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I ncreasing the percentage of nurse practitioners (NPs) and 

physician assistants (PAs) in the primary care provider work-

force has been suggested as one strategy for addressing the 

United States’ national shortage of primary care physicians 

(PCPs).1-5 Although NPs/PAs have clinical training and regulated 

scopes of practice that differ from those of PCPs, they are per-

mitted to manage a range of medical conditions in ambulatory 

care.6-11 A recent survey of the US national population indicated 

broad acceptance of NPs/PAs as primary care providers.12 

Currently, there is interest in how the addition of NPs/PAs to 

primary care might impact patient outcomes, medical service uti-

lization, and costs.13-17 Prior studies have been relatively consistent 

in demonstrating that levels of patient satisfaction with care and 

quality of care are similar between NPs/PAs and physicians11,18-23; 

however, it is less clear whether care provided by NPs/PAs or PCPs 

affects medical services use and cost.

An NP/PA visit can be cost saving compared with a PCP visit 

because salary differentials lower the cost of time for patient evalu-

ation and management.13,17,24,25 However, this cost advantage may be 

offset if NPs/PAs order ancillary services (ie, laboratory, radiology, 

pharmacy) at higher rates than PCPs, or order more costly services 

among alternatives (eg, computed tomography [CT] scan/magnetic 

resonance image [MRI] vs x-ray). 

Studies show mixed results on use of ancillary services by pro-

vider type. One study found NPs/PAs ordered significantly more 

CTs/MRIs for primary care visits than physicians treating Medicare 

patients26; another found no difference in office-based care using 

the National Ambulatory Medical Care Survey (NAMCS).16 A study 

of Veterans Affairs patients with lower back pain found no statisti-

cally significant difference in clinical appropriateness of lumbar 

spine MRIs by provider type (physician, PA, or NP).27 In prescribing 

medications, rates of prescribing controlled medications28 and 

antibiotics16,29 were similar for NPs, PAs, and physicians.

The primary question of our retrospective observational study 

was: Do NPs/PAs attending visits for neck or back (N/B) pain or 

acute respiratory infection (ARI) in primary care order ancil-
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ABSTRACT

OBJECTIVES: Debate continues on whether nurse 
practitioners (NPs) and physician assistants (PAs) are more 
likely to order ancillary services, or order more costly 
services among alternatives, than primary care physicians 
(PCPs). We compared prescription medication and 
diagnostic service orders associated with NP/PA versus PCP 
visits for management of neck or back (N/B) pain or acute 
respiratory infection (ARI).

STUDY DESIGN: Retrospective, observational study of visits 
from January 2006 through March 2008 in the adult primary 
care practice of Kaiser Permanente in Atlanta, Georgia. 

METHODS: Data were obtained from electronic health records. 
NP/PA and PCP visits for N/B pain or ARI were propensity score 
matched on patient age, gender, and comorbidities. 

RESULTS: On propensity score-matched N/B pain visits 
(n = 6724), NP/PAs were less likely than PCPs to order a 
computed tomography (CT)/magnetic resonance image (MRI) 
scan (2.1% vs 3.3%, respectively) or narcotic analgesic (26.9% 
vs 28.5%) and more likely to order a nonnarcotic analgesic 
(13.5% vs 8.5%) or muscle relaxant (45.8% vs 42.5%) (all P 
≤.05). On propensity score-matched ARI visits (n = 24,190), 
NP/PAs were more likely than PCPs to order any antibiotic 
medication (73.7% vs 65.8%), but less likely to order an x-ray 
(6.3% vs 8.6%), broad-spectrum antibiotic (41.5% vs 42.5%), 
or rapid strep test (6.3% vs 9.7%) (all P ≤.05).

CONCLUSIONS: In the multidisciplinary primary care 
practice of this health maintenance organization, NP/PAs 
attending visits for N/B pain or ARI were less likely than PCPs 
to order advanced diagnostic radiology imaging services, to 
prescribe narcotic analgesics, and/or to prescribe broad-
spectrum antibiotics. 
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lary services at different rates than PCPs? We focused on these 2 

medical conditions for several reasons. Musculoskeletal pain and 

respiratory infections are common reasons that adults present 

for medical care in the United States,30 and visits for N/B pain or 

ARI are frequently accompanied by orders for ancillary services. 

There are general concerns that, across all providers, certain types 

of ancillary services are overused and add cost without value—

specifically, CTs/MRIs and narcotic analgesics in management of  

N/B pain,16,31,32 and antibiotics (particularly broad-spectrum anti-

biotics) in management of ARI.33-38

METHODS
Study Setting and Period

At the time of this study, Kaiser Permanente Georgia (KPGA) pro-

vided comprehensive medical services to approximately 240,000 

enrollees per year (59% Caucasian, 33% African American) in the 

Atlanta area. The study protocol was reviewed, approved, and 

monitored by the KPGA Institutional Review Board. 

