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ABSTRACT 

 

 Nurse practitioners have been increasing as primary care providers, from 65,000 

in 2000 to 125,000 in 2009.  Nurse practitioners have been able to provide similar 

services to other primary care physicians with similar health outcomes.  While the 

services provided are similar, insurance companies reimburse nurse practitioners at lower 

rates than physicians.  Because the nurse practitioners may serve as substitutes to 

physicians, more nurse practitioners might lead to lower reimbursement rates to 

physicians. 

 In this study, the growth in the concentration of nurse practitioners from 2001 to 

2006 was used to determine whether there was an impact on physicians.  The study 

looked at how the top 20% of counties in terms of high growth in the concentration of 

nurse practitioners per 100,000 affected (1) patient choice of physician or other primary 

care provider, and (2) reimbursement rates to physicians in high concentration areas.  

Patients had 16.5% lower odds of using a family practitioner or pediatrician rather than a 

nurse practitioner or physician assistant.  Further, family practitioners and pediatricians 

received 3.1% less in reimbursement payments in high concentration growth areas than 

those physicians in lower concentration growth areas.  From these results, high 

concentration growth areas for nurse practitioners have an impact on patient choice and 

on reimbursement rates, indicating that as the number of nurse practitioners increase, the 

cost of primary care providers will decrease.  
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INTRODUCTION 

Many states allow nurse practitioners to serve many of the functions that primary 

care physicians serve.  All fifty states allow nurse practitioners to perform initial 

diagnoses, prescribe drugs, and prepare referrals to specialists.  While they offer similar 

services, nurse practitioners can perform these tasks at lower costs than doctors can.  

Nurse practitioners receive lower reimbursement rates from insurance companies than 

physicians even though they may perform substantially similar services.  Nurse 

practitioners have been growing in acceptance at many medical institutions, which are 

increasing their reliance on nurse practitioners in acute care.  (Howard 2003).  Since 

2000, the number of nurse practitioners has increased 40% to 125,000 (Rough 2009) and 

the American Academy of Nurse Practitioners estimates that the number will increase to 

135,000 by 2010.   

While the number of nurse practitioners has been increasing in recent years, the 

number of primary care physicians has been decreasing.  Between 1998 and 2006, 

medical schools reported 51% fewer graduates were entering family practices.  Similarly, 

internal medicine reported a decrease of 18%, and pediatrics saw an 8% drop (Woo 

2006).  At the same time, medical specialties have been increasing; medical students, 

attracted to the improved salary and hours, choose to work in specialties instead of 

primary care.  For example, anesthesiology has seen a 150% increase from 1998 to 2006, 

while pathology has seen medical student increases of 122%.  There are many causes for 

the change: higher medical school debt, higher wages in specialties, and decreased 

satisfaction among primary care physicians with their work (Woo 2006).  With the 

decreasing number of primary care physicians, nurse practitioners and physician 
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assistants have tried to fill the niche.  Unfortunately, at this point nurse practitioners and 

physician assistants in many states are limited in their options to treat patients.   

While nurse practitioners and physician assistants can and do perform many 

services that primary care physicians do, there is hesitance towards utilizing nurse 

practitioners.  Physicians typically are dismayed about the prospect of nurse practitioners 

acting independently because the nurse practitioner does not necessarily have the same 

training.  Further, physicians have expressed concern that the further diffusion of care 

will make comprehensive care more difficult.  The American Medical Association 

(AMA) has opposed independent nurse practitioners, and insisted on numerous policies 

that would allow nurse practitioners to practice only if they were under the supervision of 

a physician.  While the AMA has encouraged increases in the number of physician 

assistants and nurse practitioners, it opposes the independent practice of medicine by 

nurse practitioners under H-35.988.
1
  The goal has been to keep nurse practitioners tied to 

physicians (Edmunds 2008).   

Each state has different regulations relating to nurse practitioners and their 

independence.  Some states, such as Arizona and Kansas, allow nurse practitioners to 

open independent practices (Rough 2009; ARIZ. ADMIN. CODE § R4-19-514; KAN. 

ADMIN. REGS. § 60-11-101).  Some states, such as Florida and Maine, require nurse 

                                                             

1 Three proposals are particularly telling.  H-360.988 recommends that payment must go to the employing 

physician “for all services provided by physician assistants and nurse practitioners under the physician’s 

supervision and direction.”  H-160.950 proposes that the physician be responsible for supervision of nurse 

practitioners and advanced nurses, and that patients be made clear at all times whether it is a nurse 

practitioner or physician providing care.  H-160.947 states that the AMA will assist state and local medical 

societies to lobby against laws that allow advance practice nurses to provide medical care without the 

supervision of a physician. 
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practitioners to be supervised by a physician (FLA. ADMIN. CODE. ANN. r. 64B8-35.002; 

02-373-3 ME. CODE R. § 3).  Some states have broached a middle ground; Vermont, for 

example, allows the advanced practice registered nurse to act independently, but requires 

the nurse to work in collaboration with a licensed physician, creating practice guidelines 

which are mutually agreed upon between the nurse and the collaborating physician (04-

030-170 VT. CODE R. § 63). 

Even with these regulations, it appears that the role of nurse practitioners will 

continue to expand.  Fewer physicians are entering primary care, exacerbating the 

shortage of primary care providers.  There are more nurse practitioners entering medical 

care, plus new opportunities are forming for nurse practitioners.  By 2015, nurse 

practitioners will have to receive a Doctor of Nurse Practice in order to be recognized by 

the accrediting body of the American Association of Colleges of Nursing.  Further, the 

United States Medical Licensing Examination (a physicians’ medical board exam) will be 

offered as certification of the Doctor of Nurse Practitioner’s advanced training 

(Guadagnino 2008).  Increased opportunities for nurse practitioners will lead to questions 

relating to both the quality of care provided and the cost of care.  Many previous 

researchers have found that nurse practitioners can provide similar health outcomes in 

primary care as compared to physicians.  This thesis focuses on how costs might be 

impacted. 

