease X between groups (i) and 
(i) (Continuous) 
0 =Constant 
1Oij = Set of common organizational characteristics for pair (ij) * 
2Eij = Set of common external incentives for pair (ij) * 
 3ENRPCP_LOW= Both groups are in the first tertile for number of HMO enrollees per 

primary care physicians (0/1) * 
4ENRPCP_MED= Both groups are in the second tertile for the number of HMO enrollees per 

primary care physicians (0/1)* 
5ENRPCP_HIGH=Both groups are in the third tertile for the number of HMO enrollees per 

primary care physicians-third tertile (0/1)* 
 6OV_GRP= Number and strength of group to group ties between pair (ij) (Continuous) 
7OV_HS = Number of common hospital affiliations between pair (ij) (Continuous) 
8OV_HMO=Number of shared HMO affiliations between pair (ij) (Continuous) 
9BHCORE2= Both groups are in the core of the managed care network (1/0)* 
10BHPERIPH2 = Both groups are in the periphery of the managed care network (1/0)*   
11OV_PT = Number of overlapping markets for pair (ij) (Continuous) 

   εij=Error term for pair(ij)  
 
* Reference category is heterogeneous pair 
 
In addition to the two cross-sectional analyses presented above, the two rounds of NSPO surveys 
allow for longitudinal comparisons of the effects of changes in network affiliations and changes 
in CMP homogeneity between pairs of physician organizations that participated in both 2001 and 
2006 surveys.  The following section presents measures and the analytical model for a cohort 
analysis. The level of analysis is cohort pairs of physician organizations.   
 
 

5.4.3.  Analysis plan at the cohort pair level 
 
Table 7 presents key independent, dependent and control measures used to test for the 
hypothesized relationships for cohort physician group pairs.   
 

5.4.3.1. Independent variables at the cohort pair level 
 

a. Network dependency 
 

The 2006 network dependency values (PENRPCP_LOW, PENRPCP_MED, PENRPCP_HIGH) 
were used in the cohort analysis. These measures are described in greater detail in the previous 
section.  The reference category for network dependency is pairs with differing levels of 
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managed care dependency as defined by the number of HMO enrollees per primary care 
physician. 
 

b. Network co-membership 
 
Measures were created to capture the change in shared affiliations between the pairs from 2001 
to 2006.  Co-membership variables are described in detail in the previous section. The variable 
CH_GRP measures the change in group to group ties by subtracting the value for OV_GRP in 
2001 from the 2006 measure.  A negative value for CH_GRP indicates that the number of group-
to-group ties declined over the 5 year period. Conversely, a positive value reflects a growth in 
the number of between-group ties. Lastly, a zero reflects no change in group to group 
connections for the pair. Additional measures for the change for co-membership with hospital 
systems (CH_HS) and HMOs (CH_HMO were created using the same process.  
 

c. Network position 
 
Hypotheses H11-1 and H11-2 predicted that changes in CMP homogeneity would be associated 
with shared position in the network.  Based on these hypotheses, the 2006 network position 
variables (BHCORE2 and BHPERIPH2) were used in the cohort analysis. These measures are 
described in greater detail in the previous section.   
 

d. Market overlap 
 
The variable CH_PT measures the change in market overlap in cohort pairs by subtracting the 
value for OV_PT in 2001 from the 2006 measure.  A negative value for OV_PT indicates that 
market overlap declined during the timeframe. A positive value reflects that market overlap 
increased between the pair. A value of zero (0) reflects no change in market overlap. 
 

5.4.3.2. Dependent variables at the cohort pair level 
 
As discussed in the previous section, variables were created to measure the percentage of 
homogeneity in CMP use between the pairs. For the cohort analysis, the five-year change in 
CMP homogeneity was calculated by subtracting the 2001 value from the 2006 measure. A 
negative value for variable CH_SIMRAT(X) reflects a decrease in CMP homogeneity between 
the pair for disease X. A positive value, on the other hand, reflects an increase in homogeneity 
for the specific condition. A zero value reflects no change between the pair.  Five variables were 
created to measure the change in both condition-specific and overall practice CMP homogeneity.  
 

5.4.3.3. Control variables at the cohort pair level 
 
The 2006 values for control variables developed in the pairwise analysis described above were 
used for the cohort analysis.  
 

5.4.3.4. Analytical model at the cohort pair level 
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Model (3) describes the multiple regression analytical model used to test the cohort hypotheses. 
Let CH_SIMRAT(X) equal the percent change in CMP homogeneity for disease X in 2006 
compared to 2001 for the pair (ij).  Change in pairwise homogeneity is predicted to be a function 
of changes in the number of shared affiliations and market overlap between the groups. In 
addition, CMP homogeneity change is expected to be a function of equivalent dependency and 
position in the network. Control variables in the model include common size, ownership 
category, group type, and external incentives for quality for year 2006.  
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   (3) 

 
Where: 
CH_SIMRATX= percentage change in of common CMP use for chronic disease X in 2006 
compared to 2001 (Continuous) 
0 =Constant 
1Oij = Set of common organizational characteristics for pair (ij) at year 2006 * 
2Eij = Set of common external incentives for pair (ij) at year 2006* 
 3PENRPCP_LOW=Both groups are in the first tertile for number of HMO enrollees per 

primary care physicians-second tertile at year 2006 (0/1)* 
4PENRPCP_MED= Number of HMO enrollees per primary care physicians-second tertile at 

year 2006 (0/1)* 
5PENRPCP_HIGH=Number of HMO enrollees per primary care physicians-third tertile at 

year 2006 (0/1)* 
     Reference category is heterogeneous pairs 
6CH_GRP = Change in the number and strength of group to group ties (Continuous) 
7CH_HS = Change in the number of shared hospital system affiliations (Continuous) 
8CH_HMO = Change in the number of shared HMO affiliations (Continuous) 
9BHCORE2 = Both groups were in the core of the managed care network in 2006 (1/0)* 
10BHPERIP2 = Both groups were in the periphery of the managed care network in 2006 

(1/0)* 
11CH_PT = Change in market overlap between the pair (Continuous) 

   εij=Error term for pair(ij)  
 
* Reference category is heterogeneous pair 
 
 
5.5.  Conclusion 
 
This chapter outlined the research design and methods used in the study. Two phases of analysis 
were required in order to satisfy the study objectives.  Network analyses were first accomplished 
using the whole network of managed care physician organizations, hospitals and HMOs in order 
to describe the relationships between the actors.  Results of this analysis are presented in the next 
chapter and are later incorporated into statistical models in order to test the hypotheses regarding 
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network influences on CMP use.  Chapter 7 contains the results of the statistical analysis. 
Chapter 8 concludes by discussing implications for health care management and policy.  
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Table 4.  Variables at the physician group level. 
 
Attribute Variable Name Type Description Computation 
I.  Independent Variables    
     
Network 
dependence 

ENRPCP_Low 
ENRPCP_Medium 
ENRPCP_High 

Categorical Number of HMO enrollees 
per Primary Care Physician 
affiliated with the group 

Total HMO enrolled patients / 
Number of PCPs. 
Grouped into tertile 
categories. 

Network 
Affiliations 

OV_POSUM Continuous Number and strength of 
physician organization’s ties 
with other physician groups 
either by common owner, 
medical director, or 
management agency 

Sum of row values in group 
to group affiliation matrix 

HOSP Continuous Number of group affiliations 
with hospitals  

Sum of row values in group 
to hospital affiliation matrix 

HMO Continuous Number of group affiliations 
with HMOs 

Sum of row values in group 
to HMO affiliation matrix 

AMC Categorical Group is affiliated with an 
academic medical center 

1=yes; 0=no 

Network 
Position 

BHCORE Categorical Groups is a core member of 
managed care network (core 
in both hospital and HMO 
affiliation networks) 

Group identified as core 
member using core/periphery 
analysis of group-Hospital 
and group-HMO matrices. 
1=yes; 0=no 

Market Size OV_PTSUM Continuous Total number of physician 
groups overlaps for common 
patient type and county 

Sum of row value in group to 
group co-membership matrix 

II. Dependent Variables    
CMP presence REGYES Categorical Group reported using CMP 1 point if yes; 0 otherwise 
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(condition-
neutral) 

GUIDYES 
FEEDYES 
CASEYES 

for at least one chronic 
condition surveyed 

III. Control Variables    
Size SIZE_Q1 

SIZE_Q2 
SIZE_Q3 
SIZE_Q4 

Categorical Group size in terms of 
number of affiliated 
physicians as reported in 
survey 

Log of Number of MDs, 
categorized by quartile 

Ownership MDOWN 
HHMOOWN 
OTHEROWN 

Categorical Ownership category as 
reported in survey 
MDOWN = Physician owned 
practice 
HHMOOWN = Hospital/ 
Hospital System/ or HMO 
owned practice 
OTHEROWN= Other (non-
MD) owned practice 

1=yes; 0=no 

Group Type MG 
IPA 

Categorical Group type as reported in 
survey 
MG=Medical Group 
IPA=Independent Practice 
Association 

1=yes; 0=no 

Percent primary 
care physicians 

PERPCP Continuous Percent of total affiliated 
physicians that are primary 
care doctors 

Number of PCP physicians / 
Number of total affiliated 
physicians 

Clinical 
Information 
Technology 

EMR_6ITE Continuous Electronic medical records 
IT index (Range 0-6) as 
reported in survey 

1 point for each “yes” 
response regarding the 
presence of the following 
clinical IT components: 

Patient problem list 
Patient medication list 
Physician progress notes 
Automatic drug interaction 
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alerts 
Laboratory results 
Radiology results  

External 
Incentives 

EXT_INCO Categorical Group reported receiving 
additional money for quality 
performance 

1=yes; 0=no 

Patient Type PER_COMM 
PER_CARE 
PER_CAID 

Continuous Percent of patients in each 
insurance type 
COMM = commercial 
CARE = Medicare 
CAID=Medicaid (Medi-Cal) 

Number of patients for 
insurance type / number of 
total enrolled patients 

Profitability PROFIT Categorical Group reported making a 
profit the last fiscal year 

1=yes; 0=no 

Survey Year YR2006 Categorical Survey year 2006 1=yes; 0-no 
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Table 5. Variables at the physician organization pair level. 
Attribute Variable Name Type Description Computation 
I.  Independent Variables    
Network 
dependence 

PENRPCP_Low 
PENRCP_Medium 
PENRPCP_High 

Categorical Both groups in the pair are in the 
same tertile category based on the 
number of HMO enrollees per 
primary care physician  

1=both groups in same 
tertile; 0=no 

Network 
Affiliations 

OV_GRP Continuous Strength of structural tie between 
groups in the pair as determined by 
cell value of group to group 
affiliation matrix 

Sum of cell values for 
ownership matrix (3 
points); medical 
director matrix (2 
points); and 
management agency 
matrix (1 point).  
Range: 0-6  

OV_HS Continuous Number of shared hospital system 
affiliations between the pair  

Cell value in hospital 
system co-membership 
matrix. 

OV_HMO Continuous Number of shared HMO 
affiliations between the pair 

Cell value in HMO co-
membership matrix 

Network Position BHCORE2 Categorical Both groups in the pair are core 
members of managed care network 

1=yes; 0=no 

BHPERIPH2 Categorical Both groups in the pair are in the 
periphery of the managed care 
network 

1=yes; 0=no 

Market Overlap OV_PT Continuous Number of patient type and county 
overlap between pair  

Cell value in patient 
type/county co-
membership matrix 

II. Dependent Variables    
Disease-specific SIMRAT_A (Asthma) Continuous Percent of homogeneity between Number of common 
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CMP 
Homogeneity  

SIMRAT_C (CHF) 
SIMRAT_DI 
(Diabetes) 
SIMRAT_DE 
(Depression) 

pair in the use of CMPs for specific 
chronic conditions. 

CMPs used for disease 
X / Number of common 
practices (use or non-
use) for disease X 
 
Range: 0-1 

Total CMP 
homogeneity 

SIMRAT Continuous Percent of homogeneity between 
pair in the total use of CMPs 

Number of common 
CMPs used for all 
chronic conditions  / 
Number of common 
practices (use or non-
use) for all chronic 
conditions 
 
Range: 0-1 

III. Control Variables    
Size BH_SIZE_Q1 

BH_SIZE_Q2 
BH_SIZE_Q3 
BH_SIZE_Q4 

Categorical Pair belong to same size category 1=yes; 0=No 

Ownership BH_MDOWN 
BH_HHMOOWN 
BH_OTHEROWN 

Categorical Pair belong to same ownership 
category 
MDOWN = Physician owned 
practice 
HHMOOWN = Hospital/ Hospital 
System/ or HMO owned practice 
OTHEROWN= Other (non-MD) 
owned practice 

1=yes; 0=no 

Group Type BH_MG 
BH_IPA 

Categorical Pair belong to same group type 
MG=Medical Group 
IPA=Independent Practice 
Association 

1=yes; 0=no 

Percent primary PERPCP_LOW Categorical Pair belongs to same tertile 1=yes; 0=no 
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care physicians PERPCP_MED 
PERPCP_HIGH 

category of percent primary care 
physicians. 