During the 27-month study period (January 2006 through March 

2008), approximately 180,000 KPGA members were empaneled to 

a PCP in the Adult Medicine department. The study period is lim-

ited to these 27 months because, beginning in 2006, an electronic 

health record (EHR) system was fully implemented—allowing for 

measurement of providers’ orders for medical services—and it 

ends in early 2008 when the multidisciplinary Adult Medicine 

department became a PCP-only department.39 More recent com-

parisons of practice variation are not available.

Sample Definition

The sample used for analysis consisted of patients 18 years or older 

at the time of presentation for an “incident” N/B pain or ARI visit 

in the KPGA Adult Medicine department. An “incident” visit was 

considered to have occurred if the patient who presented for N/B 

pain or ARI had no visit in adult ambulatory medicine for N/B pain 

or ARI, respectively, for at least a period of 30 days prior to the 

visit. Using this definition, a single patient may have had multiple 

incident visits during the study period. 

A visit for N/B pain or ARI was determined 

from specific International Classification of 

Diseases, Ninth Revision, Clinical Modification 

(ICD-9-CM) diagnosis codes associated 

with the visit, either designated as a pri-

mary or secondary condition (eAppendix A  

[eAppendices available at ajmc.com]). Due to 

the broad range of ARIs, we selected specific 

ICD-9-CM diagnosis codes used in previously 

published studies as indicative of an ARI.33-38 

Research Design

We used propensity score matching of visits to reduce the 

effect of patient selection on comparisons of practice variation 

between NPs/PAs and PCPs when attending a visit for N/B pain 

or ARI. NPs/PAs tend to treat younger, healthier patients than 

physicians which, in turn, can affect rates and mix of ancillary 

service orders.11,16,40 Thus, we propensity score-matched NP/PA 

visits with PCP visits on preexisting patient characteristics to 

address potential selection issues. 

Separate analyses were conducted for N/B pain and ARI vis-

its. First, within each visit class, the propensity for a visit to 

be attended by a NP/PA versus PCP was estimated with logistic 

regression.41-43 Second, based on the estimated propensity of NP/PA 

versus PCP attending a visit, each N/B pain or ARI visit attended by 

an NP/PA was matched with an N/B pain or ARI visit, respectively, 

attended by a PCP.

Data 

All analyses used computerized administrative and EHR data-

bases. Records were linked by unique identifiers and sequenced 

by event dates. The EHR databases distinguished services ordered 

by the provider from services completed by the patient. We used 

services ordered rather than services delivered because rates of 

services delivered can be affected by factors such as patient access 

(eg, limited locations for CT/MRI services) or cost sharing (eg, co-

payments for prescription medicines).44 Thus, services ordered 

are more representative of practice style than services delivered.

Services ordered at the time of the visit were linked to the inci-

dent N/B pain or ARI visit by unique visit numbers. All services 

ordered were attributed to the provider attending the visit. Thus, 

there is no attribution of orders by an NP/PA to a PCP providing prac-

tice supervision (as might occur in billing of “incidental to” visits).

We were advised by several senior physicians that some orders 

related to the incident visit might occur up to 3 to 5 days following 

conveyance to the attending provider of initial tests or consulta-

tion results. Thus, we considered a diagnostic service order or 

prescription order as related to the incident visit if it occurred 

within 5 days from the visit date and was ordered by a provider in 

TAKEAWAY POINTS

Practice variation by providers, rather than by provider type, may be more important in un-
derstanding differences in management of conditions commonly presented in primary care.

Nevertheless, concerns have been expressed that nurse practitioners (NPs) and physician as-
sistants (PAs) might more frequently order ancillary services, or more costly services among 
alternatives, compared with primary care physicians. In this study of a group model health main-
tenance organization’s primary care practice, we found NPs and PAs were less likely to order: 

 › Advanced diagnostic imaging or narcotic analgesics for management of neck or back pain. 

 › Broad-spectrum antibiotics or rapid strep tests for management of acute respiratory infec-
tions.
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the adult primary care department at the same primary care facility 

where the incident visit occurred. Follow-up orders occurred in 

less than 5% of NP/PA visits and/or PCP visits for either N/B pain 

or ARI (data available on request). 

Measures

Dependent variables. The outcomes of interest were the percent-

ages of visits associated with an order for a specific service class. 

The service order classes defined for N/B pain visits were: N/B 

x-rays, N/B CTs/MRIs, nonnarcotic analgesic prescriptions, nar-

cotic analgesic prescriptions, and prescriptions for skeletal muscle 

relaxants. The service order classes defined for ARI visits were: ARI 

x-rays, ARI CTs/MRIs, rapid strep tests, any systemic antibiotic 

prescription, any broad-spectrum antibiotic prescription, and any 

prescription for relief of ARI symptoms (eg, decongestants, expec-

torants, respiratory system anti-inflammatory medications). We 

combined CTs with MRIs because preliminary review of the data 

indicated very low rates of MRIs relative to CTs, and availability 

of one or the other of these advanced diagnostic imaging services 

at selected facilities preferred by a patient might have affected a 

provider’s decision to schedule one or the other of these services. 