 This thesis determines what impact nurse practitioners have had on costs.  If nurse 

practitioners have an impact on costs, we would want to encourage greater use of nurse 

practitioners (and, similarly, physician assistants).  By using nurse practitioners, 

insurance companies and patients can reduce their health care costs while still receiving 
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the same care.  In particular, this thesis is concerned with whether the increased presence 

of nurse practitioners can have an impact on costs. 
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CHAPTER I:  LITERATURE REVIEW 

Substitutes vs. Complements  

This thesis is concerned with whether nurse practitioners serve as substitutes for 

physicians.  There are two dominant views of nurse practitioners: the substitute model 

and the complementary model.  If nurse practitioners were “complements” to physicians, 

nurse practitioners would treat in areas physicians do not treat.  Increasing the usage of 

care by nurse practitioners under complements might increase overall costs since it would 

be adding services to complement the services done by physicians.  If nurse practitioners 

are “substitutes,” work by nurse practitioners could replace the work by physicians, 

reducing the overall usage of care.   

There has been a long history of literature finding nurse practitioners are 

substitutes for physicians.  Roderick S. Hooker has been studying the impact of nurse 

practitioners and physician assistants for years.  He has come out in favor of the 

“substitute” vision of nurse practitioners.  In a study by Hooker and Linda McCaig, the 

authors found that physician assistants and nurse practitioners provide care in a manner 

very similar to physician care.  The authors compared physician practices that utilized 

physician assistants and nurse practitioners (Hooker and McCaig 2001).   

The authors found that the two practices were very similar, indicating that nurse 

practitioners and physician assistants are utilized in ways similar to each other and 

similar to physicians.  However, there were noticeable differences between those patients 

that visited a nurse practitioner or physician assistant alone versus those that visited one 

supervised by a physician.  The patient was likely to be older (mean age for the 

physician-only group was higher than for nurse practitioner or physician assistant alone 
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group), and tended to require more diagnostic tests.  Nurse practitioners typically offered 

more time providing counseling services than physician assistant-only or physician-only 

patients, which the authors speculated had to do with the nurse practitioners acting within 

the nursing paradigm geared to health promotion and education.  The study had 

limitations, namely that the National Ambulatory Medical Care Survey only surveyed 

physician practices.  While the work performed by nurse practitioners and physician 

assistances in physician offices would provide similar care to physicians, it failed to track 

those nurse practitioners and physician assistants that worked outside of the physician-

office model while providing similar services.  This lack of data likely underrepresented 

the use of physician assistants and nurse practitioners in the survey (Hooker and McCaig 

2001).   

Hooker’s work inspired Perri A. Morgan and others to further rebut presumption 

that physician assistants served as complements in health care rather than substitutes.  

The authors wanted to determine whether physician assistants were substitutes or 

complements to physicians.  If nurse practitioners and physician assistants are providing 

only complementary care, the lower costs associated with nurse practitioners and 

physician assistants would be irrelevant because it would also be associated with greater 

use of health care services (Morgan 2008). 

The authors used data from the Medical Expenditure Panel Survey and set up two 

groups: those that only visited physician assistants (30% or more of visits by physician 

assistant) and those that only visited physicians (0% visits by physician assistants; anyone 

between 0% and 30% were excluded in this study).  The authors used student t-tests to 

compare the two groups and Χ
2
 analysis for categorical variables (Morgan 2008). 
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The authors found some significant differences in patient characteristics that had 

been observed between the two groups.  The authors noted that the physician assistant 

group was more likely to be younger, female, white, from a rural area, from a higher 

socioeconomic class, and with better self reported health.  The two groups also differed in 

the areas they treated, with physicians seemingly treating more chronic conditions while 

physician assistants saw more minor infections and allergies.  These differences indicate 

that certain patients were more willing to visit with a physician assistant than a physician 

(Morgan 2008). 

 The authors did find that, without controlling for patient and risk factors, a patient 

would visit the physician assistant 4.14 times a year compared with 5.55 times a year for 

a physician (p < .0001).  Because of the practice areas physician assistants serve, they 

serve as substitutes for physicians, and allow physicians to work with those with more 

chronic conditions.  However, as the authors note, the two comparison groups are 

different in a statistically significant way.  Further, as Roderick Hooker had noted in his 

previous work, physician assistants and nurse practitioners have different regulations: 

physician assistants may be dependent on physician support as supervisors while nurse 

practitioners may have more independence (Hooker and McCaig 2001).   

Nurse Practitioners: Costs and Quality 

Previous literature suggests that nurse practitioners can lower the costs of care.  

Douglas W. Roblin, et al., found that “practices that more extensively used [physician 

assistants and nurse practitioners] in care delivery had lower average practitioner labor 

costs and total labor costs per delivery” (Roblin et al. 2004).  The authors collected data 

from twenty-six primary care practice groups, which had approximately two million 
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patient visits by 206 practitioners between 1997 and 2000.  Focusing on the likelihood 

that a patient visited a nurse practitioner, the authors used logistic regressions to 

determine the likelihood that a primary care visit was being attended by a physician 

assistant/nurse practitioner versus a doctor.   

The authors found that younger patients and those with acute minor illnesses were 

more likely to use nurse practitioners and physician assistants than older patients or those 

with chronic conditions.  However, of particular interest for this study, the authors found 

that an increase in the predicted percent of nurse practitioner/physician assistant visits 

would result in a 1.02 percent reduction in practitioner costs (p<.01) and a .79 percent 

reduction in total costs (p<.08) (Roblin et al. 2004). 

 Similarly, Susan L. Ettner, et al., also found that greater reliance on nurse 

practitioners in treatment groups can also reduce costs.  In their study, the authors 

separated a large academic medical center into two wings, with one receiving normal care 

through attending physicians in once-weekly multidisciplinary rounds, and the other 

receiving an “intervention,” which involved adding a nurse practitioner to each general 

medicine team and a hospitalist medical director to in-service nurse practitioners.  

