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Abstract

Background—Increasing use of nurse practitioners (NPs) and physician assistants (PAs) is a 

possible solution to the shortage of primary care providers (PCPs) in the US, but the quality of 

care they provide is not well understood.
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Methods—Since the scope of practice of the three provider types is similar in the Veterans 

Health Administration (VA), we determined whether patients managed by primary care NPs, PAs 

or physicians had similar HbA1c levels at comparable times in the natural history of diabetes. Our 

retrospective cohort study examined Veterans with diabetes newly-diagnosed in 2008, continuous 

primary care 2008–2012, and >75% of primary care visits with an NP, PA or physician.

Results—The 19,238 patients were 95.3% male, 77.7% white, and had mean age 68.5 years; 

14.7%, 7.1%, and 78.2% of patients were managed by NPs, PAs and physicians, respectively. 

Median HbA1c was comparable at diagnosis (6.6%, 6.7%, 6.7%, p>0.05) and after 4 years (all 

6.5%, p>0.5). HbA1c levels at initiation of the first (7.5–7.6%) and second (8.0–8.2%) oral 

medication for patients of NPs and PAs compared to that of physicians was also similar after 

adjusting for patient characteristics (all p>0.05). NPs started insulin at a lower HbA1c (9.4%) than 

physicians (9.7%), which remained significant after adjustment, p<0.05.

Conclusions—At diagnosis and during 4 years of follow-up, diabetes management by NPs and 

PAs was comparable to management by physicians. The VA model for roles of NPs and PAs may 

be broadly useful to help meet the demand for PCPs in the US.
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Introduction

Diabetes is a major health problem in the United States. More than 29 million Americans 

have diabetes, with 1.4 million newly-diagnosed in 20131. In 2012, the American Diabetes 

Association (ADA) estimated that the total economic burden of diagnosed diabetes in the US 

was $176 billion in direct costs2.

After enactment of the Affordable Care Act (ACA), more Americans obtained access to 

health care. However, less than one third of physicians in the US currently practice in a 

primary care specialty3. One study estimated that the US requires an additional 46,000 

primary care providers (PCPs) by 2025 in order to meet patient demands4. The shortfall in 

PCPs has spurred interest in the role of nurse practitioners (NPs) and physician assistants 

(PAs) in the primary care management of chronic diseases such as diabetes. While the cost 

of utilizing NPs and PAs is lower than physicians5, whether NPs, PAs and physicians deliver 

similar quality of care is poorly understood.

Several studies have suggested that patients managed by NPs and PAs have outcomes similar 

to those of physicians6–11. However, due to scope of practice laws3,12, only a few studies 

included direct comparisons between NPs or PAs and physicians with similar independence 

and patient populations. Comparisons of diabetes care in particular have mainly been limited 

to cross-sectional analyses of single HbA1c levels without comparisons at similar time 

points in the natural history of the disease9,13.

We chose the Veterans Health Administration (VHA) as a model health care system in which 

to compare diabetes outcomes between patients managed by primary care NPs, PAs and 

physicians. Of the approximately 8.3 million patients seen at the VA each year14, an 
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estimated one in five has a diagnosis of diabetes15. The VHA is the largest integrated health 

care system, as well as the largest employer of NPs and PAs in the nation16,17. The majority 

of NPs and PAs in the VHA primary care setting are responsible for patient panels similar to 

those of physicians, and can prescribe non-controlled medications, place orders, and 

document without physician co-signatures18. In 2010, up to 29% of VHA primary care 

provider visits in 2010 were attended solely by NPs and PAs, with diabetes being the third 

most common primary care visit diagnosis for physicians and NPs, and fourth among PAs18.

Our study utilized the national VHA Corporate Data Warehouse (CDW) database to 

compare NP, PA and physician management of patients with diabetes who were at 

comparable stages of their natural history – at diagnosis in 2008, during 4 years of follow-

up, and at initiation of oral medications and insulin.

METHODS

Study design

We conducted a retrospective analysis to compare HbA1c levels in patients managed by 

primary care NPs, PAs or physicians. All patients were newly-diagnosed with diabetes in 

2008, had four years of consistent primary care follow-up, and had annual HbA1c levels 

documented through 2012. This study was approved by the Emory University Institutional 

Review Board and the Atlanta VA Research and Development Committee.

Database

The CDW includes patient, visit, and provider information from all VHA encounters. Access 

to the CDW is obtained through the VA Informatics and Computing Infrastructure (VINCI).

Patient selection

“Primary care” was defined by use of the VHA database “clinic stop codes” for primary 

care/general medicine; women’s health; geriatric primary care; shared primary care; chronic 

infectious disease primary care; and spinal cord injury primary care.