Independent variable. The primary independent variable was 

the type of provider who attended the visit: NP/PA versus PCP. 

Patient covariates. Covariates were: age at the time of the visit, 

gender, years of enrollment with KPGA at the time of the visit, and 

the presence (vs absence) of several major comorbidities (diabetes, 

hypertension, hyperlipidemia, cardiovascular disease [coronary 

artery disease, congestive heart failure, cerebrovascular disease], 

asthma or chronic obstructive pulmonary disease, or cancer) at 

the time of the visit. 

Statistical Analysis

The initial step in analysis was to compare the distribution of 

patient characteristics at presentation for a visit for N/B pain or 

ARI with respect to attending provider type: NP/PA versus PCP. 

Independence of patient characteristics from attending provider 

type (ie, NP/PA vs PCP) was assessed using a χ2 test. 

Propensity of a visit for N/B pain or ARI to have been attended 

by an NP/PA versus PCP was estimated using logistic regression 

including the patient covariates. This step resulted in a probabil-

ity estimate of NP/PA versus PCP selection. Matching of 1 NP/PA 

visit with 1 PCP visit was done using a caliper of 0.25 times the 

standard deviation (SD); matching was done without replacement. 

Distributions of patient covariates before and after propensity 

score matching were compared using a χ2 test. Before and after 

propensity score matching, the percentages of visits with a related 

diagnostic test or a medication order on an NP/PA versus PCP visit 

were compared using a χ2 test. 

Several sensitivity analyses were conducted. Results might be 

sensitive to the granularity of matching of NP/PA to PCP visits. 

Sensitivity of propensity score matching was tested with a finer 

caliper of 0.025 times the SD. Second, we examined percentages 

of visits with diagnostic radiology or medication orders by sub-

groups of visits classified according to the primacy of codes for 

presenting conditions, assuming that NPs/PAs or PCPs might use 

the EHR differently and, therefore, code visits differently according 

to sequence of “presenting” and “diagnosed” conditions. Finally, 

we estimated a logistic regression of each service order type as a 

function of NP/PA versus PCP using PROC GENMOD (SAS Institute, 

Cary, North Carolina) to evaluate whether clustering of service 

orders by provider might account for statistical significance of 

likelihood of a service type order by NP/PA or PCP. 

All data management and statistical analyses were conducted 

using SAS version 9.4 (SAS Institute, Cary, North Carolina).

RESULTS
NPs/PAs attended to 16.2% of the visits (6724 of 41,404) with N/B pain 

as a primary or secondary diagnosis. NPs/PAs attended to 22% of the 

visits (24,190 of 109,844) with ARI as a primary or secondary diagnosis. 

Table 1 displays patient characteristics on visits for N/B pain 

or ARI. Compared with PCPs, patients on N/B pain or ARI visits 

attended by NPs/PAs were younger, of shorter enrollment duration, 

and had lower prevalence of major comorbidities. 

Table 2 displays the percent of N/B pain visits with orders for 

diagnostic radiology services and prescription medications by pro-

vider type, both before and after propensity score matching. After 

propensity score matching, PCPs were more likely to order an N/B-

related CT/MRI (3.3% vs 2.1%; P <.01) or a narcotic analgesic (30.1% vs 

26.9%; P <.01). On the other hand, NPs/PAs were more likely to order 

a nonnarcotic analgesic (13.5% vs 8.5%; P <.01) or a musculoskeletal 

relaxant (45.8% vs 42.5%; P <.01). N/B pain visits with an order for an 

x-ray did not differ between NPs/PAs or PCPs (21.6% vs 22.1%; P = .53). 

Table 3 displays the percent of ARI visits with orders for 

diagnostic radiology services and prescription medications by 

provider type, both before and after propensity score matching. 

After propensity score matching, there were significant differences 

in practice between NPs/PAs and PCPs in treatment of ARI. Over all 

visits, PCPs were more likely to order ARI-related x-rays (8.6% vs 

6.3%; P <.01), CTs/MRIs (0.5% vs 0.3%; P <.01), a broad-spectrum 

antibiotic (42.5% vs 41.5%; P = .03), or a rapid strep test (9.7% vs 

6.3%; P <.01). NPs/PAs, however, were more likely to order any 

antibiotic (73.7% vs 65.8%; P <.01). As with N/B pain visits, this 

difference in practice variation between NPs/PAs and PCPs was the 

same as that observed before propensity score matching.

