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Abstract

Background: Having nurse practitioners (NPs) as primary care providers for patients with 

congestive heart failure (CHF) is 1 way to address the growing shortage of primary care physicians 

(PCPs).

Methods and Results: We used inverse probability of treatment weighted with propensity 

score to examine the processes and outcomes of care for patients under 3 care models. 

Approximately 72.9%, 0.8%, and 26.3% of CHF patients received care under the PCP model, the 

NP model, and the shared care model, respectively. Patients under the NP or shared care models 

were more likely than those under the PCP model to be referred to cardiologists (odds ratio 1.35, 

95% confidence interval 1.32–1.37; odds ratio 1.32, 95% confidence interval 1.30–1.35) and to get 

guideline-recommended medications. NPs and PCPs had similar rates of emergency room (ER) 

visits and Medicare spending after adjusting for processes of care. Patients under the shared care 

model had a higher burden of comorbidity and experienced a higher rate of ER visits and 

hospitalizations than those under the PCP model.

Conclusion: The delivery of CHF care mirrors the severity of comorbidity in these patients. The 

high rate of hospitalization and ER visits in the shared care model underscores the need to design 

and implement more effective chronic disease management and integrated care programs.
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Congestive heart failure (CHF) is a growing public health problem and a major contributor 

to emergency department (ER) visits and potentially preventable hospitalizations in the 

elderly population.1–4 The proportion of seniors living with CHF is projected to increase in 

the future, in part because of improved survival from myocardial infarction, coronary artery 

disease, and other causes of CHF.4–7 CHF contributes to premature death, disability, and 

increased health care costs.1–4 High-quality primary care can improve the processes of CHF 

care and reduce the occurrence of these negative outcomes.4,5 Having a stable primary care 

provider is critical to cost-effective care, better outcomes of care, and higher patient 

satisfaction, especially for seniors living with complex chronic diseases.8–13

Optimal primary care is particularly relevant to older patients with CHF because of the high 

prevalence of multiple coexisting diseases such as coronary artery disease and diabetes.3–7 

CHF care requires effective integration and coordination of care across various settings and 

multiple providers.4–7,14 The growing shortage of primary care physicians (PCPs) is a major 

obstacle to effective primary care.5–7 To address this shortage, many states have enacted 

laws allowing nurse practitioners (NPs) to practice independently as primary care providers 

for seniors living with CHF and other chronic diseases.7,15 Because of the complexity of 

CHF care, most NPs work with physicians in a team care model, a model that is an integral 

part of the Patient-Centered Medical Home, which is a model of primary care organization 

that is comprehensive, patient-centered, accessible, integrated, and coordinated across all 

health systems, with strong emphasis on quality, safety, data-driven outcomes, and strong 

patient-provider partnerships.6,7,16–18

We previously studied quality of care provided by NPs versus PCPs for chronic obstructive 

pulmonary disease and diabetes.19–21 We have found NP care is associated with an increased 

use of specialists but similar health care costs and outcomes. We have not, however, 

previously studied a shared care model involving both NPs and PCPs. It is not clear how 

care provided to CHF patients varies by model of care (PCPs only, NPs only, or shared care). 

The current study used Medicare claims data to describe processes and outcomes of CHF 

care according to whether patients receive their primary care from PCPs only, NPs only, or 

both NPs and PCPs. We examined the differences among the 3 models of CHF primary care 

in adherence to processes of care (e.g., use of angiotensin-converting enzyme inhibitors or 

angiotensin receptor blockers and referrals for cardiac rehabilitation) and in outcomes of 

care (e.g., ER visits and hospitalizations). Relationships between adherence to guideline-

recommended processes of care and better outcomes have been well documented in prior 

studies.3–5

Methods

Establishment of the Study Cohorts

As shown in a previous study,15 in 2010 about 10% of Medicare beneficiaries received care 

from NPs and less than 3% of them had NPs as their PCP. To allow sufficient sample size for 

each care model, we used Medicare claims data with different sampling schemes to define 

cohorts of care models: 100% of beneficiaries under the NP-only model, 5% of the PCP-

only model, and 20% of the shared care model. The 5% sample was developed by the 

Centers for Medicare and Medicaid Services (CMS), which selects a random sample of 5% 
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Medicare beneficiaries based on the eighth and ninth digits (05,20,45,70, and 95) of their 

health insurance claim number; this is the standard dataset available for research purposes. 

The 20% randomly selected shared care sample and 100% NP-only sample were developed 

by a CMS vendor that searched Medicare beneficiaries’ outpatient care provided by PCPs 

and NPs.

