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Abstract 

Objective: To examine whether nurse practitioner (NP)-assigned patients exhibited differences 

in utilization, costs and clinical outcomes compared to medical doctor (MD)-assigned patients.

Data Sources: Veterans Affairs (VA) administrative data capturing characteristics, outcomes 

and provider assignments of 806,434 VA patients assigned to an MD primary care provider 

(PCP) who left VA practice between 2010 and 2012. 

Study Design: We applied a difference-in-difference approach comparing outcomes between 

patients reassigned to MD and NP PCPs, respectively. We examined measures of outpatient 

(primary care, specialty care and mental health) and inpatient (total and ambulatory care 

sensitive hospitalizations) utilization, costs (outpatient, inpatient and total), and clinical 

outcomes (control of hemoglobin A1c, LDL and blood pressure) in the year following re-

assignment. 

Principal Findings: Compared to MD-assigned patients, NP-assigned patients were less likely 

to use primary care and specialty care services, and incurred fewer total and ambulatory care 

sensitive hospitalizations. Differences in costs, clinical outcomes and receipt of diagnostic tests 

between groups were not statistically significant.
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Conclusions: Patients reassigned to NPs experienced similar outcomes and incurred less 

utilization at comparable cost relative to MD patients. NPs may offer a cost-effective approach to 

addressing anticipated shortages of primary care physicians. 

Keywords: primary care, nurse practitioner, cost, quality of care, utilization, health workforce

INTRODUCTION

Nurse practitioners (NPs), accounting for about one-fifth of the primary care workforce 

in the United States (U.S.),1 serve a significant role in primary care delivery. The Veterans 

Health Administration (VA), one of the largest integrated healthcare systems in the U.S.,2 

employs more than 5,000 nurse practitioners in 142 VA medical centers (VAMCs) and over 800 

community-based outpatient clinics (CBOCs) across 50 states, the District of Columbia, and 

Puerto Rico.3 NPs in the VA play a key role in the delivery of team-based primary care, serving 

as primary care team leaders,4 and provide nearly 20% of primary care visits, approximately two 

million visits annually.2,5 VA is one of the largest employers of NPs in the U.S.

Several studies have identified current and expected future shortages of primary care 

physicians in the U.S. and increased use of NPs as primary care providers has been suggested as 

a potential solution to alleviate this shortage.6-8 Indeed, states have steadily increased the practice 

authority of NPs over the past decade.9 For national health care systems such as VA, NPs may 

offer cost-effective care delivery, as the average annual salary for NPs in the U.S. in 2017 was 

$107,480 compared to $198,370 for medical doctor (MD) general internists.10,11 NPs can 

increase primary care capacity provided they deliver care that is at least comparable to that of 

MDs. In addition, the broader use of NPs may only be more effective for subgroups within a 

patient population that include younger, less complex patients. This has been posed as a concern 

as NPs typically receive less extensive training and may be less equipped to care for more 

complex patients.12 

Previous research suggests that relative to MDs, NPs provide care with comparable 

clinical outcomes2 and quality of care,13-16 particularly for patients with chronic conditions.13-17 

However, prior observational studies used the observed care provided by an NP versus an MD as 

the exposure variable. This could have led to biased estimates of the comparative effectiveness 
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of NP-provided care if more seriously ill patients self-selected to receive care from MDs. In 

addition, previous studies did not assess a comprehensive set of clinical and economic outcomes. 

In this study, we conducted a comprehensive assessment of patient outcomes between 

primary care NPs and MDs, including utilization, cost, and quality of care. To address patient 

selection bias, we applied a unique quasi-experimental approach. We identified patients who 

were reassigned to either an MD or an NP as their PCP after their prior MD provider left VA 

primary care practice. This natural experiment introduces an element of random assignment to 

NP or MD care because the reassignment process necessarily depends in part on the panel 

capacities of other clinicians in the clinic, which is exogenous to a reassigned patient’s health. 

Additionally, we applied instrumental variables models, leveraging natural variation in the 

supply of NPs at VA facilities to increase the plausibility of inferences derived from our primary 

quasi-experimental approach. The comparison of outcomes between patients receiving primary 

care from NPs compared to MDs can inform health systems and policymakers on whether NPs 

can effectively meet the increasing primary care demand in the U.S. at comparable cost and 

quality.

METHODS

Data and Study Sample

We conducted a retrospective cohort study using VA electronic health records from the 

VA Corporate Data Warehouse (CDW). PCPs and patients were identified from the Primary 

Care Management Module (PCMM), which contains longitudinal data on all VA primary care 

panels and tracks PCPs by type (e.g. MDs and NPs). Primary care at the VA is team-based. 

PCMM allows VA administrators to define PCP-led teams and assign patients to a specific PCP. 

National guidelines recommend a target panel size of 1200 for MDs and 900 for NPs. Panel size 

can be adjusted based on patient and facility characteristics.

We present the algorithm for deriving the study sample in Figure 1. We first identified 

primary care MDs who left VA primary care practice from 2010 to 2012, defined as those MDs 

without a patient panel for two consecutive quarters. We then identified all patients assigned to 

these MDs who were subsequently reassigned to a new PCP. We then applied several exclusions 

including dropping patients who were reassigned to a PCP that was not an MD or NP. The final 
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sample consisted of 806,434 patients in 530 VA facilities, of whom 696,404 patients had a new 

MD PCP (hereafter MD patients) and 110,030 had a new NP PCP (hereafter NP patients). 

To assess clinical outcomes for quality of care, we identified three disease-specific 

cohorts from the final sample based on one outpatient or inpatient diagnosis code in the year 

prior to the PCP reassignment: diabetes (n=388,231: 26,363 NP patients and 180,934 MD 

patients), ischemic heart disease (IHD) (n=113,260: 14,413 NP patients and 98,847 MD 

patients), and hypertension (n=357,987: 45,806 NP patients and 312,181 MD patients). 

Study Design and Explanatory Variables

We employed a difference-in-difference approach, leveraging natural variation arising 

from the reassignment of patients whose provider left VA primary care practice. The 

independent variable of interest was a binary measure denoting type of PCP that patients were 

reassigned to, as indicated within PCMM (=0 for reassignment to an MD and =1 for 

reassignment to an NP). Other than PCP panel capacity, there is no national guidance on how to 

reassign a patient to a PCP. To facilitate comparisons in pre-post changes between groups, we 

interacted the indicator for reassignment to NP with a second indicator denoting time period (=1 

for post reassignment, =0 for pre reassignment).  

