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eAppendix Methods 

A. Propensity score weighting 

 We balanced samples of individuals meeting the inclusion criteria described in the 

Methods section of the main manuscript using weights estimated from a propensity score 

model. Specifically, we used logistic regression to estimate the probability (p) that an 

individual (i) had health maintenance organization (HMO) coverage vs. preferred provider 

organization (PPO) coverage as a function of the observed person-level demographic and 

health characteristics shown in Table 1 of the main manuscript.  We used the probabilities pi 

estimated from this regression model to generate individual-level “balancing” weights, 

following the approach described by Li, Morgan and Zaslavsky 2017.1 The weight assigned 

to individual i was equal to pi if the individual has PPO coverage and (1- pi) if the individual 

has HMO coverage. In other words, individuals were weighted proportional to the likelihood 

that their characteristics were similar to those in the opposite group. These weights balance 

the observable health and demographic characteristics of individuals in HMO and PPO plans 

(see Appendix Table). In contrast to traditional inverse probability of treatment weighting, 

this approach weights individuals to form comparable treated and control samples, so that our 

estimates represent differences between HMO and PPO individuals’ health care utilization 

for comparable beneficiaries with HMO vs. PPO coverage. Propensity weighted models used 

only a single covariate representing HMO or PPO coverage without the use of additional 

covariates, as these are incorporated in the propensity weighting.  

  



 

eAppendix Table 1. Patient Characteristics by Insurance Type with Propensity Weights* 

 

  Private HMO Private PPO 

n 546,397 295,427 

Age (mean) 46.0 46.0 

Male (%) 45.8 45.8 

HCC Score (mean)** 0.35 0.35 

Area Deprivation Index 

(mean)*** 

80.8 80.8 

Insurance Carrier (%) 
 

  

Blue Cross Blue Shield 65.6 65.6 

Fallon 0.5 0.5 

Harvard Pilgrim 15.8 15.8 

Tufts 3.6 3.6 

United 13.0 13.0 

WellPoint 0.5 0.5 

Other 1.0 1.0 

Employer Size (%)     

Jumbo Group 500+ 72.0 72.0 

Large Group 101-499 11.9 11.9 

Midsize Group 51-100 3.3 3.3 

Small Group ≤50 9.7 9.7 

Individual 2.2 2.2 

Other 0.8 0.8 

Insurance Plan Risk Type (%)     

Fully Insured 35.0 35.0 

Self Insured 65.0 65.0 

 

Abbreviations: health maintenance organization (HMO), preferred provider organization 

(PPO), hierarchical condition category (HCC), standard deviation (SD) 

* By design, all means in both groups are equal with p-values for comparison equal to 1.0 

** Hierarchical condition category (HCC) score calculated based on all diagnoses in claims 

for 2010, using the publicly available algorithm distributed by the Center for Medicare 

Services.24 

*** Area deprivation score (ADI) is a measure of socioeconomic disadvantage derived using 

a weighted combination of 17 census-level indicators. Higher scores correspond to higher 

levels of deprivation. 

 



 

eAppendix Table 2. Characteristics of PCP Visits and Assignment, by Insurance Type with Propensity Weights* 

  Private HMO Private PPO 

HMO vs. 
PPO 

Propensity 
Weighted 

Difference** 

95% Confidence 
Interval 

Number of Individuals 546,397 295,427       

Average Annual PCP Visits, 2011-

2013 (mean (SD)) 
2.31 (2.44) 2.45 (2.58) -0.07 -0.08 -0.06 

No PCP Visit, 2011-2013 (%) 11.0% 5.0% 7.1% 6.9% 7.3% 

Empirical PCP Assignment***           

Number of Different Empirically 

Assigned PCPs (mean (SD)) 2.08 (1.25) 2.09 (1.30) 0.02 0.01 0.03 

Insurance PCP Assignment***           

Ever Assigned PCP by Insurance 

(%) 
90.4% 39.7% 53.0% 52.8% 53.3% 

Number of Different Insurance 

Assigned PCPs (mean (SD)) 
1.29 (0.81) 0.49 (0.69) 0.83 0.83 0.84 

Proportion of Primary Care Visits 

with Insurance Assigned PCP (%) 57.0% 19.0% 36.5% 36.3% 36.6% 

Abbreviations: maintenance organization (HMO), preferred provider organization (PPO), primary care physician (PCP), standard 

deviation (SD) 

*Using propensity weights as described above in Appendix Methods. All p-values for adjusted comparisons significant at <0.001  

** To estimate an adjusted difference and confidence intervals for each outcome, we drew 1,000 simulations of the set of regression 

coefficients using the asymptotic multivariate normal approximation to the log-likelihood function and present the mean and 95% 

confidence interval from these simulations. The following functional forms were used: Poisson (PCP visits, assigned PCP count), 

logistic (proportions). Propensity score weighting, as described in the Appendix, was used to account for imbalance in observable 

characteristics between HMO and PPO enrollees. 

*** Empirical PCP assignment refers to attribution from the PCP responsible for the plurality of office visits for a patient in a given 

calendar year. Insurance PCP assignment refers to insurer documented PCP assignment from the member eligibility file.  