Measuring total in-patient costs of the two groups, and running a linear regression with 

log of costs, the authors found that the per-patient cost of the intervention was $1,187, 

approximately $978 less than those that received the nonintervention treatment (Ettner et 

al. 2006).  The authors interpreted this as showing that nurse practitioners integrated into 

hospital models can reduce costs of care. 

 Together, these studies indicate a strong cost reduction impact by nurse 

practitioners.  In both studies, the authors found that the use of nurse practitioners in 
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practice groups would reduce the costs associated with care.  The authors used different 

methods to come up with similar results.  Roblin collected data from various practice 

groups with nurse practitioners, while Ettner set up a randomized study to determine 

whether the addition of a nurse practitioner to intervention groups could reduce costs. 

 While the previous studies have found that nurse practitioners have been 

associated with lower costs, there has been no deterioration in health care outcomes.  

Mary O. Mundinger and others found that the health outcomes of patients with nurse 

practitioners and primary care physicians had similar health outcomes.  The authors used 

a randomized study, sending 1,316 patients to either a nurse practitioner or a physician.  

The setting for the study was where nurse practitioners and physicians both served as 

primary care providers in the same environment with the same authority.  The authors 

followed up with the patients six months and one year after the initial visit to determine 

health outcomes, based on questionnaires checking health status, satisfaction, and service 

utilization.  The authors used t-tests to determine if there was a different between the two 

groups in mean values and ranges (Mundinger et al. 2000). 

 The authors found no statistically significant difference between those using nurse 

practitioners and those using physicians.  After one year, there was no statistical 

difference in the health services utilization one year out.  Patient satisfaction showed no 

statistically significant difference between those that saw nurse practitioners and those 

that saw physicians (4.45 mean score vs. 4.46, respectively, p=.87).  However, there was 

a statistically significant difference in the views of patients that the physician had higher 

technical skills, personal manner, and spent more time with patient (4.12 for nurse 

practitioners, 4.22 for physicians, p=.05).  The authors did note that the 0.1 difference 
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was not likely to be significant, however, and attributed it to the relative newness 

associated with the nurse practitioner program at the site (Mundinger et al. 2000). 

 More importantly, based on the survey, there was no significant difference 

between nurse practitioner and physician patients in health status.  When adjusted for 

demographics and health status baseline, the authors found no statistically significant 

difference (p=.92) between nurse practitioner health outcomes (adjusted mean score = 

40.53) and physician health outcomes (adjusted mean score = 40.60).  In one example 

which was controlled for in this thesis, there was no difference in health care outcomes 

for patients with hypertension (p=.28) (Mundinger et al. 2000). 

 Unfortunately, this study seems to have some limitations.  The authors admit that 

the population that participated in this study was not representative of the population that 

was admitted for treatment.  Nearly 41% of those who entered the hospital were not 

enrolled either because they did not satisfy certain requirements to enter the study, or 

they refused to participate.  The population that entered the survey also had different 

characteristics: generally a member of the study was older (45.9 years vs. 41.3 years), 

more likely to be Hispanic (90.3% vs. 82.9%) and more likely to be female (76.8% vs. 

70.2%).  These characteristics would also not be in line for the rest of the United States 

population, but considering this was a comparison study on health outcomes, and 

assignment was random, these differences were not fatal to the study (Mundinger et al. 

2000).   

 Comparing the findings of these studies, we can see that there are significant 

benefits to encouraging the use of nurse practitioners.  Nurse practitioners are lower cost 

alternatives to primary care physicians and, when added to practice groups, can reduce 
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total costs or reimbursement rates (Ettner et al. 2006).  At the same time, there is no 

significant difference in health outcomes between those that use nurse practitioners and 

those that use primary care physicians (Mundinger et al. 2000).  Taken to its logical 

conclusion, in cases where nurse practitioners can serve as substitutes for physicians, the 

nurse practitioners can offer the same care as physicians at a lower cost than the primary 

care physician. 

Studies on Concentration 

 In a very recent study, Michale E. Chernew, et al., performed a similar study to 

find that higher proportions of primary care physicians lower Medicare spending while 

improving health care quality.  Using Medicare data, they reviewed county level data, 

weighting Hospital Referral Regions by county populations.  The goal was to explore 

how composition of the physician workforce relates to Medicare spending (Chernew et 

al. 2009). 

The authors found that there was a negative association between percentage of 

primary care physicians and the Medicare reimbursements per beneficiary.  They found 

that a ten percentage point increase in the proportion of primary care physicians was 

associated with a 6.9 percentage point decrease ($367) per beneficiary reimbursement.  

The 95% confidence interval is entirely on the negative side, ranging from 2.9 percentage 

point decrease to a 10.9 percentage point decrease in Medicare per beneficiary 

reimbursement.  The authors also found that a higher percentage of primary care 

physicians had either no impact or a very small positive association with the percentage 

change in Medicare reimbursement per beneficiary rates.  They found that a ten 

percentage point increase in the proportion of primary care physicians was associated 
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with a 1.8% increase per beneficiary reimbursement.  However, the rates for the 95% 

confidence interval were very broad, ranging from a high of 4.9 percentage point increase 

to a 1.3 percentage point decrease.  As the authors noted, there has been extensive 

literature that showed Medicare payments were impacted by geographic region, and this 

study further confirmed previous studies in this area (Chernew et al. 2009).   

This thesis extends Chernew’s work to a broader scope beyond Medicare.  This 

thesis aims to determine whether the concentration of nurse practitioners will have an 

impact on reimbursement payments in the private sector under employer-based insurance.  

