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Background: Primary care provided by nurse practitioners
(NPs) and physician assistants (PAs) has been proposed as a solution to expected workforce shortages.
Objective: To examine potential differences in intermediate diabetes outcomes among patients of physician, NP, and PA primary care providers (PCPs).
Design: Cohort study using data from the U.S. Department of
Veterans Affairs (VA) electronic health record.

spectively. The difference in HbA1c values compared with physicians was ⫺0.05% (95% CI, ⫺0.07% to ⫺0.02%) for NPs and
0.01% (CI, ⫺0.02% to 0.04%) for PAs. For SBP, the difference was ⫺0.08 mm Hg (CI, ⫺0.34 to 0.18 mm Hg) for NPs
and 0.02 mm Hg (CI, ⫺0.42 to 0.38 mm Hg) for PAs. For
LDL-C, the difference was 0.01 mmol/L (CI, 0.00 to 0.03
mmol/L) (0.57 mg/dL [CI, 0.03 to 1.11 mg/dL]) for NPs and
0.03 mmol/L (CI, 0.01 to 0.05 mmol/L) (1.08 mg/dL [CI, 0.25
to 1.91 mg/dL]) for PAs. None of these differences were
clinically signiﬁcant.

Setting: 568 VA primary care facilities.
Patients: 368 481 adult patients with diabetes treated
pharmaceutically.
Measurements: The relationship between the profession of the
PCP (the provider the patient visited most often in 2012) and
both continuous and dichotomous control of hemoglobin A1c
(HbA1c), systolic blood pressure (SBP), and low-density lipoprotein cholesterol (LDL-C) was examined on the basis of the mean
of measurements in 2013. Inverse probability of PCP type was
used to balance cohort characteristics. Hierarchical linear mixed
models and logistic regression models were used to analyze
continuous and dichotomous outcomes, respectively.
Results: The PCPs were physicians (n = 3487), NPs (n = 1445),
and PAs (n = 443) for 74.9%, 18.2%, and 6.9% of patients, re-

A

lmost a third of adults who say they have a regular
health care provider visit a physician assistant (PA)
or advanced practice nurse, such as a nurse practitioner (NP), at least once each year (1), and almost half of
U.S. patients with diabetes see an NP or a PA for some
part of their care (2). Approximately a third of primary
care visits in both the U.S. Department of Veterans Affairs (VA) health care system and community health
centers are with NPs or PAs (3, 4). The role of nonphysician primary care providers (PCPs) continues to expand (5, 6). However, concerns have long been expressed as to whether the outcomes achieved by NPs
and PAs are equivalent to those of physicians (7–10).
Further, few studies have compared chronic illness outcomes of primary care provided by PAs versus NPs or
physicians (11, 12).
The purpose of this study was to examine whether
intermediate diabetes outcomes differ among physician, NP, and PA PCPs. Our study improved on previous methods by accounting for case-mix differences in
medical and social complexity among patients of each
provider type, using a national sample, requiring a period of continuous primary care long enough for a PCP
to reasonably affect outcomes (2 years), analyzing out-
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Limitation: Most VA patients are men who receive treatment in
a staff-model health care system.
Conclusion: No clinically signiﬁcant variation was found among
the 3 PCP types with regard to diabetes outcomes, suggesting
that similar chronic illness outcomes may be achieved by physicians, NPs, and PAs.
Primary Funding Source: VA Health Services Research and
Development.
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comes over 1 year (rather than isolated visits), assessing
NPs and PAs as separate provider groups, using electronic health record (EHR) data to accurately identify
the type of provider actually seeing patients (rather
than relying on assigned provider status), and evaluating PAs and NPs in the PCP (as opposed to a supplemental) role.

METHODS
This study used nationwide administrative data from
the VA-EHR. It was approved by the Durham VA Medical
Center's Institutional Review Board (Durham, North
Carolina).
Data Sources and Sample Construction
Construction of the cohort used for this study is
summarized in the Figure, including the number of pa-
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Figure. Cohort construction.

Unique outpatients and
inpatients in FY12 (n = 5 774 903)

Unique patients with at least 2 outpatient
visits or at least 1 inpatient visit with
250.xx code in FY12 (n = 1 049 638)

Unique patients with at least 1 pharmacy
fill of insulin or oral hypoglycemic agent
in FY12 (n = 830 602)

Unique adult patients with at least 1 primary
care visit in FY12 and FY13 (stop codes 322,
323, 342, 348) and at least 1 outpatient
visit in FY13 with 250.xx code (n = 723 748)

Unique patients assigned to a VA facility
with ≥100 patients in FY12,
with consistent identifiers, and with the same
assigned VA facility and unique provider in
FY12 and FY13 (n = 466 814)

Patients not assigned to resident physician,
assigned to VA facility <1000 miles
from home ZIP code and in 50 states
or DC, and with BMI data (n = 446 445)

Patients not assigned to a VA facility with
only 1 provider type (n = 368 524)

Patients remaining in propensity score
model with BMI between 13 and 85 kg/m2
(n = 368 481)

NP patients (n = 67 120)

PA patients (n = 25 352)

Physician patients
(n = 276 009)

BMI = body mass index; DC = District of Columbia; FY12 = ﬁscal year
2012; FY13 = ﬁscal year 2013; NP = nurse practitioner; PA = physician
assistant; VA = U.S. Department of Veterans Affairs.

tients included and excluded at each stage of the process. Our sample consisted of adults (aged ≥18 years)
with pharmaceutically treated prevalent diabetes who
were seen at VA primary care clinics. Patients must have
had a diabetes diagnosis (International Classiﬁcation of
Diseases, Ninth Revision, Clinical Modiﬁcation codes
250.xx) associated with at least 1 VA inpatient admission or at least 2 VA outpatient visits in ﬁscal year 2012
(FY12) and a ﬁlled prescription for insulin or an oral
hyperglycemic agent (see Appendix Table 1 [available
at Annals.org] for speciﬁc codes) in the same year. They
must have had at least 1 VA primary care visit in FY12,
identiﬁed by VA administrative codes indicating a primary care clinic (see Appendix Table 1 for speciﬁc
codes). Persons were excluded if they did not also have
an outpatient visit with a diabetes diagnosis in ﬁscal
year 2013 (FY13; 1 October 2012 to 30 September
2013).
Each patient was assigned a “home” VA facility,
which was the clinic most frequently visited for primary
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care in FY12. For a patient to remain in the cohort, his
or her home VA facility had to have at least 100 eligible
veterans with diabetes in FY12. The same procedure was
used to determine the patient's home clinic and PCP in
FY13. To ensure consistency in the patient–provider relationship, we excluded veterans whose PCP assignment
changed between FY12 and FY13. Patients who most frequently saw a physician resident were ineligible for the
study because of the dual responsibility of care held by
both the resident and attending physician. We also excluded veterans whose home VA facility was more than
1000 miles from their home ZIP code or was not in 1 of
the 50 states or the District of Columbia. We did not include patients with inconsistent identiﬁers in the VA Corporate Data Warehouse or those without information on
body mass index (BMI). Finally, we examined only patients
from VA facilities where at least 2 PCP types practiced.
This restriction was necessary because the positivity assumption of propensity score weighting would not be
met if patients could have seen only a physician because
their home VA facility had only physician PCPs. Therefore,
it would have been statistically inappropriate to include
practices with only 1 type of PCP (13).
Provider Type
The provider most often visited at a patient's home
VA primary care clinic in FY12 was considered to be his
or her PCP. The provider type (that is, physician, NP, or
PA) for each PCP was determined on the basis of his or
her profession code maintained by the VA.
Outcome
We examined the association between provider type
and the outcomes of continuous level and dichotomous
control of hemoglobin A1c (HbA1c), systolic blood pressure
(SBP), and low-density lipoprotein cholesterol (LDL-C) on the
basis of mean values in FY13. Because serious acute illness may produce nonrepresentative blood pressure
readings, measures obtained within 1 day before or after
an inpatient hospital stay were excluded. Continuous outcomes included the mean of all outpatient HbA1c, SBP,
and LDL-C measurements in FY13. Control outcome definitions were based on clinical practice guidelines in place
in 2013, including mean HbA1c concentration less than
7.0%, mean SBP less than 130 mm Hg (14), and mean
LDL-C level below 2.59 mmol/L (100 mg/dL) (15). Systolic
blood pressure was used as the outcome for blood pressure because its association with cardiovascular disease
risk is greater than that of diastolic blood pressure, making it more appropriate for establishing a priori deﬁnitions
of clinical signiﬁcance (16 –18).
Statistical Analysis
All statistical analyses were performed by using
SAS, version 9.4 (SAS Institute). To address the possibility that characteristics of patients seen by physicians,
NPs, and PAs might differ, we used inverse probability
of PCP-type weighting (that is, inverse probability of
“treatment” weighting), whereby the weights were the
inverse of the propensity score computed for the probability of the patient having the type of provider he or
she was observed to have (19). The propensity scores
Annals.org
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Table 1. Unweighted Sample Characteristics for FY12*
Characteristic