Outcome Measures

We examined nine utilization and cost outcome categories using VA administrative data 

capturing patient encounters during one year after the reassignment to a new PCP. 

Utilization and Cost Measures

We assessed three types of outpatient utilization: primary care, which includes visits at 

Geriatrics Primary Care and Comprehensive Women’s Primary Care clinics; specialty care; and 

mental health visits. Classification of outpatient visits was based on VA clinic stop codes, which 

identify the type of services rendered at a specific physical location (e.g. primary care, 

cardiology, psychiatry, etc.).18 We examined 1) a binary measure denoting whether patients had 

any visits in a given year and 2) number of visits among users for each outpatient visit type. 

We assessed two measures of inpatient utilization: any inpatient admission and any 

admission for Prevention Quality Indicators (PQIs). PQIs are a set of ambulatory care sensitive 
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conditions for which high quality outpatient care can potentially prevent hospitalization.19 If NPs 

provide a different quality of care compared to MDs, we would expect higher rates of 

hospitalization, particularly for PQIs, and that MD-NP differences would increase with patient 

complexity. 

Two cost measures were assessed: total outpatient cost and total cost, both measured 

using VA’s Managerial Cost Accounting System, an activity-based cost allocation system that 

generates estimates of the cost of individual VA hospital stays and healthcare encounters.20 All 

cost estimates were inflation adjusted to 2016 dollars using the Consumer Price Index.21  

Finally, we examined whether patients received two types of diagnostic tests, metabolic 

panel and echocardiogram or stress test, which were identified using a previously developed 

algorithm classifying categories of CPT procedure codes.22,23 Previous studies have suggested 

that NPs order more diagnostic tests and imaging.24,25  We hypothesized that NPs, who may have 

fewer years of formal training than MDs, were more likely to order diagnostic tests that are more 

frequent and low cost (metabolic panel), as well as less frequent and high cost (echocardiogram 

or stress test), particularly for newly assigned patients. The diagnostic tests are not disease-

cohort specific. 

Clinical Quality

We examined eight process and outcome measures routinely used by VA to measure the 

quality of primary care.26,27 Four measures were assessed for the diabetes cohort: 1) receipt of 

any hemoglobin A1c (HbA1c) test, 2) normal HbA1c defined as HbA1c<9%, 3) receipt of any 

low-density lipoprotein (LDL) measure, and 4) normal LDL defined as LDL<100 mg/dL. For 

HbA1c or LDL, we used the value of the last measure if there were multiple measures in a given 

year. Two measures were assessed for the IHD cohort: 1) receipt of any LDL test, and 2) normal 

LDL defined as LDL<100 mg/dL. Two measures were assessed for the hypertension cohort: 1) 

record of any blood pressure (BP) measurement, and 2) normal BP defined as systolic BP<140 

mmHg and diastolic BP<90 mmHg.26

Control Variables

We controlled for a large set of confounders that may potentially influence outcomes and 

NP assignment. These included patient demographics (age, gender, race, ethnicity, marital 
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status), exemption from VA copayments, non-VA health coverage (Medicaid and Medicare), 

distance to the closest VA facility, geographic locations (urban/rural, Census division), length of 

time with the new PCP (<90 days, 91-180 days, 181-270 days, 271-365 days, >365 days), 

facility type (VA Medical Center [VAMC] versus CBOC), MD supply in the parent VAMC 

(number of full-time equivalent MDs/1,000 patients), and baseline comorbidity measures. The 

baseline period was defined as one year prior to the assignment of the new PCP. We controlled 

for comorbidity using the validated Gagne index, which is a composite weighted average of 20 

conditions derived by combining conditions in the Charlson28 and Elixhauser29 comorbidity 

scores.30 We controlled for the number of drug classes of prescriptions taken by patients, and an 

indicator denoting the presence of any psychiatric condition. Finally, we included lagged 

outcomes for all outcomes; lagged values for LDL and HbA1c were coded as high, normal or not 

present. 

Statistical Analysis

We applied generalized linear models (GLMs) to estimate differences in outcomes 

between patients reassigned to NPs and MDs. We modeled binary outcomes (any outpatient 

visits, hospitalizations, diagnostic tests, and meeting of clinical quality measures) using GLMs 

assuming a binomial distribution and a logit-link. For counts of outpatient visits, we assumed a 

negative-binomial distribution and a logit link. For cost outcomes, we integrated GLMs within 

two-part models to account for the large proportion of zero observations.31,32 In the first part, we 

modeled whether patients incurred non-zero costs as a binary outcome using the assumptions 

described above. In the second-part model, we modeled the number of visits among non-zero 

observations using GLM assuming a gamma distribution and a log link, which were determined 

using the Pregibon Link test33 and the modified Park test.34 For all outcomes, we examined 

whether differences in outcomes varied by level of patient comorbidity by interacting Gagne 

score categories (<0, 0-2, 3-10, and 11) with indicator variables for reassigned PCP type and 

period. Standard errors for GLM parameter estimates were estimated using a bootstrap procedure 

with 1,000 replications. All standard error estimates adjusted for intracluster correlation at the 

facility level.

For inference, we calculated average marginal effects (AMEs), which reflect average 

differences in outcomes between patients reassigned to NPs and MDs. AMEs are presented on 
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the probability scale for dichotomous outcomes, visit counts for utilization measures and dollars 

for cost measures. For analyses of differential effects, we estimated AMEs conditional on the 

four levels of comorbidity. Standard errors for AME estimates were estimated using the delta 

method, and all hypotheses tests assumed a nominal p-value of 0.01 due to multiple 

comparisons. 

We conducted sensitivity analyses by applying instrumental variable (IV) models to 

explore the potential for unobserved confounders affecting PCP assignment and outcomes. This 

approach seeks to isolate the pseudo-random component of PCP assignment that is related to an 

IV and not correlated with unobserved variables influencing the outcome.35 The IV we employed 

was the proportion of NPs (the number of NPs/the total number NPs and MDs) at VA primary 

care clinics. The set of NPs from which the VA can hire is smaller in states with more restrictive 

NP scope of practice.9 We hypothesized the IV would be strongly correlated with the 

explanatory variable as greater availability of NPs at a clinic should increase the probability of 

being reassigned to an NP. We also hypothesized that after controlling for clinic characteristics, 

the proportion of NPs should be uncorrelated with unobserved variables affecting outcomes as a 

result of this variation in the IV influenced by state laws.