We defined a patient as having newly-diagnosed diabetes in 2008 if he/she had at least one 

PCP visit per calendar year (CY) from 2006–2008 and met any one of the following 

validated criteria19,20 in 2008 but not in 2006–2007: (i) use of ICD-9 code 250.xx at a 

primary care visit, (ii) any use of 250.xx twice in 2008, and/or (iii) outpatient prescription of 

a diabetes drug. The diagnosis date was the earliest date in 2008 that the patient met one of 

the three criteria above. We further required patients to have at least one PCP visit in each 

year from 2006–2012 and within 6 months of diagnosis to ensure that patients had an 

adequate amount of contact with PCPs; at least one HbA1c measurement within 12 weeks 

before or 6 weeks after diagnosis; and at least one HbA1c per year from 2008–2012. Patients 

were categorized as managed by NPs, PAs or physicians if they had more than 50% of PCP 

visits with one of the three provider types. A total of 19,238 patients were found to meet 

these criteria (Appendix Figure1).
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Patient demographics / characteristics

Of the 19,238 patients selected, 17,288 (89.9%) had self-identified race data available. BMI 

was calculated at each visit for 16,727 patients who had height and weight information 

documented. A mean BMI value was calculated over time for each patient. Patients’ 

Charlson Comorbidity Index (CCI) scores were calculated using ICD-9 diagnosis codes as 

previously described21,22. We also identified whether patients had seen a diabetes specialist 

based upon visits to a diabetes clinic.

Medication Initiation

Initiation of oral antihyperglycemic medication or insulin was defined as the first outpatient 

prescription of medications with national drug codes HS502 (indicating oral agents) or 

HS501 (insulin agents), respectively, on or after the diagnosis date in 2008. Initiation of a 

second oral antihyperglycemic drug was determined as the issue date of a second HS502 

drug of a different name. Inpatient prescriptions were not included.

HbA1c results

The HbA1c measurement closest to the diagnosis date and within 12 weeks before to 6 

weeks after diagnosis was considered the HbA1c at diagnosis. Within each time period, 

values were averaged if patients had multiple tests. We also calculated a 5-year mean HbA1c 

of all levels reported from diagnosis in 2008 through four years of follow-up in 2012 for 

each patient. HbA1c at medication initiation utilized measurements within 12 weeks before 

to 6 weeks after prescription of the first oral antihyperglycemic medication, second oral 

medication, and/or insulin; approximately 98% of patients with diabetes medication 

prescriptions had HbA1c tested within this time frame.

Statistical Analysis

For group comparisons among different provider types, Chi-square tests were used for 

categorical variables; ANOVA and two-tailed t-tests to evaluate means of continuous 

variables; and Kruskal-Wallis and Wilcoxon tests to evaluate median values of outcomes 

which were not normally distributed. Statistical analysis of HbA1c outcomes is reported as 

both median and mean values due to right skewing of HbA1c distributions. Multivariate 

regression analyses were conducted for HbA1c outcomes to adjust for variations in patient 

characteristics. All statistical analyses were conducted using R and a p-value of <0.05 was 

considered statistically significant.

RESULTS

Diabetes cohort

In 2008, 19,238 veterans had two years of primary care before a new diagnosis of diabetes, 

continuity of primary care from 2006–2012, an HbA1c at diagnosis and at least one HbA1c 

per year from 2008–2012, and a majority of visits with a single provider type (Appendix 

Figure 1). Of these, 2,821 were managed by NPs, 1,367 by PAs, and 15,050 by physicians. 

Concordance between visit provider type and each patient’s designated managing provider 

type (i.e., for a patient managed by NPs by our criteria, the mean percent of primary care 
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visits seen by an NP) was high at 82.3%, 78.9% and 92% for patients of NPs, PAs and 

physicians, respectively (Appendix Table 1). Patients managed by NPs and PAs had 14.5% 

and 15% of primary care visits with physicians, respectively.

Demographics

Patient characteristics are shown in Table 1. All values were clinically comparable although 

some were statistically different. NP patients were slightly older than physician patients 

(68.8 vs 68.4 years). NPs also managed a slightly lower percentage of male patients than 

physicians (94.3% vs. 95.5%). PAs had a higher percentage of white patients than physicians 

did (81.0% vs. 77.4%). NPs had patients with higher BMI compared to patients of 

physicians (32.6 vs. 32.2 kg/m2). The patients of NPs, PAs and physicians had similar 

comorbidity, with median CCI scores of 0.0 in the two years prior to diabetes diagnosis, and 

CCI scores over the entire study period 2006–2012 of 1.0.