All Medicare beneficiaries with CHF identified in CMS Chronic Disease Data Warehouse 

for 2 consecutive years (2009 and 2010) were selected.22 To select the NP-only cohort, all 

patients who received all of their primary care from NPs in 2010 were identified by selecting 

individuals with billing records for 2 or more outpatient evaluation and management (E&M) 

services by NPs and none from PCPs (general practitioner, family physician, general 

internist, or geriatrician). To select the PCP-only cohort, we included individuals had at least 

2 outpatient E&M services from PCPs and no outpatient E&M services from NPs in 2010. 

Last, to select the shared care cohort, we included at least 2 outpatient E&M services from 

both NPs and PCPs in 2010.

For all 3 groups, we excluded individuals younger than age 66; those with incomplete 

enrollment in Medicare Parts A, B, and D in 2009–2010; and those with enrollment based on 

original entitlement of disability or end-stage renal disease. Because those aged 65 qualify 

for Medicare enrollment, we selected beneficiaries at least 66 years old to capture their 

claim data in the previous year for identification of comorbidity, number of provider visits, 

and hospitalization. We excluded individuals who were covered by health maintenance 

organizations at any time in 2009–2010 and those who stayed in a nursing home in 2010. We 

used Medicare Provider Analysis and Review (MedPAR), Outpatient Standard Analytical 

File (OutSAF), professional claims (Carrier) files, beneficiary summary file, and enrollment 

files from 2009–2010 to define our study covariates and outcomes. Cohort derivation steps 

are provided in Fig. 1.

Measurements

We obtained information on participant age, sex, county of residence, and race from 

Medicare enrollment files. Because the relationship between age and care model was not 

linear, age was categorized in the analyses. A Medicaid eligibility indicator in the enrollment 

file was used as a proxy for low income. The Elixhauser comorbidity measures23 were 

generated from inpatient facility (MedPAR), outpatient facility (OutSAF), and professional 

(Carrier files) claims in 2009. Federal Information Processing Standards codes were linked 

with available Rural-Urban Continuum Codes to define the size of the patient residential 

area as metro, nonmetro urban, or rural. Because levels of restrictions on NP scope of 

practice vary across states (some allow independent practice and others require physician 

supervision of NPs), state regulations of NP practice were classified into 5 categories from 

the least to most restricted.15 Number of provider visits in 2009 was calculated from 

OutSAF and Carrier files. Hospitalizations in 2009 were extracted from MedPAR 2009. We 

used 2009 data to describe the patient comorbidity, number of provider visits, and number of 

hospitalizations independent of the care model used in 2010.
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Study Outcomes

For processes of care, we assess whether patients received chronic disease management, 

cardiac rehabilitation, and transthoracic or transesophageal echocardiogram based on billed 

claims (Appendix 1). Receipt of examinations and tests was assessed regardless of who 

provided them (NP, PCP, or other provider). The frequency of provider visits, the use of 

cardiologist consultations, and continuity of care in 2010 were also evaluated. The Modified 

“Modified” Continuity Index was used to measure continuity of care.24,25

Measures of medication management endorsed by the National Quality Forum were 

selected.26 We examined the use of angiotensin-converting enzyme inhibitors (ACEIs) or 

angiotensin receptor blockers (ARBs) and of beta-blockers. In addition, we also examined 

the use of diuretics and digoxin. Among the users of each studied medication group, we also 

calculated medication adherence as the proportion of days covered, defined as the proportion 

of days of 365 days that a patient had such medication available.27

For outcomes of care, ER visits and acute hospitalizations in 2010 were assessed. Finally, 

Medicare costs in 2010 were estimated according to the Medicare paid amount in the 

MedPAR, OutSAF, and Carrier files, following the payment calculation worksheets provided 

by the Research Data Assistance Center.

Statistical Analyses

To address the concern that patients cared for under each model has different demographics 

and complexity of disease, the propensity score (PS) method for multitreatments was 

calculated. We used the generalized boosted model, incorporating all the patient 

characteristics listed in Table 1 to estimate PS by multinomial PS function, available in the R 

package twang (twang: Toolkit for Weighting and Analysis of Nonequivalent Groups).28,29 

The generalized boosted model is a nonparametric machine-learning classifying technique. 