For dichotomous outcomes, we implemented the IV approach using bivariate probit 

models. In these models, the probability of being reassigned to an NP and the probability of a 

positive outcome were estimated as separate, but correlated outcomes. NP reassignment was 

estimated as a function of the IV (i.e., the proportion of PCPs at a clinic that were NPs) and 

control variables. Dichotomous patient outcomes were simultaneously modeled as a function of 

NP reassignment and control variables. Instrument strength was assessed by comparing the 

partial F-statistic for the IV with a cutoff of 10, defined by previous studies as a minimum 

threshold.36 For IV models with dichotomous treatment and outcome variable, the bivariate 

probit model has been shown to minimize bias when estimating average treatment effects.37

For continuous outcomes, IV models were implemented using the two-stage residual 

inclusion estimator.38 In the first stage, we modeled NP reassignment as a function of the IV and 

control variables using a GLM with a binomial distribution and logit link. We then estimated the 

second stage as a function of NP reassignment, control variables and the response residual from 

the first stage model, defined as the difference between the observed outcome and expected 
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probability of NP reassignment. For utilization and cost analyses, two-stage residual inclusion 

was applied to each part of the two-part model previously specified. 

This study was approved by the Institutional Review Boards at the authors’ affiliated 

institutions. 

RESULTS

Patient Characteristics

In Table 1, we report standardized differences, which compare means in units of the 

pooled standard deviation and can be used to compare balance in measured variables. With few 

exceptions, standardized differences in patient characteristics between patients reassigned to NPs 

and MDs were below 10, indicating negligible differences between the two groups.39,40 Both 

groups had a mean age of 62 years and exhibited small differences in VA copayment status, 

Medicaid and Medicare coverage, and comorbidity. Compared to MD patients, NP patients were 

less likely to be black (17.4% versus 13.2%) and stay with the new PCP for more than 1 year 

(41.7% versus 46.6%). 

There were larger differences in rural/urban and geographic regions between the two 

groups. NP patients were more likely to reside in the Midwest than MD patients (30.0% versus 

19.0%), while MD patients were more likely to reside in the South than NP patients (50.4% 

versus 32.4%). NP patients were more likely to reside in rural areas than MD patients (23.9% 

versus 14.7%). While there were 53% of VAMC patients in the both groups, MD patients were 

more likely to be with a parent VAMC with more greater MDs, including primary care and 

surgical and non-surgical specialists, than NP patients. For baseline period outcomes, 

standardized differences were less than 10 for all measures. 

Utilization and Cost Outcomes

 Descriptive analysis: The only outcome with a standardized difference greater than 10 

was use of specialty care (Table 2). Most patients had at least one primary care visit (91.5% for 

NP patients versus 92.7% for MD patients). About one-third had 1 specialty care visit (31.2% 

for NP patients versus 36.5% for MD patients). Less than 30% had 1 mental health visit (28.1% 

for NP patients versus 28.9% for MD patients). About two-third of patients had any metabolic 
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test (63.2% for NP patients versus 64.5% for MD patients), while only a small proportion had 

any echocardiogram or stress test (4.6% for NP patients versus 5.0% for MD patients). 

Fewer than 1-in-10 patients had any hospitalization (7.9% for NP patients versus 8.9% 

for MD patients). Any hospitalization for PQIs were 1.1% for NP patients and 1.3% for MD 

patients, respectively. Mean VA outpatient costs were $4,447 for NP patients compared to 

$4,894 for MD patients. Mean total VA costs were $6,972 for NP patients and $7,432 for MD 

patients. 

Multivariable analysis: The first-part results showed that NP patients were less likely to 

have at least one primary care visit (AME=-1.33 percentage points, 99% CI: -1.92 to -0.68 

percentage points) and any specialty care (AME=-2.19 percentage points, 99% CI: -3.10 to -1.33 

percentage points) than MD patients. Count models showed that NPs patients had fewer primary 

care visits (AME=-0.36 visits, 99% CI: -0.31 to -0.07) and specialty care visits (AME=-0.19 

visits, 99% CI: -0.35 to -0.03) than MD patients among respective subpopulations of patients 

using each service type. We did not identify statistically significant differences in use of mental 

health services. 

In the analysis of differential effects across level of comorbidity, the probability of at 

least one primary care visit was lower for NP patients, compared to MD patients with a Gagne 

score from 0-2 (AME=-1.76 percentage points, 99% CI: -2.74 to -0.79) (Figure 2). Among users 

of primary care, NP reassignment was associated with fewer primary care visits for patients with 

a Gagne score <0 (AME=-0.37 visits, 99% CI: -0.60 to -0.15) and from 0-2 (AME=-0.35 visits, 

99% CI: -0.55 to -0.14), respectively (Appendix, Table 1). The probability of 1 specialty care 

visit was 2.63 (99% CI: -4.12 to -1.11) and 2.15 (99% CI: -3.31 to -0.99) percentage points lower 

for NP patients with a Gagne score <0 and 0-2, respectively, relative to analogous patients 

reassigned to MDs. Among users of specialty care, NP reassignment was associated with fewer 

visits for patients with a Gagne score from 0-2 (AME=-0.18 visits, 99% CI: -0.33 to -0.03) and 

from 2-5 (AME=-0.32 visits, 99% CI: -0.60 to -0.04), respectively.

 NP patients were less likely to have any hospitalization (AME=-0.86 percentage points, 

99% CI: -1.37 to -0.34) and any PQI hospitalization (AME= -0.19 percentage points, 99% CI: -

0.37 to -0.06). The interaction terms between provider type and Gagne score categories showed 

consistent NP-MD differences across levels of comorbidity, with most of the effects occurring in 

the midrange Gagne categories (0-2 and 3-10). We identified no significant differences in any 
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metabolic panel test, any diagnostic echocardiogram or stress test, and total VA cost in both 

main effect and differential effect estimates. The significant differences in use but not costs were 

likely due to the relatively small differences in use and the large variance in cost. Finally, while 

NP reassignment was not associated with outpatient costs overall, a statistically significant 

difference was identified among patients with a Gagne score from 3-10 (AME=-$341, 99% CI: -

$579 to -$104).

The first stage of the IV model found a partial F-statistic on the instruments of 36.3. 