External 
Incentives 

BH_INCO Categorical Both groups in pair receive 
additional money for quality 

1=yes; 0=no 

Survey Year YR2006 Categorical Survey year 2006 1=yes; 0-no 
 
 
Table 6.  Development of CMP homogeneity variables. 
Part 1. Comparison of CMP Use & Non-Use for Disease X  
 
 

Registry Guidelines Feedback  Case management 

CMP use for Group (i) Yes  Yes  No Yes 
CMP use for Group (j) Yes   No  No Yes 
Part 2. Pairwise variables for CMP homogeneity for Disease X 
Variable Description 
SIMADOPT_X Number of common CMP use for pair (ij) for disease X (e.g. 2) 
SIMTOT_X Number of common practice (use or non-use) for pair (ij) for 

disease X (e.g. 3) 
SIMRAT_X SIMADOPT_X / SIMTOT_X (e.g. 2/3=0.667) 
 
 
 
Table 7. Pairwise variables for the cohort analysis. 
Attribute Variable Name Type Description Computation 
I.  Independent Variables    
Network 
dependence 

PENRPCP_Low 
PENRPCP_Medium 
PENRPCP_High 

Categorical Both groups in the pair are in 
the same tertile category 
based on the number of 
HMO enrollees per primary 
care physician in 2006  

1=both groups in same tertile; 
0=no 

Network 
Affiliations 

CH_GRP Continuous 5 year change in the number 
and/or strength of structural 

OV_GRP (2006) – OV_GRP 
(2001)  
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tie between groups in the 
pair as determined by cell 
value of group to group 
affiliation matrices 

CH_HS Continuous 5 year change in the number 
of shared hospital system 
affiliations between the pair  

OV_HS(2006) – OV_HS 
(2001) 

CH_HMO Continuous 5 year change in the number 
of shared HMO affiliations 
between the pair 

OV_HMO(2006) – OV_HMO 
(2006) 

Network Position BHCORE2 Categorical Both groups are in the core 
of the managed care network 
in 2006  

1=yes; 0=no 

BHPERIPH2 Categorical Both groups are in the 
periphery of the managed 
care network in 2006 

1=yes; 0=no 

Market Overlap CH_PT Continuous 5 year change in the number 
of patient type and county 
overlap between pair  

OV_PT(2006) – OV_PT 
(2001) 

II. Dependent Variables    
Disease-specific 
CMP 
Homogeneity  

CH_SIMRATA 
(Asthma) 
CH_SIMRATC (CHF) 
CH_SIMRATDI 
(Diabetes) 
CH_SIMRATDE 
(Depression) 

Continuous 5 year change in the percent 
of homogeneity between pair 
in the use of CMPs for 
specific chronic conditions. 

SIMRAT_X (2006) – 
SIMRAT_X (2001) 

Total CMP 
homogeneity 

CH_SIMRAT Continuous 5 year change in the percent 
of homogeneity between pair 
in the total use of CMPs 

SIMRAT (2006) – SIMRAT 
(2001) 
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Chapter 6 

 
Network Analysis Results 

 
6. 1.  Introduction 
 
Theoretical arguments have been presented supporting the idea that dependency, contagion, and 
structural attributes of exchange networks may influence CMP use in physician organizations. 
Eleven research questions were posed based on the theoretical framework and specific 
hypotheses for each were created.  The previous chapter identified the managed care network in 
California as the network chosen to examine the questions and constructed methods to test them. 
This chapter and the next will present the results of the empirical analyses. The focus of this 
chapter is descriptive and is designed to familiarize the reader with attributes of the exchange 
network.  This is the first known descriptive analysis of the California managed care 
environment using network methods.  Chapter 7 presents the results of the statistical analysis.  
 
Network analysis results are presented in the following order.  The population of physician 
organizations in the California managed care network is described in section 6.1.  Descriptive 
statistics for key organizational characteristics for these organizations are discussed in section 
6.2.  Sections 6.4 and 6.5 present results of t-tests comparing aspects of physician organization 
interorganizational ties and co-membership values for 2001 and 2006.  Section 6.6 presents 
results of the core-periphery analysis and compares organizational characteristics between the 
groups. All network analyses were performed using UCINET 6.0. Network visualizations were 
created using UCINET’s NETDRAW program (Borgatti et al 2002). 
 
6.1. Population of physician organizations in the California managed care network 
 
The C&S dataset contained 383 risk-bearing physician groups in 2001 and 300 in 2006.  
Considerable change in operational status had occurred in almost one-fourth of the study 
population during this timeframe. Specifically, 42 (or 12% of all 2001 groups) had closed due to 
financial problems. Another 33 (9%) physician organizations had either merged with or had been 
purchased by another physician group in the network. A total of nine (2%) of the physician 
groups in 2001 were still in operation but exited the managed care network completely by 
discontinuing all at-risk contracts.  As a result, these groups were no longer included in the C&S 
survey. Finally, three groups (1%) had dropped to less than five physicians and were also 
dropped from the C&S survey.  A total of seven new physician organizations were added to the 
managed care network after 2001.  
 
6.2.  Network descriptives 
 
Table 8 compares key organizational characteristics of physician groups in the managed care 
network in 2001 and 2006.  Significant changes over the five year timeframe were associated 
with both physician and patient mix. Specifically, the mean number of primary care physicians 
as a percent of all group affiliated physicians increased from 33.0 in 2001 to almost 36.8. The 
percentage of managed care patients on Medicare declined from slightly over eight percent to 
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almost six percent during the five year timeframe of this study. Conversely, the percentage of 
managed care patients on Medicaid (or Medi-Cal in California) rose from 31 percent in 2001 to 
almost 38 percent in 2006.  Dependency on the managed care network remained stable over the 
timeframe. Physician organizations averaged 463 HMO enrollees per affiliated primary care 
physician with no difference observed between 2001 and 2006 although significant variation 
exists among physician groups with values ranging from over 2,000 enrollees per primary care 
physician for some groups to less than ten for others.  
 
Table 8.   Organizational characteristics of 683 physician organizations in the California 
managed care network (2001 and 2006). 
 
Mean(SD) 

Combined 
(n=683) 

2001 
(n=383) 

2006 
(n=300) 

t-test p-value 

Number of physicians 496.93 
(687.43) 

436.44 
(617.56) 

549.76 
(740.85) 

-1.4878 .14 

Percent primary care 
physicians (PCP) 

34.7 (21.8) 33.0 (19.1) 36.8 (24.7) -2.197 .03 

Total Enrolled HMO  
patients 

55,078 
(235,106) 

50,832 
(211,376) 

60,513 
(262,650) 

-0.5214 .60 

Percent commercial patients 58.8 (38.6) 60.9 (37.9) 56.0 (39.4) 1.6333 .10 
Percent Medicare patients 7.32 (12.2) 8.27 (13.5) 6.10 (10.1) 2.2615 .02 
Percent Medicaid patients 34.1 (41.8) 31.1 (40.9) 37.9 (42.7) -2.0562 .04 
HMO enrollees per PCP 463.59 

(401.63) 
455.68 
(416.05) 

473.70 
(382.87) 

-0.5681 .57 

 
6.4. Network affiliations 
 
Table 9 presents mean values for measures associated with a physician organization’s exchange 
relationships in managed care network.  Physician groups averaged 3 direct ties to other groups 
in the managed care network in both years. Significant differences were observed in the number 
of affiliations with hospital systems and HMOs.  Physician organizations affiliated on average 
with almost two hospital systems in 2006 compared to an average of one system in 2001.  This 
difference may reflect growth among multi-hospital systems in California since the mean number 
of individual hospital affiliations remained constant during the same timeframe. Physician 
organizations on average affiliated with four separate hospitals in the managed care network.  
Finally, the mean number of HMO affiliations for physician groups in the network rose from 5.6 
in 2001 to 6.3 in 2006.  
 
Table 9.   Mean(SD) network affiliations for 683 physician organizations in the California 
managed care network (2001 and 2006). 
 
Mean(SD) 

Combined 
(n=683) 

2001 
(n=383) 

2006 
(n=300) 

t-test p-value 

Ties with other physician 
groups 

3.173 
(4.646) 

3.120 
(4.123) 

3.241 
(5.247) 

-0.330 .74 

Ownership .296 
(1.228) 

.213 
(.669) 

.402 
(1.689) 

-1.954 .05 

Medical director .370 .325 .427 -1.147 .25 
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(1.121) (.971) (1.287) 
Management agency 2.508 

(3.572) 
2.582 
(3.700) 

2.412 
(3.405) 

0.600 .55 

Number of hospital affiliations 4.116 
(4.805) 

4.174 
(4.953) 

4.042 
(4.618) 

0.346 .73 

Number of affiliations with 
hospital systems 

1.512 
(1.980) 

1.180 
(1.095) 

1.937 
(2.664) 

-4.928 <.001 

Number of HMO affiliations 5.937 
(2.828) 

5.631 
(2.985) 

6.329 
(2.565) 

-3.150 .002 

 
6.5. Network co-membership and market overlap 
 
Table 10 presents mean values for co-membership variables indicating the average size of shared 
affiliations by type of exchange partner.  In 2006, the mean number of shared hospital system 
affiliations fell from 73.1 in 2001 to 38.1 in 2006. During the same timeframe, the mean number 
of shared HMO affiliations dropped from 677.17 to 575.65. Mean market overlap for physician 
groups also declined significantly in 2006 compared to 2001.  
 
 
Table 10.   Mean(SD) for shared ties with physician groups, shared hospital systems and HMO 
affiliations, and market overlap for physician organizations in the California managed care 
network (2001 and 2006). 
 
Mean(SD) 

Combined 
(n=683) 

2001 
(n=383) 

2006 
(n=300) 

t-test p-value 

Shared physician group ties 3.126 
(4.591) 

3.074 
(4.015) 

3.192 
(5.242) 

-0.327 .74 

Shared hospital system 
affiliations 

57.773 
(61.683) 

73.139 
(70.559) 

38.108 
(40.292) 

7.495 <.001 

Shared HMO affiliations 632.64 
(440.96) 

677.169 
(468.73) 

575.65 
(396.19) 

2.934 .003 

Market overlap 393.97 
(526.13) 

595.20 
(621.42) 

136.46 
(138.53) 

12.247 <.001 

 
6.5. Network position 
 
Table 11 presents the results of core/periphery analyses for the group-hospital system and group-
HMO affiliation matrices.  Visual representations and tables identifying physician organizations 
are provided at Appendix B.  Visual representations are shown from the hospital system and 
HMO perspective for ease of viewing.  
 
Approximately 53 percent of all physician organizations in the managed care networks across 
both years were identified as core members of the group-hospital system affiliation network and 
47 percent were core groups in the HMO affiliation network.  Twenty-three percent of groups 
overall were core members in both affiliations. These organizations are operationally defined as 
the core physician groups in the overall managed care network as discussed in the previous 



 

52 
 

 

chapter. The percentage of physician organizations that qualify as core members of the managed 
care network declined from 27 percent in 2001 to 18 percent in 2006.  
 
Table 11.   Results of core/periphery analyses for hospital system, HMO and combined 
affiliation matrices for physician organizations in the California managed care network (2001 
and 2006). 
 
No(%) 

Combined 
(n=652) 

2001 
(n=366) 

2006 
(n=286) 

Chi-
Square 

p-value 

Core group in hospital system 
affiliation matrix 

343 (52.6) 204 
(55.7) 

139 (48.6) 3.279 .07 

Core group in HMO affiliation 
matrix 

308 (47.2) 183 
(50.0) 

125 (43.7) 2.551 .11 

Core group in both matrices 152 (23.3) 99 (27.0) 53 (18.5) 6.515 .01 
 
Table 12 compares key organizational characteristics for core and periphery physician 
organizations.  Core groups are significantly larger in terms of number of physicians but there 
are no differences in the proportion of affiliated physicians that are primary care. Core groups 
enroll significantly more HMO patients overall and are more dependent on the managed care 
network in that a greater proportion of their primary care operating capacity is devoted managed 
care patients.  The mix of these patients is potentially more profitable for core groups as well. 
Core physician organizations enroll proportionally more patients from commercial plans and 
fewer from Medicaid HMOs compared to periphery physician organizations.  
 
Table 12.   Organizational characteristics of 683 physician organizations by core and periphery 
position in the California managed care network. 
 
Mean(SD) 

Combined 
(n=683) 

Core 
(n=152) 

Periphery 
(n=531) 

t-test p-value 

Number of physicians 496.93 
(687.43) 

669.83 
(746.83) 

429.98 
(652.45) 

-2.857 .005 

Percent primary care 
physicians 

34.7 (21.8) 36.0 (16.6) 34.3 (23.2) -0.827 .41 

Total Enrolled HMO  
patients 

55,078 
(235,106) 

91,914 
(262,778) 

43,880 
(225,116) 

-2.212 .03 

Percent commercial patients 58.8 (38.6) 70.7 (30.6) 55.1 (40.1) -4.434 <.001 
Percent Medicare patients 7.32 (12.2) 8.89 (6.93) 6.85 (13.4) -1.804 .07 
Percent Medicaid patients 34.1 (41.8) 20.3 (34.0) 38.3 (43.1) 4.709 <.001 
HMO enrollees per PCP 463.59 

(401.63) 
544.50 
(435.83) 

438.99 
(387.76) 

-2.852 .004 

 
6.7. Summary of network analysis results 
 
Network analysis results highlight several important changes in exchange relation attributes 
among physician organizations in the California managed care network from 2001 to 2006.  
First, the overall size of the network in terms of the number of physician organizations 
participating in managed care declined considerably. The largest proportion of physician group 
decline was due to financial hardships. Network dependency remained constant across the 
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timeframe as surviving physician practices did not change the proportion of their operating 
capacity devoted to managed care even though a greater percent of their HMO patients are now 
coming from Medicaid plans. 
 
The decline in mean co-membership size for shared hospital system and HMO affiliations could 
be heavily impacted by the almost 25 percent drop in the number of physician organizations.  
Less physician groups in the network means that fewer shared affiliations are possible. However, 
to put this in an exchange perspective, the decline in co-membership and market overlap among 
physician organizations effectively means that both hospital systems and HMOs have fewer 
structurally equivalent physician groups in the network and there is less overall competition 
among those that remain.  
 
Initial results of the core-periphery analysis lend preliminary support to the assumption that 
organizations located in the core of an exchange network have a structural advantage in terms of 
resources.  In the California managed care network, core groups are more invested in commercial 
managed care compared to publically funded plans. It remains to be seen, however, if this 
advantage is important in CMP use in physician practices.  The following chapter presents the 
results of the statistical analyses.  
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Chapter 7 

 
Statistical Analysis Results 

 
7.1. Introduction 
 
Chapter 6 presented the results of the network analysis for the population of physician 
organizations in the California managed care network in 2001 and 2006 and provided a empirical 
description of the extent of interorganizational linkages for these organizations with each other 
and with other types of exchange partners, namely hospitals and HMOs. The second objective of 
this study is to examine whether these relationships influence CMP use in the physician practice. 
To accomplish this task, the C&S data was merged with data from California physician 
organizations obtained from the National Study of Physician Organizations. The resulting match 
identified 347 physician organizations with complete network and CMP data.  The number of 
matched physician organizations with complete data in 2001 totaled 167.  The total number of 
matched organizations in 2006 came to 180.  This represents 50% and 67% percent of the total 
physician organizations in the California managed care network during these timeframes as 
reported in the C&S data.  Appendix C provides greater detail regarding the method used to 
match physician organizations in both data sets and the results of that effort.  
 