In the first sensitivity analysis, matching on a smaller caliper 

made no difference in the findings. Next, the practice pattern 

differences between NPs/PAs and PCPs over all visits on which 

a diagnosis of N/B pain (or ARI) was suggested were basically 

the same whether the relevant ICD-9-CM code was primary or 
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secondary (Tables 2 and 3). Finally, there was some clustering 

by provider, and adjusting for this clustering tended to push the 

statistical significance of the NP/PA versus PCP effect toward the 

null (eAppendix B) in some cases; for example, CT/MRI for back 

pain pushing significance to nonsignificance (ie, P >.05). For most 

comparisons by provider type, however, the NP/PA versus PCP 

effect was significant whether the model did or did not account 

for clustering of service orders by provider. 

DISCUSSION
The objective of our study was to ascertain whether NPs/PAs dif-

fered from PCPs in frequency of orders for diagnostic services or 

prescription medications when managing adults presenting with 

N/B pain or ARI in primary care. We used propensity score match-

ing of visits to adjust for the fact that patients 

attended by NPs/PAs tended to be younger 

and have a lower prevalence of comorbidities, 

which could affect diagnostic or therapeutic 

treatment choice.

After matching, several important differ-

ences by type of primary care provider were 

noted in management of N/B pain: PCPs were 

more likely to order CTs/MRIs and narcotic 

analgesics and NPs/PAs were more likely to 

order nonnarcotic analgesics and muscle 

relaxants. Similarly, differences were noted 

in management of ARI: PCPs were more likely 

to order CTs/MRIs—although the rate of these 

orders was low—as well as x-rays, broad spec-

trum antibiotics, and rapid strep tests; NPs/PAs 

were more likely to order any antibiotic. Thus, 

on balance, PCPs tended to be more likely than 

NPs/PAs to order diagnostic or therapeutic ser-

vices related to N/B pain and ARI visits and to 

order more costly services among alternatives 

(eg, CTs/MRIs vs x-rays for adults with N/B 

pain, broad spectrum antibiotics vs first-line 

general antibiotics for adults with ARIs).

Evidence from this health maintenance 

organization (HMO), therefore, differs from 

the results of other studies, suggesting that 

NPs/PAs might more frequently order diag-

nostic or therapeutic services for common 

conditions treated in primary care; or, among 

alternatives, order more costly services.27 Our 

study’s findings are, however, consistent with 

another recent study using data from the 

National Ambulatory Medical Care Survey 

(NAMCS), which found no significant differ-

ences between NPs/PAs and physicians in office-based practice 

when ordering “low-value” ancillary services.16 In our study, the 

pattern of ancillary services use suggests that NPs/PAs might have 

been more judicious in use of “low-value” ancillary services than 

PCPs. For management of back pain, overuse of CTs/MRIs and nar-

cotic analgesics is a current concern.32 We found NPs/PAs had lower 

rates of use of CTs/MRIs and narcotic analgesics in management 

of N/B pain. In management of an ARI, overuse of antibiotics—

particularly broad-spectrum antibiotics—is a long-standing 

concern.33-36,38 Overuse of rapid strep tests is another concern in 

management of ARIs,37 and we found NPs/PAs were less likely to 

order broad-spectrum antibiotics and rapid strep tests. 

What factors might have contributed to this NPs/PA practice pat-

tern? Training of NPs/PAs typically emphasizes patient education 

and self-management over other interventional strategies. Thus, 

TABLE 1. Patient Characteristics at the Time of a Primary Care Visit Associated 
With Neck or Back Pain or Acute Respiratory Infection

Patient 
Characteristics

Neck or Back Pain  
Visits

Acute Respiratory  
Infection Visits

NP/PA
(6724)

PCP
(34,680)

P  
(NP/PA 
vs PCP)

NP/PA 
(24,190)

PCP
(85,654)

P 
(NP/PA 
vs PCP)