Overall, IV models produced wider CIs than GLM models (Appendix, Table 2). As a result, no 

statistically significant differences between NP and MD patients were identified. However, AME 

estimates for use of primary care and specialty care were directionally similar to analogous GLM 

estimates. 

Clinical Outcomes

Descriptive analysis: All standardized differences in clinical outcomes were less than 10, 

indicating negligible differences between NP and MD patients (Table 3). Among the diabetes 

cohort, the majority of patients had any HbA1c test (87.9% for NP patients versus 89.3% for MD 

patients), normal HbA1c (87.9% for NP patients versus 87.6% for MD patients), any LDL test 

(84.7% for NP patients versus 85.6% for MD patients), and normal LDL (70.4% for NP patients 

versus 71.7% for MD patients). Among the IHD cohort, the majority had any LDL test (80.7% 

for NP patients versus 82.7% for MD patients) and normal LDL (74.1% for NP patients versus 

75.6% for MD patients). Among the hypertension cohort, almost all patients had a BP measure 

(97.4% for NP patients versus 97.7% for MD patients) and the majority had normal BP (72.1% 

for NP patients versus 72.9% for MD patients). 

Multivariable analysis: Both the GLM and IV analysis indicated NP-MD differences in 

clinical outcomes were not statistically significant across all measures (Table 3). 

DISCUSSION

This study conducted a comprehensive assessment of economic and clinical outcomes 

between primary care NPs and MDs in the VA system. Study findings suggest utilization and 

cost of NP primary care were largely comparable to MD primary care.12,41 While prior studies 

show mixed results in healthcare utilization,42,43 we identified small, but statistically significant 
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reductions in use of primary care and specialty care among patients reassigned to NPs relative to 

comparable patients reassigned to MDs. The marginal effects for use of any primary care and 

specialty care translated to 1.4% and 6.1% of the respective means. Similarly, we found NP 

patients were less likely to have any hospitalization overall and for PQIs than MD patients. 

While the differences were small, these findings are consistent with other studies.41-44

One potential explanation for fewer hospitalizations, especially for PQIs, may be 

increased access to NP providers due to their smaller panel size. An NP’s panel size at VA is 

expected to be 75% of an MD’s in order to give NPs sufficient time to manage their patients.45 

Reduced panel size may translate to greater access and time spent with individual patients, which 

in turn may translate into fewer hospitalizations. Differences in utilization were present across 

the risk distribution, suggesting NPs may be effective at reducing outpatient utilization and 

hospitalizations for different subpopulations of patients.  

The novel approach employed in this study compared outcomes of care provided by NPs 

and MDs using natural variation arising from the reassignment of patients following the 

departure of an existing provider. Characteristics of patients reassigned to NPs and MDs were 

generally balanced, which is supportive of pseudo-random reassignment. Nevertheless, we 

conducted sensitivity analyses using IV models to address the potential for other unobserved 

confounders, finding outcomes among NP patients were no worse than those of MD patients. 

However, IV models have the limitation of less precise AME estimates. 

In contrast to prior studies that showed NPs were more likely to order tests,14,46-49 this 

study showed no significant differences in the ordering of two diagnostic tests (metabolic panel 

and echocardiogram or stress test). Previous studies show mixed results in cost of NP care,14,50-54 

while our study shows that NP and MD patients had similar outpatient cost and total cost. 

Finally, we found NPs and MDs achieved similar clinical outcomes among patients with chronic 

diseases, including diabetes, IHD, and hypertension, which is consistent with prior VA and non-

VA studies.2,17,55-57  

Several systematic reviews have highlighted the challenges in summarizing the literature 

examining outcomes between patients receiving care from NPs compared to MDs because of 

methodological limitations, including small sample sizes.12,42  Our study extends previous 

research with several methodological contributions. First, we addressed patient selection bias by 

focusing on patients of MDs who were reassigned to a new NP or MD when their MD providers 
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left VA primary care practice. This is important because provider reassignment likely introduced 

some pseudo-random variation into the type of provider responsible for patients’ primary care. It 

is pseudo-random in that at least some of the assignment was due to idiosyncratic operational 

considerations (e.g. patients assigned to whichever PCPs have slots available for new patients) 

rather than to specific characteristics of the patient that might affect healthcare outcomes. 

Although we do not observe the decision process for reassigning patients, the average MD PCP 

panel at the VA consists of 1200 patients; reassignment of this many patients based on 

characteristics of the patient would be a complex undertaking for a busy clinic. Second, this 

study examined a large, nationally representative cohort of 806,434 patients and assessed 

outcomes in one year after reassignment to a new PCP. This expands on prior research that 

examined utilization and clinical outcomes simultaneous to provider assignment.2 Finally, we 

identified patient-PCP relationships using panel assignments tracked within VA administrative 

data. PCPs in VA are responsible for managing overall health of their patient panel, irrespective 

of whether a patient receives care from a different PCP at a given encounter. Specifically, PCPs 

are evaluated on whether they meet specific performance targets for their patient panel.58 This 

improves on prior research that assigns patients based on the provider of record for a single 

encounter or the provider rendering the majority of visits, which may not reflect the provider 

responsible for managing the patient’s care. 

The VA system provides a unique environment to assess effectiveness of care provided 

by NPs and offers several advantages. Because NPs comprise approximately 20% of all PCPs in 

VA, there is sufficient sample size to examine differences in outcomes between patients 

managed by MDs and NPs and to explore whether differences vary across patient 

charactierstics.2 Like MDs, VA primary care NPs have their own patient panels and have 

independent practice authority. The VA is federally funded and, while it bills third party payers, 

the vast majority of its funding is from federal appropriations. In addition, the VA electronic 

health records system comprehensively captures services provided by NPs, identified in 

administrative data using distinct provider type codes. In contrast, commercial or Medicare 

claims may underestimate care provided by NPs because of higher reimbursement rates for MDs; 

a significant proportion of NP services are billed through their supervising MDs.59 

Taken together, study findings suggest that the general use of NPs as primary care 

providers may be a high-value solution to increasing access to care, which has been emphasized 
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as a top VA priority.60 We also found that comparable or better outcomes achieved at similar 

costs for patients across differing levels of comorbidity, suggesting NPs as PCPs need not be 

limited to less complex patients. For health systems deciding how to expand capacity, 

consideration should also be given to differences in labor costs, panel sizes and spillover effects 

outside of primary care, such as referrals, each of which were outside the scope of this study. 