This chapter presents the results of the statistical analyses used to test the hypotheses presented 
earlier regarding the influence of network attributes on CMP use in physician organizations. As 
discussed in the methods section, two levels of analyses are used in this study:  the physician 
organization; and pairs of physician organizations.  Section 7.2 provides bivariate results for the 
prevalence and change in CMP use among physician organizations. Section 7.3 presents the 
results of the multiple regression analyses.  All statistical analyses were performed using Stata 
9.2 (StataCorp  2005). 
 
7.2. Descriptive statistics 
 

7.2.1. Descriptive statistics at the physician organization level  
 

7.2.1.1. CMP prevalence at the physician group level  
 
Approximately three-quarters of all physician organizations reported using a disease registry 
(73.2 percent), feedback to physicians (76.4 percent) and case management (73.2 percent) for at 
least one of the four chronic conditions in the NSPO survey (See Table 13). CMP prevalence 
however differed significantly over time for three out of four processes. Disease registry use 
increased 20 percent from 2001 to 2006 while feedback to physicians and case management 
declined by 10 percent each during the same timeframe. CMP usage was highest for disease 
registry in 2006 (82.9 percent) and lowest for practice guidelines in the same year (48.3 percent).  
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Table 13. Frequencies (%) of CMP components by year  
C are Management Process 
(CMP), No.(%) 

All Cases  
(n=347) 

Year 2001 
(n=167) 

Year 2006 
(n=180) 

Chi- 
Square, 
(1 df) 

P-value 

  Disease Registry 254 (73.2) 105 (62.9) 149 (82.9) 17.493 <.001 
  Guidelines 175 (50.4) 88 (52.7) 87 (48.3) 0.659 .42 
  Feedback 265 (76.4) 136 (81.4) 129 (71.7) 4.582 .03 
  Case Management 254 (73.2) 131 (78.4) 123 (68.3) 4.513 .03 
 

7.2.1.2. CMP use for specific chronic conditions at the organizational level  
 
Table 14 compares self-reported condition-specific CMP use for asthma, congestive heart 
failure, diabetes, and depression in 2001 and 2006.  Changes were observed in eight of the 15 
items on the NSPO survey.  Thirty percent more physician organizations reported using a disease 
registry for their asthma patients in 2006 compared to 2001. The number of groups providing 
feedback to their physicians on the quality of their asthma patients almost doubled during the 
same timeframe. For patients with congestive heart failure, bivariate results suggest that many 
groups replaced the use of feedback and case management with registries to help manage this 
type of patient.  Specifically, feedback and case management use fell 16.6 and 13 percent 
respectively while disease registry use increased almost 17 percent. Twenty-eight percent of 
groups reported using a disease registry to managed diabetic patients in their practice in 2006 
compared to 2001. The increase in registry use was the only significant change observed for 
diabetes care during the timeframe. Finally, more physician organizations used a disease registry 
and practice guidelines for their patients with depression in 2006.   
 
Table 14. Frequency(%) of CMP use for four chronic illnesses by year. 
Condition-specific CMP 
usage 

All Cases  
(n=347) 

Year 2001 
(n=167) 

Year 2006 
(n=180) 

P-value 

Asthma     
  Disease registry 208 (60.3) 74 (44.8) 134 (74.4) <.001 
  Guidelines 121 (35.1) 55 (33.3) 66 (36.7) .52 
  Feedback to physicians 177 (51.3) 60 (36.4) 117 (65.0) <.001 
  Case management 201 (58.3) 103 (62.4) 98 (54.4) .13 
     
Congestive heart failure     
  Disease registry 215 (63.2) 89 (54.6) 126 (71.2) .002 
  Guidelines 107 (31.5) 57 (35.0) 50 (28.2) .18 
  Feedback to physicians 189 (55.6) 105 (64.4) 84 (47.5) .002 
  Case management 221 (65.0) 117 (71.8) 104 (58.8) .01 
     
Diabetes        
  Disease registry 232 (67.4) 87 (52.7) 145 (81.0) <.001 
  Guidelines 149 (43.3) 63 (38.2) 86 (48.0) .06 
  Feedback to physicians 238 (69.2) 114 (69.1) 124 (69.3) .97 
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  Case management 223 (64.8) 105 (63.6) 118 (65.9) .66 
     
Depression      
  Disease registry 100 (30.8) 23 (14.9) 77 (45.0) <.001 
  Guidelines 49 (15.1) 16 (10.4) 33 (19.3) .02 
  Feedback to physicians NA NA NA NA 
  Case management 82 (25.2) 41 (26.6) 41 (24.0) .58 
1.  Feedback for depression was not surveyed in 2001. 
 
Table 15 ranks condition-specific CMP usage for each survey year. Case management for 
congestive heart failure was the highest reported CMP among survey respondents in 2001 (72 
percent).  In fact, case management occupied three of the top five processes in 2001 with over 60 
percent of groups using it for diabetes and asthma as well. Feedback to physicians occupied two 
spots in the top five for diabetes and CHF respectively.  A little more than one-half of groups 
used registries for diabetes and congestive heart failure patients in 2001. Forty-four percent used 
a disease registry for asthma patients.   Diabetes and congestive heart failure each had two 
processes in the top five most prevalent CMPs.  Guidelines were the least used CMP in general 
with roughly one-third of groups reporting their use for congestive heart failure, diabetes and 
asthma. Physician guidelines for patients with depression was the least used CMP in 2001.  
 
Registry use occupied the top three positions in 2006. Over 80 percent of survey respondents 
used a registry to identify diabetes patients and over 70 percent used registries for asthma and 
congestive heart failure patients.  Three of the top five processes used in 2006 were for diabetes 
care (Registry 81%; Feedback 69%; Case management 66%).  Diabetes CMP use remained 
stable for case management, feedback and guidelines which suggests that a registry was viewed 
more as a complement to the overall management of diabetic patients and not as a substitute for 
other processes. This statement cannot be made for congestive heart failure however which 
experienced a significant decline in feedback and case management use as reported above.    
 
Table 15. Rank order of most prevalent CMPs for four chronic illnesses by survey year. 

2001 (n=167) 2006 (n=180) 
1. Case management for CHF (71.8%) 
2. Feedback for diabetes (69.1%) 
3. Feedback for CHF (64.4%) 
4. Case management for diabetes (63.6%) 
5. Case management for asthma (62.4%) 
6. Registry for CHF (54.6%) 
7. Registry for diabetes (52.7%) 
8. Registry for asthma (44.8%) 
9. Guidelines for diabetes (38.2%) 
10. Feedback for asthma (36.4%) 
11. Guidelines for CHF (35.0%) 
12. Guidelines for asthma (33.3%) 
13. Case management for depression 
(26.6%) 
14. Registry for depression (14.9%) 

1. Registry for diabetes (81.0%) 
2. Registry for asthma (74.4%) 
3. Registry for CHF (71.2%) 
4. Feedback for diabetes (69.3%) 
5. Case management for diabetes (65.9%) 
6. Feedback for asthma (65.0%) 
7. Case management for CHF (58.8%) 
8. Case management for asthma (54.4%) 
9. Guidelines for diabetes (48.0%) 
10. Feedback for CHF (47.5%) 
11. Registry for depression (45.0%) 
12. Guidelines for asthma (36.7%) 
13. Guidelines for CHF (28.2%) 
14. Case management for depression 
(24.0%) 
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15. Guidelines for depression (10.4%) 15. Guidelines for depression (19.3%) 
 
 

7.2.1. Descriptive statistics at the pairwise level  
 
Mean pairwise CMP homogeneity varied significantly between the survey years for each of the 
four chronic conditions used in the study (Table 16).  CMP homogeneity in asthma treatment 
increased from 47.9 percent in 2001 to 61.2 percent in 2006. Similarly, increases in CMP 
homogeneity were observed for diabetes and depression care during the same timeframe.  
Standardization in CMP use was the highest for diabetes care in 2006 with a mean CMP 
homogeneity among physician group pairs of 75.1 percent. Physician organizations became less 
homogeneous in their use of CMPs for congestive heart failure. Pairwise CMP homogeneity fell 
from 60.7 percent in 2001 to 49.3 percent in 2006.   
 
Table 16.   Mean(SD) for pairwise CMP homogeneity for four chronic conditions by year  
 
Mean(SD) 

Combined 
 

2001  2006  t-test p-value 

Asthma (n=29,201) .556 
(.408) 

.479 
(.414) 

.612 
(.394) 

-27.983 <.001 

Congestive heart failure (n=28,108) .543 
(.413) 

.607 
(.410) 

.493 
(.409) 

23.094 <.001 

Diabetes (n=29,143) .708 
(.370) 

.653 
(.381) 

.751 
(.356) 

-22.531 <.001 

Depression (n=25,243) .119 
(.284) 

.058 
(.200) 

.164 
(.327) 

-29.861 <.001 

 
To summarize, bivariate results suggest that considerable changes in CMP use by physician 
organizations in California’s managed care network occurred from 2001 to 2006. Disease 
registry use increased significantly in the sample and may have been considered as a substitute 
for other CMPs in the management of patients with congestive heart failure. On the other hand, 
registry use may be considered more of a compliment to already established CMPs for diabetes 
care.  
 
Physician organizations became more similar in which CMPs they used for three of the four 
chronic conditions surveyed. Pairwise CMP homogeneity was the highest for diabetes care 
averaging 75 percent among physician organizations in 2006.  Homogeneity declined however 
for the use of CMPs for congestive heart failure over the five year period between surveys.   
 
The following section presents results of the multiple regression analyses examining the 
relationship between network influences and CMP use.  Section 7.3.1. presents the results of the 
empirical analysis at the physician organization level. Section 7.3.2. provides the results of  the 
cross-sectional pairwise analysis of network co-membership and CMP homogeneity. Section 
7.3.3. presents the results of the multiple regression analysis examining the relationship between 
changes in network affiliations and change in CMP homogeneity among cohort pairs of 
physician organizations.  
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7.3. Regression analyses 
 

7.3.1 Multiple logistic regressions for CMP prevalence of the organizational level 
 
Model (1) tested hypotheses H1 through H4-2 concerning the odds of a physician organization 
having a specific CMP based on network dependence, affiliations, network position and market 
overlap in the managed care network. Table 17 presents the results of these multiple logistic 
regressions.  
 

a. Network dependence and CMP use at the organizational level 
 
It was argued earlier that the tenets of managed care, to include the sharing of financial risk and 
incentives to reduce the number of health care services, could lead to a greater emphasis on 
processes promoting prevention and population health.  Physician organizations that dedicate a 
greater proportion of operational capacity to managed care patients would be more dependent on 
the managed care network to meet its overall resource needs. Hypothesis 1 predicted that groups 
with a larger number of HMO patients per primary care physician would be positively associated 
with greater odds of using disease registries and practice guidelines, providing feedback to 
physicians, and employing nurse case managers to help patients with chronic illnesses better 
manage their  
 
The empirical results support hypothesis H1 for case management but not for the other CMP 
components. Specifically, physician organizations in the highest category of HMO patients per 
primary care physician had 3 times greater odds of using case managers for patients with chronic 
illnesses compared to groups in the lowest category.   
 

b. Network affiliations and CMP use at the organizational level 
 
Hypotheses H2-1 through H2-3 predicted a positive association between odds of a group using a 
CMP and the number of ties with other physician groups, with hospitals, and with HMOs 
respectively. Hypothesis H2-1 was supported for the use of feedback to physician and case 
management only. Each additional tie with a physician group increased the odds of a physician 
organization using these components by 16 percent and 9 percent respectively. Hypothesis H2-2 
was supported for disease registries only. Each additional hospital affiliation increased the odds 
of a group using a disease registry by almost 10 percent. Hypothesis H2-3 was not supported for 
any CMP component.  In addition, the opposing hypothesis (H2-4) predicting a negative 
association between HMO affiliations and CMP use on the grounds of greater transaction and 
monitoring costs was also not supported.  
 
Finally, hypothesis 2-5 predicted that a physician organization’s affiliation with a high status 
health care institution, such as an academic medical center, would be associated with greater 
odds of using CMPs. This hypothesis was supported for case management only. Affiliation with 
an academic medical center was associated with almost twice the odds of using case managers 
compared to other groups.  
 

c. Network position and CMP use at the physician organization level 
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A set of hypotheses (H3-1 and H3-2) was developed based on the argument that position within 
the managed care network provides structural advantages and disadvantages that may influence 
CMP use. Core groups may enjoy the advantage of greater resources and faster access to 
information than groups in the periphery. As a result, a core position was predicted to be 
positively associated with CMP use (H3-1).  On the other hand, pressures to attract exchange 
partners may lead to periphery organizations using CMPs as a differentiation strategy (H3-2). 
Hypotheses H3-2 would be supported if the dichotomous variable for core position would be 
negative in the regression analysis. Neither hypothesis however was supported in the empirical 
analysis.  
 

d. Market overlap and CMP use at the physician organization level 
 
Similarly, a set of opposing hypotheses were presented regarding the odds of a physician 
organization using CMPs as a function of the number of other physician groups in its market. 
Competition for important resource ties with hospitals and HMOs may lead innovation and 
mimicry and, as a result, greater odds of CMP use (H4-1). Conversely, physician organizations 
may be less likely to have the additional resources to invest in CMPs where competition has 
forced physician groups to compete by lowering rates to insurers (H4-2).  Neither hypothesis was 
supported in the empirical analysis.  
 

e. Other findings for CMP use at the physician organization level 
 
Organizational characteristics were found important in the odds of a physician group using 
CMPs however no consistent pattern emerged across all components.  Group size was only 
important for disease registries. The largest quartile of physician organizations had 3 times 
greater odds of using registries compared to the smallest quartile. Each additional electronic 
medical record component increased the odds of a physician group using practice guidelines and 
feedback to physicians by 21 percent and 31 percent respectively. Receiving additional money 
for quality performance as associated with greater odds of using feedback to physicians and 
using nurse case managers. Finally, organizations surveyed in 2006 had 2.6 times greater odds of 
using disease registries and 28 percent greater odds of using feedback to physicians compared to 
groups surveyed in 2001.  
 

7.3.2 Multiple regressions for homogeneity in CMP use between pairs of physician 
organizations in a managed care network 
 
Model (2) tested hypotheses H5 through H8-2 regarding pairwise homogeneity in CMP use as a 
function of common network dependence, contagion effects due to shared affiliations, structural 
effects of common network position, and market overlap. Table 18 presents the results of 
multiple regressions for CMP homogeneity in the treatment of asthma, congestive heart failure, 
diabetes, and depression.   
 

a. Network dependency and CMP use at the pairwise level 
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Hypothesis H5 predicted that an equivalent level of dependency in the managed care network 
would be positively associated with CMP homogeneity among pairs of physician organizations.  
The hypothesis was supported for the highest category of dependency across all conditions. Pairs 
with both organizations in the highest tertile of HMO enrollees per primary care physician had 
13 percent greater CMP homogeneity for asthma, 12 percent for congestive heart failure, 11 
percent for diabetes and 4.5 percent for depression compared to heterogeneous pairs.  
 