Similar to Chernew, we would expect a higher concentration of nurse practitioners to be 

associated with a lower payment on treatment. 
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CHAPTER II:  DATA DESCRIPTION 

Data for this thesis comes from the 2006 MarketScan database through the 

Agency for Healthcare Research and Quality (AHRQ), a collection of other databases 

which track patient specific clinical utilization, expenditures, and enrollments across 

inpatient, outpatient, prescription drug, and carve out services.  MarketScan collected 

information on payments by insurance companies.  MarketScan also collected 

information on patient characteristics, disease types, and types of insurance plans, as well 

as utilization of nurse practitioners, family practitioners, pediatricians, and physician 

assistants.  The data is based on 16 million covered lives. 

The unit of analysis in this research is a patient examination by a primary care 

provider at an office visit. In this study, only four types of primary care providers were 

considered: family practitioners, pediatricians, nurse practitioners, and physician 

assistants.  The Marketscan dataset provided information on many different types of 

providers, including specialists.  Therefore, the limitations were necessary to limit the 

size of an already large dataset and to best compare primary care physicians with nurse 

practitioners. To restrict the size of the data to about half a million patient examinations, 

we took a 3% random sample of all patient examinations. 

We perform two regression analyses. For the logistic regression equation, the 

dependent variable is “doctor,” which serves as a dummy variable measuring whether the 

patient received care from a family practitioner or a pediatrician. For the ordinary least 

squares (OLS) regression, the variable “log of pay” serves as the dependent variable.  Pay 

measured the amount in transacted reimbursement payments the primary care provider 

received for the patient evaluation from insurance companies, including the copayment 



14 

 

and deductible paid by the patient.  Log of pay was used instead of pay to create a 

smoother bell curve to provide the model more validity. Nurse practitioners receive lower 

pay from insurance companies than family practitioners and pediatricians.  However, we 

expect that an increase in nurse practitioners would lead to a lower pay to family 

practitioners and pediatricians because of the availability of substitutes and the increased 

competition.   

 The variable “high nurse practitioner concentration growth” serves as our main 

independent variable in both the logistic and ordinary least squares equations.  “High 

nurse practitioner concentration growth” is a dummy variable that equals one for counties 

with the top 25
th
 percentile of growth in nurse practitioner concentration (based on county 

per capita concentration) between 2001 and 2006.  Because data for 2006 was not 

available, we used the predicted county concentration of nurse practitioners in 2006 

based on county trend lines from 2001 data from the American Association of Nurse 

Practitioners, calibrated with 2001-2006 county trend data in physician assistants from 

the American Association of Physician Assistants.   

For the OLS equation, a straight comparison of concentration of “log of pay” to 

“high nurse practitioner concentration” would lead to reverse-causality measurement 

concerns, as we would expect nurse practitioners (as well as family practitioners and 

general practitioners) to move to areas with higher pay, increasing the concentration of 

nurse practitioners in a given area.  Instead, we added an interaction variable, “high nurse 

practitioner concentration growth * doctor”, to show the interaction between “doctor” and 

“high nurse practitioner concentration growth.”  The interaction indicates whether an 
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insurance company paid a family practitioner or a pediatrician less in an area with a high 

growth in the concentration of nurse practitioners. 

As described in Figure 1, there were many other controls relating to patient 

demographic characteristics, diseases for which patients were treated, and insurance plans 

held by patients.  Patient-specific variables (loginc, logpayB, hourly, female, region, 

rural, age) are explained below, as are the insurance-specific variables (hmo, ppo, pos, 

poswc, comp, epo, cdhp).  Race was not controlled for in this thesis because data on race 

was not available since insurance companies do not track race or ethnicity.  The 

MarketScan database had many more disease specific variables than are contained here.  

To give the model more accurate results, diseases that represented less than .05% of the 

observations were not measured.  Some diseases which were particularly similar, such as 

diabetes and diabetes with chronic complications, were combined into one variable as 

explained in Figure 1. 
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FIGURE 1: DESCRIPTION OF VARIABLES 

Category Variable Description 

Dependent Variable Log(pay) Payments from insurance companies for a patient 

evaluation.    

Provider Variables doctor Dummy variable determining whether a provider is a 

family practitioner/pediatrician (doc=1) or a nurse 

practitioner/physician's assistant (doc=0). 

high NP 

concentration 

growth 

A variable measuring the counties of highest growth in 

concentration of nurse practitioners between 2001 and 

2006.  Nurse practitioner concentration was estimated 

concentration per 100,000.   “High nurse practitioner 

concentration growth” = 1 when treatment occurred in 

a county in the top 25th percentile of nurse practitioner 

concentration growth. 

high NP 

concentration 

growth*doctor 

Interaction variable between “doctor” and “high nurse 

practitioner concentration growth.”  

Patient variables loginc Income of patient.  This is the log of income. 

logpayB Medicare Part B payments.  This is the log of those 

payments. 

age Age of patient. 

female Gender of patient.  If female = 1, the patient is female. 

hourly Dummy variable determining whether the patient is an 

hourly employee.  This can serve as a proxy for 
income level, comparing blue collar to white collar 

workers 

rural Dummy variable comparing those in rural areas to 

those in metropolitan areas.  Rural = 1 means the 

patient was in a rural area. 

Northeast Dummy variable representing patients in Northeastern 
United States.  Northeast served as the baseline. 

North Central Dummy variable representing patients in North Central 

United States.   

West Dummy variable representing patients in Western 

United States.   

South Dummy variable representing patients in Southern 

United States.   
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FIGURE 1: DESCRIPTION OF VARIABLES (CONT.) 

