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Abstract

Scope-of-practice regulations, including prescribing limits and supervision requirements, may
influence the propensity of providers to form care teams. Therefore, policymakers need to
understand the effect of both team-based care and provider type on clinical outcomes. We
examined how care management and biomarker outcomes following onset of three chronic
diseases differed both by team-based versus solo care and by physician versus non-physician (i.e.,
nurse practitioner and physician assistant) care. Using 2013-2018 de-identified electronic health
record data from U.S. primary care practices, we found that provider teams outperformed solo
providers, irrespective of team composition. Among solo providers, physicians and non-physicians
exhibited little meaningful difference in performance. As policymakers contemplate scope-of-
practice changes, they should consider the effects of not only provider type but also team-based
care on outcomes. Interventions that may encourage provider team formation, including but not
limited to scope-of-practice reforms, may improve the value of care.

INTRODUCTION

In response to COVID-19, the Centers for Medicare and Medicaid Services (CMS) and
many state governments have relaxed scope-of-practice restrictions for nurse practitioners
(NPs) and physician assistants (PAs).(1-3) In states where NPs and PAs do not have full
practice authority, scope-of-practice restrictions include physician supervision requirements
and prescribing limits.(4-6) Insight into the impact of scope-of-practice changes is
important beyond their relaxation during the COVID-19 pandemic, as the supply of NPs
and PAs is projected to grow much faster than that of physicians.(7)
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Primary care NPs and PAs commonly practice in teams with and without physicians,

(8) and scope-of-practice regulations may impact practice environments,(9) such as the
propensity of these different provider types to organize into care teams. For instance, direct
supervision requires a physician to be in office when a non-physician performs a service,
(10) possibly encouraging team formation. Conversely, by increasing the opportunity cost of
hiring non-physicians, supervision requirements may potentially discourage team formation.
To understand the potential impact of scope-of-practice changes, it is thus essential to
understand not only differences in solo care outcomes by provider type, but also differences
in outcomes of team-based versus solo care as well as by team composition. Importantly,
since interprofessional teams are more common in primary care than are intraprofessional
teams, differences between provider types may manifest as differences between team-based
and solo care.(9,11)

While training curricula differ for primary care physicians, NPs, and PAs, all are trained
to deliver many of the same services, including management of common chronic diseases
like type 2 diabetes mellitus (T2DM).(12) Increasing the population of NPs and PAs is
often viewed as a solution to primary care workforce shortages in the context of an aging
population.(13,14)

Emerging evidence on the outcomes of care delivered by NPs and PAs versus physicians
suggests broadly similar performance. A 2018 Cochrane Review found that the outcomes
of NP care are similar to or better than those for physician care, though the evidence was
rated of “low-to-moderate certainty”.(15) In a seminal study that randomized patients to
NPs versus physicians, a broad range of care outcomes—including self-rated health and
biomarker measurements—were largely indistinguishable between NPs and physicians at
6-month and 2-year follow-up.(16,17) Subsequent observational studies have found that
utilization patterns, and thus costs, may differ for care delivered by NPs and PAs versus
physicians due to lower labor costs(18) and use of acute care services.(19,20)

Empirically, little is known about outcomes for intra- and inter-professional teams of
physicians involving either NPs or PAs.(21-23) Co-management of patients by physicians
and NPs has been proposed, and interviews have found that such an approach may

increase guideline-concordant care and access for patients.(24) Studies of chronic disease
management by interprofessional teams at one large physician practice(25) and the Veterans
Health Administration(26) have found few clinically meaningful differences across provider
type or team composition. To our knowledge, however, there has been no large-scale
empirical study that assesses the joint impact of provider type and team-based care across
multiple independent practices and payers.

In this study, we examined whether and how outcomes following new chronic disease onset
differed both by team-based versus solo care and by physician versus non-physician (i.e., NP
or PA) care in a national sample of primary care practices from 2013 to 2018. For teams,

we further investigated the role of team composition. Using de-identified electronic health
record (EHR) data, we overcame two major empirical challenges inherent to the claims data
that most prior studies have used to study care differences by provider type. First, traditional
claims data often do not accurately record the rendering service provider, thus undercounting
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care provided by NPs and PAs that is billed under the physician with whom they work.
(27) Second, unlike traditional claims data, our EHR data contained the very biomarker
values on which providers base their clinical decisions, thus improving the relevance and
precision of our outcomes and our risk adjustment. For three common chronic diseases—
T2DM, hyperlipidemia, and hypertension—we assessed differences by team-based versus
solo care and by physician versus non-physician care in diagnosis, prescribing, monitoring,
and biomarker-based outcomes (notably hemoglobin Alc [Alc], LDL cholesterol [LDL],
and systolic blood pressure) following disease onset.