Age

Mean (years) 45.2 48.4 <.01 43.4 45.0 <.01

<30 years 11.1% 9.1%

<.01

16.2% 14.8%

<.01

30-39 years 22.1% 19.1% 24.5% 23.5%

40-49 years 31.7% 26.5% 26.9% 25.2%

50-64 years 28.6% 32.1% 26.7% 27.0%

≥65 years 6.6% 13.2% 5.7% 9.5%

Gender

Female 58.8% 58.6%
.72

65.4% 64.4%
<.01

Male 41.2% 41.4% 34.6% 35.6%

Membership duration

Mean (years) 7.3 7.0 <.01 7.1 6.8 <.01

<3 years 23.1% 26.1%

<.01

25.0% 28.1%

<.01
3-6 years 23.4% 24.0% 22.8% 23.1%

7-11 years 39.0% 33.1% 38.0% 32.8%

≥12 years 14.5% 16.8% 14.2% 16.0%

Comorbidities

Diabetes 8.5% 10.5% <.01 8.4% 9.3% <.01

Hypertension 39.4% 46.0% <.01 35.2% 39.6% <.01

Hyperlipidemia 27.0% 31.9% <.01 24.3% 27.0% <.01

CAD/CHF/CVD 5.0% 9.3% <.01 4.5% 6.5% <.01

Asthma/COPD 9.9% 11.4% <.01 11.6% 12.8% <.01

Cancer 2.0% 3.0% <.01 2.2% 2.7% <.01

CAD indicates coronary artery disease; CHF, congestive heart failure; COPD, chronic obstructive 
pulmonary disease; CVD, cerebrovascular disease; NP/PA, nurse practitioner/physician assistant; PCP, 
primary care physician.
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TABLE 2. Rates of Diagnostic Radiology and Prescription Medication Orders for Patients With Primary Care Visits for Neck or Back 
Pain: Before and After Propensity Score Matching

Visit Classa Provider

N/B Pain-Related 
X-Ray

N/B Pain-Related 
CT or MRI

Nonnarcotic 
Analgesic

Narcotic 
Analgesic

Muscle  
Relaxant

Pre-
Match

Post 
Match

Pre-
Match

Post 
Match

Pre-
Match

Post 
Match

Pre-
Match

Post 
Match

Pre-
Match

Post 
Match

Total 21.6% 21.9% 3.3% 2.7% 9.1% 11.0% 31.2% 28.5% 41.1% 44.2%

All
(6724)

NP/PA 21.6% 21.6% 2.1% 2.1% 13.5% 13.5% 26.9% 26.9% 45.8% 45.8%

PCP 21.6% 22.1% 3.5% 3.3% 8.2% 8.5% 32.1% 30.1% 40.2% 42.5%

P .94 .53 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01

N/B pain is  
primary  
(3774)

NP/PA 21.9% 21.9% 2.8% 2.8% 13.7% 13.7% 27.3% 27.3% 47.6% 47.6%

PCP 23.1% 23.1% 4.2% 4.0% 10.3% 10.9% 33.7% 34.1% 46.3% 47.9%

P .13 .23 <.01 <.01 <.01 <.01 <.01 <.01 .15 .78

N/B pain is only 
(136)

NP/PA 27.9% 27.9% 1.5% 1.5% 14.7% 14.7% 31.6% 31.6% 46.3% 46.3%

PCP 14.6% 22.8% 2.6% 4.4% 4.6% 8.1% 56.3% 44.9% 34.1% 43.4%

P <.01 .33 .41 .15 <.01 .09 <.01 .02 <.01 .63

N/B pain is 
1st or 2nd of 
several (2814)

NP/PA 21.0% 21.0% 1.3% 1.3% 13.2% 13.2% 26.1% 26.1% 43.5% 43.5%

PCP 20.8% 20.4% 2.9% 2.4% 6.4% 6.7% 27.8% 26.0% 34.5% 37.6%

P .87 .60 <.01 <.01 <.01 <.01 .06 .98 <.01 <.01

CT indicates computed tomography scan; MRI, magnetic resonance imaging scan; NP/PA, nurse practitioner/physician assistant; P, P value; PCP, primary care 
physician.
aThe number of visits in parentheses represents the number of NP/PA and PCP visit pairs. Thus, the total number of visits in the analyses is 2 times the number in 
parentheses.

TABLE 3. Rates of Diagnostic Radiology, Prescription Medication, or Rapid Strep Test Orders for Patients With Primary Care Visits for 
Acute Respiratory Infections: Before and After Propensity Score Matching

Visit Classa Provider

ARI-Related 
X-Ray

ARI-Related 
CT or MRI

Any  
Antibiotic

Broad-
Spectrum 
Antibiotics

Symptom  
Relief 

Medications
Rapid Strep 

Test

Pre-
Match

Post 
Match

Pre-
Match

Post 
Match

Pre-
Match

Post 
Match

Pre-
Match

Post 
Match

Pre-
Match

Post 
Match

Pre-
Match

Post 
Match

Total 8.8% 7.5% 0.5% 0.4% 67.7% 69.8% 42.7% 42.0% 49.1% 48.9% 8.5% 8.0%

All
(24,190)

NP/PA 6.3% 6.3% 0.3% 0.3% 73.7% 73.7% 41.5% 41.5% 48.8% 48.8% 6.3% 6.3%

PCP 9.6% 8.6% 0.6% 0.5% 66.0% 65.8% 43.0% 42.5% 49.2% 49.0% 9.1% 9.7%

P <.01 <.01 <.01 <.01 <.01 <.01 <.01 .03 .23 .62 <.01 <.01

ARI is primary
(16,512)

NP/PA 6.4% 6.4% 0.3% 0.3% 72.7% 72.7% 41.3% 41.3% 44.8% 44.8% 7.6% 7.6%

PCP 9.0% 8.0% 0.5% 0.5% 65.6% 65.4% 41.8% 41.4% 47.7% 47.8% 11.6% 12.2%

P <.01 <.01 <.01 <.01 <.01 <.01 .22 .82 <.01 <.01 <.01 <.01

ARI is only 
(992)