Patient
Male
Age group
<40 y
40–<65 y
65–<80 y
≥80 y
Mean age (SD), y
Race
White
American Indian/Alaska Native
Asian American
Black/African American
Native Hawaiian/other Paciﬁc Islander
Missing or unknown
Hispanic ethnicity
Marital status
Currently married
Never married
Previously married
Unknown
Homeless at any time during the year
Copay status
Must pay copay
No copay because of disability
No copay because of low income
Unknown
Mental health diagnosis
Mood disorder
Posttraumatic stress disorder
Dementia
Substance use disorder
Other
DCG risk score category
<0.5
0.5–<1.0
1.0–<1.5
1.5–<2.0
2.0–<2.5
≥2.5
Mean DCG risk score (SD)
Distance from a VA primary care clinic
<5 mi
5–<25 mi
25–<50 mi
≥50 mi
Missing
Mean distance from VA primary
care clinic (SD), mi
Baseline BMI
<18.5 kg/m2
18.5–<25.0 kg/m2
25.0–<30.0 kg/m2
30.0–<35.0 kg/m2
35.0–<40.0 kg/m2
≥40.0 kg/m2
Mean BMI (SD), kg/m2
Mean visits in which the patient was assigned
as having seen a provider (SD), %

PCP Type, %†

Differences Between
PCP Types

NP
(n ⴝ 67 120)

PA
(n ⴝ 25 352)

Physician
(n ⴝ 276 009)

Physician vs.
NP

Physician vs.
PA

PA vs.
NP

95.0

97.2

97.0

11.5

−0.8

10.8

1.1
50.8
38.5
9.6
65.2 (10.2)

1.0
49.8
39.4
9.8
65.5 (10.0)

0.9
51.4
38.4
9.3
65.2 (10.0)

−1.8
1.2
−0.2
−1.0
−0.3

−1.1
3.2
−2.0
−1.7
−2.9

−0.6
−2.0
1.8
0.7
2.5

72.3
0.7
0.4
17.4
0.9
8.3
3.8

74.7
0.8
0.3
15.5
0.9
7.8
3.6

69.9
0.7
0.6
19.5
1.2
8.2
4.8

−5.2
−0.1
1.8
5.3
2.4
−0.2
4.7

−10.5
−0.8
3.5
10.0
2.4
1.5
5.7

5.4
0.7
−2.0
−5.0
0
−1.7
−1.1

59.3
11.4
29.0
0.3
1.9

61.7
9.8
28.3
0.2
1.4

59.7
11.1
29.0
0.3
1.8

0.9
−1.1
−0.1
−0.7
−0.2

−4.0
3.9
1.5
1.3
3.0

4.9
−5.0
−1.6
−2.0
−3.2

19.4
52.3
26.6
1.7

20.1
52.6
25.9
1.3

17.2
55.2
26.3
1.4

−5.8
5.8
−0.7
−3.0

−7.8
5.1
0.9
0.2

1.8
0.7
−1.5
−3.0

24.4
14.0
2.7
7.8
6.2

23.2
13.5
2.9
6.5
5.8

24.0
14.4
3.2
7.8
6.0

−1.0
1.3
2.5
−0.3
−0.9

1.9
2.7
1.5
4.7
0.7

−2.9
−1.5
1.1
−5.0
−1.7

51.8
17.4
12.9
6.6
3.7
7.6
0.9 (1.2)

53.1
16.3
12.6
6.8
3.9
7.2
0.9 (1.2)

49.6
16.9
12.9
7.3
4.3
9.1
1.0 (1.4)

−4.4
−1.5
0.2
2.6
2.6
5.4
7.0

−7.0
1.4
0.9
1.8
2.1
6.4
7.6

2.6
−2.9
−0.7
0.8
0.6
−1.1
−0.8

25.3
50.1
16.2
7.2
1.1
19.2 (35.1)

23.9
48.6
18.7
8.2
0.6
21.2 (39.0)

22.7
52.2
16.6
7.9
0.7
20.3 (39.1)

−6.4
4.1
1.2
2.6
−5.5
3.0

−2.9
7.1
−5.6
−1.3
1.1
−2.1

−3.4
−3.1
6.8
4.0
−5.8
5.5

0.2
9.0
29.1
31.8
18.0
12.0
32.5 (6.4)
77.0 (25.1)

0.2
8.7
29.2
32.0
17.9
12.0
32.5 (6.4)
77.9 (24.7)

0.2
9.3
29.3
31.3
18.1
11.8
32.4 (6.5)
75.3 (25.8)

1.0
1.2
0.5
−1.1
0.1
−0.6
−1.1
−6.4

1.4
2.2
0.2
−1.6
0.4
−0.7
−1.5
−10.0

−0.4
−1.0
0.3
0.6
−0.3
0
0.4
3.7

Continued on following page
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Table 1—Continued
Characteristic

PCP Type, %†

NP
(n ⴝ 67 120)
Facility
Endocrinology/specialty diabetes services available‡
RUCA status§
Metropolitan area core (largest urban areas)
Metropolitan area core—remaining levels
Micropolitan area core
Small town or rural area
Region
Northeast
West
Midwest
South
Diabetes control in FY12
Mean HbA1c level (SD), %
Mean SBP (SD), mm Hg
Mean LDL-C level (SD), mg/dL兩兩
Patients with control of HbA1c levels
Patients with control of SBP
Patients with control of LDL-C levels