Future research should also examine potential heterogenous differences in outcomes between 

patients reassigned to NPs versus MDs across subpopulations defined by characteristics other 

than comorbidity. 

This study has several limitations. First, this was an observational study, not a 

randomized controlled trial. However, we applied methodological approaches to improve causal 

inference including the use of a study design that leveraged pseudo-random variation in patient 

assignment to primary care providers introduced through the attrition of VA PCPs who left 

primary care practice, in order to address potential patient selection bias. Sensitivity analyses 

using IV methods also supported the finding that care provided by NPs was at least comparable 

to MDs. Second, this study examined the population of VA primary care patients, which may 

differ from other non-VA populations because of unique VA enrollment requirements (e.g. prior 

military service). However, prior research has found similarity between VA and non-VA 

populations, including Medicare.61  Third, we did not measure differences between NP and MD 

patients in their satisfaction with their PCP, and we did not measure requests to be reassigned to 

a new PCP. Fourth, we assumed that the administratively reassigned PCP was responsible for 

differences in patient outcomes; we did not address the extent to which other clinicians in 

primary or specialty care helped orchestrate a patient’s care. Fifth, future studies should assess 

whether differences in clinical outcomes are evident over follow-up times longer than the 1 year 

in the present study. Finally, we did not observe healthcare use provided by community 

providers through a Veteran’s Medicare benefits. This could affect the results if patients 

reassigned to MDs and NPs differed in their subsequent reliance on the VA for care.

In conclusion, this study shows that NP patients did not differ from MD patients in VA 

healthcare costs, but had less utilization of primary care, specialty care and inpatient services. 

Further, NP and MD reassigned patients achieved similar quality of care in chronic disease 

management. This study supports the evidence that use of NPs can improve access to primary 

care with similar quality and cost of care. 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

 References

1. Agency for Healthcare Research and Quality. The Number of Nurse Practitioners and 

Physician Assistants Practicing Primary Care in the United States. 2011; 

http://www.ahrq.gov/research/findings/factsheets/primary/pcwork2/index.html. Accessed 

Jun 1, 2019.

2. Fletcher CE, Copeland LA, Lowery JC, Reeves PJ. Nurse practitioners as primary care 

providers within the VA. Military medicine. 2011;176(7):791-797.

3. U.S. Department of Veterans Affairs. VA Benefits & Health Care Utilization. 2018; 

https://www.va.gov/vetdata/docs/pocketcards/fy2019q1.pdf. Accessed Jun 1, 2019.

4. Hobson A, Curtis A. Improving the care of veterans: The role of nurse practitioners in 

team‐based population health management. Journal of the American Association of Nurse 

Practitioners. 2017;29(11):644-650.

5. Morgan P, Abbott D, McNeil R, Fisher D. Characteristics of primary care office visits to 

nurse practitioners, physicians assistants and physicians in the United States Veterans 

Health Administration facilities, 2005 to 2010: a retrospective cross-sectional analysis. 

Human Resources for Health. 2012;10(42).

6. Association of American Medical Colleges. New research shows increasing physician 

shortages in both primary and specialty care. 2018; https://news.aamc.org/press-

releases/article/workforce_report_shortage_04112018/. Accessed Jun 1, 2019.

7. Bodenheimer TS, Smith MD. Primary Care: Proposed Solutions To The Physician 

Shortage Without Training More Physicians. Health Affairs. 2013;32(11).

8. Friedberg MW, Martsolf GR, White C, et al. Evaluation of Policy Options for Increasing 

the Availability of Primary Care Services in Rural Washington State. Santa Monica, CA: 

RAND Corporation 2016.

9. Kuo Y-F, Loresto J, Figaro L., , Rounds LR, Goodwin JS. States With The Least 

Restrictive Regulations Experienced The Largest Increase In Patients Seen By Nurse 

Practitioners. Health Affairs. 2013;32(7):1236-1243.

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t

http://www.ahrq.gov/research/findings/factsheets/primary/pcwork2/index.html
https://www.va.gov/vetdata/docs/pocketcards/fy2019q1.pdf
https://news.aamc.org/press-releases/article/workforce_report_shortage_04112018/
https://news.aamc.org/press-releases/article/workforce_report_shortage_04112018/


This article is protected by copyright. All rights reserved

10. Bureau of Labor Statistics. Occupational Employment and Wages, May 2017 29-1063 

Internists, General. 2017; https://www.bls.gov/oes/2017/may/oes291063.htm. Accessed 

Jun 1, 2019.

11. Bureau of Labor Statistics. Occupational Employment and Wages, May 2017 29-1171 

Nurse Practitioners. 2017; https://www.bls.gov/oes/2017/may/oes291063.htm. Accessed 

Jun 1, 2019.

12. McCleery E, Christensen V, Peterson K, Humphrey L, Helfand M. Evidence Brief: The 

Quality of Care Provided by Advanced Practice Nurses. Washington, DC: Department of 

Veterans Affairs;2014.

13. Ohman-Strickland P, Orazno J, Hudson S, et al. Quality of Diabetes Care in Family 

Medicine Practices: Influence of Nurse-Practitioners and Physician's Assistants. Annals 

of Family Medicine. 2008;6(1):14-22.

14. Venning P, Durie A, Roland M, Roberts C, Leese B. Randomised controlled trial 

comparing cost effectiveness of general practitioners and nurse practitioners in primary 

care. BMJ. 2000;320(7241):1048-1053.

15. Lenz ER, Mundinger MO, Hopkins SC, Lin SX, Smolowitz JL. Diabetes care processes 

and outcomes in patients treated by nurse practitioners or physicians. The Diabetes 

educator. 2002;28(4):590-598.

16. Lenz E, Mundinger M, Kane R, Hopkins S, Lin S. Primary care outcomes in patients 

treated by nurse practitioners or physicians: two-year follow-up. Medical Care Research 

and Review. 2004;61(3):332-351.

17. Jackson GL, Smith VA, Edelman D, et al. Intermediate Diabetes Outcomes in Patients 

Managed by Physicians, Nurse Practitioners, or Physician Assistants: A Cohort Study. 

Annals of Internal Medicine. 2018;169(12):825-835.

18. Hebert PL, Liu CF, Wong ES, et al. Patient-centered medical home initiative produced 

modest economic results for Veterans Health Administration, 2010-12. Health Aff 

(Millwood). 2014;33(6):980-987.