Inconsistent findings emerged for pairs in the lowest category of dependency. An equivalent 
amount of HMO enrollees per primary care physician was associated with greater CMP 
homogeneity for asthma and depression (2.3 percent and 10 percent respectively). CMP 
homogeneity for pairs in the medium category of managed care dependency were significantly 
different than heterogeneous pairs but the direction was opposite of what was hypothesized. 
Specifically, CMP use was less homogeneous among pairs in this category for all disease 
conditions compared to heterogeneous pairs. 
 

b. Network co-membership and CMP use at the pairwise level 
 
Hypothesis H6-1 predicted a positive relationship between shared group to group ties and CMP 
homogeneity between pairs of physician organizations. The empirical results supported H6-1 in 
that each additional group to group tie increased CMP homogeneity by 8 percent for asthma, 5 
percent for congestive heart failure, and 3.5 percent for diabetes care.  
 
Hypothesis H6-2 and H6-3 predicted a positive relationship between homogeneity in CMP use 
between pairs of physician organizations and shared hospital system and HMO affiliations 
respectively. Hypothesis H6-2 was supported for all disease conditions. Each additional shared 
hospital affiliation between pairs increases CMP homogeneity ranging from approximately 3 
percent for asthma, diabetes, and depression and a 1 percent increase for congestive heart failure. 
Results for the association between shared HMO affiliations and CMP homogeneity was also 
significant for all conditions but opposite of the hypothesized direction. Each additional shared 
HMO affiliation lowered CMP homogeneity between the pair by 1.2 percent for asthma, 0.7 
percent for congestive heart failure, 1 percent for diabetes and depression.  
 

c. Network position and CMP use at the pairwise level 
 
Hypothesis H7-1 and H7-2 predicted CMP homogeneity between pairs of physician groups 
would be positively associated with both organizations occupying the same position (core and 
periphery respectively) in the managed care network. Hypothesis H7-1 was supported for 
congestive heart failure and depression only. Pairs of core members had almost 7 percent greater 
CMP homogeneity for congestive heart failure treatment and almost 3 percent greater for the 
care of patients with depression. The results were opposite of the hypothesized direction for 
diabetes. Pairs of core members had 2 percent less CMP homogeneity for diabetes care than pairs 
occupying different locations in the network space. Hypothesis H7-2 was not supported. 
 
The opposing hypothesis (H7-3) predicting that CMP homogeneity would be negatively 
associated with pairs in the periphery was supported for all disease conditions. Periphery pairs 
had almost 4 percent less CMP homogeneity for asthma, 2 percent less for congestive heart 



 

61 
 

 

failure patients, and almost 6 percent less for depression care compared to heterogeneous pairs. 
These results offer support to Burns & Wholey’s (1993) findings and suggests that CMP use be 
more determined by resource availability than legitimation at this stage of diffusion.  In other 
words, CMP use may have began with core organizations due to resource and information 
advantages, then diffused to groups with connections to core organizations. As of the study 
timeframe, it appears that CMP use had not diffused to groups on the periphery. 
 

d. Market overlap and CMP homogeneity at the pairwise level 
 
Hypotheses H8-1 and H8-2 were concerning the influence of market overlap on CMP 
homogeneity. H8-1 predicted a positive association between the variables due to the mimetic 
pressures based on competition. The empirical results failed to support the mimetic argument. 
H8-2, on the other hand, predicted a negative association based on resource scarcity in a highly 
competitive market.  This hypothesis was supported for all chronic conditions. Each additional 
market overlap between pairs lowered CMP homogeneity by 1 percent for CHF, 0.4 percent for 
asthma and diabetes, and 0.3 percent for depression.  
 

e. Other findings for CMP use at the pairwise level 
 
Organizational size was positively associated with CMP homogeneity for pairs in the largest size 
category for all disease conditions. Pairs in the medium size category had mixed results 
compared to heterogeneous pairs. Pairs in the smallest size category had lower CMP 
homogeneity compared to heterogeneous pairs for three of the four disease conditions. Pairs 
receiving income for quality had higher CMP homogeneity for congestive heart failure (13.3 
percent), diabetes (12 percent), asthma (10 percent), and depression (2 percent) compared to 
heterogeneous pairs. In addition, pairs that did not receiving financial bonuses for quality were 
associated with less homogeneity compared to heterogeneous pairs. The year effect was 
associated with a 12.5 percent greater CMP homogeneity for asthma, 5 percent for diabetes, and 
almost 9 percent for depression.  Pairs surveyed in 2006 were 16 percent less homogeneous in 
their use of CMPs for congestive heart failure than pairs surveyed in 2001.  
 

7.3.3 Multiple regressions for homogeneity in CMP use between cohort pairs of 
physician organizations in a managed care network 
 
Model (3) tested hypotheses H9-1 through H11-2 concerning the influence of change in network 
affiliations, market position, and market overlap on the change in CMP homogeneity between 
cohort pairs of physician organizations. Table 19 presents the results of these multiple regression 
analyses.  
 

a. Change in network affiliations and CMP homogeneity in cohort pairs of 
physician organizations 

 
Hypotheses H9-1 through H9-3 predicted that change CMP homogeneity would be positively 
associated with change in the number of shared ties with other physician organizations, shared 
hospital and HMO affiliations respectively. The empirical results failed to support hypothesis 
H9-1.  Hypothesis H9-2 was supported for congestive heart failure and depression only.  Each 
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additional increase in shared hospital system affiliations increased CMP homogeneity for these 
conditions by 4.5 and 6.2 percent respectively. Finally Hypothesis H9-3 was supported for 
congestive heart failure and depression as well but the effect size for each additional HMO 
affiliation was smaller than the effect size for hospital system affiliations. CMP homogeneity for 
congestive heart failure and depression increased approximately one (1) percent for each 
additional shared HMO affiliation.  HMO co-membership was significant for diabetes as well but 
the effect was opposite of that hypothesized. Each additional shared HMO affiliation decreased 
CMP homogeneity between the physician group pair by 0.7 percent.  
 

b. Network position and change in CMP homogeneity in cohort pairs of physician 
organizations 

 
Hypotheses H10-1 and H10-2 were concerning the influence on shared position within the 
network space and CMP homogeneity. Since evidence suggests that innovations diffuse from the 
core to the periphery of a network, hypothesis H10-1 predicted that core membership among 
physician group pairs would be negatively associated with CMP homogeneity. This hypothesis 
was supported for asthma only. Pairs in the core of the managed care network had 7 percent less 
CMP homogeneity compared to pairs occupying different spaces in the network.  Hypothesis 
H10-2 predicted periphery membership would be positively associated the change in CMP 
homogeneity since diffusion may reach these organizations later than core groups. The empirical 
results did not support this hypothesis. Pairs in the periphery had significantly different change in 
CMP homogeneity for asthma and congestive heart failure compared to heterogeneous pairs but 
the effect was opposite of the hypothesized direction. Periphery pairs had almost 11 percent less 
CMP homogeneity for asthma and 9.5 percent less for congestive heart failure compared to 
reference pairs.  
 

c. Change in market overlap and CMP homogeneity in cohort pairs of physician 
organizations 

 
Hypotheses H11-1 and H11-2 were a set of opposing hypotheses concerning the influence of 
change in market overlap and change in CMP homogeneity between pairs of physician 
organizations.  Hypothesis H11-1 predicting a positive relationship between the two variables 
was supported for asthma, congestive heart failure, and diabetes.  Each additional increase in 
market overlap (patient type and county) increased CMP homogeneity for each of these 
conditions by approximately one (1) to one and one-half percent.  
 

d. Other findings for change in CMP homogeneity use in cohort physician pairs 
 
The empirical results suggest that economic and not institutional pressures may be the leading 
drivers for CMP use among physician organizations in California’s managed care network. 
Pairwise homogeneity in 2001 was negatively associated with change in CMP homogeneity for 
the same pair in 2006.  However, pairs in the largest quartile in terms of organizational size, the 
highest tertile for percent primary care physicians, and pairs that received additional money for 
quality had considerable increases in CMP homogeneity for asthma, congestive heart failure and 
diabetes compared to heterogeneous pairs. Results suggest that CMP use may still be in a pre-
diffusion state where innovation use is more of a rational decision on the part of physician 
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organizations that have the best opportunity to achieve greater economies of scale, or groups 
with the highest primary care orientation, or receive financial incentives to invest in quality.  
 
The following chapter discusses the implications of the empirical results for health care 
administration and policy and for health services researchers interested in network influences on 
quality or population health activities in physician organizations.  
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Table 17.  Multiple logistic regression for organizational characteristics, managed care network dependency, group co-
membership, managed care network position and the odds (SE) of using four CMP components for at least one chronic 
condition (n=347)†. 
 Group uses CMP for at least one chronic condition (0/1) 
   Disease Registry Physician Practice 

Guidelines 
Feedback to 
Physicians 

Case Management 

Independent variables OR  
(SE) 

p-value OR  
(SE) 

p-value OR  
(SE) 

p-value OR 
(SE) 

p-value 

Organizational  Characteristics         

Group size – Medium (1/0)1 
2.389 

(1.078) 0.054 
0.555 

(0.224) 0.146 
1.220 
(0.59) 0.681 

1.121 
(0.505) 0.800 

Group size – Large (1/0)1 
3.218 

(1.696) 0.027 
0.511 

(0.232) 0.139 
0.980 

(0.544) 0.971 
1.100 

(0.572) 0.854 

Group size – Very large (1/0)1 
1.939 

(1.026) 0.211 
0.608 

(0.283) 0.285 
1.294 

(0.732) 0.649 
2.872 

(1.632) 0.063 

Medical Group (1/0)2 
0.818 

(0.304) 0.589 
0.724 

(0.227) 0.304 
1.053 

(0.418) 0.897 
0.846 

(0.316) 0.654 

EMR Index (0-6) 
1.036 

(0.100) 0.714 
1.208 

(0.095) 0.016 
1.313 

(0.144) 0.013 
1.100 

(0.102) 0.305 

Percent primary care physicians  
2.742 

(1.966) 0.159 
1.145 

(0.658) 0.815 
2.613 

(1.823) 0.168 
1.611 

(1.037) 0.459 

Percent Medicare3 
0.307 

(0.511) 0.478 
0.720 

(1.114) 0.832 
9.394 

(22.324) 0.346 
1.553 

(2.998) 0.820 

Percent Medi-Cal3 
1.817 

(0.813) 0.182 
1.071 

(0.395) 0.854 
0.872 

(0.393) 0.762 
0.457 

(0.189) 0.059 

Made a profit last fiscal year 
0.973 

(0.284) 0.925 
1.176 

(0.296) 0.520 
1.446 

(0.449) 0.235 
1.581 

(0.463) 0.118 

Receives additional money for quality 
1.449 

(0.442) 0.224 
1.380 

(0.368) 0.227 
3.439 

(1.107) 0.000 
1.824 

(0.553) 0.047 

Survey year 2006 
2.681 

(0.921) 0.004 
0.711 

(0.207) 0.242 
0.278 

(0.110) 0.001 
0.518 

(0.183) 0.062 
Network Dependence         

# of HMO Patients per PCP – Medium4 
0.923 

(0.355) 0.835 
0.585 

(0.186) 0.093 
1.327 

(0.501) 0.453 
1.455 

(0.509) 0.284 
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*p<.05; **p<.01; ***p<.001 
Abbr:  Primary care physician (PCP); Health maintenance organization (HMO) 
† No.(%);  Disease Registry: 254(73.2); Guidelines: 175(50.4); Feedback:  265(76.4); Case management: 254(73.2)  
Notes: 
1. Reference category is small physician group 
2. Reference category is IPA 
3. Reference category is percent patients with commercial HMO insurance  
4. Reference category is # HMO patients per PCP – low 
5. Reference category is periphery member of managed care network 

# of HMO Patients per PCP  - High4 
2.116 

(1.128) 0.160 
1.047 

(0.444) 0.914 
1.487 

(0.780) 0.449 
3.122 

(1.600) 0.026 
Affiliations with exchange partners         

Group to Group ties (# of groups) 
0.990 

(0.037) 0.796 
0.950 

(0.032) 0.131 
1.165 

(0.061) 0.004 
1.090 

(0.045) 0.037 

Number of affiliations with hospitals  
1.098 

(0.040) 0.010 
1.021 

(0.025) 0.384 
0.973 

(0.028) 0.348 
1.031 

(0.035) 0.373 
Affiliation with an academic medical 
center (1/0) 

0.893 
(0.289) 0.727 

0.736 
(0.198) 0.255 

1.308 
(0.432) 0.416 

1.940 
(0.646) 0.047 

Number of affiliations with HMOs 
1.070 

(0.075) 0.338 
1.015 

(0.058) 0.795 
0.970 

(0.069) 0.667 
1.036 

(0.070) 0.604 
Network position         
Core member of managed care network 
(1/0)5 

1.278 
(0.479) 0.512 

0.887 
(0.268) 0.691 

1.088 
(0.423) 0.827 

0.814 
(0.303) 0.581 

Market overlap          
Patient type and county overlap (# of 
groups) 

0.999 
(0.0003) 0.188 

0.999 
(0.0003) 0.752 

0.999 
(0.0004) 0.112 

1.000 
(0.0003) 0.623 

N 347  347  347   347 
Likelihood-ratio (19 df) 54.42***  23.41  51.03***   53.68*** 
Pseudo  R2 0.13  0.05  0.13   0.13 
Likelihood-ratio test4         
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Table 18. Multiple regression results for network dependency, co-membership, network position, and market overlap on 
homogeneity in CMP use between physician organization pairs. † 
 Asthma Congestive Heart 

Failure 
Diabetes Depression 

Independent variables Coef (SE) [95% CI] Coef (SE) [95% 
CI] 

Coef 
(SE) 

[95% 
CI] 

Coef 
(SE) 

[95% 
CI] 

Constant 

0.495 
(0.007) 

*** 

[0.481 
,0.509] 

0.589 
(0.007) 