PA
(n ⴝ 25 352)

Differences Between
PCP Types
Physician
(n ⴝ 276 009)

Physician vs.
NP

Physician vs.
PA

PA vs.
NP

41.4

43.8

55.2

27.7

22.8

4.9

74.7
8.5
12.3
4.6

67.2
16.4
13.1
3.2

77.5
12.2
7.8
2.5

6.9
11.7
−15.9
−12.8

24.5
−12.6
−19.5
−5.0

−16.8
25.8
2.7
−6.7

22.1
21.2
28.0
28.7

22.9
12.3
26.8
38.0

14.8
17.0
23.8
44.3

−19.7
−11.0
−9.7
32.0

−22.4
12.7
−6.9
12.8

2.0
−22.9
−2.7
20.1

2.7
2.2
−4.8
−2.5
−1.7
3.8

0.6
2.9
−4.2
1.3
−1.7
4.2

2.1
−0.8
−0.7
−3.8
0
−0.3

7.6 (1.5)
132.9 (13.0)
87.2 (29.9)
39.6
41.4
72.1

7.6 (1.4)
132.8 (12.9)
87.0 (29.7)
37.8
41.4
72.0

7.6 (1.5)
133.1 (13.2)
85.8 (29.6)
38.4
40.6
73.8

BMI = body mass index; DCG = diagnostic cost group; FY12 = ﬁscal year 2012; HbA1c = hemoglobin A1c; LDL-C = low-density lipoprotein
cholesterol; NP = nurse practitioner; PA = physician assistant; PCP = primary care provider; RUCA = rural– urban commuting area; SBP = systolic
blood pressure; VA = U.S. Department of Veterans Affairs.
* The continuous variables for age, distance from a VA medical center, DCG risk score, and BMI and unweighted variables on diabetes control in
FY12 were not included as variables in the propensity score model but are included here for descriptive purposes. Percentages may not sum to 100
due to rounding.
† Unless otherwise indicated.
‡ Indicates that a facility had ≥500 VA encounter/stop codes for endocrinology and/or specialty diabetes services from any patient in FY12.
§ Designation of rural and urban areas represents a combination of the 10 RUCA codes, which are described at http://depts.washington.edu/
uwruca/ruca-codes.php. Metropolitan area core corresponds to code 1, metropolitan area core—remaining levels corresponds to codes 2 and 3,
micropolitan area core corresponds to codes 4 – 6, and small town or rural area corresponds to codes 7–10.
兩兩 To convert LDL-C values from mg/dL to mmol/L, multiply by 0.0259.

were computed from 3 separate logistic regression
models to predict each provider type versus another
(SAS PROC LOGISTIC). Each model had the same covariates, including demographic characteristics, social
complexity measures, health status, access to services,
and facility practice patterns. Demographic characteristics included sex, age, race, and ethnicity. Social complexity measures included marital status, homelessness, and mental health diagnoses. Health status was
measured by using the prospective diagnostic cost
group (DCG) score calculated by the VA, as well as the
patient's BMI. The DCG scale was originally designed
to predict cost of care but has been validated to measure medical complexity within the VA population (20,
21). The algorithm uses demographic and diagnostic
information to assign each patient a DCG score,
normed so that the average Medicare patient has a
score equal to 1 (22). Body mass index was calculated
on the basis of height and weight data from the EHR
(see Appendix Table 1 for details). Access-to-services
measures included copay status, travel distance to the
VA health center, availability of specialized diabetes
services at the VA clinic (proxy for facility complexity
and highly correlated with facility size), rurality of the
VA clinic based on the ZIP code version of the Rural
Urban Community Area codes (23), and the U.S. region
where the clinic was located. To account for potential
828 Annals of Internal Medicine • Vol. 169 No. 12 • 18 December 2018
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differences in continuity of care among patients with
physician, NP, or PA PCPs, our propensity score model
included a variable representing the proportion of visits
patients made to their assigned PCP. Because our previous work found that PCP assignment was not associated with state scope-of-practice regulations, we did
not include a variable for scope of practice in our propensity score model (24).
All patient-level variables were obtained from VAEHR data from FY12. To assess the balance of patient
characteristics among groups (that is, physicians, NPs,
and PAs), we evaluated standardized mean differences
(PROC FREQ). The standardized mean difference is the
difference in means or proportions divided by their
pooled SE, then multiplied by 100. Imbalance typically
is deﬁned as an absolute value greater than 10 (19).
Weighted hierarchical linear mixed models with 2
independent random intercepts to account for clustering by both VA facility and PCP were used to analyze
the association between PCP type and continuous outcomes (PROC MIXED). These models were coupled
with empirical “sandwich” SEs to account for sampling
variability in estimating the weights. Logistic regression
models ﬁt with generalized estimating equations and
an exchangeable correlation structure and empirical
SEs to account for within-facility clustering were ﬁt to
examine the association between PCP type and dichotAnnals.org
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Table 2. Inverse Probability of Treatment-Weighted Sample Characteristics for FY12*
Characteristic

Patient
Male
Age group
<40 y
40–<65 y
65–<80 y
≥80 y
Mean age (SD), y
Race
White
American Indian/Alaska Native
Asian American
Black/African American
Native Hawaiian/other Paciﬁc Islander
Missing or unknown
Hispanic ethnicity
Marital status
Currently married
Never married
Previously married
Unknown
Homeless at any time during the year
Copay status
Must pay copay
No copay because of disability
No copay because of low income
Unknown
Mental health diagnosis
Mood disorder
Posttraumatic stress disorder
Dementia
Substance use disorder
Other
DCG risk score category
<0.5
0.5–<1.0
1.0–<1.5
1.5–<2.0
2.0–2.5
≥2.5
Mean DCG risk score (SD)
Distance from VA primary care clinic
<5 mi
5–<25 mi
25–50 mi
≥50 mi
Missing
Mean distance from a VA primary
care clinic (SD), mi
Baseline BMI
<18.5 kg/m2
18.5–<25.0 kg/m2
25.0–<30.0 kg/m2
30.0–<35.0 kg/m2
35.0–<40.0 kg/m2
≥40.0 kg/m2
Mean BMI (SD), kg/m2
Mean visits in which the patient was assigned
as having seen a provider (SD), %

PCP Type, %†

Standardized Differences
Between PCP Types

NP
(n ⴝ 67 120)

PA
(n ⴝ 25 352)

Physician
(n ⴝ 276 009)

96.6

96.7

96.7

0.9
51.0
38.6
9.5
65.2 (23.4)

0.9
50.8
38.8
9.4
65.2 (38.3)

70.8
0.8
0.5
18.7
1.1
8.2
4.3

Physician vs.
NP

Physician vs.
PA

PA vs.
NP

0.3

−0.3

0.6

0.9
51.2
38.5
9.4
65.2 (11.6)