We set the maximum number of regression trees to 15,000 to obtain optimum balance 

statistics. In every iteration, the model with the additional tree was assessed to see if the 

balance measure was improved. The final model with the number of trees providing the best 

balance of baseline characteristics was selected. To assess the balance of each characteristic, 

the absolute standardized mean difference of effect size (standardized bias) or Kolmogorov-

Smirnov statistics was calculated and reported in tabular and graphical forms (Appendix 2). 

The overlap of PS among groups was also assessed (Appendix 3).

The patient characteristics across care models were compared by chi-square test for 

categorical variables and by analysis of variance for continuous variables. Two sets of P 
values from these tests are reported in Table 1. The first P value reports that there is 

statistical significance for the patient characteristics across care models without PS 

weighting. The second P value indicates that the majority of patient characteristics are 

balanced after PS weighting was used.

Average treatment effect summarized the pairwise comparisons of the care models with the 

weight by the inverse probability of receiving the treatment which patients received (IPTW) 

was used in multilevel models. In the outcome analyses, we used linear mixed models for 

continuous outcomes, hierarchical generalized linear mixed (HGLM) models with a 
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binominal distribution and logit link for binary outcomes, HGLM models with Poisson 

distribution and log link function for count outcomes, and HGLM models with a gamma 

distribution and log link function for cost with random effect of states.

As a sensitivity analysis, we calculated the nonpooling propensity score that a patient would 

be cared for by NPs, PCPs, or both, using a multinomial logistic regression model that 

incorporated the patient characteristics listed in Table 1 for each state.30 Then we used these 

no-pooling PS for IPTW in the analyses of studied outcomes and adjusted for the covariates 

that were not balanced after PS weight. This approach controlled for the effect of state 

regulations intrinsically by balancing the state-level characteristics that affect receipt of care 

from different care models. All analyses were performed using SAS, version 9.4 (SAS 

Institute, Inc., Cary, NC) and R package twang 3.3.1.

Results

Patient Demographics and Cohort Characteristics

Our study cohort included a total of 92,890 CHF patients in the United States in 2010. Of 

these, 34,751 received care from PCPs only, 7,950 received care from NPs only, and 50,189 

received what was deemed as shared care. We used different sampling schemes to select 

patients in the 3 models of care, with 100% of Medicare beneficiaries under the NP-only 

model, 5% of the PCP-only model, and 20% of the shared care model; this equates to 

approximately 72.9% of all CHF patients in the PCP model [(34,751*20)/(34,751*20 

+ 7950 + 50,189*5) = 72.9%], 0.8% in the NP model, and 26.3% in the shared model. Table 

1 illustrates the characteristics of the CHF patients by type of primary care model. Patients 

in the PCP group were more likely to be female, minorities, and older. Patients in the NP 

group were more likely to be younger, nonmetropolitan residents, and Medicaid eligible. In 

comparison to the PCP and NP models, shared care patients were more likely to be white, 

less likely to have Medicaid eligibility, and had more prior hospitalizations and outpatient 

visits. Additionally, patients in the shared care model had more comorbidity than those in 

either of the other 2 models. Table 1 also presents the balance in baseline patient 

characteristics and the absolute standardized mean difference of characteristics among the 3 

groups. The maximum pairwise absolute standardized mean difference decreased 

dramatically after propensity weighting (Fig. 2) and with the maximum value of 0.03 across 

all characteristics. This indicates that the distributions of covariates among the 3 groups 

were well balanced.31

Processes of Care

Table 2 outlines the processes of CHF care by the 3 models of care. The unadjusted and 

adjusted results with and without PS weight were calculated for each measure. Patients cared 

for by NPs had fewer provider visits and slightly lower continuity of care, but were more 

likely to receive specialist consultations for cardiologists (odds ratio [OR] with PS weight 

1.35, 95% confidence interval [CI] 1.32–1.37, P < .0001) than those cared for by PCPs only. 

They also had a slightly higher likelihood of receiving an echocardiogram (OR 1.03, 95% CI 

1.01–1.05, P = .0023). They were more likely to be prescribed ACEI or ARB, beta-blockers, 

diuretics, and digoxin than those in the PCP cohort.
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Patients in the shared care group had more provider visits and more cardiology referrals (OR 

1.32, 95% CI 1.30–1.35, P < .0001) than those in the PCP group. They were more likely to 

have cardiovascular rehabilitation (OR 1.45, 95% CI 1.34–1.57, P < .0001) and to receive an 

echocardiogram (OR 1.32, 95% CI 1.30–1.35, P < .0001). Also, they were significantly 

more likely to have a prescription for ACEI/ARB, beta-blocker, diuretics, and digoxin than 

those in the PCP group. Their measure of continuity of care was slightly lower.