PAs had 4.8% of patients visit a diabetes specialist clinic, lower compared to the 7.0% of NP 

patients and 7.6% of physician patients (Figure 1). Neither NPs (80.2%) nor PAs (78.8%) 

had a significantly different percentage of patients prescribed any glucose-lowering 

medications compared to physicians (81.2%) (Figure 1). However, PAs had significantly 

fewer patients using insulin than physicians did (12.5% vs 14.6%).

HbA1c levels during the natural history of diabetes

Patients of NPs, PAs and physicians had similar median HbA1c levels both at diagnosis 

(6.6%, 6.7%, and 6.7%) (Figure 2) and after four years of primary care follow-up (all 6.5%). 

The median of each patient’s 5-year mean HbA1c (median 5-year mean HbA1c) from 

diagnosis in 2008 through 2012 for NPs was 6.4%, slightly lower than the median 5-year 

mean HbA1c of 6.5% for patients of physicians. The median 5-year mean HbA1c level for 

patients of PAs was not different compared to NPs or physicians.

A total of 15,841 patients were prescribed glucose-lowering medications. Of these, 15,301 

(96%) had at least one oral medication, 5,889 (37%) at least two oral medications, and 2,769 

(17%) were prescribed insulin. Among these patients, 14,635 (96%) had an HbA1c level at 

initiation of the first oral drug; 5,271 at initiation of the second oral drug (89%); and 2,245 

(81%) at initiation of insulin.

Median HbA1c at initiation of the first and second oral drug was significantly lower in 

patients of NPs (7.0% and 7.5%) compared to that of physicians (7.1% and 7.7%) (Figure 

2), but NPs and physicians started patients on insulin at similar HbA1c levels (9.4% and 

9.7%). There was no difference in median HbA1c levels at initiation of oral drugs or insulin 

between PAs and physicians.

Regression analysis showed that patient age was inversely associated with HbA1c level 

during the duration of the study, and during initiation of all diabetes medications. Being 

male and African American was independently associated with higher HbA1c throughout 

the duration of the study, and during initiation of all diabetes medications. After adjusting 

for these patient characteristics, the differences in HbA1c levels at initiation of the first and 

second oral medications between NPs and physicians became non-significant (Table 2). 
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However, the difference in HbA1c levels at initiation of insulin between NPs and physicians 

remained significant (Table 2).

There was no difference in the median time from diabetes diagnosis to initiation of oral 

drugs or insulin between any of the three provider types (Appendix Table 2).

DISCUSSION

The results of our study demonstrate that primary care NPs and PAs provide glycemic 

management that is comparable to that of physicians for patients who had newly-diagnosed 

diabetes with four years of follow-up. There was no difference in HbA1c levels at diagnosis, 

initiation of the first and second oral medication, or after four years of primary care follow-

up between NPs, PAs or physicians, after adjusting for patient characteristics. Patients of 

NPs were started on insulin at slightly lower HbA1c levels than patients of physicians after 

multivariate regression analyses. However, despite statistical significance, these differences 

in HbA1c were not clinically significant, much less than the 0.5% HbA1c difference that 

corresponds to an increased risk of developing diabetic retinopathy, as shown in the Diabetes 

Control and Complications Trial23.

The minimal differences in HbA1c outcomes are unlikely to be due to differences in patient 

complexity. Median Charlson Comorbidity Index scores within the two years prior to 

diagnosis, as well as throughout 2006–2012, were not significantly different between 

patients of NPs and physicians. NPs and physicians also had comparable percentages of 

patients with diabetes specialist visits and prescriptions for insulin. However, PAs had fewer 

patients with diabetes specialist visits, and fewer patients using insulin compared to 

physicians, suggesting that patients of PAs either were managed better with oral agents, or 

might have been less complex in terms of diabetes management.

The HbA1c trend of our patient population overall shows good control, with median HbA1c 

four years after diagnosis between 6.5 and 7%. This brings to question whether process 

measures within the VHA regarding diabetes management could explain some of our study 

findings. While the highly-integrated structure of VHA primary care differs from that in 

other primary care settings, especially in rural regions of the US, we are not aware of any 

particular algorithm followed systematically through the VHA that assigns a particular 

demographic of patients preferentially to PAs, NPs or physicians. Although the VHA has 

diabetes management guidelines24, no specific algorithm is used uniformly across the health 

system. Although veterans tend to be older and to have more complex disease and 

comorbidities than the general US population, previous studies have shown that veterans 

tend to have better chronic disease outcomes than their non-veteran counterparts25. The cost 

of care is also lower in the VHA compared to non-VA settings26. Further prospective, 

randomized, controlled trials would be helpful to determine the extent to which our findings 

will apply to other practice environments.