0.3
0.3
−0.1
−0.4
−0.1

0
0.7
−0.6
−0.1
0.2

0.3
−0.4
0.5
−0.2
−0.1

70.8
0.7
0.5
18.9
1.1
8.0
4.6

70.7
0.7
0.5
18.8
1.1
8.2
4.5

−0.1
−0.5
−0.2
0.3
0.3
0
1.3

−0.3
−0.1
0
−0.1
0.3
0.5
−0.2

0.1
−0.4
−0.2
0.4
−0.1
−0.6
1.6

59.5
11.1
29.1
0.3
1.8

59.9
11.0
28.9
0.3
1.8

59.7
11.0
28.9
0.3
1.8

0.4
−0.1
−0.3
−0.1
0.1

−0.2
0.3
0.1
0
0.4

0.6
−0.4
−0.4
0
−0.3

18.0
54.1
26.4
1.5

17.7
54.5
26.3
1.4

17.8
54.5
26.3
1.4

−0.5
0.6
−0.2
−0.4

0.3
−0.2
−0.1
0.1

−0.7
0.8
−0.2
−0.4

23.8
14.2
3.1
7.7
6.1

24.0
14.3
3.1
7.7
6.0

24.0
14.3
3.1
7.7
6.0

0.4
0.2
−0.3
0.1
−0.5

0.1
−0.3
0
0
−0.2

0.3
0.4
−0.3
0
−0.3

50.2
16.9
13.0
7.1
4.2
8.6
1.0 (3.0)

50.1
16.8
13.0
7.1
4.2
8.8
1.0 (5.1)

50.2
16.9
12.9
7.1
4.1
8.7
1.0 (1.6)

0.1
−0.1
−0.2
0.1
−0.1
0.2
0.7

0.3
0.4
−0.3
0
−0.3
−0.5
−0.1

−0.2
−0.5
0
0.1
0.2
0.7
0.4

23.9
50.5
16.7
8.2
0.7
20.0 (82.7)

23.0
51.5
16.7
8.0
0.7
20.6 (146.1)

23.2
51.5
16.7
7.8
0.7
20.3 (45.4)

−1.6
1.9
0.2
−1.3
−0.1
0.5

0.6
−0.1
0.1
−0.9
0
−0.6

−2.1
2.0
0.1
−0.4
−0.1
0.6

0.2
9.3
29.3
31.5
17.9
11.8
32.4 (14.9)
76.2 (59.0)

0.2
9.2
29.2
31.4
18.1
11.8
32.5 (24.6)
75.6 (96.6)

0.2
9.2
29.3
31.4
18.0
11.8
32.5 (7.5)
75.8 (29.7)

−0.1
−0.2
−0.1
−0.2
0.3
0.2
0.4
−1.0

0
0
0
0
−0.1
0.2
0.1
0.5

0
−0.2
−0.1
−0.1
0.5
0
0.2
−0.8
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Table 2—Continued
Characteristic

PCP Type, %†

NP
(n ⴝ 67 120)
Facility
Endocrinology/specialty diabetes services available‡
RUCA status§
Metropolitan area core (largest urban areas)
Metropolitan area core—remaining levels
Micropolitan area core
Small town or rural area
Region
Northeast
West
Midwest
South
Diabetes control in FY12
Mean HbA1c level (SD), %
Mean SBP (SD), mm Hg
Mean LDL-C level (SD), mg/dL兩兩
Patients with control of HbA1c levels
Patients with control of SBP
Patients with control of LDL-C levels

PA
(n ⴝ 25 352)

Standardized Differences
Between PCP Types
Physician
(n ⴝ 276 009)

Physician vs.
NP

Physician vs.
PA

PA vs.
NP

50.4

52.4

51.8

2.8

−1.2

4.0

75.8
12.3
9.2
2.7

76.3
11.6
9.2
3.0

76.3
11.8
9.0
2.9

1.1
−1.4
−0.8
1.1

0
0.9
−0.6
−0.5

1.2
−2.2
−0.1
1.6

17.1
17.9
24.9
40.1

16.1
17.5
25.1
41.3

16.7
17.5
24.8
41.0

−1.1
−1.1
−0.2
1.8

1.8
−0.2
−0.6
−0.7

−2.8
−0.9
0.4
2.5

1.8
0.8
−1.8
−1.7
−0.5
1.8

−0.2
1.1
−2.8
0.7
−0.6
3.0

1.0
−0.2
0.6
−1.3
0.1
−0.7

7.6 (3.4)
133.0 (30.3)
86.7 (69.7)
39.6
41.1
72.5

7.6 (5.6)
132.9 (49.4)
87.2 (114.8)
37.9
41.2
71.6

7.6 (1.7)
133.1 (15.3)
85.9 (34.2)
38.4
40.7
73.7

BMI = body mass index; DCG = diagnostic cost group; FY12 = ﬁscal year 2012; HbA1c = hemoglobin A1c; LDL-C = low-density lipoprotein
cholesterol; NP = nurse practitioner; PA = physician assistant; PCP = primary care provider; RUCA = rural– urban commuting area; SBP = systolic
blood pressure; VA = U.S. Department of Veterans Affairs.
* The continuous variables for age, distance from a VA medical center, DCG risk score, and BMI, and diabetes control in FY12 were not included
as variables in the propensity score model but are included here for descriptive purposes. Percentages may not sum to 100 due to rounding.
† Unless otherwise indicated.
‡ Indicates that a facility had ≥500 VA encounter/stop codes for endocrinology and/or specialty diabetes services from any patient in FY12.
§ Designation of rural and urban areas represents a combination of the 10 RUCA codes, which are described at http://depts.washington.edu/
uwruca/ruca-codes.php. Metropolitan area core corresponds to code 1, metropolitan area core—remaining levels corresponds to codes 2 and 3,
micropolitan area core corresponds to codes 4 – 6, and small town or rural area corresponds to codes 7–10.
兩兩 To convert LDL-C values from mg/dL to mmol/L, multiply by 0.0259.

omous control outcomes (PROC GENMOD). To interpret the results, we set a priori thresholds for clinical
signiﬁcance of observed differences of 0.3% for HbA1c
concentration, 3.0 mm Hg for SBP, and 0.13 mmol/L
(5.0 mg/dL) for LDL-C level, and a 20% difference in
odds (for example, an odds ratio of 1.2) for differences
in outcome control. This was done because the large
number of patients in the sample may have led us to
ﬁnd differences that were statistically but not clinically
signiﬁcant. For additional interpretability, we estimated
additive differences in proportions for the control out-

comes by using estimated differences in probabilities
from PROC GENMOD. Corresponding 95% CIs were
estimated by using 1000 bootstrapped samples and
obtaining the 2.5th and 97.5th percentiles of the estimated differences among the bootstrapped estimates.
To address the possibility that differences in the
mix of PCPs by site and outcomes may have led to confounding by site, we stratiﬁed the analysis of continuous
outcomes by site. This was done to ascertain whether the
median treatment effect across sites remained essentially
zero and to determine the number of sites with “near-

Table 3. Model-Estimated Means and Percentages of Patients Meeting Deﬁnitions of Intermediate Outcome Control in FY13,
by PCP Type*
PCP Type

NP
PA
Physician

HbA1c†

SBP‡

Patients With
Measurements,
n

Estimated
Mean Level
(95% CI), %

Patients
With Control
(95% CI), %

Patients With
Measurements,
n

Estimated
Mean
(95% CI),
mm Hg

Patients
With Control
(95% CI), %

63 246
23 789
263 209

7.53 (7.51–7.56)
7.59 (7.56–7.62)
7.58 (7.56–7.61)