19. Agency for Healthcare Research and Quality. Guide to Prevention Quality Indicators: 

Hospital Admission for Ambulatory Care Sensitive Conditions. 2002; 

https://www.ahrq.gov/downloads/pub/ahrqqi/pqiguide.pdf. Accessed Jun 1, 2019.

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t

https://www.bls.gov/oes/2017/may/oes291063.htm
https://www.bls.gov/oes/2017/may/oes291063.htm
https://www.ahrq.gov/downloads/pub/ahrqqi/pqiguide.pdf


This article is protected by copyright. All rights reserved

20. Chapko MK, Liu CF, Perkins M, Li YF, Fortney JC, Maciejewski ML. Equivalence of 

two healthcare costing methods: bottom‐up and top‐down. Health economics. 

2009;18(10):1188-1201.

21. Dunn A, Grosse SD, Zuvekas S. Adjusting Health Expenditures for Inflation: A Review 

of Measures for Health Services Research in the United States. Health Services Research. 

2016;53(1):175-196.

22. Burgess Jr JF, Maciejewski ML, Bryson CL, et al. Importance of health system context 

for evaluating utilization patterns across systems. Health Economics. 2011;20(2):239-

251.

23. Liu CF, Batten A, Wong ES, Fihn SD, Hebert PL. Fee-for-Service Medicare-Enrolled 

Elderly Veterans Are Increasingly Voting with Their Feet to Use More VA and Less 

Medicare, 2003-2014. Health Services Research. 2018;53(Suppl 3):5140-5158.

24. Hughes DR, Jiang M, Duszak R, Jr. A Comparison of Diagnostic Imaging Ordering 

Patterns Between Advanced Practice Clinicians and Primary Care Physicians Following 

Office-Based Evaluation and Management VisitsComparison of Diagnostic Imaging 

Ordering PatternsComparison of Diagnostic Imaging Ordering Patterns. JAMA Internal 

Medicine. 2015;175(1):101-107.

25. Hemani A, Rastegar D, Hill C, Al-Ibrahim M. A comparison of resource utilization in 

nurse practitioners and physicians. Effective clinical practice: ECP. 1999;2(6):258-265.

26. Goulet JL, Erdos J, Kancir S, et al. Measuring performance directly using the veterans 

health administration electronic medical record: a comparison with external peer review. 

Medical Care. 2007;45(1):73-79.

27. Nelson KM, Helfrich C, Sun H, et al. Implementation of the Patient-Centered Medical 

Home in the Veterans Health Administration Associations With Patient Satisfaction, 

Quality of Care, Staff Burnout, and Hospital and Emergency Department Use. JAMA 

Internal Medicine. 2014;174(8):1350-1357.

28. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying 

prognostic comorbidity in longitudinal studies: development and validation. Journal of 

chronic diseases. 1987;40(5):373-383.

29. Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures for use with 

administrative data. Medical Care. 1998;36(1):8-27.

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

30. Gagne JJ, Glynn RJ, Avorn J, Levin R, Schneeweiss S. A combined comorbidity score 

predicted mortality in elderly patients better than existing scores. Journal of Clinical 

Epidemiology. 2011;64(7):749-759.

31. Duan N MW, Morris C, Newhouse J. Choosing Between the Sample-Selection Model 

and the Multi-Part Model. Journal of Business & Ecnomic Statistics. 1984;2(3):283-289.

32. Duan N, Manning W, Morris C, Newhouse J. A Comparison of Alternative Models for 

the Demand for Medical Care. Journal of Business & Economic Statistics. 

1983;1(2):115-126.

33. Pregibon D. Goodness of Link Tests for Generalized Linear Models. Applied Statistics 

1980;29(1):15-23.

34. Manning WG, Mullahy J. Estimating log models: to transform or not to transform? 

Journal of Health Economics. 2001;20(4):461-494.

35. Pizer S. Falsification Testing of Instrumental Variables Methods for Comparative 

Effectiveness Research. Health Services Research. 2016;51(2):790-811.

36. Staiger D, Stock J. Instrumental Variables Regression with Weak Instruments. 

Econometrica. 1997;65(3):557-586.

37. Basu A, Coe N, CG C. 2SLS versus 2SRI: Appropriate methods for rare outcomes and/or 

rare exposures. Health Economics. 2018;27:937-955.

38. Terza J, A B, PJ R. Two-Stage Residual Inclusion Estimation: Addressing Endogeneity 

in Health Econometric Modeling. Journal of Health Economics. 2008;27(3):531-543.

39. Austin PC. Using the Standardized Difference to Compare the Prevalence of a Binary 

Variable Between Two Groups in Observational Research. Communications in Statistics 

- Simulation and Computation. 2009;38(6):1228-1234.

40. Austin PC. Propensity-score matching in the cardiovascular surgery literature from 2004 

to 2006: a systematic review and suggestions for improvement. The Journal of Thoracic 

Cardiovascular Surgery. 2007;134(5):1128-1135.

41. Lovink MH, Persoon A, Koopmans RT, Van Vught AJ, Schoonhoven L, Laurant MG. 

Effects of substituting nurse practitioners, physician assistants or nurses for physicians 

concerning healthcare for the aging population: a systematic literature review. Journal of 

Advanced Nursing. 2017;73(9):2084-2102.

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

42. Laurant M, Harmsen M, Wollersheim H, Grol R, Faber M, Sibbald B. The Impact of 

Nonphysician Clinicians: Do They Improve the Quality and Cost-Effectiveness of Health 

Care Services? Medical Care 2009;66(6):36S-89S.

43. Jacobson PD, Parker LE, Coulter ID. Nurse practitioners and physician assistants as 

primary care providers in institutional settings. Inquiry. 1998;35(4):432-446.

44. Morgan PA, Smith VA, Berkowitz TSZ, et al. Impact Of Physicians, Nurse Practitioners, 

And Physician Assistants On Utilization And Costs For Complex Patients. Health 

Affairs. 2019;38(6):1028-1036.

45. U.S. Department of Veterans Affairs. Patient Centered Management Module (PCMM) 

for Primary Care Directive 1406 In: U.S. Department of Veterans Affairs, ed. 

Washington, DC. 2017.

46. Horrocks S, Anderson E, Salisbury C. Systematic review of whether nurse practitioners 

working in primary care can provide equivalent care to doctors. BMJ. 

2002;324(7341):819-823.