NP/PA 4.0% 4.0% 0.2% 0.2% 88.7% 88.7% 45.8% 45.8% 70.0% 70.0% 7.1% 7.1%

PCP 6.3% 6.2% 0.2% 0.2% 76.5% 75.3% 53.4% 53.2% 63.4% 63.3% 9.1% 10.4%

P <.01 .03 .79 1.00 <.01 <.01 <.01 <.01 <.01 <.01 .04 <.01

ARI is 1st or 
2nd of several 
(6686)

NP/PA 6.5% 6.5% 0.5% 0.5% 73.9% 73.9% 41.4% 41.4% 55.5% 55.5% 2.9% 2.9%

PCP 11.0% 9.9% 0.8% 0.7% 64.9% 64.9% 43.3% 43.4% 49.5% 49.2% 5.0% 4.9%

P <.01 <.01 <.01 .11 <.01 <.01 <.01 .02 <.01 <.01 <.01 <.01

CT indicates computed tomography scan; MRI, magnetic resonance imaging scan; NP/PA, nurse practitioner/physician assistant; P, P value; PCP, primary care 
physician.
aThe number of visits in parentheses represents the number of NP/PA and PCP visit pairs. Thus, the total number of visits in the analyses is 2 times the number in 
parentheses.
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NPs/PAs may be more comfortable in initially managing N/B pain 

or ARI with fewer ancillary services. It is also possible that NPs/PAs 

are more compliant than PCPs with clinical practice guidelines in 

management of N/B pain or ARI in primary care.

Sensitivity analyses suggest this study’s findings are robust. 

Matching a narrower caliper —one a tenth of that used for the find-

ings discussed in this paper—yielded similar results. Frequencies 

of orders by NPs/PAs versus PCPs for visits related to N/B pain (or 

ARI) did not generally differ by whether N/B pain (or ARI) was indi-

cated as a primary or secondary diagnosis. The clustering analyses 

do indicate some proportion in outcomes by provider type is due 

to practice variation among individual providers; however, the 

persistence of significance of the NP/PA effect after adjusting for 

provider clustering strongly suggests that practice variation by 

provider type is important. 

Limitations

Our study was conducted within the context of a single, group-

model HMO in the southeastern United States. Because this HMO 

had a strong tradition encouraging multidisciplinary, collaborative 

primary care, study findings might not be generalizable to other 

settings with a different delivery model. NPs/PAs work under 

supervision of PCPs; however, we had no measure of how super-

vision practices might have influenced NP/PA ordering patterns. 

During the study period, NPs/PAs were relatively established in 

this HMO; their practice patterns might not represent practice pat-

terns of newly hired NPs/PAs. This HMO had relatively well-defined 

practice guidelines for management of N/B pain and ARI. Rates of 

orders for medications reflect only orders for prescriptions and 

not over-the-counter medications. We did not investigate specific 

quality measures, so we cannot conclude that over- or underuse 

of specific diagnostic services or prescribed medications was 

beneficial or detrimental to patient health. The propensity score 

matching relied on a limited number of patient covariates, and 

does not necessarily account for illness acuity within the selected 

comorbidities. Other factors that varied across clinics where NPs/

PAs practiced (eg, use of care managers in some clinics but not 

others) might also influence practice variation by provider type.

Other factors that we did not consider in our analyses could 

offset the potential savings in medical care delivery costs due to 

lower ancillary services rates on visits attended by NPs/PAs. Length 

of visit was not available, so we could not assess if longer NP/PA 

visits decreased visit productivity (in terms of visits per day) and 

attenuated labor cost savings due to lower NP/PA salaries.13,45 We 

did not examine variation by provider type in other utilization mea-

sures such as referrals or potentially avoidable hospital admissions. 

Other studies that have examined postvisit utilization generally 

find equal or lower rates of these classes of services following NP/

PA visits compared with physician visits.15,22 Similarly, we show 

elsewhere that the extent of NP/PA integration into this HMO’s 

primary care delivery system did not increase levels of these broad 

classes of utilization across all medical conditions.39

CONCLUSIONS
In this group model HMO, NPs/PAs who attended visits related to 

N/B pain or ARI in adult primary care typically had lower rates of 

associated orders for diagnostic services or prescription medica-

tions than PCPs when treating patients of comparable age, gender, 

and comorbidities. n
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eAppendix A 

Presenting 
Condition 

ICD-9-CM Diagnosis Code 

Neck or Back Pain 723.xx (Other disorders of the cervical region) 
724.xx (Other and unspecified disorders of back) 
846.xx (Sprains and strains of sacroiliac region) 
847.xx (Sprains and strains of other and unspecified parts of the back) 