40.04 (39.16–40.92)
38.43 (37.39–39.48)
38.67 (38.14–39.20)

66 442
25 147
274 873

133.03 (132.72–133.34)
133.09 (132.66–133.51)
133.11 (132.74–133.47)

36.07 (35.02–37.13)
36.29 (34.89–37.71)
35.81 (35.11–36.51)

FY13 = ﬁscal year 2013; HbA1c = hemoglobin A1c; LDL-C = low-density lipoprotein cholesterol; NP = nurse practitioner; PA = physician assistant;
PCP = primary care provider; SBP = systolic blood pressure.
* Weighted means and weighted percentages of patients with control of intermediate outcomes are based on modeled estimates.
† Data on outcomes were missing for 18 237 patients.
‡ Data on outcomes were missing for 2019 patients.
§ Data on outcomes were missing for 42 247 patients.
兩兩 To convert LDL-C values from mg/dL to mmol/L, multiply by 0.0259.
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zero” effects. For outlier sites— deﬁned as those with observed treatment effects in the lowest or highest ﬁfth
percentile—we examined whether the numbers of both
providers and patients differed at sites where anomalies
were seen. In particular, stratiﬁed results were calculated
by running the described models on data from each site
separately. Because the sample size was too constrained
within sites to estimate a site-speciﬁc propensity score by
using the large number of covariates in our original speciﬁcation, we examined the stratiﬁed results by using models weighted from our original analysis weights, as well as
unweighted models, to assess the potential for unaddressed site-level confounding (PROC MIXED and PROC
GENMOD).
Finally, to address the possibility that results may
have reﬂected differences in the percentages of NP,
PA, and physician patients comanaged by endocrinologists, we compared the weighted average percentages of NP, PA, and physician patients who received
endocrinology or specialized diabetes services, setting
a 10 –percentage point difference as an a priori threshold for clinical signiﬁcance. In addition, to examine the
robustness of the results among patients with various
levels of clinical complexity, we conducted 2 sensitivity
analyses. These analyses dichotomized patients by
health status (DCG scores >2.0 and ≤2.0) and complexity of diabetes medication regimen (receiving and not
receiving insulin). We computed SEs for the sensitivity
analyses using maximum likelihood model– based SEs
because of runtime constraints.
Role of the Funding Source
The funding source had no role in the design or
conduct of the study; the collection, management,
analysis, or interpretation of the data; or the preparation, review, or approval of the manuscript.

RESULTS
The sample included 368 481 patients from 568 VA
primary care facilities. The PCPs were physicians (n =
3487), NPs (n = 1445), and PAs (n = 443) for 74.9% (n =
276 009), 18.2% (n = 67 120), and 6.9% (n = 25 352) of
patients, respectively. In 2013, patients of NPs, PAs,

Table 3—Continued

LDL-C§
Patients With
Measurements,
n

Estimated
Mean Level
(95% CI),
mg/dL円円

Patients
With Control
(95% CI), %

59 037
22 151
245 046

85.47 (84.72–86.21)
85.97 (84.99–86.95)
84.89 (84.16–85.63)

74.13 (73.11–75.12)
73.23 (72.02–74.40)
75.15 (74.53–75.75)
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and physicians had a mean of 4.1 (SD, 3.6), 4.1 (SD,
3.5), and 4.0 (SD, 3.6) primary care visits, respectively.
On average, 75.8% of primary care visits were with the
identiﬁed PCP. Information on the number of visits and
intermediate outcome measurements obtained, by PCP
type, may be found in Appendix Table 2 (available at
Annals.org).
Mirroring the VA patient population, 96.7% of patients were men and the mean age was 65.2 years (SD,
10.0). Most patients were white (70.7%) or African
American (18.8%), and 4.5% were Hispanic.
Minor unweighted baseline differences were found
(that is, before propensity score weights were applied)
among patients assigned to physicians, NPs, and PAs
(Table 1). Women were more likely to have NP PCPs,
with 95% of NP patients being male, compared with
97% of physician and PA patients. Patients of physician
PCPs had modestly higher unweighted DCG scores
(mean, 1.00 [SD, 1.37]) than patients of NPs (mean, 0.90
[SD, 1.23]) and PAs (mean, 0.89 [SD, 1.25]), but baseline BMI values were similar across PCP types.
The balance among patient characteristics after inverse probability of treatment weighting was applied is
shown in Table 2. Our weighted sample was exceptionally well balanced. No standardized differences were
greater than 4.0, and the vast majority were less than 1,
including those for key characteristics of sex, age, race,
ethnicity, copay status, DCG score, and BMI. We examined the distribution of propensity scores (inverse of
weights for the PCP types) and found overlap (data not
shown).
Table 3 contains the weighted mean HbA1c, SBP,
and LDL-C values and percentages of patients with
HbA1c, SBP, and LDL-C control, by PCP type, for FY13.
Table 4 shows the differences in mean HbA1c, SBP, and
LDL-C values and the degree of guideline-concordant
control among patients with physician, NP, and PA
PCPs. Although some differences were statistically signiﬁcant, we estimated no differences across PCP types
that met our a priori deﬁnitions of clinical signiﬁcance.
Compared with values for physicians, model-estimated
HbA1c differences were ⫺0.05% (95% CI, ⫺0.07% to
⫺0.02%) for NPs and 0.01% (CI, ⫺0.02% to 0.04%) for
PAs, SBP differences were ⫺0.08 mm Hg (CI, ⫺0.34 to
0.18 mm Hg) for NPs and 0.02 mm Hg (CI, ⫺0.42 to
0.38 mm Hg) for PAs, and LDL-C differences were 0.01
mmol/L (CI, 0.00 to 0.03 mmol/L) (0.57 mg/dL [CI, 0.03
to 1.11 mg/dL]) for NPs and 0.03 mmol/L (CI, 0.01 to
0.05 mmol/L) (1.08 mg/dL [CI, 0.25 to 1.91 mg/dL]) for
PAs. No clinically signiﬁcant differences were found in
the odds for control of the 3 dichotomous intermediate
diabetes outcomes or for simultaneous control of all 3
intermediate outcomes, which had an odds ratio of
1.04 (CI, 0.99 to 1.09) for NPs versus physicians and
0.98 (CI, 0.91 to 1.04) for PAs versus physicians. Results
indicating no clinically important differences held on
examination of patients with DCG scores above 2.0 and
of 2.0 or below and patients receiving and not receiving insulin (Appendix Tables 3 and 4, available at Annals.org).
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Table 4. Model-Estimated Differences in FY13 for Intermediate Diabetes Outcomes*
Outcome

NPs vs. Physicians

PAs vs. Physicians

PAs vs. NPs

Continuous difference in means of intermediate outcomes (95% CI)
–0.05 (−0.07 to –0.02)
HbA1c level, %
SBP, mm Hg
−0.08 (−0.34 to 0.18)
LDL-C level, mg/dL†
0.57 (0.03 to 1.11)

0.01 (−0.02 to 0.04)
0.02 (−0.42 to 0.38)
1.08 (0.25 to 1.91)

0.06 (0.02 to 0.09)
0.06 (−0.35 to 0.48)
0.50 (−0.39 to 1.40)