47. Brown SA, Grimes DE. A meta-analysis of Nurse Practitioners and Nurse Midwives in 

Primary Care. Nursing research. 1995;44(6):332-339.

48. Chapman J, Zechel A, Carter Y, Abbott S. Systematic Review of Recent Innovations in 

Service Provision to Improve Access to Primary Care. British Journal of General 

Practice. 2004;54(502):374-381.

49. Rich E. Advanced Practice Clinicians and Physicians in Primary Care: Still More 

Questions than Answers. Annals of internal medicine. 2016;165(4):290.

50. Laurant M, Reeves D, Hermens R, Braspenning J, Grol R, Sibbald B. Substitution of 

doctors by nurses in primary care. The Cochrane Library. 2005.

51. Hollinghurst S, Horrocks S, Anderson E, Salisbury C. Comparing the cost of nurse 

practitioners and GPs in primary care: modelling economic data from randomised trials. 

British Journal of General Practice. 2006;56(528):530-535.

52. Martínez-González N, Djalali S, Tandjung R, et al. Substitution of physicians by nurses 

in primary care: a systematic review and meta-analysis. BMC Health Services Research. 

2014;14(214).

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

53. Martínez-González N, Tandjung R, Djalali S, Huber-Geismann F, Markun S, Rosemann 

T. Effects of Physician-Nurse Substitution on Clinical Parameters: A Systematic Review 

and Meta-Analysis. PLOS One. 2014;9(2).

54. Perloff J, Clarke S, DesRoches CM, O’Reilly-Jacob M, Buerhaus P. Association of State-

Level Restrictions in Nurse Practitioner Scope of Practice With the Quality of Primary 

Care Provided to Medicare Beneficiaries. Medical Care Research and Review. 

2017:1077558717732402.

55. Litaker D ML, Planavsky L, et al. Physician-nurse practitioner teams in chronic disease 

management: the impact on costs, clinical effectiveness, and patients' perception of care. 

Journal of Interprofessional Care. 2003;17(3):223-227.

56. Katon W, Von Korff M, Lin E, Simon G. Rethinking practitioner roles in chronic illness: 

the specialist, primary care physician, and the practice nurse. General Hospital 

Psychiatry. 2001;23(3):138-144.

57. Charlton I, Charlton G, Broomfield J, Mullee MA. Audit of the effect of a nurse run 

asthma clinic on workload and patient morbidity in general practice. British Journal of 

General Practice. 1991;41(347):227.

58. Veterans Health Administration. Patient Aligned Care Team (PACT) Handbook. 2017; 

https://www.va.gov/vhapublications/ViewPublication.asp?pub_ID=2977. Accessed Jun 

1, 2019.

59. Buerhaus PI, DesRoches, C.M., Dittus R, Donelan K. Practice characteristics of primary 

care nurse practitioners and physicians. Nursing Outlook. 2015;63(2):144-153.

60. U.S. Department of Veterans Affairs. Department of Veterans Affairs FY2018-2024 

Strategic Plan,. In: U.S. Department of Veterans Affairs, ed. Washington, DC. 2018.

61. Wong ES, Wang V, Liu CF, Hebert PL, Maciejewski ML. Do Veterans Health 

Administration Enrollees Generalize to Other Populations? Medical Care Research and 

Review. 2016;73(4):493-507.

Figure 1. Algorithm for defining sample of VA primary care patients reassigned to NPs 

and MDs, respectively.
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Insert figure 1 here

Figure 2. Differences in utilization between NP and MD patients by level of comorbidity. 

Insert figure 2 here

Table 1. Baseline patient characteristics of patients reassigned to NPs and MDs. 

NP (n=110,030) MD (n=696,404)

 Mean or %    SD Mean or % SD

Std. Diff.

(NP-MD)

Age (mean, years) 62.3 15.5 62.0 15.1 1.6

Age ≥ 65 (%) 45.9 49.8 44.7 49.7 2.6

Female (%) 7.7 26.7 6.2 24.1 5.9

Race

  White (%) 78.2 41.3 74.0 43.9 9.8

  Black (%) 13.2 33.8 17.4 37.9 -11.8

  Other (%) 4.6 2.1 4.9 21.7 -1.5

  Unknown (%) 4.0 19.6 3.6 18.7 2.1

Ethnicity: Hispanic (%) 4.3 20.2 6.2 24.2 -8.9

VA Copayment status 

  Copay Exempt due to Disability (%) 42.3 49.4 43.5 49.6 -2.2

  Copay Exempt due to low Income (%) 36.3 48.1 37.4 48.4 -2.2

  No Copay Exempt (%) 21.3 41.0 19.1 39.3 5.4

Married (%) 55.9 49.6 55.1 49.7 1.6

Distance to the closest VA facility 

  <5 miles (%) 22.7 41.9 21.6 41.1 1.1

  5-10 miles (%) 16.8 37.4 19.5 39.6 -7.0

  11-20 miles (%) 17.5 38.0 20.4 40.3 -7.3

  21-40 miles (%) 18.7 39.0 17.5 38.0 3.2

  >40 miles (%) 24.0 42.7 20.8 40.6 7.7

  Missing distance 0.3 5.5 0.3 5.4 0.3

Medicaid (%) 3.6 18.5 3.3 17.9 1.3

Medicare coverage

   Fee for Service (%) 38.3 48.6 37.1 48.3 2.4
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   HMO (%) 10.0 30.0 9.9 29.9 3.0