The results of our study are consistent with prior research comparing management of 

diabetes between NPs and physicians. Mundinger et al conducted a randomized trial in 

which urgent care and emergency room patients with diabetes who lacked a regular primary 
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care provider were assigned to NPs (n=58) or physicians (n=46) in four community-based 

primary care clinics in New York City9. Six months after the first primary care visit, NPs 

and physicians had similar percentages of patients with insufficiently-controlled diabetes, 

and the groups had comparable HbA1cs of 9.5% vs. 9.4%. Jackson et al found that inclusion 

of NPs within a primary care practice was associated with patient HbA1c levels that were 

0.3% lower than in practices without NPs13. Kuo et al conducted two retrospective studies of 

patients with diabetes cared for solely by primary care NPs or primary care physicians. 

Prevalence of patient comorbidities like heart disease, hypertension, metabolic disorders 

were similar between the two patient groups. They found that HbA1c levels and preventable 

diabetes-related hospitalizations were comparable between the two provider groups27, and 

adjusted Medicare spending per patient between the two provider groups was similar as 

well11.

Processes of care have been found to be mixed when comparing management by NPs to that 

of physicians. Lenz et al found that NPs were more likely than physicians to document 

diabetes education, medication education, and urinalysis results, but not foot and 

cardiovascular examinations, glucose and creatinine levels, or ophthalmologist referrals28. 

Ohman-Strickland et al found that family medicine practices that employed NPs were more 

likely to measure HbA1c, lipid, and urine microalbumin levels compared to practices 

without NPs29, although the groups were comparable in percentage of patients with HbA1c 

<7.0%. Kuo et al noted no significant difference in lipid screens and foot examinations, but 

significantly higher rates of eye examinations and vaccinations for patients cared for by NPs 

than physicians11.

The strengths of our study include the incorporation of longitudinal data from medical 

centers across the nation, a large sample size, and a design which permitted comparison of 

HbA1c outcomes in patients who were at similar stages of their diabetes natural history and 

management. Our study also compared NPs, PAs and physicians who had similar 

prescribing privileges and scopes of practice. This allowed us to evaluate NPs and PAs who 

had levels of independence, responsibilities, and patient panels similar to those of their 

physician counterparts – a dimension which had been lacking in prior studies. While our 

operative definition of provider “ownership” as having greater than 50% of primary care 

visits with either NPs, PAs or physicians could allow patients to receive some of their care 

from one of the other two provider types, “ownership” and visit provider type concordance 

was greater than 75% for all groups.

Limitations to our study include its retrospective design, difference in sample size across 

provider groups, lack of female patients, and non-uniform testing of HbA1c. We do not 

know if NPs, PAs and physicians had similar allotted appointment time with patients. While 

most NPs and PAs in the VHA see patients without immediate, during-visit feedback from 

physicians on management, how frequent post-visit MD input is incorporated into diabetes 

management by NPs and PAs is not known. Additionally, while our evaluation was restricted 

to the year of diagnosis and the first four years of follow-up, management appeared to be 

comparable in the (delayed) initiation of insulin. It is possible that patients who received 

insulin at higher levels of HbA1c were diagnosed later in their natural history of disease. 
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Finally, the findings of comparable management of diabetes in our study may not be 

generalizable to management of other chronic disorders and to other care settings

While glycemic control is one important aspect in the management of diabetes, this initial 

study did not address questions related to adverse effects of medications, or management of 

cardiovascular risk factors. While hypoglycemia is a common side effect of management, 

patient laboratory results would not necessarily be representative of the periodic episodes of 

mild to moderate hypoglycemia in outpatients which may or may not be reflected in the 

home blood glucose monitoring results, which patients bring to visits irregularly and are 

typically made by patient recall at visits. As a result, the true incidence of hypoglycemia is 

difficult to assess accurately, and was not included in this study. Further studies need to be 

conducted to compare diabetes care-specific process measures, blood pressure and 

hyperlipidemia management, and the incidence of diabetes-related complications such as 

microvascular end-organ damage, cardiaovascular events, and hospitalizations among 

patients managed by NPs, PAs or physicians. Of equal importance is assessment of patient 

satisfaction among patients with diabetes managed by NPs and PAs vs. MDs.