Odds ratio for differences in intermediate outcome control (95% CI)
HbA1c level <7%
1.06 (1.02 to 1.10)
SBP <130 mm Hg
1.02 (0.98 to 1.07)
LDL-C level <100 mg/dL†
0.95 (0.90 to 0.99)
Simultaneous control of intermediate outcomes
1.04 (0.99 to 1.09)

0.99 (0.95 to 1.04)
1.04 (0.98 to 1.10)
0.90 (0.85 to 0.96)
0.98 (0.91 to 1.04)

0.93 (0.88 to 0.99)
1.02 (0.95 to 1.09)
0.95 (0.89 to 1.03)
0.94 (0.87 to 1.02)

−0.24 (−1.39 to 0.83)
−0.24 (−0.34 to 2.40)
−1.92 (−3.03 to –0.86)
−0.24 (−0.96 to 0.45)

−1.61 (−2.91 to –0.34)
−0.61 (−0.34 to 2.10)
−0.90 (−2.22 to 0.49)
−0.61 (−1.48 to 0.24)

Additive difference in intermediate outcome control (95% CI), percentage points
HbA1c level <7%
1.36 (0.51 to 2.24)
SBP <130 mm Hg
0.37 (−0.44 to 1.60)
LDL-C level <100 mg/dL†
−1.02 (−2.02 to –0.11)
Simultaneous control of intermediate outcomes
0.37 (−0.18 to 0.94)

FY13 = ﬁscal year 2013; HbA1c = hemoglobin A1c; LDL-C = low-density lipoprotein cholesterol; NP = nurse practitioner; PA = physician assistant;
SBP = systolic blood pressure; VA = U.S. Department of Veterans Affairs.
* Continuous outcomes were estimated by using linear mixed models with provider- and VA site–level random intercepts paired with empirical
sandwich SEs. Binary control outcomes were estimated by using a logistic regression model ﬁt with generalized estimating equations, with
clustering by VA site and empirical sandwich SEs. All models incorporated inverse probability of provider assignment weights and included
provider type as the only covariate in the model.
† To convert LDL-C values from mg/dL to mmol/L, multiply by 0.0259.

The comparison of outcomes for PAs versus NPs
(reference group) yielded similar results, with no clinically signiﬁcant differences (Table 4). Differences in
model-estimated mean intermediate outcomes for PAs
versus NPs were 0.06% (CI, 0.02% to 0.09%) for HbA1c
concentration, 0.06 mm Hg (CI, ⫺0.35 to 0.48 mm Hg)
for SBP, and 0.01 mmol/L (CI, 0.01 to 0.04 mmol/L)
(0.50 mg/dL [CI, ⫺0.39 to 1.40 mg/dL]) for LDL-C level.
No clinically signiﬁcant differences were found in control of intermediate outcomes, including simultaneous
control (odds ratio, 0.94 [CI, 0.87 to 1.02]). Results indicating no clinically important differences held on examination of patients with DCG scores above 2.0 and of
2.0 or below and patients receiving and not receiving
insulin (Appendix Tables 3 and 4).
We observed no clinically signiﬁcant difference
in the weighted average proportions of NP, PA, and
physician patients with diabetes who used endocrinology or specialty diabetes services— 8.5%, 9.8%,
and 9.2%, respectively— during the year outcomes
were calculated.
Finally, analysis of potential confounding by site or
location related to staff-mix variations indicated that
such confounding was unlikely. The median treatment
effect difference over all sites between any 2 provider
types remained essentially zero (HbA1c concentration,
⫺0.04%; SBP, 0.01 mm Hg; and LDL-C level, 0.01
mmol/L [0.38 mg/dL]). In addition, most sites had nearzero effects of provider type. However, a few nonsystematic outlier sites had larger effects equally in both
directions (for example, physician outcomes were better than PA outcomes, and vice versa). We found that
these clinics, on average, saw fewer patients with diabetes. Further, these centers frequently had only 1
provider of a given PCP type, typically an NP or a PA.
Therefore, results from these outlying sites seem to
have been driven largely by the behavior of a single
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provider. Taken together, stratiﬁed results do not suggest confounding but seem to reﬂect the natural variation one would expect to observe in provider behavior.
The average effect among providers, including after
stratiﬁcation by site—and within site for many locations—
was still essentially the same with regard to these clinical outcomes.

DISCUSSION
Using diabetes as a model, we investigated whether
patients with NPs or PAs as their PCPs had chronic illness
outcomes different from patients seen by physicians. We
did not observe clinically signiﬁcant differences in intermediate diabetes outcomes or the control of those outcomes among patients with NP, PA, or physician PCPs.
These results held when we examined only patients with
medical complexity, speciﬁcally those receiving insulin or
with poorer health status (DCG score >2.0). Further, we
found no meaningful difference in the percentage of NP,
PA, and physician patients who also were using endocrinology or specialty diabetes services.
The present study addressed key methodologic
challenges that might affect conclusions regarding outcome differences based on provider type. First, we
used data from the VA-EHR (25, 26), which identiﬁes
the provider or clinician who actually conducts inperson encounters and connects that record to a code
indicating the profession of that person. Other data
sources often underestimate NP and PA care. Medicare
data, for example, may present a biased underrepresentation of care by NPs and PAs, because a substantial
number of these providers bill for Medicare services
“incident to” their supervising physicians. In other
words, services are provided by an NP or a PA but
charged under the collaborating physician's billing
number to take advantage of reimbursement rules,
Annals.org
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meaning that PA or NP involvement cannot be identiﬁed. A survey of NPs found that among those who
worked with physicians, 29% billed all their services
and 24% billed some of their services incident to physician care (27).
Unlike studies examining PCP assignment and outcomes simultaneously, we limited our analysis to patients who had a PCP consistently for 2 years (by using
visit-level data) so that the PCP would have cared for
the patient long enough to affect outcomes. In addition, we based our calculation of outcomes on an entire
follow-up year, as opposed to information gathered at
a single visit or from a limited number of observations,
and analyzed data at the patient level as opposed to
the facility level (28, 29).
The present study examined outcomes among
more than 368 000 patients in more than 560 clinical
settings across the United States. High-quality clinical
trials found that NPs and physicians provide primary
care with equivalent outcomes (30 –35). However, most
of those studies had small patient samples and compared care provided by a small number of physicians
and NPs in very limited settings. Although the trials had
the advantage of randomization, the lack of differences
they found in outcomes may reﬂect something unique
about the speciﬁc clinicians or organizations involved.
In addition, the role of NPs and PAs in different settings
may vary widely. Although the VA represents a national
health care system, the organization, quality, and processes of care, including the use and precise roles of
NPs and PAs (3, 29, 36), differ among its locations (37–
39). Finally, our statistical analysis was designed to reduce the potential for results being affected by different types of providers seeing patients with different
characteristics (by using propensity score techniques),
to account for clustering due to several patients being
seen within the same clinics and by the same providers
(by using hierarchical analyses), and to explicitly recognize that the large number of patients in the study
might lead to statistically signiﬁcant results with little
practical importance (by using a priori deﬁnitions of
clinical signiﬁcance).
The study had limitations and considerations that
should be noted. First, VA patients are predominantly
male and are older and sicker than the general population (40). Although it seems unlikely that differences
among provider types would be greater in systems
serving younger, healthier patients, we cannot rule this
out. In addition, although we based patient and provider characteristics on 1 year and looked at outcomes
the next year, diabetes cases in the present study were
prevalent and not incident, and we do not have longterm information regarding disease trajectory in our
study patients. Third, despite available evidence suggesting that NPs consult with their collaborating physicians relatively rarely in the VA primary care setting
(41), we cannot rule out off-the-record consultation of
physicians by NPs or PAs as a mitigating factor in
quality-of-care differences between these providers
and physician PCPs. Fourth, compared with many
health care systems in the United States, the VA makes
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greater use of strategies that may diminish disparities in
provider care quality, such as patient-centered medical
homes, team-based care involving staff other than the
PCP, comprehensive EHRs, and extensive quality monitoring. However, private health care systems are
adopting these approaches (42– 44), further increasing
study generalizability. The possibility exists that greater
use of such strategies as patient-centered medical
homes may be associated with enhanced orientation
and residency programs for NPs and PAs compared
with other health systems. Finally, we did not have access to information on the demographic or work history
characteristics of providers included in this analysis.
However, the large number of providers and locations
of care represented in this study reduced the potential
for differences in provider demographics that would
reduce the generalizability of results.
In conclusion, we found no clinically signiﬁcant differences in intermediate diabetes outcomes. As a result, this study provides further evidence that using NPs
and PAs as PCPs may represent a mechanism for expanding access to primary care while maintaining quality standards.
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Appendix Table 1. VA Administrative Information Used to Identify Diabetes Medication, Primary Care Encounter Location, and
Primary Care Provider Type, and to Calculate BMI
VA Administrative Code or Data