   No Medicare (%) 51.7 50.0 53.0 49.9 -2.5

Any Psychiatric Condition (%) 47.6 49.9 48.5 50.0 -1.8

Comorbidity-Gagne score

  <0 (%) 21.1 40.8 21.2 40.9 -0.3

  1-2 (%) 67.7 46.8 67.0 47.0 1.5

  3-10 (%) 11.1 31.4 11.6 32.0 -1.8

  11+ (%) 0.2 4.4 0.2 4.3 0.2

NOSOS Risk score 0.56 0.97 0.58 0.95 -0.02

Diabetes cohort (%) 24.0 42.7 26.0 43.9 -4.7

Ischemic heart disease cohort (%) 13.1 33.8 14.2 34.9 -3.1

Hypertension cohort (%) 41.6 49.3 44.8 49.7 -6.5

Length of time with new provider

  <90 days (%) 20.6 40.4 21.8 41.3 -3.0

  90-179 days (%) 15.2 35.9 11.5 31.9 10.9

  180-269 days (%) 11.5 31.9 10.4 30.5 3.7

  270-364 days (%) 11.0 31.2 9.7 29.6 4.0

  ≥365 days (%) 41.7 49.3 46.6 49.9 -9.8

Region

  West (%) 27.7 44.8 22.6 41.8 5.7

  Midwest (%) 30.0 45.8 19.0 39.2 25.9

  South (%) 32.4 46.8 50.4 50.0 -37.2

  Northeast (%) 9.9 29.8 8.0 27.1 6.6

Rural (%) 23.9 42.7 14.7 35.5 23.4

Facility type: VAMC (%) vs CBOC 53.1 49.9 52.7 49.9 0.8

FTE MDs/1,000 patients at parent VAMC

  Non-Surgical Specialists 47.6 21.1 53.3 19.6 -29.9

  Surgical Specialists 30.6 15.9 36.0 15.3 -35.1

  Primary Care 77.1 15.2 80.9 14.8 -22.7

Outcome data collected in baseline period

Any visit (%)

  Primary care 90.7 29.0 90.4 29.5 1.2

  Specialty care 34.0 47.4 38.0 48.5 -8.3

  Mental health 27.9 44.9 28.8 45.3 -1.9

Number visits (mean)

  Primary Care 4.5 4.9 4.6 4.9 0.0

  Specialty care 1.6 4.7 2.0 5.1 -0.1
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  Mental health 4.3 18.7 4.3 18.1 0.0

Test or procedure (%)

  Any metabolic panels 62.9 48.3 65.4 47.6 -5.3

  Any echocardiogram or stress test 3.9 19.4 4.8 21.3 -4.1

Hospitalization (%)

   Any hospitalization 7.9 27.0 8.9 28.4 -3.4

   Any PQI 1.1 10.4 1.2 11.0 -1.3

VA Costs ($)

  Outpatient costs 4,096 6,900 4,659 7,941 -0.08

  Total costs 6,385 18,943 7,111 24,007 -0.03

Clinical outcomes: diabetes (%)

  Any HbA1c 86.4 34.2 87.5 33.0 -3.2

  HbA1c control: HbA1c<9% 87.5 33.0 87.1 33.5 1.3

  Any LDL 83.1 37.5 83.7 36.9 -1.6

  LDL control: LDL<100 71.2 45.3 72.8 44.5 -3.5

Clinical outcomes: IHD (%)

  Any LDL 78.0 41.5 79.8 40.2 -4.4

  LDL control: LDL<100 74.3 43.7 76.3 42.5 -4.7

Clinical outcomes: hypertension (%)

  Any BP measure 94.4 23.0 94.3 23.1 0.4

  BP control

  Systolic<140 & diastolic<90 73.1 44.4 73.0 44.4 0.3

NP=nurse practitioner, MD=medical doctor, Std. Diff.=standardized difference, VA=Veterans Affairs, HMO=health 

maintenance organization, VAMC=VA Medical Center, CBOC=community-based outpatient clinic, FTE=full time 

equivalent, PQI=prevention quality indicator, HbA1c=hemoglobin A1c, LDL=low-density lipoprotein, 

IHD=ischemic heart disease, BP=blood pressure

Table 2: Differences in utilization and cost outcomes between patients reassigned to NPs 

and MDs.

Unadjusted 

Outcome NP

(n=110,030)

MD

(n=696,404)

SMD

(NP-MD)

Adj. Diff.

 (NP-MD)

[99% CI]

Any outpatient visit (%)

     Primary care 91.5 92.7 -4.4 -1.33**

[-2.11, -0.55]
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     Specialty care 31.2 36.5 -11.3 -2.19**

[-3.35, -1.03]

     Mental health 28.1 28.9 -0.2 -0.06

[-0.88, 0.76]

Number of visits among users by type of visit (counts)

     Primary care 4.54 4.86 -0.1 -0.36**

[-0.58, -0.13]

     Specialty care 4.53 4.91 -0.06 -0.19*

[-0.35, -0.03]

     Mental health 14.87 14.86 0.003 -0.46

[-1.07, 0.14]

Any test or procedure (%)

     Any metabolic panels 63.2 64.5 -0.2 0.04

[-4.83, 4.06]

     Any echocardiogram or stress test 4.6 5.0 -1.9 -0.22

[-0.71, 0.28]

Inpatient utilization (%)

     Any inpatient 7.9 8.9 -3.7 -0.86**

[-1.37, -0.34]

     Any inpatient for PQIs 1.1 1.3 -2.3 -0.21**

[-0.37, -0.06]

Costs

     Outpatient costs $4,447 $4,894 -0.06 -$98

[-251, 55]

     Total costs $6,972 $7,432 -0.02 -$289

[-696, 117]

*p<0.01; **p<0.001

NP=nurse practitioner, MD=medical doctor, SMD=standardized mean difference, Adj. Diff=adjusted difference, 

PQI=prevention quality indicator

Table 3: Differences in clinical outcomes between patients reassigned to NPs and MDs.

Unadjusted

NP MD SMD Adj. Diff
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Outcome (NP-MD)  (NP-MD) 

[99% CI]

Diabetes Cohort (n=26,363) (n=180,934)

     Any HbA1c Test (%) 87.9 89.3 -4.4 -1.00

[-2.15, 0.17]

     HbA1c control: 

     HbA1c<9 (%)

87.9 87.6 -0.9 -0.02

[-0.72, 0.69]

     Any LDL (%) 84.7 85.6 -2.4 -0.25

[-2.16, 1.66]

     LDL control: LDL<100 (%) 70.4 71.7 -2.7 -0.60

[-1.75, 0.55]

Ischemic Heart Disease  (n=14,413) (n=98,847)

     Any LDL Test (%) 80.7 82.7 -5.2 -0.71

[-2.88, 1.45]

     LDL control: LDL<100 (%) 74.1 75.6 -3.6 -0.70

[-1.85, 0.46]

Hypertension (n=45,806) (n=312,181)

     Any BP measurement (%) 97.4 97.7 -2.4 -

     BP control (%):

     systolic<140 & diastolic<90

72.1 72.9 -1.8 -0.74

[-2.22, 0.74]

*p<0.01; **p<0.001

NP=nurse practitioner, MD=medical doctor, SMD=standardized mean difference, Adj. Diff=adjusted difference, 

HbA1c=hemoglobin A1c, LDL=low density lipoprotein, BP=blood pressure
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