Outcomes

Table 3 shows the outcome measures for patients receiving care under the 3 models. CHF 

patients in the NP-only care model had a lower rate of ER visits (OR, 0.93, 95% CI 0.91–

0.94, P < .0001) and hospitalizations (OR, 0.87, 95% CI 0.85–0.89, P < .0001) than those in 

the PCP group. The shared care group had more ER visits alizations (OR, 1.34, 95% CI 

1.32–1.37, P < .0001) than the PCP-only group. The results among the 3 groups by IPTW 

using a nonpooling propensity score from each state were similar (NPs vs. PCPs on ER 

visits and hospitalizations with adjusted OR [aOR] 0.97, 95% CI 0.92–1.02, P = .2093, and 

aOR 0.91, 95% CI 0.87–0.96, P < .0001, respectively; shared care vs. PCPs on ER visits and 

hospitalizations with aOR 1.40, 95% CI 1.36–1.44, P < .0001. and aOR 1.33, 95% CI 1.29–

1.27, P < .0001, respectively).

We also examined whether the differences in ER visits and hospitalizations among the 3 care 

models were accounted by their differences in processes of care using the HGLM model 

with binomial distribution and a logit link. In the models adjusted for chronic disease 

management, cardiac rehabilitation, echocardiogram, Modified “Modified” Continuity 

Index, provider visits, cardiologist consultation, and medication management, the ORs of 

ER visits and hospitalizations were somewhat closer to null for NPs compared with PCPs 

(OR changed from 0.93 to 0.99 [95% CI 0.97–1.01, P = .4842] and from 0.87 to 0.91 [95% 

CI 0.89–0.93, P < .0001], respectively). The ORs of ER visits and hospitalizations for the 

comparisons between shared care and PCPs were also reduced (OR changed from 1.41 to 

1.24 [95% CI 1.22–1.27, P < .0001] and from 1.34 to 1.16 [95% CI 1.13–1.18, P < .0001], 

respectively).

Table 3 also shows that the total Medicare spending with PS weight was slightly lower in the 

NP-only group than in the PCP-only group (–$237, 95% CI –$3 to –$467, P = .0457) and 

was significantly higher in the shared care group than in PCP-only group ($3416, 95% CI 

$3125–$3714, P < .0001). The results were similar for the comparisons between patients in 

the shared care and PCP-only group in the IPTW with nonpooling PS approach ($3328, 95% 

CI $3062–$3600, P < .0001). However, the difference in the adjusted total Medicare 

spending between patients in the NP-only and PCP-only group became insignificant in the 

IPTW analyses with nonpooling PS.

Discussion

We found that CHF patients receiving primary care under the shared care model had a higher 

burden of physical and psychological comorbidity than CHF patients under PCP-only or NP-

only primary care. The shared care model CHF patients also had the highest rate of prior 

hospitalizations and outpatient visits. This is not surprising, given that the more complicated 
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patients with CHF likely need more clinical resources and frequent encounters with NPs, 

PCPs, and other clinicians (e.g., dietitians) to better integrate and coordinate their care. 

Frequent clinic visits by CHF patients may help in reducing the high rate of recurrent 

hospitalizations reported in CHF patients.32,33

CHF patients under the NP or shared care models are more likely than those under the PCP 

model to be referred to cardiologists and to get guideline-recommended tests and 

medications. The frequent cardiology consultations do partially contribute to the higher 

adherence to ACEI/ARB, beta-blocker, and echocardiography use when the analyses of the 

data was adjusted for cardiologist consultation (results not shown). Paralleling the frequent 

use of specialist under the NP model is infrequent primary care visits and lower continuity 

of care. The low continuity of care is consistent with a prior study that showed that 54% of 

Medicare patients under the NP model switched to physicians or the shared model for their 

primary care over a 3-year period.34 The higher use of specialist consultations by NPs is also 

consistent with prior studies.20,21 Of note, CHF patients under the NP model were younger 

and had fewer comorbidities than those under the PCP or shared care model. It is therefore 

not surprising that the rates of ER visits and total Medicare spending were no longer 

significant between the NP and PCP models after propensity weighting and adjustment for 

processes of CHF care.