Disease Dummy 

Variables  

blood  Blood diseases, such as chronic blood loss anemia, 

deficiency anemia, and coagulopthy 

diabetes  Diabetes and diabetes with chronic complications 

pulmonarydisease Pulmonary circulation disease and chronic pulmonary 
disease 

obesity  Weight related problems, including obesity and weight 

loss 

arth  Rheumatoid Arthritis Collagen Vas 

arythm  Arrhythmias 

chf  Congestive Heart Failure 

htn_c  Hypertention 

hypothy  
Hypothyroidism 

Liver Liver disease 

 Lytes Fluid and Electrolytes Disorders 

neuro  Neurological diseases 

perivasc  Peripheral Vascular Disease 

tumor  Solid Tumor without Metastasis 

valve  Valvular disease 

Insurance Dummy 
Variables 

hmo  Health Maintenance Organization 

ppo  Preferred Provider Organization 

pos  Point of Service 

poswc  Point of Service with Capitation 

comp  Comprehensive Coverage 

epo  Exclusive Provider Organization 

cdhp Consumer Driven Health Plans 

 

Figure 2 presents the observations for each variable in the study.  The dependent 

variable for the OLS, lpay, was limited.  In order to prevent extreme payments (and even 

negative payments), was held to a range with a low of $10 and a high of $300.  At the 

high end, there were only a few payments of over $300, including one as high as $1,050.  

More concerning was the vast number of negative payments, which likely represented 
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paybacks in some form.  All payments below $10 were set to equal $10, while all 

payments above $300 were set to equal $300.  After adjustment, mean payment was 

68.26, while median payment was 62.00.  The log of pay, lpay, took to log after the 

limitations were set.  The mean for lpay was 4.1019, skewing slightly to the right.   

The bulk of the observations were family practitioners and pediatricians.  Nurse 

practitioners accounted for only 7,768 of the observations in the study.  Physician 

Assistants only accounted to another 4,567 of observations.  “High nurse practitioner 

concentration growth” was equal to one in roughly 25% of observations.  The interaction 

term “high nurse practitioner concentration growth * doctor” was present in 119,857 

observations, about 25% of the observations.  Other controlling variables are further 

explained in Figure 2. 
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FIGURE 2: DESCRIPTIVE STATISTICS 

Variable  

Observations 

(dummy=1) Mean Std. Dev. Min. Max. 

Log(pay) 491,858 4.1019 0.4778 2.3026 5.7038 

Doctor 491,858 0.9749 0.1564 0 1 

high NP growth  123,478 0.251 0.4336 0 1 
high NP 

growth*doctor 119,857 0.2437 0.4293 0 1 

Log(income) 489,719 10.7732 0.2398 9.8373 11.5206 

logpayB 489,618 5.6419 0.0984 5.5170 6.2398 

Age 491,858 31.0844 20.8982 0 64 

Female 275,032 0.5592 0.4965 0 1 

Hourly 106,062 0.2156 0.4113 0 1 

Rural 96,822 0.1968 0.3976 0 1 

blood  2,043 0.0042 0.0643 0 1 

diabetes  16,362 0.0333 0.1793 0 1 

pulmonarydisease 13,027 0.0265 0.1606 0 1 

obesity  1,813 0.0037 0.0606 0 1 

arth  901 0.0018 0.0428 0 1 

arythm  1,391 0.0028 0.0531 0 1 

chf  307 0.0006 0.025 0 1 

htn_c  35,077 0.0713 0.2574 0 1 

hypothy  4,475 0.0091 0.0949 0 1 

Liver 243 0.0005 0.0222 0 1 

 Lytes 339 0.0007 0.0262 0 1 

neuro  887 0.0018 0.0424 0 1 

perivasc  253 0.0005 0.0027 0 1 

tumor  901 0.0018 0.0428 0 1 

valve  302 0.0006 0.0248 0 1 

hmo  91,017 0.1850 0.3883 0 1 

ppo  288,498 0.5865 0.4925 0 1 

pos  51,620 0.1049 0.3065 0 1 

poswc  6,105 0.0124 0.1107 0 1 

comp  29,635 0.0603 0.2380 0 1 

epo  2,270 0.0046 0.0678 0 1 

Cdhp 4,176 0.0085 0.0918 0 1 
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CHAPTER III:  CONCEPTUAL MODEL 

 

 The goal is to determine how physicians were impacted by nurse practitioners.  

There are two ways to view the impact: were patients in high concentration areas less 

likely to see a physician, and did physicians in areas with high concentration nurse 

practitioners receive lower reimbursement rates?    

To determine whether the growth in the concentration of nurse practitioners 

impacted whether a patient met with a family practitioner/pediatrician or not, we used a 

logistic model regressing “doctor” on “high nurse practitioner concentration growth.”  A 

patient would be less likely to visit a family practitioner or pediatrician in a county where 

“high nurse practitioner concentration growth” equaled one.  For the logistic equation, the 

model is: 

doctor = 1/[1+exp{-(α + β1(high nurse practitioner concentration growth) + 

β2(patient variables) + β3(disease dummies) + β4(plan dummies) + μ)}] 

 

The logistic is fairly straightforward.  The coefficient for “high nurse practitioner 

concentration growth” will show if patients treated in high concentration areas were less 

likely to visit with a family practitioner or pediatrician.  The controlling variables (patient 

variables, disease dummies, and plan dummies) were used based on the available data to 

determine similar outcomes for similar patients. 

To determine if the concentration of nurse practitioners impacted payments to 

family practitioners and pediatricians, we use an OLS model setting lpay dependent on 

“high nurse practitioner concentration growth”, “doctor,” and “high nurse practitioner 

concentration growth*doctor.”  For the ordinary least squares equation, the model is: 
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Log(pay) = α + β1(doctor) + β2(high nurse practitioner concentration growth) + 

β3(high nurse practitioner concentration growth*doctor) + β4(patient variables) + 

β5(disease dummies) + β6(plan dummies) + μ 

 

 Our focus is on the interaction term.  We already expect doc to be positive as 

physicians are reimbursed at higher rates than nurse practitioners and physician 

assistants.  “High nurse practitioner concentration growth” might be negative, as nurse 

practitioners in high concentration areas are in higher competition.  However, it is more 

likely that “high nurse practitioner concentration growth” is positive as nurse 

practitioners will be more prevalent in areas with higher reimbursement rates (and higher 

pay).  Instead, we focused on the interaction term which we expect to be negative: in 

areas with high growth in concentrations of nurse practitioners, when the patient sees a 

physician the reimbursement rate is lower.    
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CHAPTER IV:  RESULTS 

I. Impact of Nurse Practitioners on Use of Family Practitioners and 

Pediatricians 

 The logistic model showed what variables impacted whether a patient received 

treatment from a family practitioner or pediatrician.  The model had some predictive 

ability, having a pseudo R
2
 of 0.1233.  The variables in the equation were jointly 

significant at the 1% level with a probability of p<0.01.   