Acute Respiratory 
Infection 

460.xx (Acute nasopharyngitis) 
461.xx (Acute sinusitis) 
462.xx (Pharyngitis, acute) 
463.xx (Tonsillitis, acute) 
464.xx (Acute laryngitis and tracheitis) 
465.xx (Acute upper respiratory infections of multiple or unspecified 
sites) 
466.xx (Acute bronchitis and bronchiolitis) 
473.9x (Unspecified sinusitis) 
487.1x (Influenza w/ other respiratory manifestations) 
490.xx (Bronchitis, not specified as acute or chronic) 
381.xx (Nonsuppurative otitis media and Eustachian tube disorders) 
382.xx (Suppurative and unspecified otitis media) 
383.xx (Mastoiditis and related conditions) 
034.0x (Strep throat) 
079.99 (Unspecified viral infection) 
780.6x (Fever) 
784.1x (Throat pain) 
786.2x (Cough) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

eAppendix B 

To evaluate whether clustering of services orders by provider might account for statistical 

significance of differences between NP/PAs and PCPs, we estimated a logistic regression of the 

likelihood of a specific service order type as a function of NP/PA versus PCP using SAS PROC 

GENMOD. The regression was estimated without and with accounting for clustering by provider 

in the propensity score matched datasets. We reviewed the p-values for change in statistical 

significance when clustering was taken into account. Using the conventional test of P ≤0.05 for 

statistical significance, a change in p-value from P ≤0.05 to >0.05 would suggest clustering by 

provider might account for some of the statistical effect of NP/PA versus PCP. 

We conducted these analyses on 2 samples: 1) all providers with at least 1 N/B pain (or 

ARI) visit, and 2) PCPs with at least 25 N/B pain (or ARI) visits. One reason for conducting 

analysis on the latter sample is that providers with only 1 service order have, by definition, 

perfect clustering; therefore, it is possible the p-values might be overly conservative when these 

providers are included in the analyses. 

 
 

 

 

 

 

 



 
 

 
 

eAppendix Table 1. Rates of Diagnostic Radiology and Prescription Medication Orders for Patients with Primary Care Visits for 
Neck or Back (N/B) Pain Before and After Propensity Score Matching: NP/PA vs PCP 
 
 Visit 

Provider 
N/B-related X-

ray 
N/B Pain-

related CT or 
MRI 

Nonnarcotic 
Analgesic 

Narcotic 
Analgesic 

Muscle 
Relaxant 

Pre-
Match 

Post-
Match 

Pre-
Match 

Post-
Match 

Pre-
Match 

Post-
Match 

Pre-
Match 

Post-
Match 

Pre-
Match 

Post-
Match 

 Total 21.6% 21.9% 3.3% 2.7% 9.1% 11.0% 31.2% 28.5% 41.1% 44.2% 

All 
-6724 visits 
-160 PCPs 
-20 NP/PAs 

NP/PA 21.6% 21.6% 2.1% 2.1% 13.5% 13.5% 26.9% 26.9% 45.8% 45.8% 

PCP 21.6% 22.1% 3.5% 3.3% 8.2% 8.5% 32.1% 30.1% 40.2% 42.5% 

P 0.94 0.53 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

≥25 visits/ 
provider 
-6719 visits 
-137 PCPs 
-18 NP/PAs 

NP/PA 21.6% 21.6% 2.1% 2.1% 13.5% 13.5% 26.9% 26.9% 45.8% 45.8% 

PCP 21.6% 21.6% 3.5% 3.5% 8.2% 8.3% 32.1% 30.7% 40.1% 42.2% 

P 0.95 0.93 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

 
CT indicates computed tomography scan; MRI indicates magnetic resonance imaging; NP/PA indicates nurse practitioner / physician 

assistant; PCP indicates primary care physician. 

Note: The number of visits represents the number of NP/PA and PCP visit pairs. Thus, the total number of visits in the propensity-

score matched analyses is 2 times the number in parentheses. The number of visits used in the pre-match analyses is provided in Table 

1. 



 
 

 
 

eAppendix Table 2. Rates of Diagnostic Radiology, Prescription Medication, or Rapid Strep Test Orders for Patients with Primary 
Care Visits for Acute Respiratory Infections (ARI) Before and After Propensity Score Matching: NP/PA vs PCP 
 