 

eAppendix Table 3. Characteristics of New Specialty Visits, by Insurance Type with Propensity Weights* 

 

  
Private 
HMO Private PPO 

HMO vs. 
PPO 

Propensity 
Weighted 

Difference** 

95% Confidence 
Interval 

Members (N)  546,397   295,427       

Mean Annual New Specialist Visits, 

2011-2013 (mean (SD)) 
0.37 (0.46) 0.43 (0.50) -0.057 -0.059 -0.055 

Any New Specialist Visit (%) 56.2 62.4 -6.1% -6.5% -5.8% 

Saw ≥3 New Specialists (%)*** 13.3 16.2 -2.7% -2.9% -2.4% 

Specialists in ≥2 Health Systems (%)*** 21.8 24.3 -2.0% -2.5% -1.6% 

 

Abbreviations: maintenance organization (HMO), preferred provider organization (PPO), standard deviation (SD) 

*Using propensity weights as described above in Appendix Methods. All p-values for adjusted comparisons significant at <0.001  

** To estimate an adjusted difference and confidence intervals for each outcome, we drew 1,000 simulations of the set of regression 

coefficients using the asymptotic multivariate normal approximation to the log-likelihood function and present the mean and 95% 

confidence interval from these simulations. The following functional forms were used: Poisson (new specialist visits), logistic 

(proportions). Propensity score weighting, as described in the Appendix, was used to account for imbalance in observable 

characteristics between HMO and PPO enrollees. 

*** Cut-offs for number of new specialists and health systems based on the closest approximation possible to the top decile of 

patients. 

 

  



 

eAppendix Table 4. Pattern of Specialists seen by Members, by Insurance Type with Propensity Weights* 

 

  

Private HMO Private PPO 

HMO vs. 

PPO 

Propensity 

Weighted 

Difference** 

95% Confidence Interval 

New Specialist Visits (n) 580,056 405,336      

Interval between PCP and 

New Specialist Visit If Prior 

PCP Visit, Days (mean (SD)) 

58.9 (72.8) 66.9 (79.4) -7.7 -8.0 -7.3 

Proportion of New Specialist 

Visits with PCP Visit ≤60 

Days Prior (%) 

55.0 49.4 5.1% 4.8% 5.4% 

Proportion with No Prior PCP 

Visit within 365 Days (%) 
20.7 23.9 -2.9% -3.2% -2.7% 

Any Referring MD (%)*** 53.3 24.5 33.9% 33.6% 34.2% 

Referral MD is PCP (%)*** 30.9 13.0 20.6% 20.4% 20.9% 

PCP and Specialist Share 

Health System (%) 
44.9 40.5 3.2% 2.7% 3.6% 

 

Abbreviations: maintenance organization (HMO), preferred provider organization (PPO), primary care physician (PCP), physician 

(MD), standard deviation (SD) 

*Using propensity weights as described above in Appendix Methods. All p-values for adjusted comparisons significant at <0.001  

** To estimate an adjusted difference and confidence intervals for each outcome, we drew 1,000 simulations of the set of regression 

coefficients using the asymptotic multivariate normal approximation to the log-likelihood function and present the mean and 95% 

confidence interval from these simulations. The following functional forms were used: linear (time interval), logistic (proportions). 

Propensity score weighting, as described in the Appendix, was used to account for imbalance in observable characteristics between 

HMO and PPO enrollees. 

*** Referring MD determined by presence of referring MD identifier in the insurance claim for a new specialist visit. For the “referral 

MD is PCP” outcome, the denominator is all new specialist visits with any referring MD listed.   



 

eAppendix Table 5. Costs and Spending on Outpatient Care, by Insurance Type with Propensity Weights* 

 

  Private HMO Private PPO 
Unadjusted 

Difference 

HMO vs. PPO 

Propensity 

Weighted 

Difference** 

95% Confidence Interval 

  Dollars, Mean (SD)         

Mean Cost per New 

Specialist Visit 
189.1 (92.7) 201.3 (88.7) -12.3 -12.3 -12.7 -11.9 

Mean PCP Visit Copay 14.8 (10.0) 13.5 (10.2) 1.4 0.5 0.4 0.6 

Mean New Specialist Visit 

Copay  
20.8 (13.2) 19.6 (13.7) 1.2 0.9 0.9 0.9 

Mean Annual New Specialist 

Visit Spending per Member 
104.1 (178.8) 128.1 (198.3) -24.1 -17.6 -18.9 -16.3 

Mean Annual New Specialist 

Visit Spending per Member, 

Normalized Price*** 

104.1 (181.1) 123.0 (195.6) -17.8 -13.7 -15.2 -12.2 

 

Abbreviations: maintenance organization (HMO), preferred provider organization (PPO), primary care physician (PCP), physician 

(MD), standard deviation (SD) 

*Using propensity weights as described above in Appendix Methods. All p-values for adjusted comparisons significant at <0.001  

** To estimate an adjusted difference and confidence intervals for each outcome, we drew 1,000 simulations of the set of regression 

coefficients using the asymptotic multivariate normal approximation to the log-likelihood function and present the mean and 95% 

confidence interval from these simulations. We used linear regression models for spending outcomes. Propensity score weighting, as 

described in the Appendix, was used to account for imbalance in observable characteristics between HMO and PPO enrollees. 

*** Total specialist visit spending is defined as the sum of costs for all evaluation and management (E&M) claims associated with a 

new specialist visit as well as any subsequent office visits with the same physician in the next 12 months. For “normalized price,” we 

set prices for all E&M services equal to the mean price across all HMO patients.
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