Different models of care and chronic disease management programs have been implemented 

to reduce recurrent hospitalizations and improve quality of life for CHF patients.35–38 A 

2013 systematic review of studies of the impact of case management programs led by a 

nurse in adults with complex chronic diseases and multimorbidity found that these programs 

did not reduce mortality but increased patient satisfaction, CHF-related quality of life, and 

patients’ adherence to self-management behaviors.38 The CHF patients under the shared 

care in our study still experienced a high rate of ER visits and hospitalizations despite 

having a high rate of cardiac rehabilitation and cardiology consultation. This likely reflects 

the complex medical, psychosocial, and functional care needs of the older CHF patients; 

these cannot be completely controlled for in our analyses. Using observational data analyses 

to study the shared team care model is very complex. Administrative data lack information 

about the degree and quality of patient care shared by NPs and PCPs. Future studies are 

needed to conduct analyses at practice levels.

Limitations of our study include limited generalizability of our findings to younger patients 

or those with commercial insurance. Lacking in our analysis is an indicator of severity of 

CHF, such as ejection fraction measures and New York Heart Association classification of 

symptom severity. Also, because of the more recent health care changes (e.g., the Affordable 

Care Act), the results from our cross-sectional study focusing on the 2009–2010 period may 

not be easily extrapolated to the current period. It is also possible that we did not capture all 

patients who received all their primary care from NPs. Medicare allows physicians to submit 

E&M charges for a split or shared visit in which both the physician and NP treat the patient.
39 In such situations, the physician rather than the NP would normally submit the charge, 

because NPs have a 15% lower reimbursement rate.40 This possibility will underestimate 

number of patients under NP and shared care and overestimate those under PCP care, thus 

reducing the magnitude of our findings when comparing NPs or shared care with PCPs.
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Another limitation is the absence of data on social and functional factors (e.g., social 

isolation, functional disability, lack of transportation) known to affect adherence to CHF 

care recommendations.6,7,33–35,41 Our use of Medicaid eligibility as a surrogate for social 

factors is at best an underestimation of their impact. In addition, we did not examine patient 

mortality across care models in this study. Some patients who are hospitalized may benefit 

from these hospitalizations by a reduction in mortality. The biggest limitation is that we do 

not know the extent to which the shared care model is actually shared care. Use of social 

network analysis to identify team practices should be explored. Also, onsite interviewing of 

NPs, physicians, and CHF patients under shared care may provide better understanding of 

the specific roles of NPs versus PCPs in a team care model and the extent and quality of 

collaboration among the clinicians.

Our findings have implications for health care policy, given the high rates of hospitalization 

and ER visits in older CHF patients with multiple comorbidities.5–14,30,31 The delivery of 

CHF care mirrors the severity of comorbidity in these patients, with the relatively healthier 

patients receiving NP-only primary care and the sicker patients having varying degrees of 

PCP involvement in physician-only or in a shared care model. The high rates of 

hospitalization and ER visits by CHF patients under shared care underscore the need to 

design and implement more effective chronic disease management and integrated care 

programs that also address the psychosocial and functional factors that impact outcomes and 

adherence to CHF care recommendations.5–10 As is commonly seen in clinical practice, it is 

highly unlikely that 1 model of care will best provide for all patients. Flexible, patient-

centered approaches to provision of health care that are tailored to the individual needs of 

the patient are the ultimate goal. In addition to CHF, it is important to consider all concurrent 

comorbidities for elderly care. Future studies are needed on the impact of the 3 primary care 

models on patient satisfaction and long-term continuity of primary care, the 

costeffectiveness of frequent specialist consultations by NPs, overall Medicare spending, and 

how the effectiveness of models varies by subgroup of patients with different multiple 

comorbidities.
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Fig. 1. 
Summary of the selection of *CHF study cohorts for 3 groups (**PCPs only, NPs only, and 

shared care) of patients. *Patients were identified as having CHF in 2009 and 2010 Centers 

for Medicare and Medicaid Services Chronic Disease Data Warehouse. **Patients in the NP 

group were identified from 100% Medicare patients who received all of their primary care 

from NPs. Patients in the PCP group were identified from a 5% national sample of Medicare 

patients. Patients in the shared care group were identified from 20% Medicare patients 
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received their primary care from both PCPs and NPs. CHF, congestive heart failure; HMO, 

health maintenance organization NPs, nurse practitioners; PCPs, primary care physicians.
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Fig. 2. 
Maximum pairwise absolute standard difference of patient characteristics among PCPs, NPs, 

and shared care providers before and after propensity weight. es.mean, mean of effect size 

which measure the balance of 2 means; ks.mean, mean of Kolmogorov-Smirnov statistics, 

which measure the balance of 2 distributions. Other abbreviations as in Fig. 1.
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