Visit 
Class 

Provider ARI-related X-
ray 

ARI-related 
CT or MRI 

Any Antibiotic Broad 
Spectrum 

Antibiotics 

Symptom Relief 
Medications 

Rapid Strep 
Test 

Pre-
Match 

Post-
Match 

Pre-
Match 

Post-
Match 

Pre-
Match 

Post-
Match 

Pre-
Match 

Post-
Match 

Pre-
Match 

Post-
Match 

Pre-
Match 

Post-
Match 

Total 8.8% 7.5% 0.5% 0.4% 67.7% 69.8% 42.7% 42.0% 49.1% 48.9% 8.5% 8.0% 

All 
-24,190 
visits 
-169 PCPs 
-20 
NP/PAs 

NP/PA 6.3% 6.3% 0.3% 0.3% 73.7% 73.7% 41.5% 41.5% 48.8% 48.8% 6.3% 6.3% 

PCP 9.6% 8.6% 0.6% 0.5% 66.0% 65.8% 43.0% 42.5% 49.2% 49.0% 9.1% 9.7% 

P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.23 0.62 <0.01 <0.01 

≥25 visits/ 
provider 
-24,186 
visits 
-154 PCPs 
-18 
NP/PAs 

NP/PA 6.3% 6.3% 0.3% 0.3% 73.7% 73.7% 41.5% 41.5% 48.8% 48.8% 6.3% 6.3% 

PCP 9.6% 9.0% 0.6% 0.5% 66.0% 65.8% 43.0% 42.6% 49.2% 49.3% 9.1% 9.6% 

P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.23 0.31 <0.01 <0.01 

 
CT indicates computed tomography scan; MRI indicates magnetic resonance imaging; NP/PA indicates nurse practitioner / physician 

assistant; PCP indicates primary care physician. 

Note: The number of visits represents the number of NP/PA and PCP visit pairs. Thus, the total number of visits in the propensity-

score matched analyses is 2 times the number in parentheses. The number of visits used in the pre-match analyses is provided in Table 

1. 



 
 

 
 

eAppendix Table 3. Odds Ratios for Association of Diagnostic Radiology and Prescription 
Medication Orders for Patients With Primary Care Visits for Neck or Back (N/B) Pain By 
Attending Provider and Propensity to Be Attended by a NP/PA vs PCP: Propensity Score 
Matched Dataset 
 
Service 
Order 

 All NP/PAs 
(N=20)  

and  
PCPs 

(N=160) 

NP/PAs 
(N=18) 

 and PCPs 
(N=137)  

Attending 25 or 
more visits 

N/B Pain-
related X-ray 

Odds Ratio 0.97 1.00 
Unclustered p-value 0.53 0.93 
Clustered p-value 0.86 0.98 

N/B Pain-
related CT or 
MRI 

Odds Ratio 0.64 0.60 
Unclustered p-value <0.01 <0.01 
Clustered p-value 0.11 0.07 

Nonnarcotic 
Analgesic 

Odds Ratio 1.68 1.74 
Unclustered p-value <0.01 <0.01 
Clustered p-value 0.01 <0.01 

Narcotic 
Analgesic 

Odds Ratio 0.85 0.83 
Unclustered p-value <0.01 <0.01 
Clustered p-value 0.25 0.17 

Muscle 
Relaxant 

Odds Ratio 1.14 1.16 
Unclustered p-value <0.01 <0.01 
Clustered p-value 0.53 0.48 

 

CT indicates computed tomography scan; MRI indicates magnetic resonance imaging; NP/PA 

indicates nurse practitioner / physician assistant; PCP indicates primary care physician. 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

eAppendix Table 4. Odds Ratios for Association of Diagnostic Radiology, Prescription 
Medication, or Rapid Strep Test Orders for Patients With Primary Care Visits for Acute 
Respiratory Infection (ARI) By Attending Provider and Propensity to Be Attended by a NP/PA 
vs PCP: Propensity Score Matched Dataset 
 
Service 
Order 

 All NP/PAs 
(N=20)  

and  
PCPs 

(N=169) 

NP/PAs 
(N=18) 

 and PCPs 
(N=154) 

Attending 25 or more 
visits 

ARI-related 
X-ray 

Odds Ratio 0.71 0.68 
Unclustered p-value <0.01 <0.01 
Clustered p-value 0.03 0.01 

ARI-related 
CT or MRI 

Odds Ratio 0.60 0.60 
Unclustered p-value <0.01 <0.01 
Clustered p-value 0.10 0.12 

Any 
Antibiotic 

Odds Ratio 1.45 1.45 
Unclustered p-value <0.01 <0.01 
Clustered p-value 0.04 0.04 

Broad 
Spectrum 
Antibiotic 

Odds Ratio 0.96 0.95 
Unclustered p-value 0.03 <0.01 
Clustered p-value 0.82 0.78 

Symptom 
Relief 
Medication 

Odds Ratio 0.99 0.98 
Unclustered p-value 0.62 0.31 
Clustered p-value 0.97 0.93 

Rapid Strep 
Test 

Odds Ratio 0.62 0.63 
Unclustered p-value <0.01 <0.01 
Clustered p-value 0.04 0.05 

 
 
CT indicates computed tomography scan; MRI indicates magnetic resonance imaging; NP/PA 

indicates nurse practitioner / physician assistant; PCP indicates primary care physician. 

 

 

 

 

 

 