*** 

[0.575 
,0.604] 

0.706 
(0.006) 

*** 

[0.693 
,0.718] 

0.083 
(0.006) 

*** 

[0.072 
,0.094] 

Common Group 
Characteristics Among Pair

        

Group size – 1st quartile 
(1/0)1 

-0.002 
(0.017) 

[-0.035 
,0.031] 

-0.079 
(0.018) 

*** 

[-0.114 
,-0.044]

-0.033 
(0.015)* 

[-0.063 
,-0.003] 

-0.038 
(0.013) 

** 

[-0.064 
,-0.012] 

Group size – 2nd quartile 
(1/0)1 

-0.032 
(0.007) 

*** 

[-0.046 ,-
0.018] 

0.009 
(0.007) 

[-0.005 
,0.023] 

-0.044 
(0.006) 

*** 

[-0.057 
,-0.032] 

-0.007 
(0.006) 

[-0.018 
,0.004] 

Group size – 3rd quartile 
(1/0)1 

-0.001 
(0.009) 

*** 

[-0.020 
,0.018] 

-0.005 
(0.010) 

[-0.024 
,0.014] 

0.017 
(0.009) 

* 

[0.0004 
,0.034] 

0.034 
(0.007) 

*** 

[0.019 
,0.048] 

Group size – 4th quartile 
(1/0)1 

0.046 
(0.011) 

*** 

[0.024 
,0.069] 

0.075 
(0.012) 

*** 

[0.052 
,0.098] 

0.074 
(0.010) 

*** 

[0.054 
,0.094] 

0.008 
(0.009) 

[-0.010 
,0.025] 

Medical Groups (1/0)1 

-0.089 
(0.008) 

*** 

[-0.104 ,-
0.074] 

-0.054 
(0.008) 

*** 

[-0.070 
,-0.038]

0.009 
(0.007) 

[-0.005 
,0.022] 

0.011 
(0.006) 

[-0.001 
,0.022] 

IPA (1/0)1 

0.058 
(0.005) 

*** 

[0.048 
,0.069] 

0.041 
(0.006) 

*** 

[0.030 
,0.052] 

-0.029 
(0.005) 

*** 

[-0.039 
,-0.019] 

-0.028 
(0.004) 

*** 

[-0.036 
,-0.019] 

MD owned (1/0)1 

-0.004 
(0.005) 

[-0.015 
,0.006] 

0.076 
(0.006) 

*** 

[0.065 
,0.087] 

-0.021 
(0.005) 

*** 

[-0.031 
,-0.012] 

0.047 
(0.004) 

*** 

[0.038 
,0.055] 
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Hospital/HMO owned (1/0)1 

0.036 
(0.014) 

* 

[0.008 
,0.064] 

0.033 
(0.014) 

* 

[0.005 
,0.061] 

0.044 
(0.012) 

** 

[0.019 
,0.068] 

-0.028 
(0.0114)

* 

[-0.050 
,-0.006] 

Other (non-MD) owned 
(1/0)1 

0.001 
(0.011) 

[-0.020 
,0.022] 

-0.082 
(0.011)*** 

[-0.103 
,-0.060]

0.025 
(0.010)* 

[0.006 
,0.044] 

-0.039 
(0.008) 

*** 

[-0.056 
,-0.023] 

Groups receive additional 
income for quality (1/0)1 

0.106 
(0.005) 

*** 

[0.096 
,0.116] 

0.133 
(0.005) 

*** 

[0.122 
,0.143] 

0.126 
(0.005) 

*** 

[0.117 
,0.135] 

0.018 
(0.004) 

*** 

[0.010 
,0.026] 

Groups do not receive 
additional income for 
quality (1/0)1 

-0.098 
(0.009) 

*** 

[-0.115 ,-
0.081] 

-0.147 
(0.009) 

*** 

[-0.165 
,-0.130]

-0.158 
(0.008) 

*** 

[-0.173 
,-0.142] 

-0.020 
(0.007) 

** 

[-0.034 
,-0.006] 

Percent PCP physicians – 
Low1 

0.079 
(0.013) 

*** 

[0.054 
,0.104] 

0.046 
(0.013) 

*** 

[0.021 
,0.072] 

0.007 
(0.011) 

[-0.016 
,0.029] 

0.017 
(0.010) 

[-0.003 
,0.037] 

Percent PCP physicians – 
Medium1 

-0.078 
(0.005) 

*** 

[-0.089 ,-
0.067] 

-0.021 
(0.006) 

*** 

[-0.032 
,-0.010]

-0.031 
(0.005) 

*** 

[-0.041 
,-0.022] 

-0.007 
(0.004) 

[-0.016 
,0.001] 

Percent PCP physicians - 
High1 

0.017 
(0.010) 

[-0.003 
,0.037] 

-0.018 
(0.011) 

[-0.039 
,0.004] 

0.029 
(0.009) 

** 

[0.011 
,0.047] 

0.010 
(0.008) 

[-0.006 
,0.025] 

Survey Year 2006 (1/0)2 

0.107 
(0.006) 

*** 

[0.097 
,0.119] 

-0.168 
(0.006) 

*** 

[-0.180 
,-0.156]

0.042 
(0.005) 

*** 

[0.032 
,0.053] 

0.084 
(0.005) 

*** 

[0.075 
,0.094] 

Common network 
dependency among pair 

        

# of HMO patients per PCP 
- Low (1/0)1 

0.023 
(0.010) 

* 

[0.003 
,0.043] 

-0.015 
(0.011) 

[-0.036 
,0.006] 

-0.008 
(0.009) 

[-0.026 
,0.010] 

0.104 
(0.008) 

*** 

[0.089 
,0.119] 

# of HMO patients per PCP 
–  Medium (1/0)1 

-0.064 
(0.007) 

*** 

[-0.078 ,-
0.050] 

-0.111 
(0.007) 

*** 

[-0.125 
,-0.097]

-0.078 
(0.006) 

*** 

[-0.090 
,-0.065] 

-0.071 
(0.006) 

*** 

[-0.082 
,-0.060] 
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# of HMO patients per PCP  
- High (1/0)1 

0.121 
(0.012) 

*** 

[0.098 
,0.144] 

0.122 
(0.012) 

*** 

[0.099 
,0.145] 

0.105 
(0.010) 

*** 

[0.085 
,0.126] 

0.045 
(0.009) 

*** 

[0.027 
,0.062] 

Group co-membership          

Group to group co-
membership  

0.081 
(0.018) 

*** 

[0.046 
,0.117] 

0.048 
(0.018) 

** 

[0.012 
,0.084] 

0.035 
(0.016) 

* 

[0.003 
,0.067] 

-0.018 
(0.014) 

[-0.046 
,0.010] 

Hospital system co-
membership  

0.031 
(0.006) 

*** 

[0.020 
,0.043] 

0.012 
(0.006)* 

[0.0005 
,0.024] 

0.026 
(0.005) 

*** 

[0.016 
,0.036] 

0.025 
(0.004) 

*** 

[0.016 
,0.034] 

HMO co-membership 

-0.012 
(0.001) 

*** 

[-0.014 ,-
0.010] 

-0.007 
(0.001) 

*** 

[-0.009 
,-0.005]

-0.011 
(0.001) 

*** 

[-0.013 
,-0.009] 

-0.009 
(0.001) 

*** 

[-0.010 
,-0.007] 

Common network position 
among pair 

        

Both Core members of 
managed care network 
(1/0)1 

0.012 
(0.010) 

[-0.008 
,0.032] 

0.067 
(0.010) 

*** 

[0.046 
,0.087] 

-0.024 
(0.009) 

** 

[-0.042 
,-0.006] 

0.027 
(0.008) 

** 

[0.011 
,0.043] 

Both Periphery members of 
managed care network 
(1/0)1 

-0.039 
(0.009) 

*** 

[-0.057 ,-
0.021] 

-0.024 
(0.009) 

* 

[-0.043 
,-0.006]

-0.015 
(0.008) 

[-0.031 
,0.001] 

-0.059 
(0.007) 

*** 

[-0.073 
,-0.045] 

Market overlap         
Patient type and county 
overlap (# of overlaps) 

-0.004 
(0.001) 

*** 

[-0.006 ,-
0.002] 

-0.009 
(0.001) 

*** 

[-0.011 
,-0.007]

-0.004 
(0.001) 

*** 

[-0.006 
,-0.002] 

-0.003 
(0.001) 

*** 

[-0.005 
,-0.002] 

N 26,854  25,823  26,702  22,971  
F test 115.19 

*** 
 128.08 

*** 
 121.13 

*** 
 75.43 

*** 
 

Adjusted  R2 0.09  0.11  0.10  0.07  
*p<.05; **p<.01; ***p<.001 
† Mean(SD); Asthma: .556 (.408)  CHF: .542 (.413) Diabetes: .708 (.370)   Depression: .119 (.284) 
Abbr:  Primary care physician (PCP); Health Maintenance Organization (HMO) 
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Notes: 
1. Reference category is heterogeneous pair for size, group type, ownership, income for quality, managed care network 
dependence, and network position variables as appropriate. 
2. Reference category is 2001.  
  

69

      



 

70 
 

 

 
 
Table 19. Multiple regression results for change in co-membership and market overlap on change in CMP homogeneity 
among cohort pairs of physician organizations† 
 Asthma Congestive Heart 

Failure 
Diabetes Depression 

Independent variables Coef 
(SE) 

[95% 
CI] 

Coef 
(SE) 

[95% 
CI] 

Coef 
(SE) 

[95% 
CI] 

Coef 
(SE) 

[95% 
CI] 

Constant 

0.591 
(0.017)

*** 

[0.556 
,0.625] 

0.486 
(0.020)

*** 

[0.446 
,0.526] 

0.727 
(0.016) 

*** 

[0.696 
,0.758] 

0.210 
(0.016) 

*** 

[0.179 
,0.241] 

Common Group Characteristics Among 
Pair in 2006 

        

Group size – 1st quartile (1/0)1 

0.106 
(0.099) 

[-0.089 
,0.301] 

0.098 
(0.104) 

[-0.106 
,0.302] 

0.042 
(0.088) 

[-0.130 
,0.214] 

0.403 
(0.092) 

*** 

[0.223 
,0.584] 

Group size – 2nd quartile (1/0)1 

-0.153 
(0.037)

*** 

[-0.226 
,-0.081] 

-0.016 
(0.037) 

[-0.089 
,0.058] 

-0.135 
(0.029) 

*** 

[-0.193 
,-0.077] 

-0.030 
(0.036) 

[-0.101 
,0.041] 

Group size – 3rd quartile (1/0)1 

-0.085 
(0.017)

*** 

[-0.119 
,-0.051] 

-0.121 
(0.019)

*** 

[-0.158 
,-

0.084] 

-0.055 
(0.014) 

*** 

[-0.082 
,-0.027] 

-0.084 
(0.018) 

*** 

[-0.121 
,-0.048] 

Group size – 4th quartile (1/0)1 

0.148 
(0.019)

*** 

[0.110 
,0.186] 

0.152 
(0.021)

*** 

[0.110 
,0.195] 

0.111 
(0.016)*

** 

[0.079 
,0.142] 

0.022 
(0.022) 

[-0.021 
,0.064] 

Percent PCP physicians – Low1 

-0.255 
(0.034)

*** 

[-0.322 
,-0.189] 

-0.231 
(0.034)

*** 

[-0.298 
,-

0.164] 

-0.185 
(0.027) 

*** 

[-0.237 
,-0.132] 

-0.107 
(0.032) 

** 

[-0.170 
,-0.044] 

Percent PCP physicians – Medium1 

-0.008 
(0.014) 

[-0.035 
,0.019] 

0.035 
(0.015)

* 

[0.006 
,0.065] 

0.006 
(0.011) 

[-0.016 
,0.028] 

0.001 
(0.015) 

[-0.028 
,0.031] 

Percent PCP physicians - High1 0.176 [0.094 0.313 [0.226 0.106 [0.040 0.429 [0.350 
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(0.042)
*** 

,0.258] (0.045)
*** 

,0.401] (0.033) 
** 

,0.171] (0.040) 
*** 

,0.509] 

Groups receive additional income for 
quality (1/0)1 

0.168 
(0.016)

*** 

[0.136 
,0.199] 

0.107 
(0.018)

*** 

[0.072 
,0.143] 

0.172 
(0.013) 

*** 

[0.146 
,0.198] 

-0.018 
(0.017) 

[-0.051 
,0.015] 

Groups do not receive additional income 
for quality (1/0)1 

-0.293 
(0.058)

*** 

[-0.406 
,-0.179] 

-0.195 
(0.069)

** 

[-0.330 
,-

0.060] 

-0.307 
(0.052) 

*** 

[-0.410 
,-0.204] 

-0.044 
(0.061) 

[-0.164 
,0.075] 

         

CMP homogeneity between pair in 2001 

-1.052 
(0.015)

*** 

[-1.081 
,-1.023] 

-0.978 
(0.018)

*** 

[-1.014 
,-

0.942] 

-1.022 
(0.014)*

** 

[-1.050 
,-0.993] 

-1.095 
(0.027) 

*** 

[-1.149 
,-1.042] 

         
Common network dependency among 
pair in 2006 

        

# HMO enrollees per PCP  – Low (1/0)1 

0.070 
(0.041) 

[-0.011 
,0.151] 

0.167 
(0.046)

*** 

[0.076 
,0.257] 

-0.092 
(0.034) 

** 

[-0.160 
,-0.024] 

0.268 
(0.042) 

*** 

[0.186 
,0.351] 

# of HMO enrollees per PCP  –  Medium 
(1/0)1 

-0.025 
(0.016) 

[-0.057 
,0.006] 

0.001 
(0.018) 

[-0.033 
,0.036] 

-0.078 
(0.013) 

*** 

[-0.103 
,-0.052] 

0.011 
(0.018) 

[-0.023 
,0.045] 

# of HMO enrollees per PCP  - High 

(1/0)1 

-0.129 
(0.041)

** 

[-0.210 
,-0.048] 

0.040 
(0.041) 

[-0.040 
,0.120] 

0.076 
(0.031) 

** 

[0.015 
,0.137] 

-0.019 
(0.038) 

[-0.094 
,0.056] 

2001-2006 Change in group co-
membership variables between pair (# of 
groups) 

        

Change in physician group co-
membership  

-0.082 
(0.099) 

[-0.277 
,0.113] 

-0.050 
(0.104) 