FIGURE 3: THE ESTIMATED ODDS RATIO OF BEING EXAMINED BY 

 A DOCTOR 

 
Variable Coefficient P>|z|      95% Confidence Interval 

high NP growth 0.8348 
(0.0178) 

0.000 0.8007 0.8705 

Loginc 4.9226 

(0.2836) 

0.000 4.3971 5.5110 

logpayB 397.8102 

(64.4966) 

0.000 289.5153 546.6136 

Age 0.9932 

(0.0005) 

0.000 0.9922 0.9941 

Female 0.7288 

(0.01426) 

0.000 0.7014 0.7573 

Hourly 1.6228 

(0.0423) 

0.000 1.5420 1.7078 

Rural 0.6583 

(0.0162) 

0.000 0.6272 0.6909 

region 2 1.4797 

(0.0576) 

0.000 1.3711 1.5970 

region 3 2.9095 

(0.1171) 

0.000 2.6888 3.1485 

region 4 0.7789 

(0.0303) 

0.000 0.7217 0.8406 

blood  1.2401 

(0.1905) 

0.161 0.9177 1.6758 

diabetes  1.2395 

(0.0674) 

0.000 1.1142 1.3789 

pulmonarydisease 1.1167 

(0.0673) 

0.067 0.9923 1.2567 

obesity  0.9033 

(0.1245) 

0.460 0.6895 1.1833 
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FIGURE 3: THE ESTIMATED ODDS RATIO OF BEING EXAMINED BY 

 A DOCTOR (CONT.) 

 
arythm  1.1191 

(0.1887) 

0.504 0.8042 1.5573 

chf  0.7385 

(0.2234) 

0.316 0.4082 1.336 

htn_c  1.6274 

(0.0704) 

0 1.4951 1.7714 

hypothy  1.4732             

(-0.1546) 

0 1.1994 1.8096 

liver 0.2500 

(0.0565) 

0 0.1606 0.3893 

 lytes 1.2011 

(0.4150) 

0.596 0.6102 2.3643 

neuro  1.0063 

(0.2056) 

0.975 0.6742 1.502 

perivasc  0.7872 

(0.2752) 

0.494 0.3967 1.5621 

tumor  0.3110 

(0.0358) 

0 0.2482 0.3897 

valve  0.5315 

(0.1464) 

0.022 0.3097 0.9121 

hmo  1.4902 

(0.0852) 

0 1.3323 1.6669 

ppo  0.8877 
(0.0429) 

0.014 0.8075 0.9759 

pos  0.3457 

(0.0179) 

0 0.3124 0.3825 

poswc  12.1644 

(4.3487) 

0 6.0366 24.5126 

comp  0.5999 

(0.0331) 

0 0.5384 0.6685 

epo  2.4085 

(0.6576) 

0.001 1.4104 4.113 

cdhp 0.8787 

(0.1081) 

0.293 0.6904 1.1184 

N 489,520       

Prob > χ² 0       

Pseudo R^2 0.1233       

 

There are some key differences between the patients that are more likely to visit 

nurse practitioners than family practitioners/pediatricians.  Female patients were more 
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likely to visit a nurse practitioner or physician’s assistant; females had 27.12% (1- 

0.7288) lower odds of visiting a physician than a male.  Patients in rural areas had 34% 

lower odds of visiting a physician as patients in nonrural areas.  The difference between 

rural and nonrural patients likely exists because rural areas tend to be underserved by 

primary care providers, and nurse practitioners have responded as primary care providers 

for many rural areas.  These findings are consistent with previous studies (Morgan 2008).  

Further, patients in the West and North Central United States were more likely utilize 

nurse practitioners than the Northeast; however, patients in the South were less likely to 

utilize a nurse practitioner than the Northeast.  The findings in the North Central and 

Western United States seem consistent with the showing that rural patients were more 

likely to visit nurse practitioners, as the West and North Central have many rural areas 

while the North East is more urban.  The findings for the Southern United States may be 

caused by many urban areas; there may also be different regulations affecting whether 

nurse practitioners are common in the South. 

 Patients with lower incomes were also less likely to visit a family practitioner or 

pediatrician.  The odds ratio on loginc was 4.9226, indicating income was a highly 

decisive factor in whether a patient would see a physician or a nurse 

practitioner/physician’s assistant.  We would expect higher income individuals to utilize 

physicians over nurse practitioners because they may value higher quality health care as 

income increases; further, wealthier individuals have more disposable income for which 

to use on health services.  This phenomenon has also been found in previous studies 

(Morgan 2008). 
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 Many of the disease variables were not significant to the 10% level, with fewer 

significant to the 5% and 1% level.  In cases where there was significance to the 10% 

level, most patients being treated for specific diseases in this study were more likely to 

visit with a physician.  Patients with diabetes, pulmonary diseases, hypertension and 

hypothyroidism were all more likely to see a physician than a nurse practitioner.  Patients 

with solid tumors without metastasis and valvular disease were less likely to be treated by 

a physician.  For diseases, physicians may be more active treating specific diseases than 

nurse practitioners.  Since nurse practitioners act as primary care providers, patients with 

specific health concerns might be directed to family practitioners and pediatricians.  

However, because many of the disease variables were not significant at the 10% level, 

and because of the limited data on diseases, it is hard to hypothesize why there are 

differences for some diseases. 