Description of Code

VA drug class codes used to deﬁne ﬁlled prescriptions for oral hyperglycemic agents or insulin
VA drug class HS501
Insulin
VA drug class HS502
Oral hyperglycemic agents
VA administrative codes/stop codes used to identify primary care encounters
VA stop code 322
VA stop code 323
VA stop code 342
VA stop code 348
VA provider codes used to classify provider types
VA provider codes 070500 to 070507, 100600 to 100618
VA provider codes 100000 to 100200
VA provider codes 110000 to 111200, 111500 to 115400,
115700 to 118343, 160100 to 160102, 180100 to 183402
Calculating BMI
Height: Use the most frequently recorded in FY12, if
available. If not available, use the modal height in FY13.
If no mode in either year, then assign as missing.
Weight: Use the value that is closest to 1 October 2012 in the
30 days prior if available. If not available, then use the
value that is closest to 1 October 2012 in the 30 days
after. If not available, then use the value that is closest to
1 October 2012 in the 1 year prior. If none of the above is
available, then code as missing.
BMI calculated after cleaning height and weight data.

Comprehensive women's primary care
Primary care medicine
Family practice
Primary care shared appointment

Nurse practitioners
Physician assistants
Physicians

Algorithm for assigning height (assumed to be in inches): Allowable
range, 48-84 inches
Algorithm for assigning weight (assumed to be in pounds): Allowable
range, 50-700 pounds

Use only the BMI measures within the acceptable range of 13–85 kg/m2

BMI = body mass index; FY12 = ﬁscal year 2012; FY13 = ﬁscal year 2013; VA = U.S. Department of Veterans Affairs.

Appendix Table 2. Primary Care Encounters and Outcome Measurements in the Year of the Outcome Assessment (FY13)
Variable

All Providers

NPs

PAs

Physicians

Mean total primary care visits to any provider (SD), n
Mean primary care visits with the PCP designated in the present study (SD), %
Mean HbA1c observations used in the present study (SD), n
Mean SBP observations used in the present study (SD), n
Mean LDL-C observations used in the present study (SD), n

4.0 (3.6)
75.8 (25.6)
2.1 (1.2)
7.3 (11.7)
1.7 (1.0)

4.1 (3.6)
77.0 (25.1)
2.1 (1.7)
7.0 (11.0)
1.7 (1.0)

4.1 (3.5)
77.9 (24.7)
2.2 (1.2)
7.1 (11.4)
1.7 (1.0)

4.0 (3.6)
75.3 (25.8)
2.1 (1.2)
7.3 (11.9)
1.6 (1.0)

FY13 = ﬁscal year 2013; HbA1c = hemoglobin A1c; LDL-C = low-density lipoprotein cholesterol; NP = nurse practitioner; PA = physician assistant;
PCP = primary care provider; SBP = systolic blood pressure.
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Appendix Table 3. Stratiﬁed Model-Estimated Differences in Intermediate Diabetes Outcomes for Veterans With DCG Scores
≤2 and >2*
Outcome

NPs vs. Physicians

PAs vs. Physicians

PAs vs. NPs

DCG score <2.0†
Continuous difference in means of intermediate outcomes (95% CI)
HbA1c, %
−0.05 (−0.07 to −0.03)
0.00 (−0.03 to 0.02)
0.05 (0.02 to 0.08)
SBP, mm Hg
−0.24 (−0.44 to −0.04) −0.24 (−0.51 to 0.03)
0.00 (−0.30 to 0.31)
LDL-C, mg/dL§
0.98 (0.53 to 1.44)
1.76 (1.15 to 2.37)
0.78 (0.10 to 1.46)
Differences in odds of intermediate outcome control: odds ratio (95% CI)
HbA1c <7%
1.08 (1.03 to 1.11)
1.01 (0.96 to 1.05)
0.94 (0.89 to 0.99)
SBP <130 mm Hg
1.02 (0.98 to 1.07)
1.04 (0.98 to 1.10)
1.01 (0.94 to 1.09)
LDL-C <100 mg/dL§
0.95 (0.90 to 0.99)
0.90 (0.84 to 0.95)
0.94 (0.88 to 1.02)
Simultaneous control of intermediate outcomes
1.04 (0.98 to 1.09)
0.98 (0.91 to 1.05)
0.94 (0.87 to 1.02)
Additive difference in intermediate outcome control (95% CI), percentage points
HbA1c <7%
1.63 (0.77 to 2.54)
0.12 (−1.08 to 1.24)
−1.52 (−2.85 to −0.22)
SBP <130 mm Hg
0.59 (−0.42 to 1.66)
0.88 (−0.47 to 2.39)
0.29 (−1.40 to 2.07)
LDL-C <100 mg/dL§
−1.02 (−2.00 to −0.12) −2.13 (−3.30 to −1.03) −1.11 (−2.48 to 0.27)
Simultaneous control of intermediate outcomes
0.39 (−0.20 to 0.96)
−0.23 (−0.98 to 0.50)
−0.62 (−1.48 to 0.29)
DCG score >2.0‡
Continuous difference in means of intermediate outcomes (95% CI)
HbA1c, %
0.00 (−0.05 to 0.04)
SBP, mm Hg
−0.38 (−0.79 to 0.03)
LDL-C, mg/dL§
1.00 (−0.01 to 2.01)
Differences in odds of intermediate outcome control: odds ratio (95% CI)
HbA1c <7%
0.98 (0.92 to 1.05)
SBP <130 mm Hg
1.01 (0.95 to 1.08)
LDL-C <100 mg/dL§
0.94 (0.86 to 1.03)
Simultaneous control of intermediate outcomes
1.03 (0.95 to 1.13)
Additive difference in intermediate outcome control (95% CI), percentage points
HbA1c <7%
−0.48 (−2.06 to 1.10)
SBP <130 mm Hg
0.30 (−1.19 to 1.92)
LDL-C <100 mg/dL§
−1.06 (−2.60 to 0.50)
Simultaneous control of intermediate outcomes
0.36 (−0.62 to 1.41)