[-0.254 
,0.153] 

-0.011 
(0.080) 

[-0.168 
,0.146] 

-0.115 
(0.100) 

[-0.311 
,0.081] 

Change in hospital system co-
membership  

0.012 
(0.013) 

[-0.014 
,0.039] 

0.045 
(0.014)

** 

[0.018 
,0.073] 

0.004 
(0.011) 

[-0.017 
,0.025] 

0.062 
(0.013) 

*** 

[0.0365 
,0.088] 
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Change in HMO co-membership 

0.001 
(0.002) 

[-0.003 
,0.004] 

0.009 
(0.002)

*** 

[0.005 
,0.013] 

-0.007 
(0.001) 

*** 

[-0.010 
,-0.004] 

0.010 
(0.002) 

*** 

[0.006 
,0.014] 

Network position         

Both Core members of managed care 
network in 2006 (1/0)1 

-0.070 
(0.024)

** 

[-0.117 
,-0.024] 

0.021 
(0.025) 

[-0.027 
,0.071] 

0.006 
(0.020) 

[-0.032 
,0.044] 

-0.011 
(0.024) 

[-0.059 
,0.036] 

Both Periphery members of managed 
care network in 2006 (1/0)1 

-0.109 
(0.022)

*** 

[-0.153 
,-0.065] 

-0.095 
(0.027)

** 

[-0.149 
,-

0.041] 

-0.012 
(0.018) 

[-0.047 
,0.022] 

-0.030 
(0.026) 

[-0.081 
,0.021] 

2001-2006 change in market overlap 
between pair 

        

Change in market overlap for patient type 
and county (# of overlaps)3 

0.010 
(0.003)

*** 

[0.004 
,0.015] 

0.016 
(0.003)

*** 

[0.011 
,0.022] 

0.012 
(0.002) 

*** 

[0.007 
,0.016] 

0.004 
(0.002) 

[-0.000 
,0.009] 

N 3,140  2,932  3,156  2,442  
F test 316.98 

*** 
 190.67

*** 
 329.55 

*** 
 110.11 

*** 
 

Adjusted  R2 0.66  0.55  0.66  0.46  
*p<.05; **p<.01; ***p<.001 
† Mean(SD); Asthma: .165 (.572)  CHF: -.092 (.535) Diabetes:  .121 (.470)   Depression: .101 (.425) 
Abbr:  Primary care physician (PCP); Health Maintenance Organization (HMO) 
Notes: 
1. Reference category is heterogeneous pair for size, group type, ownership, income for quality, managed care network 
dependence, and network position variables as appropriate. 
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Chapter 8 
 

Discussion 
.  
8.1. Introduction 
 
This study asked the question: Do interorganizational relationships influence CMP use in 
physician organizations? It incorporated aspects of new institutional theory, exchange theory, 
and network theory and posed 11 specific research questions and hypotheses to test them. In 
addition, the study created the first known whole-network analysis of the managed care network 
in California. It incorporated all relevant exchange partners and identified the complete portfolio 
of relationships within the network and measured the number of physician group direct ties as 
well as the size of physician group co-membership networks for hospital services and HMO 
patients. Lastly, the study categorized physician organizations by their location within the whole 
network space. In accomplishing this task, the study design is consistent with both exchange 
theory and network theory perspectives that contend interorganizational relationships are 
embedded in multiple layers of social structures and are influenced by ego-centric and network-
centric influences (Cook & Whitmeyer 1992). 
 
The purpose of this chapter is to consider the implications of the empirical evidence reported in 
Chapters 6 and 7. Section 8.2 summarizes the evidence gathered on physician organization 
exchange relationships and changes in the managed care network over the study timeframe.  
Section 8.3 addresses the findings of the statistical analyses as they relate to the specific research 
questions posed in Chapter 4. Section 8.4 discusses the implications of these findings on health 
care administration and policy. Limitations of the study are acknowledged in Section 8.5.  
 
8.2. Physician organization exchange relationships in the California managed care network  
 
Results of the network analysis provide valuable insight into the exchange environment for 
physician organizations in California from 2001 to 2006. Fewer physician organizations 
participated in the network in 2006 and those that remained grew in size and had more 
affiliations with hospital systems and HMOs. Medicare managed care decreased considerably 
during this timeframe resulting in a greater share of enrolled HMO patients coming from 
Medicaid managed care. Physician organizations dealt with the change in payer mix by keeping 
the proportion of their primary care operating capacity devoted to managed care stable over the 
timeframe. In short, physician group dependency on the managed care network for its overall 
resource needs was held to the same level as in 2001.  Less physician organizations means fewer 
exchange partners for hospitals and HMOs and fewer shared affiliations among physician 
groups. From a network perspective, this equates to fewer structural holes within the network 
that hospitals or HMOs could potentially exploit to their advantage.  
 
8.3. Research questions and results of the empirical analyses 
 
This section discusses the research questions presented in Chapter 4 in light of the findings of the 
empirical analyses. Network influences were associated with CMP use within the physician 
organization as well as homogeneity in CMP use between physician group pairs.  
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8.3.1. Research questions at the physician organization level 

 
Four questions were raised regarding the impact of network attributes on CMP use in the 
physician organizations. 
 
Research question #1. Is CMP use by a physician organization a function of the group’s 
dependency on managed care to meet its overall resource needs?   
 
It was predicted that a physician organization’s dependency on the managed care network to 
meet its overall resource needs would be positively associated with CMP use in the physician 
group (H1).  Dependency was operationalized as the number of HMO enrollees per affiliated 
primary care physician as a means of gauging the level of managed care in each group as a 
proportion of that organization’s total operating capacity. Hypothesis H1 was supported for the 
presence of case management for groups in the highest category of dependence.  No difference 
was observed for the odds of a group using disease registries, guidelines, or feedback to 
physicians based on its level of dependency on managed care for organizational exchange needs.  
 
The empirical results lend only partial support to the findings of Levine and White’s (1961) 
study of exchange relationships in a community health system. Their research found that a focal 
organization’s set of activities were more aligned with the goals of the local network if it was 
more dependent on local exchange partners for resource needs. Organizations that obtained a 
considerable portion of its resources from outside the local network were less likely to be 
perceived as adapting their activities for the benefit of the community’s goals (Levine & White 
1961). 
 
This study’s findings lend more support for a resource dependency argument that physician 
organizations will enter exchange relationships to obtain resources while protecting its technical 
core from external influence (Pfeffer & Salancik 1978).  Physician organizations enter into 
exchange relationships in order to obtain needed resources while striving to maintain autonomy 
in their professional practice (Shortell & Rundall 2003). It could be that case management is a 
form of practice redesign providing minimal disruption to the traditional diagnosis and treatment 
activities of physician work and, as such, is more likely to be the form of adaptation taken by 
physician organizations in order to attract managed care exchange partners.  
 
Research question #2.  Is CMP use by a physician group a function of its affiliations with 
exchange partners in the managed care network? 
 
Three hypotheses were presented predicting a positive association between exchange affiliations 
and CMP use in the physician organization. The influence of physician group ties to other groups 
(H2-1) was supported for use of feedback to physicians and case management. A greater number 
of affiliations with hospitals (H2-2) was associated with greater odds of using disease registries.  
No support was found for either of the opposing hypotheses concerning HMO affiliations. The 
results failed to reject the null hypothesis that more HMO ties would provide more resources to 
invest in CMPs (H-3) or that the greater transaction costs from working with multiple plans 
would make CMP use prohibitive (H2-4).    
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From an exchange perspective, the findings suggest that exchange relationships resulting in joint 
interdependency are more influential compared to affiliations that are traditionally reciprocal in 
nature (Levine & White 1961). It could be that physician organizations place a higher value on 
relationships with other health care delivery organizations since these activities are connected to 
the technical core and are similar in both managed care and fee-for-service environments. The 
influence of hospital ties on CMP use is consistent with findings from previous studies (Casalino 
et al 2003; Shortell et al 2009; Rittenhouse et al 2010).  Affiliations with hospitals have been 
found to provide physician organizations with access to needed capital (Alexander et al 2000). 
This is the first study to examine the influence of interorganizatonal ties with other physician 
organizations on CMP use. 
 
Research question #3.  Is CMP use by a physician group a function of its position within the 
managed care network? 
 
Opposing hypotheses were developed concerning the influence of network position on a 
physician organizations CMP use. Hypothesis H3-1 predicted that core membership in the 
managed care network would be positively associated with the odds of using CMPs. The 
empirical results failed to reject the null hypothesis. Hypothesis H3-2 argued that groups in the 
periphery may be more willing to shake the status quo (Shortell & Rundall 2003) and implement 
CMPs as a differentiation strategy in order to attract exchange partners. This hypothesis was not 
supported.  
 
Results of the network analysis lend support to the network assumption that core groups have a 
structural advantage in the ability to obtain resources (Hanneman & Riddle 2005).  The 
organizational level statistical analysis failed to find network structural influence on CMP 
prevalence. In reality, considerable overlap between contagion and structural measures may exist 
in the network. Core physician organizations have, by definition, more ties with exchange 
partners than groups in the periphery. However, the inclusion of both measures enabled this 
study to distinguish between relational and position influences (Borgatti and Everett 1992). 
 
Research question #4.  Is CMP use by a physician group a function of the availability of 
resources in its managed care service area? 
 
A set of opposing hypotheses were developed to test for the influence of resource availability in 
the local market and CMP use based on the number of competitors that enroll the same type of 
HMO patient (commercial, Medicare, or Medicaid). Hypotheses H4-1 argued that greater 
competition could lead to mimicry behaviors by physician group leaders under conditions of 
economic uncertainty.  Hypothesis H4-2 on the other hand predicted that more competition 
would result in lower margins leaving physician organizations unable to invest in CMPs. Neither 
hypothesis was supported in the empirical analysis.  
 
California physician groups use more CMPs compared to their peers through the country (Gillies 
et al 2003). One reason given for this difference is that California has had a pay for performance 
program in place since 2000 (Integrated Healthcare Association 2010). Receiving additional 
money for quality performance has consistently been found to be positively associated with 
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greater CMP use (Casalino et al 2003; Rittenhouse et al 2010).  The results of this study are 
consistent with previous findings.  As a result, it could be that pay for performance incentives 
have served to stifle investments in quality processes as a form of competition between physician 
organizations.  
 

8.3.2. Research questions and findings at the organizational pair level   
 
Four questions were presented in regards to network dependency, contagion and structural 
influences, and market overlap on homogeneity in CMP use among pairs of physician 
organizations in the managed care network.  
 
Research question #5.  Is pairwise homogeneity in CMP use a function of a common level of 
dependence between the pair on the managed care network to meet overall resource needs? 
 
Hypothesis 5 predicted that pairs of physician groups with equivalent number of HMO enrollees 
per primary care physician would be more similar in their use of CMPs because of their 
homogeneity in regards to network dependence and domain consensus. This hypothesis was 
supported for all CMPs but only for pairs in the highest category of network dependence. This 
finding is consistent with results of the organizational-level analysis. It suggests that groups with 
a greater dependency on the managed care network may seek to establish domain consensus 
among network members as being the physician organizations most devoted to the goals of 
managed care (Levine & White 1961).  One method to establish domain consensus may be to 
implement CMPs in the practice thus attributing to mimetic influences between groups trying to 
achieve this status (DiMaggio & Powell 1983). 
 
Research question #6.  Is pairwise homogeneity in CMP use a function of a shared affiliations 
between the pair in the managed care network? 
 
Hypotheses H6-1 through H6-3 predicted positive associations between shared affiliations and 
CMP homogeneity between physician group pairs. Here again, shared affiliations among 
suppliers of health care services were shown to be influential in CMP homogeneity in the 
physician practice. Shared physician group ties (H6-1) and shared hospital system affiliations 
(H6-2) were found to be significantly and positively associated with CMP homogeneity. Results 
did not support hypothesis H6-3 regarding shared HMO affiliations but found that shared 
affiliations with payers was associated with greater heterogeneity among physician group pairs.  
 
As previously reported, a physician group’s portfolio of interorganizational ties with hospitals 
and physician organizations was associated with greater odds of CMP use at the organizational 
level.  The pairwise analysis found support for the influence of contagion effects on how CMPs 
are used for chronic illness care for four disease conditions.  It could be that these relationships 
involve closer coordination of activities within the technical core which facilitates the 
transmission of information between actors with shared affiliations. In other words, a physician 
organization may view its exchange partners with whom it shares joint interdependence as 
similar (Lincoln 1985) and, as such, may be more responsive to information received through 
these pathways.  
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Research question #7.  Is pairwise homogeneity in CMP use a function of shared position in the 
managed care network? 
 
Network structural effects were predicted to influence CMP use among pairs of physician groups 
occupying similar locations within the network space of exchange relationships. Hypothesis H7-
1 and H7-2 predicted a positive relationship between CMP homogeneity in pairs of physician 
organizations in the core and periphery respectively compared to heterogeneous pairs. 
Hypothesis H7-1 was supported for congestive heart failure and depression only. Hypothesis H7-
2 was not supported. 
 
An additional hypothesis was presented based on findings of earlier research on innovation 
diffusion in health care (Burns & Wholey 1993). Specifically, evidence suggests that the pattern 
of innovation diffusion flows from central to peripheral organization in a network. Hypothesis 
H7-3 predicted that CMP homogeneity would be negatively associated with pairs in the 
periphery. This hypothesis was supported for all disease conditions. The findings suggest that 
peripheral physician organizations with few ties to core exchange partners may be at a structural 
disadvantage when it comes to obtaining the resources necessary to implement CMPs.  
 
Research question #8.  Is pairwise homogeneity in CMP use a function of a market overlap 
between the pair in the managed care network? 
 
The influence of resource availability in the local market on CMP homogeneity within groups 
that share the same market was addressed in Hypotheses H8-1 and H8-2.  H8-1 predicted a 
positive association between the two variables due to the mimetic pressures stemming from 
competition.  This hypothesis was not supported.  H8-2 argued that resource scarcity in a highly 
competitive market would drive diversity either through unequal access to resources or through 
differentiation strategies. This hypothesis was supported for all chronic conditions. 
 
This finding is supports the results at the organizational analysis regarding the failure of 
competitive pressures alone to encourage mimicry in CMP use.  The finding that greater market 
overlap was associated with greater heterogeneity in CMP use for chronic illness care suggest 
that resources differences between core and periphery organizations in the same market may 
result is a “have’s vs. the have not’s” story effectively prohibiting periphery practices from 
copying core groups even with financial incentives for quality performance.   
 