 Insurance plans, however, impacted whether a patient visited with a nurse 

practitioner/physician assistant or a family practitioner/pediatrician.  Patients with health 

maintenance organizations, point of service plans with capitation, and exclusive provider 

organizations were more likely to utilize physicians.  However, patients with provider 

preferred organizations, point of service plans, and comprehensive coverage were less 

likely to utilize physicians compared to nurse practitioners.
2
 

Under the logistic model, areas of high concentration of nurse practitioners had a 

rather large impact on whether a family practitioner or pediatrician treated a patient.  

Patients in the top 25% of areas in terms of growth in nurse practitioner concentration 

                                                             

2 Consumer driven health plans were not significant to the 20% level. 
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had 16.5% lower odds (1- 0.8349) of seeing a family practitioner or a pediatrician as 

patients in  areas with lower growth in nurse practitioner concentration.  The shift from 

pediatricians and family practitioners to nurse practitioners and physician assistants in 

high concentration areas indicated there are some substitution effects in these areas.  

Nurse practitioners are more prevalent in high concentration areas, allowing patients to 

choose between primary care physicians and other primary care providers.  Another 

possible explanation is that physicians are less prevalent in these areas, making nurse 

practitioners the primary choice for many patients.   

II. Impact of Nurse Practitioners on Insurance Payments to Family Practitioners 

and Pediatricians 

  In the ordinary least squares (OLS) equation, almost all variables were significant 

to the 1% level.  The model, as described above, provided some explanative power, with 

an R
2 
of 0.0461.  The goal of the OLS equation is to determine whether the variables 

would impact the log of payments from insurance companies.  The variables together 

were jointly significant to the 1% level, with a probability of p<0.01.  Figure 4 outlines 

the coefficients for each variable, as well as the probabilities and confidence intervals.   
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FIGURE 4: ESTIMATED IMPACT OF NPS ON LOG(PAY) 

Variable Coefficient P>|t|      95% Confidence 

Interval 

doctor 0.1186       

(0.0051) 

0.000 0.1087 0.1286 

high NP growth 0.0433          

(0.0051) 

0.000 0.0252 0.0614 

high NP 

growth*doctor 

-0.0750  

(0.0094) 

0.000 -0.0934 -0.0566 

loginc 0.1464      

(0.0035) 

0.000 0.1395 0.1532 

logpayB -0.2468    

(0.0078) 

0.000 -0.2622 -0.2314 

Age 0.0005      

(0.0000)   

0.000 0.0005 0.0006 

female 0.0041      

(0.0013) 

0.003 0.0014 0.0067 

hourly 0.0302    

(0.0017) 

0.000 0.0269 0.0336 

Rural -0.0439  

(0.0021) 

0.000 -0.0480 -0.0399 

region 2 0.1460    

(0.0027) 

0.000 0.1407 0.1513 

region 3 0.1175    

(0.0026) 

0.000 0.1125 0.1226 

region 4 0.2011    

(0.0029) 

0.000 0.1955 0.2067 

Blood  -0.0434   

(0.0103) 

0.000 -0.0637 -0.0232 

diabetes  0.0936      

(0.0038) 

0.000 0.0862 0.1010 

pulmonarydisease 0.0586      

(0.0041) 

0.000 0.0504 0.0667 

obesity  0.0079    

(0.0110) 

0.470 -0.0136 0.0294 

arth  0.0443    
(0.0155) 

0.004 0.0138 0.0747 

arythm  -0.0251    

(0.0125) 

0.045 -0.0496 -0.0006 

chf  0.0526      

(0.0266) 

0.048 0.0004 0.1047 

htn_c  0.0397      

(0.0027) 

0.000 0.0344 0.0450 

hypothy  0.0608      

(0.0070) 

0.000 0.0471 0.0746 

Liver 0.0583    

(0.0298) 

0.051 -0.0002 0.1168 
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FIGURE 4: ESTIMATED IMPACT OF NPS ON LOG(PAY) (CONT.) 

lytes -0.0380   

(0.0253) 

0.132 -0.0876 0.0115 

neuro  0.0879    

(0.0156) 

0.000 0.0573 0.1185 

perivasc  0.0153     

(0.0294) 

0.602 -0.0422 0.0729 

tumor  0.0905      

(0.0155) 

0.000 0.0600 0.1210 

valve  -0.0288    

(0.0268) 

0.283 -0.0813 0.0237 

hmo  -0.0200    

(0.0038) 

0.000 -0.0275 -0.0126 

ppo  0.1110      

(0.0036) 

0.000 0.1041 0.1180 

pos  0.1496      

(0.0040) 

0.000 0.1416 0.1575 

poswc  -0.2223    

(0.0069) 

0.000 -0.2360 -0.2087 

comp  0.0798      

(0.0045) 

0.000 0.0710 0.0885 

epo  0.1763      

(0.0104) 

0.000 0.1559 0.1967 

cdhp 0.1319      

(0.0080) 

0.000 0.1163 0.1476 

N 489,520       

Prob > F 0.000       

R^2 0.0461       

   

  Patient variables had some impact on reimbursement rates.  Among regions, 

reimbursement rates were lowest in the Northeast, while the South paid the highest 

reimbursement rates.  However, reimbursement rates in rural areas are lower than those 

in nonrural areas.  These results seem different than the results in the odds ratio equation 

above.  We expect lower reimbursement rates in rural areas, because the areas are more 

likely to be served by a nurse practitioner, and income levels in rural areas may be lower 

than in more urban areas.   

 Income levels affected reimbursement rates, with insurance companies offering 
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higher reimbursement rates for higher income patients.  Higher income patients tend to 

have more health benefits than lower income patients, so reimbursement rates will be 

higher.  However, hourly workers faced higher reimbursement rates than nonhourly 

workers.  While hourly workers may receive lower wages in some cases, hourly workers 

may have more generous health benefits through union membership or other 

opportunities. 