From a health quality and policy standpoint, our results demonstrate that independently-

practicing NPs and PAs, within a highly integrated health care system, are able to perform as 

well as physicians in management of diabetes at diagnosis and during 4 years of follow-up 

care. These findings indicate that there could be benefits from expanding the roles of NPs 

and PAs in patient management both within and outside of the VA – and that the VA model 

for use of NPs and PAs may be broadly useful to help meet the demand for primary care 

providers in the US.
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Appendix

Appendix Figure 1. Consort diagram
51,116 veterans had two years of primary care before a new diagnosis of diabetes (diabetes 

diagnosis was defined by (i) use of ICD-9 code 250.xx at a primary care visit, (ii) any use of 

250.xx twice in 2008, and/or (iii) outpatient prescription of a diabetes drug). Of these, 

35,643 had continuity of primary care from 2006–2012 defined as at least one primary care 

attending visit per calendar year, and 19,601 also had an HbA1c at diagnosis and at least one 

A1c per year from 2008–2012. Less than 2% of patients (n=363) lacked a majority of visits 

with one particular provider type. Because such a small percentage of patients had “mixed” 
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provider type care, we included only the 19,238 patients who were managed either by NPs, 

PAs, or physicians. Of these, 2,821 were managed by NPs, 1,367 managed by PAs, and 

15,050 managed by physicians. NP = nurse practitioner, PA = physician assistant, MD = 

physician (MD and DO).

Appendix Table 1

Managing provider and visit provider concordance for patients of NPs, PAs or physicians

Patient managing provider type NP PA Physician

Total primary care visits per patient, mean 19.6 19.7 19.4

Primary care visits with NPs, mean (%) 16.0 (82.3) 1.2 (6.1) 1.1 (5.3)

Primary care visits with PAs, mean (%) 0.6 (3.1) 15.4 (78.9) 0.6 (2.8)

Primary care visits with Physicians, mean (%) 3.0 (14.5) 3.1 (15.0) 17.7 (92)

Among patients designated as being managed by nurse practitioners (NPs), physician assistants (PAs) or physicians by our 
criteria, mean number and percent of total primary care visits (per patient) from 2006–2012 that were staffed by NPs, PAs 
or physicians.

Appendix Table 2

Median time in days from diagnosis to medication initiation in patients with newly-

diagnosed diabetes managed by NPs, PAs or physicians

Days from diagnosis to
medication prescription,
median, (25th, 75th

percentiles)

NPs PAs Physicians p value,
group

1st oral Rx 0 (0, 8) 0 (0, 29) 0 (0, 28) 0.429

2nd oral Rx 556 (154, 1008) 640 (209,1102) 560 (173, 1030) 0.134

insulin Rx 628 (4, 1177) 559 (1.25, 1117) 537 (1, 1123) 0.481

Time in days from diagnosis to initiation of diabetes medications in patients with newly-diagnosed diabetes who were 
managed by NPs, PAs or physicians. Median time to medication initiation was compared with Kruskal Wallis and 
Wilcoxon test
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Highlights

• Primary care nurse practitioners, physician assistants, and physicians at the 

Veterans Health Administration care for diabetic patients with similar medical 

complexity.

• Patients managed by nurse practitioners, physician assistants, and physicians 

had comparable HbA1c at diagnosis (6.6–6.7%), initiation of first (7.5–7.6%) 

and second (8.0–8.2%) oral medications, initiation of insulin (9.4–9.7%), and 

after 4 years of follow-up (6.5).
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Figure 1. Percent of patients prescribed diabetes medications, and referred to diabetes clinic, 
from 2008–2012 by managing provider type
Bar graphs depicting: percent of patients who completed at least one diabetes specialist 

clinic visit between 2008–2012; percent of patients who were prescribed any diabetes 

medication and/or insulin. DM = diabetes, Rx = prescription. Group P values shown were 

determined by Chi-square test.
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Figure 2. Median HbA1c levels at systematic time points in the natural history of diabetes in 
patients newly-diagnosed in 2008
Box and whisker plots of median patient HbA1c levels compared between patients at various 

time points in the natural history of diabetes: 1) within 12 weeks before/6 weeks after 

diabetes diagnosis, 2) each patient’s mean HbA1c over 5 years from 2008–2012, 3) after 

four years of primary care follow-up in 2012, 4) at initiation of first oral antihyperglycemic 

medication, 5) at initiation of second oral antihyperglycemic medication, and 6) at initiation 

of insulin. Boxes include 25th–75th percentile, dashed lines indicate min-max range, dots 

represent outliers. Group P values shown were calculated using Kruskal-Wallis tests. 

Wilcoxon tests were used to compare HbA1c between two provider groups.
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