8.3.3. Research questions and findings at the cohort pair level   
 
Lastly, three questions centered on the impact of change in network affiliations, network 
position, and market overlap on change in CMP homogeneity among cohort pairs of physician 
organizations.  
 
Research question #9.  Is change in pairwise homogeneity in CMP use a function of a change in 
shared exchange affiliations between the pair in the managed care network? 
 
It was argued that increased shared affiliations would offer greater opportunities for some 
exchange partners to influence the network.  As a result, change in network affiliations was 
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predicted to be positively associated with change in CMP homogeneity for shared physician 
group ties (H9-1), shared hospital system affiliations (H9-2) and shared HMO affiliations (H9-3).  
Hypothesis H9-1 was not supported by the empirical analysis. Shared hospital system and HMO 
affiliations were supported for different disease conditions.  
 
Physician organizations experienced considerable change in the managed care network from 
2001 to 2006. As reported in the network analysis, almost 25 percent of physician groups in 2001 
had exited the network five years later.  The majority of these organizations had closed due to 
financial hardships. The surviving physician organizations appear to be gaining network 
advantage in relationships with hospital systems and HMOs as these organizations have fewer 
structurally equivalent physician groups to meet their exchange needs.   
 
Evidence suggests that periods of resource uncertainty and munificence within an exchange 
environment influences innovation diffusion. Goes and Park’s (1997) study of the diffusion of 15 
separate innovations among 400 California hospitals in a 10-year period found that membership 
in a multi-hospital system was strongly associated with innovation adoption during periods of 
resource instability. It could be that physician organizations that increased the number of 
affiliations with multi-hospital systems from 2001 to 2001 perceived greater resource stability 
based on the addition of valuable exchange partners. On the other hand, the market strength of 
multi-hospital systems may lead to greater integration and coordination among physician 
organizations in their affiliation network (Provan & Milward 1995). 
 
Research question #10.  Is change in pairwise homogeneity in CMP use a function of shared 
position within the managed care network? 
 
If innovations diffuse from core to periphery as previous research suggests (Burns & Wholey 
1993), Hypotheses H10-1 and H10-2 predicted that CMP homogeneity for pairs occupying the 
same positions within the managed care network would be a function of which space the pair 
occupied. H10-1 predicting that core membership would be negatively associated with the 
change in CMP homogeneity was supported for asthma care only.  Hypothesis H10-2 predicting 
that shared periphery membership would be positively associated the change in CMP 
homogeneity was not supported. Results were opposite of the hypothesized direction. 
Homogeneity declined for pairs in the periphery for asthma and congestive heart failure.  
 
The results are consistent with the previous analyses at the organizational and pairwise levels. 
CMP usage appears to be concentrated more at the core of the managed care network and 
appears to be the result of resource advantage gained from this position.  
 
Research question #11.  Is change in pairwise homogeneity in CMP use a function of change in 
market overlap between the pair in the managed care network? 
 
Change in market overlap was predicted to be positively associated with change in CMP 
homogeneity in Hypotheses H11-1. Rationale for this argument centered on competition and 
mimetic pressures during uncertainty. This hypothesis was supported for three of the four disease 
conditions. Hypothesis H11-2 predicting a negative association based on increasing resource 
scarcity due to greater competition was not supported.  
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At first glance, this result appears to be contradictory to the result from the pairwise analysis 
which found that greater market overlap was negatively associated with CMP homogeneity. It 
may be that increased market overlap over the five years of the study also resulted in a greater 
number of shared hospital system affiliations in the same geographic proximity. With fewer 
physician organizations in the managed care network in 2006 compared to 2001, CMP 
homogeneity resulting from increased market overlap may be a proxy for greater contagion 
effects of increased shared relationships especially in markets with fewer competitors.  
 
8.4. Implications for health care administration and policy 
 
The empirical results of this study have significant implications for health care administrators 
and policy-makers desiring broad adoption of CMPs for chronic illness care in order to combat 
projected health care costs anticipated due to population demographics. Implications are 
presented in the form of “lessons learned” based on attributes of the California managed care 
network and the relationships of exchange partners.  
 
Lesson #1.  CMP use in physician organizations is influenced by contagion effects of jointly- 
interdependent exchange relationships. 
 
The empirical results at the organizational level (Table 17) found that the odds of a physician 
organization using feedback for quality and case management increased by 16 and 9 percent 
respectively for each additional tie will another physician group. Each additional hospital 
affiliation increased the odds of disease registry use by almost 10 percent.  
 
At the pairwise analysis (Table 18), homogeneity in how CMPs are used for specific chronic 
conditions was positively associated shared physician group ties between the pair. The finding 
was consistent for three of the four conditions surveyed. Each additional shared tie increased 
CMP homogeneity for asthma, congestive heart failure and diabetes between 3 to 8 percent. In 
addition, hospital system co-membership was associated with 2 to 3 percent greater CMP 
homogeneity across all disease conditions for each additional shared affiliation. Longitudinally, 
CMP homogeneity increased for congestive heart failure and depression between 5 and 6 percent 
respectively per each additional shared hospital affiliation over the 5 year period (Table 19). 
 
Network ties offer advantages in access to resources and information. Network ties serve as a 
pathway for the diffusion of new technologies, management strategies, and professional practices 
(Coleman et al 1957; Davis 1991; Burns & Wholey 1993; Rogers 1995). This study provides 
additional evidence of the influence of direct and indirect ties on practice redesign in physician 
organizations.  The contribution of this study lies in the differentiation of exchange relationships 
based on the function that each actor provides to the network (Levine & White 1961).  The focal 
organization’s resource needs are based on the functions it provides to the network. It’s portfolio 
of external relationships is comprised of a set of actors that can supply the resources to allow it to 
perform its network functions. Variation in functions and resource needs results in variations in 
the degree or type of interdependency between ego and alter. This study found that jointly 
interdependent exchange relationships are influential in the prevalence of CMPs in physician 
practices and in how they are used for chronic illness care.  
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Lesson #2.  Homogeneity in CMP use among physician organizations is influenced by network 
structural attributes of core and periphery membership.   
 
The focal organization’s position within the network space is influenced by the aggregate pattern 
of all relationships in the network. More central actors are assumed to have structural advantages 
over actors in the periphery in the ability to obtain resources and information as well in the 
ability to coordinate activities among more connected alters (Hanneman & Riddle 2005).  These 
advantages have been shown to facilitate innovation in the focal organization (Powell et al 
1996). As a result, central organizations have a greater ability to influence the behaviors of 
network members that are less central through the mechanisms of status, roles or functions, or 
competition (Galaskiewicz 1979; Borgatti and Everett 1992).  
 
Core physician organizations have ties with many alters who, in turn, have more ties with other 
network members. As discussed above, more direct ties with physician groups and hospitals 
were influential regarding the presence of some CMPs in physician organizations. The study 
failed to find structural effects of network membership on the odds of a group having a specific 
CMP.   
 
Network structural effects were found to influence homogeneity in CMP use among physician 
organizations occupying similar locations within the network space. Physician groups sharing 
space within the core were found to be more homogeneous than groups occupying separate 
locations in the network. Conversely, CMP homogeneity declined over a five year period for 
among groups sharing space in the periphery. CMP use appears to be concentrated within the 
core of the managed care network and results of the cohort analysis failed to find evidence of 
diffusion toward the periphery.  
 
These finding lead to two important questions: 1) Do these findings suggest that direct exchange 
ties are more important than status, role or competitive pressures in a physician group’s decision 
to use a CMP?; or 2) Do these findings suggest that direct exchange ties are more important than 
status, role or competitive pressures in a physician organization’s ability to invest in or 
implement a CMP should it desire to do so?  Future studies should incorporate methods to 
distinguish between these two critical questions.  
 
Lesson #3.  In order to increase the use of CMPs in physician organizations, health system 
reforms should encourage greater joint interdependency between exchange partners and 
increase linkages between core and periphery network organizations. 
 
California managed care patients with chronic illnesses have benefited from pay for performance 
incentives established in the network. California physician organizations use more CMPs 
compared to groups across the nation (Gillies et al 2003) and financial incentives for quality 
have consistently shown to be a predictor of CMP use (Casalino et al 2003; Shortell et al 2009; 
Rittenhouse et al 2010) even though the level of financial reward is comparatively small 
(Shortell & McCurdy 2010).   
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As discussed in Chapter 3, physician organizations operate in two exchange environments with 
opposing perspectives regarding operational capacity. The fee-for-service environment 
encourages production of services without regard to practice efficiency or quality. Managed care 
rewards organizations that invest in practice efficiency. Financial incentives under pay for 
performance predominately emphasize quality in organizational process measures with little 
emphasis on overall outcome quality or efficiency (Rosenthal et al. 2007; Rosenthal and Dudley, 
2007). This focus on internal process quality without regard to outcomes (cost or quality) does 
little to help align the goals of physician organizations with those of the managed care network. 
As a result, pay for performance as it is currently designed provides no incentive for significant 
integration of technical activities among exchange partners.  
 
This study found empirical support for the argument that health system reforms should target 
operational capacity aspects of health care delivery (Fisher et al 2007). Direct linkages between 
jointly interdependent exchange partners facilitated CMP use in the physician practice. CMP 
homogeneity between core physician groups increased over five year period with additional 
shared hospital system affiliations. CMP homogeneity for periphery organizations declined 
during the same timeframe.  
 
Improving health system performance for chronic illness care requires increasing organizational 
capacity in most physician organizations in terms of enhanced information technology and care 
coordination among all physicians (Corrigan & McNeill 2009). Large integrated delivery 
systems are one alternative to increasing organizational capacity (Shortell & McCurdy 2010). 
Accountable care organizations (ACOs) may provide another option.  
 
The Affordable Care Act authorized the Department of Health and Human Services to establish a 
ACO program for Medicare beneficiaries (www.cms.gov).  The program is scheduled to begin in 
2012. ACOs have similar goals of cost reduction and service efficiency and perform similar 
functions as current HMOs. The major exception is that networks are built around traditional 
patterns of physician interaction with other physicians and hospitals as opposed to an HMO 
network which may be arbitrarily developed based on organizations willing to accept an HMO’s 
reimbursement rate (Fisher et al 2007; Luft 2010). As a result, ACOs may be able to achieve 
better integration and alignment of goals since all potential rewards are shared entirely among 
jointly interdependent exchange partners that interact on a regular basis (Shortell & Casalino 
2008; Luft 2010).  The findings of this study lend support the potential of ACOs to improve 
quality for chronic illness care. 
 
The findings, however, suggest that not all patients may benefit from these reforms unless 
incentives are included for the establishment of greater joint interdependency linkages between 
core and periphery health care organizations. Results of this study suggest that ACOs should be 
designed to stimulate network ties among physician organizations via shared affiliations with 
special emphasis concerning the best way to involve peripheral organizations.  
 
8.5. Study limitations 
 
Limitations of this study should be addressed when considering the implications of these results. 
First, this research shares a common limitation with most network studies in that contextual 
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aspects of exchange relationships are reduced to whether they exist or not.  As discussed 
previously, motivations for interorganizational relationships may be for economic, institutional, 
or altruistic (Shortell & Rundall 2003). Qualitiative methods should be used to examine the 
motivation behind a physician organization’s portfolio of ties (Devers et al 1999; Shortell & 
Rundall 2003).  This study attempts to minimize this constraint by examining relationships using 
an exchange perspective (Levine & White 1961).  By considering relationships based on 
functions, resource needs, and relational interdependency, the study examines the types of 
relationships separately and then incorporates them into the whole network of relationships. The 
ability to distinguish the effects of contagion influences by type of relationship is an important 
contribution of this study.  
 
Additional limitations exist as well. First, the study population of physician organizations in a 
managed care network, although common in California, is rare in many parts of the country.  The 
prevalence and types of managed care arrangements vary considerably across the nation and 
most care is still financed using a fee-for-service relationship. In addition, the eligibility for this 
study was limited to groups with 20 or more physicians consistent with previous research in this 
area (Casalino et al 2001; Shortell et al 2009; Rittenhouse et al 2010). As a result of these design 
decisions, findings from this study should not be generalized to the broader population of 
physician groups.   
 
Finally, although the research design was incorporated to identify types of interorganizational 
relationships based on network functions and exchange needs, it is possible that this method fails 
to fully capture the context in which the relationship exists. This is a common problem in studies 
using network analysis methods and combined with a timeframe of five years between surveys 
could subject the study to omitted variable bias. 
 
8.6. Conclusion 
 
In spite of its limitations, findings from this study could contribute significantly to the important 
body of evidence already garnered regarding determinants of quality improvement efforts in 
physician practices. The empirical results found that network contagion and structural effects do 
influence the use of CMPs in physician organizations. As a result, this study helps eliminate an 
important gap previously identified in the literature (Shortell & Rundall 2003). Physician 
organizations practice within a web of economic and professional relationships. These 
relationships influence the prevalence of population health processes in the practice setting and 
in the treatment of chronic conditions.  
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Appendix A 
National Study of Physician Organizations 

Questions for CMP Components by Survey Year 
Component 2000 Survey Question and Answer 

Choices 
2006 Survey Question and Answer 
Choices 

Computation 
Method 

Disease Registries Does your group maintain a registry/list 
of patients with the following 
conditions:  Asthma? (P37A)  
Congestive Heart Failure? (P37B)  
Depression?  (P37C)   Diabetes?  
(P37D)   
1.  Yes   2. No 

For a majority of your patients with asthma  
(C1), CHF (C2), depression (C3), and 
diabetes (C4) does your group, IPA/PHO, or 
health plan maintain an electronic registry or 
a list of patients?  
1. Yes  2. No 

2000 and 2006:  1 
point was awarded 
for each "yes" 
response  
 
 

Case Management P36A-P36C. To what extent does your 
group use case managers to help 
physicians take care of patients with 
asthma, congestive heart failure, 
depression, or diabetes?  
A. The group does not use case 
managers for this condition.  B. Case 
managers are available at the request of 
the physician  C. Case managers are 
assigned to all severe cases 

Does your group provide nurse care 
managers for patients with severe asthma 
(C41), CHF (C42), depression (C43), and 
diabetes (C44)?  
1. Yes  2. No 

2000:  1 point 
awarded for answer 
B or C  
 
 2006:  1 point 
awarded for "Yes" 
response 
 
 

Guidelines Two Questions: A. Does your group use 
guidelines or protocols to care for 
asthma (P44), congestive heart failure 
(P48), depressive disorder (P51), and 
diabetes patients (P53)?  AND B. Are 
the guidelines for protocols placed in: a. 
patient charts?, b. reminder systems?, c. 
order entry systems? (Asthma-P45C, 
CHF-P48C, Depression-P51C, and 
Diabetes-P53C)   
1.Yes   2. No 

Does your group provide the majority of 
your physicians with guidelines-based 
reminders for services the patient should 
receive for use at the time of seeing the 
patient? Asthma? (C5)  CHF? (C6)  
Depression?  (C7)   Diabetes? (C8)  
1. Yes  2. No 

2000 :  1 point 
awarded for  "Yes" 
response to A along 
with a "Yes" to any 
of the options 
provided in B.   
 