0.04 (−0.01 to 0.10)
−0.25 (−0.74 to 0.25)
1.83 (0.57 to 3.08)
0.89 (0.81 to 0.98)
1.06 (0.98 to 1.16)
0.97 (0.89 to 1.05)
0.97 (0.85 to 1.11)

0.05 (−0.01 to 0.11)
0.13 (−0.41 to 0.68)
0.82 (−0.56 to 2.20)
0.91 (0.82 to 1.02)
1.05 (0.95 to 1.16)
1.02 (0.91 to 1.15)
0.94 (0.81 to 1.10)

−2.66 (−4.68 to −0.54) −2.19 (−4.77 to 0.33)
1.50 (−0.62 to 3.68)
1.20 (−1.27 to 3.68)
−0.62 (−2.16 to 1.01)
0.44 (−1.64 to 2.50)
−0.31 (−1.65 to 1.06)
−0.67 (−2.16 to 0.92)

DCG = diagnostic cost group; HbA1c = hemoglobin A1c; LDL-C = low-density lipoprotein cholesterol; NP = nurse practitioner; PA = physician
assistant; SBP = systolic blood pressure; VA = U.S. Department of Veterans Affairs.
* Differences in continuous outcomes were estimated by using linear mixed models with provider- and VA site-level random intercepts. Binary
control outcomes were estimated by using a logistic regression model ﬁt with generalized estimating equations, with clustering by VA site. All
models incorporated inverse probability of provider assignment weights and included provider type as the only covariate in the models.
† Number of patients with a DCG score ≤2.0: 239 168, 59 540, and 22 537 with physician, NP, and PA providers, respectively.
‡ Number of patients with a DCG score >2.0: 36 841, 7580, and 2815 with physician, NP, and PA providers, respectively.
§ To convert LDL-C values from mg/dL to mmol/L, multiply by 0.0259.
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Appendix Table 4. Stratiﬁed Model-Estimated Differences in Intermediate Diabetes Outcomes for Veterans Not Receiving and
Receiving Insulin*
Outcome

NPs vs. Physicians

PAs vs. Physicians

PAs vs. NPs

Not receiving insulin†
Continuous difference in means of intermediate outcomes (95% CI)
HbA1c, %
−0.06 (−0.08 to −0.04)
0.00 (−0.03 to 0.03)
0.06 (0.03 to 0.12)
SBP, mm Hg
−0.40 (−0.63 to −0.18) −0.12 (−0.41 to 0.18)
0.29 (−0.04 to 0.61)
LDL-C, mg/dL§
1.07 (0.56 to 1.59)
1.77 (1.10 to 2.45)
0.70 (−0.05 to 1.45)
Differences in odds of intermediate outcome control: odds ratio (95% CI)
HbA1c <7%
1.09 (1.05 to 1.13)
1.00 (0.95 to 1.06)
0.92 (0.86 to 0.98)
SBP <130 mm Hg
1.02 (0.97 to 1.06)
1.02 (0.96 to 1.09)
1.00 (0.93 to 1.08)
LDL-C <100 mg/dL§
0.93 (0.89 to 0.97)
0.89 (0.83 to 0.95)
0.96 (0.88 to 1.03)
Simultaneous control of intermediate outcomes
1.04 (0.99 to 1.09)
0.98 (0.91 to 1.06)
0.94 (0.86 to 1.03)
Additive difference in intermediate outcome control (95% CI), percentage points
HbA1c <7%
2.12 (1.07 to 3.16)
0.10 (−1.41 to 1.35)
−2.02 (−3.62 to −0.48)
SBP <130 mm Hg
0.87 (−0.20 to 2.04)
1.04 (−0.50 to 2.64)
0.18 (−1.71 to 2.00)
LDL-C <100 mg/dL§
−1.42 (−2.38 to 0.45)
−2.31 (−3.72 to −1.00) −0.89 (−2.55 to 0.63)
Simultaneous control of intermediate outcomes
0.54 (−0.23 to 1.27)
−0.27 (−1.33 to 0.70)
−0.81 (−2.02 to 0.37)
Receiving insulin‡
Continuous difference in means of intermediate outcomes (95% CI)
HbA1c, %
−0.02 (−0.04 to 0.01)
SBP, mm Hg
−0.11 (−0.36 to 0.13)
LDL-C, mg/dL§
0.78 (0.21 to 1.35)
Differences in odds of intermediate outcome control: odds ratio (95% CI)
HbA1c <7%
1.00 (0.95 to 1.05)
SBP <130 mm Hg
1.00 (0.96 to 1.05)
LDL-C <100 mg/dL§
0.98 (0.92 to 1.04)
Simultaneous control of intermediate outcomes
1.01 (0.93 to 1.10)
Additive difference in intermediate outcome control (95% CI), percentage points
HbA1c <7%
0.00 (−0.80 to 0.89)
SBP <130 mm Hg
0.09 (−1.03 to 1.23)
LDL-C <100 mg/dL§
−0.45 (−1.70 to 0.63)
Simultaneous control of intermediate outcomes
0.06 (−0.45 to 0.56)

0.04 (0.01 to 0.08)
0.06 (0.02 to 0.10)
−0.35 (−0.66 to −0.04) −0.24 (−0.58 to 0.11)
1.24 (0.51 to 1.97)
0.46 (−0.35 to 1.27)
0.92 (0.86 to 0.98)
1.03 (0.97 to 1.10)
0.93 (0.87 to 0.99)
0.93 (0.85 to 1.02)

0.92 (0.85 to 1.00)
1.03 (0.95 to 1.11)
0.95 (0.87 to 1.04)
0.92 (0.82 to 1.04)

−1.38 (−2.39 to −0.38) −1.38 (−2.71 to −0.11)
0.78 (−0.58 to 2.34)
0.69 (−1.12 to 2.47)
−1.33 (−2.52 to −0.24) −0.88 (−2.48 to 0.65)
−0.42 (−0.94 to 0.10)
−0.49 (−1.16 to 0.21)

HbA1c = hemoglobin A1c; LDL-C = low-density lipoprotein cholesterol; NP = nurse practitioner; PA = physician assistant; SBP = systolic blood
pressure; VA = U.S. Department of Veterans Affairs.
* Differences in outcomes were based on continuous outcomes and estimated by using linear mixed models with provider- and VA site-level
random intercepts. Binary control outcomes were estimated by using a logistic regression model ﬁt with generalized estimating equations, with
clustering by VA site. All models incorporated inverse probability of provider assignment weights and included provider type as the only covariate
in the models.
† Number of patients not receiving insulin: 156 876, 38 855, and 14 905 with physician, NP, and PA providers, respectively.
‡ Number of patients receiving insulin: 119 133, 28 265, and 10 447 with physician, NP, and PA providers, respectively.
§ To convert LDL-C values from mg/dL to mmol/L, multiply by 0.0259.
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