 In general, patients that suffered from the diseases researched in this study faced 

higher reimbursement rates for their primary care physicians.  Only in the cases of blood 

diseases and arrhythmias did insurance companies pay out lower reimbursement rates.
3
  

However, many of the disease variables have broad enough ranges within the 95% 

confidence interval that they may be negative or positive.  Unfortunately, from these 

results it is difficult to determine what type of impact diseases had on reimbursement 

rates; however, considering the diseases as a whole, it appears that insurance companies 

paid higher reimbursement rates for patients being treated for the tested diseases. 

 The different insurance plans indicate different reimbursement rates.  Health 

maintenance organizations and point of service plans with capitation offered lower 

reimbursement rates than the other plans studied.  Both of these types of plans try to keep 

costs low, however: health maintenance organizations tend to offer lower rates while 

point of service with capitation is prospective in nature.  This may explain the difference 

between these two plans and the others in the study. 

  As predicted, nurse practitioner concentration growth was higher in areas with 

                                                             

3 While valvular disease and fluid and electrolyte disorders both indicate lower reimbursement rates, 

neither was significant to the 10% level.   
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higher reimbursement rates.  Nurse practitioner (doctor=0) reimbursement rates were  

4.42% higher in “high nurse practitioner concentration growth” areas. Also as expected, a 

family practitioner or pediatrician received higher payments from insurance companies 

than nurse practitioners and physician assistants.  The magnitude was fairly small, with 

doctor = 1 receiving only12.60% (=exp(.1186)-1) higher pay than doctor = 0 in counties 

with low growth in nurse practitioner concentration.   

 However, this pay differential was reduced by high growth in nurse practitioner 

concentration, since the interaction variable also proved to have the expected impact.  In 

areas with high growth in concentrations of nurse practitioners, reimbursements to family 

practitioners and pediatricians were lowered.  The marginal effect of high NP growth on 

log of pay was -3.17% (=4.33-7.50 in Figure 4). To estimate the impact on unlogged pay, 

we ran a simulation to estimate the overall impact of high growth in NP concentration on 

unlogged pay when doctor=1.  Figure 5 presents those results. 

FIGURE 5: PHYSICIAN PAY COMPARISONS FOR  

HIGH NP CONCENTRATION GROWTH AREAS 

 
High NP 

growth 

area 

Mean 

doctor 

pay Std. error.  Frequency 

0 $61.50 1.03 357,556 

1 $59.58 1.00 119,857 

 

 The difference between the means of the two variables indicates a difference in 

lpay when “high nurse practitioner concentration growth” = 1 versus when = 0.  For high 

concentration growth areas, the mean pay for doctors was $61.50 compared to $59.58 for 

lower concentration areas, a 3.1% decline.  The difference in pay for the two areas 
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indicates that higher nurse practitioner concentration will reduce reimbursement rates for 

doctors.   
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CHAPTER V:  DISCUSSION 

 Reviewing the two models, nurse practitioners have an impact on physician 

treatment and reimbursement.  Because the higher concentration areas have lower 

reimbursement rates for physicians, there are likely some substitution effects; nurse 

practitioners are having some substitution impact on patients seeking primary care.  This 

is consistent with the findings Roderick Hooker and Linda McCaig found in their 

previous study (Hooker and McCaig 2001). 

 While there are some substitution effects, the impact on reimbursement rates 

appears small at a 3.1% decrease.  The study compared the top 25% NP growth areas 

with the rest.  However, any substitution effects would be muted by the size of the study: 

out of 489,520 observations cited in the study, only 7,768 patients visited nurse 

practitioners, representing only 1.5869% of the study.  With such a small number, any 

impacts are muted.   

Because of the small impact so far, it is very unlikely that the growth of nurse 

practitioners has impacted physician choice in turning to internal medicine.  Physicians 

have cited many reasons to leave primary care or enter specialties, including lower 

salaries.  From this research we can see that nurse practitioners are having an impact of 

whether patients visit physicians or how much reimbursement the physician receives.  

Medical students, seeing this dissatisfaction, have chosen to enter specialties instead.  

However, nurse practitioners do not seem to be a driving force.  It may be that nurse 

practitioners are responding to changes in primary care, but it is unclear from this study 

how physicians and nurse practitioners are responding to changes in the primary care 

environment.    
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 While many studies show similar health outcomes for nurse practitioners and 

other primary care physicians, future studies should review these health outcomes, 

especially with the change in the nurse practitioner field.  A comparison between states 

that require nurse practitioners to be supervised by physicians and states that allow nurse 

practitioners to practice independently of physicians could show the validity of laws.  

Further, a study similar to this one comparing reimbursement rates between states based 

on the physician supervision criteria could show the impact supervision laws have on 

reimbursement rates to nurse practitioners.   

 While this study used available data, an updated analysis with updated data 

concerning number and location of nurse practitioners would provide more accurate 

results.  As noted, nurse practitioners have been more prevalent in primary care, jumping 

by 40% between 2000 and 2009, from 65,000 to 125,000.  With further growth expected, 

an updated study could provide a better perspective on how the growth of nurse 

practitioners has impacted reimbursement rates as well as whether physicians are more 

likely to visit with a physician.  
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CONCLUSION 

 Nurse practitioners, in areas where they are highly concentrated, have a negative 

effect on payments to family practitioners and pediatricians.  Nurse practitioners are 

expected to increase rapidly, increasing by 40% between 2000 and 2009 and further 

growth is anticipated.  If the high concentration of nurse practitioners causes physicians 

to face lower reimbursement rates, the increase of nurse practitioners will cause 

reimbursement rates to physicians to further decrease.  This may discourage physicians 

from working as primary care physicians. 

Focusing on costs and payments can benefit a system where costs are growing.  

With shortages in primary care physicians, other primary care providers can provide 

similar services while providing savings.  Under this analysis, the increasing number of 

nurse practitioners might have a benefit to the payments made by insurance companies.  

Nurse practitioners have been filling a niche left by primary care physicians, and further 

growth in nurse practitioner field might provide savings in health care. 
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