2006: 1 point 
awarded for "Yes" 
response  
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Feedback to 
physicians   
 
Note:  Not asked 
for depression.  

(Asthma) P46_2. Did you feedback data 
to physicians or case managers on a. 
Use of referrals? b. Use of home 
nebulizers?  c. Appropriate use of anti-
inflammatory medication? d. Routine 
monitoring including use of peak flow 
meters?   
 
(CHF) P49_2. Did you feedback data to 
physicians or case managers on a. Use 
of referrals?  B. Use of ACE inhibitors?  
C. Appropriate use of medication?  D. 
Hospitalization?   
 
(Diabetes) P54_2. Did you feedback 
data to physicians or case managers on 
a. appropriate monitoring of 
glycohemoglobin? B. Prevention of 
nephropathy?  C. Ophthalmology visits?  
D. Hospitalization? 
 
1.Yes   2. No 

Does your group provide data to your 
physicians on the quality of their care for 
patients with asthma? (C9) CHF? (C10) 
Diabetes? (C12) 
1. Yes  2. No 

2000: 1 point total 
for a “yes” response 
to any of the 4 
condition-specific 
sub-questions. 0 
points for “no” 
response to all 4 
sub-questions.   
 
2006: 1 point for 
each“Yes” response 
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Appendix B. 
 

Network Analysis of the California Managed Care Network 
2001 and 2006 

 
 
Part I.  Physician organization ties with other physician groups. 
 
 

 
Figure B-1. Structural networks of 383 risk-bearing physician groups in 2001. 
 
 

 
Figure B-2.  Structural networks of 300 risk-bearing physician groups in 2006. 
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Table B-1. Listing of healthcare organizations comprising of at least three physician groups 
(2001) 

ID Organization 
# of 
Groups Density

# of  

MDs 

1 Tenet 14 2.99 3,174 

2 Medical Pathways Management 17 1.59 3,571 

3 Medpoint Management 10 2.86 2,489 

4 Pacific Health Corporation 9 2.75 774 

5 
Pacific Alliance/IPA of Santa Clara 
County 12 1 3,958 

6 
Prospect / Meridian Health Care 
Management 12 1.56 2,286 

7 Sutter Health/Sutter Connect 7 2.81 2,684 

8 Memorial Health Services 3 4 633 

9 University of California System 5 1 2,503 

10 Scripps health 3 3 827 

11 Healthcare Partners 5 3.7 1,555 

12 Heritage Provider Network 5 2.5 905 

13 Interhealth Corporation 3 3 341 

14 KPC Global Care 5 3.3 781 

15 North American Medical Management 6 3 2,139 

16 Allied Physician of California 7 2.71 1,325 

17 Prairie Medical Group 5 3 558 

18 Advanced Medical Management 4 3 1,179 

19 
Primary Provider Management 
Corporation 4 3.5 1,019 

20 Central Health MSO 5 3.75 1,369 

21 Sutter Health/Palo Alto Medical Center 3 3 547 

22 
Premier/Affordable benefit 
administration 4 0.67 687 

23 MV Medical Management 3 3 221 

24 Adventist Health 3 3.33 521 

25 Latino Care Network 3 4.33 469 

26 Sharp Healthcare 3 1 1,637 

27 West Covina Medical Group 3 3.67 346 

Mean 6.04 2.74 1,426 
Standard Deviation 3.84 0.98 1,060 

Minimum 3 0.67 221 
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Table B-2. Listing of healthcare organizations comprising of at least 3 physician organizations in 
2006. 

ID Organization 
# of 
Groups Density 

   
# of 
MDs 

28 University of California 5 1 4,193 

29 
Talbert Medical Management/ Total Medical 
Care 5 0.75 1,365 

30 MSO Inc of Southern California 5 3 673 

31 
MV Medical Management/Los Angeles Med 
Foundation 4 3.17 435 

32 Sutter Health/Sutter Connect 7 3.05 2,740 

33 West Covina Medical Group 3 3.67 633 

34 Scripps Health 5 1.5 2,109 

35 Allied Physicians of California 3 3 692 

36 Beaver Medical Group 3 3 341 

37 Prospect Medical Systems 11 3.51 4,309 

38 Synermed 7 3 1237 

39 Coast Healthcare Management 3 3 678 

40 Western Medical Management/ Arroyo Vista 3 1.67 1,586 

41 Medpoint Management 7 3 1,632 

42 North American Medical Management 3 3 1,360 

43 Sutter Health/Palo Alto Medical Foundation 3 3 567 

44 Arcadian Management Services 9 2.36 1,743 

45 Heritage Provider Network 3 3 3,367 

46 Primary Provider Management Company 5 3.3 1,624 

47 
 Healthsmart/Tenet/Physicians 
Datatrust/Med3000 31 0.79 6,779 

  Mean 6.25 2.59 1,903 

  Standard Deviation 6.25 0.91 1,646 

  Minimum 3 0.75 341 

  Maximum 31 3.67 6,779 
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Part II.  Physician group and hospital system affiliations 
 
 

 
Figure B-3. Hospital system affiliation networks for risk-bearing physician groups in 2001. 
Isolates removed for ease of viewing. 
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Figure B-4.  Hospital system affiliation networks for risk-bearing physician groups in 2006. 
Isolates removed for ease of viewing. 
 
 
Table B-2. Multi-hospital system affiliation networks. 
 2001  2006  Core 

Hospital 
System 
Affiliation(4) 

Multi-hospital systems(1) Groups % of 
Total 
(2) 

Groups % of 
Total 
(3) 

2001 2006 

ADVENTIST HEALTH SYSTEM 25 6.53% 17 5.67%     
CATHOLIC HEALTHCARE 
WEST 

98 25.59% 67 22.33% Yes Yes 

COUNTY OF LOS ANGELES 24 6.27% 7 2.33%     
DAUGHTERS OF CHARITY    13 4.33%    
HCA - THE HEALTHCARE 
COMPANY 

15 3.92% 10 3.33%     

JOHN MUIR 5 1.31% 2 0.67%     
KAISER 2 0.52% 2 0.67%     
MEMORIAL HEALTH 
SERVICES 

18 4.70% 13 4.33%     

PACIFIC HEALTH 
CORPORATION 

8 2.09% 7 2.33%     

SAN DIEGO HOSPITAL 
ASSOCIATION 

17 4.44% 11 3.67%     

SCRIPPS HEALTH 16 4.18% 12 4.00%     
ST. JOSEPH HEALTH SYSTEM 12 3.13% 22 7.33%     
SUTTER HEALTH 33 8.62% 29 9.67%   Yes 
TENET HEALTHCARE 113 29.50% 52 17.33% Yes Yes 
UNIVERSAL HEALTH 
SYSTEMS INC. 

  9 3.00%    

UNIVERSITY OF CALIFORNIA 30 7.83% 27 9.00%  Yes  

Number of Multi-Hospital Systems 14   16  3 3 
Groups in Network (Mean) 29.71   18.75   81.3

3 
49.33 

Groups in Network (SD) 33.44   17.89   42.5
2 

19.14 

Notes: 
1. Multi-hospital system defined as 3 or more hospitals per the California Office of 

Statewide Health Planning and Development (OSHPD) 
2. Total groups for 2001=383 
3. Total groups for 2006=300 
4. Results of core-periphery analysis using UCINET 6.0 
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Part III. Physician organization and HMO affiliations 
 

 
Figure B-5. 2001 core HMO affiliation networks for risk-bearing physician groups. 
 

 
Figure B-6.  2006 core HMO affiliation networks for risk-bearing physician group. 
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Table B-3.HMO affiliation networks for 2001 and 2006.  
  

2001 
 

2006 
Core HMO 

Affiliation(3) 
Health Maintenance 
Organizations (HMOs) 

Groups % of Total 
(1) 

Groups % of Total 
(2) 

2001 2006 

Aetna 142 37.08% 142 47.33% Yes Yes 
Alameda Alliance 5 1.31% 9 3.00%     
Blue Cross 244 63.71% 214 71.33% Yes Yes 
Blue Shield 150 39.16% 146 48.67% Yes Yes 
CalOptima 6 1.57% 12 4.00%     
Care1st 24 6.27% 52 17.33%     
CareMore   1 0.33%    
Central Coast 1 0.26% 11 3.67%     
Chinese HP 1 0.26% 2 0.67%     
CIGNA 122 31.85% 138 46.00% Yes Yes 
Citizens Choice   2 0.67%    
Community Health of LA 28 7.31% 26 8.67%     
Comm Health, Chula Vista 18 4.70% 19 6.33%     
Contra Costa County HP 3 0.78% 6 2.00%     
DHS 2 0.52% 10 3.33%     
Great-West   102 34.00%  Yes 
Health Plan of the Redwoods 6 1.57%      
HealthNet 217 56.66% 205 68.33% Yes Yes 
Inland 19 4.96% 24 8.00%     
Inter Valley HP 50 13.05% 21 7.00%     
Kaiser 7 1.83% 16 5.33%     
Kern Co Health Plan 4 1.04% 7 2.33%     
LA Care 31 8.09% 42 14.00%     
Lifeguard 28 7.31%      
Molina 63 16.45% 70 23.33%     
OneHealth 103 26.89%     Yes  
PacifiCare 173 45.17% 156 52.00% Yes Yes 
San Joaquin HP 3 0.78% 10 3.33%     
San Mateo Health 2 0.52% 10 3.33%     
Santa Barbara Health 4 1.04% 5 1.67%     
Santa Clara Fam HP 6 1.57% 13 4.33%     
Santa Clara Valley HP 2 0.52% 2 0.67%     
SCAN 51 13.32% 50 16.67%     
SF Health 5 1.31% 52 17.33%     
Sharp Healthcare 16 4.18% 2 0.67%     
Solano-Napa 1 0.26% 12 4.00%     
UC San Diego 12 3.13%      
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UHP 59 15.40% 57 19.00%     
Universal 130 33.94%   Yes  
Ventura County HP 1 0.26% 1 0.33%     
Western Health Advantage 8 2.09% 10 3.33%     

Number of HMOs 38   36  8 7 
Groups in Network (Mean) 45.77 0.12 45.78 0.15 160.13 157.57 

Groups in Network (SD) 64.57 0.17 59.68 0.20 48.54 39.34 
Notes: 

1. Total groups in 2001=383 
2. Total groups in 2006=300 
3. Results of core-periphery analysis for HMO affiliation networks using UCINET 6.0. 
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Appendix C 
 

Matching NSPO and Cattaneo & Stroud Datasets 
 

As reported in Chapter 5, two datasets where merged for this study.  The Cattaneo & Stroud 
Medical Group Reports contain all physician organizations with three or more physicians that 
accept HMO contracts.  The National Study of Physician Organizations surveyed physician 
groups concerning their use of CMPs.  Physician organizations with 20 or more affiliated 
physicians were eligible for the NSPO study.  
 
A separate NSPO dataset containing California physician organizations that responded to the 
survey was merged with the C&S dataset based on a unique identification number assigned to all 
risk-bearing physician organizations from the California Department of Managed Healthcare 
(DMHC). Table C-1 presents the results of the matching process for both years of the NSPO 
survey.  
 
Of the 383 physician organizations participating in the California managed care market in 2001, 
339 (88%) met the eligibility requirements for the NSPO study.  Of this number, 167 (or 50 
percent of NSPO-eligible organizations responded to the survey. The 167 organizations were 
matched to the C&S data via the unique DMHC number.   
 
Of the 300 physician organizations participating in the California managed care market in 2006, 
269 (90%) were eligible for the NSPO study. Of this sub-set, 180 (67%) responded to the NSPO 
survey in 2006.  All 180 organizations were matched to the C&S data via their DMHC number.  
 
Of the 347 observations, complete data on 90 physician organizations were contained in both the 
2001 and 2006 datasets. The 90 organizations became the cohort group used in the cohort 
analysis discussed in Chapter 5.  

 
Table C-1. Results of C&S and NSPO matching. 
 2001 2006 
Number of groups 383 300 
# (%) <20 physicians 46 (12) 31 (10) 
# (%) NSPO eligible 337 (88) 269 (90) 
# (%) eligible in both years 251 (74) 251 (93) 
# (%) NSPO responders 167 (50) 180 (67) 
# (%) NSPO responders in both years 90 (26) 90 (33) 
 

Table C-2 compares NSPO-eligible responders and non-responders in the California managed 
care network. Overall, survey participants were larger in terms of the number of affiliated 
physicians, accepted more HMO patients per primary care physician, and were more connected 
to other physician organizations, hospitals and HMO than non-responders.  
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Table C-2. NSPO survey responders vs. non-responders – variables with significant differences. 
Mean (SD) All Cases 

(n=673) 
Non 
Responders 
n=326 
(48.4) 

NSPO 
responders 
n=347 
(51.6) 

p-value 

Size (# of MDs) 309.66 
(557.50) 

256.97 
(380.73) 

359.16 
(680.01) 

0.02 

# of HMO patients 
per  PCP 

461.66 
(399.54) 

394.85 
(384.34) 

526.29 
(403.88) 

<.001 

Total ties with 
other physician 
groups 

0.64 (1.83) 0.83 (2.18) 0.47 (1.41) 0.01 

# of hospital 
affiliations 

4.04 (4.75) 2.86 (2.88) 5.14 (5.78) <.001 

# of affiliations 
with multi-hospital 
systems 

1.48 (1.97) 1.07 (1.18) 1.86 (2.43) <.001 

# of HMO ties 5.35 (3.13) 4.67 (3.09) 5.98 (3.04) <.001 
 
Abbr :  Primary care provider (PCP) ; Health Maintenance Organization (HMO) 