METHODS

Data Source

We used de-identified EHR data from athenahealth, a large national EHR vendor, that
included detailed visit-level information on over 12 million primary care visits for over

one million patients from 2013 to 2018. In addition to sociodemographic characteristics,

we observed visit-level biomarkers such as Alc, LDL, and blood pressure. Each visit was
associated with its service provider, enabling us to investigate provider actions with greater
precision than relying on the billing provider. Overall, the data included 2,028 primary care
providers, of whom 59.6% (n=1,209) were physicians, 29.0% (n=588) were NPs, and 11.4%
(n=231) were PAs. Our sample included a stable cohort of 250 practices belonging to 175
organizations. This study was deemed exempt by the authors’ Institutional Review Board.

Study Design and Sample Construction

We mitigated the risk that patients may have selected their providers based on disease
severity by identifying time of disease onset using a patient’s first abnormal biomarker and
attributing outcomes to the providers involved in care only through that time. Specifically,
we used biomarker evidence to create separate study samples for T2DM, hyperlipidemia,
and hypertension. For each condition, we identified patients with new disease onset based
on biomarker evidence: Alc greater than or equal to 6.5% for T2DM,(28) LDL greater
than or equal to 160 mg/dL for hyperlipidemia,(29) and three visits with systolic blood
pressure greater than or equal to 140 mmHg (prior to 11/13/2017) or 130 mmHg (starting
on 11/13/2017, per revised guidelines) for hypertension.(30) We identified time of disease
onset as the first visit associated with a biomarker value meeting the above disease-specific
thresholds. For each disease separately, we excluded patients with prior diagnosis of the
disease or with prior relevant medication prescription. We also excluded patients who had a
biomarker value above threshold associated with their first visit in our data (Exhibit A1).(31)

Identification of Provider Team and Type

We categorized patients as receiving solo or team-based care based on their visits at

the same practice in the six months preceding disease onset (i.e., time of first abnormal
diagnostic biomarker). We classified care during this time by just one provider as “solo”
and care by multiple providers as “team-based”. We further distinguished teams and solo
providers by provider type. Team categories were physician teams, non-physician (i.e.,

NP or PA) teams, and mixed teams (i.e., with both physicians and non-physicians). Solo
provider categories were physician and non-physician (i.e., NP and PA). We aggregated NPs
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and PAs for our main analysis due to a relatively small number of patients receiving care
from PA-only, NP-only, and mixed NP and PA teams. Results disaggregated by NP and PA
providers remained substantially similar and are presented in the Appendix.(31)

Outcome Measurement

We examined process and outcome measures of chronic disease management, chosen to
identify a range of care activities in the treatment pathway. Process measures included the
presence of clinical diagnosis on a claim within 30 days of disease onset (to investigate
whether providers recognized that biomarker evidence was consistent with disease onset),
writing at least two prescriptions for disease-specific medication in the year following
disease onset, and evidence of disease monitoring via follow-up biomarkers in the year after
disease onset. Our main outcome measure was disease control within one year of disease
onset. We defined disease control as an Alc of 7.0% or less for T2DM,(32) an LDL of

100 mg/dL or less for hyperlipidemia,(29) and a systolic blood pressure of less than 140 or
130 mmHg (see above) for hypertension.(30) See Appendix for additional biomarker-based
outcomes.(31)

Statistical Analysis

Limitations

We used linear probability models to estimate the association between provider team and
type and outcomes. We included organization and year fixed effects to account for potential
time-invariant organization characteristics (such as local practice protocols) and common
time trends in outcomes. We adjusted for the possibility that patients may see a new provider
following disease onset, as such care may not be attributable to the original provider team.
Risk adjustment of all outcomes included disease-specific biomarker values at disease onset,
body mass index, twelve indicators of common comorbidities, a count of primary care visits
in the year prior to disease onset, and patient sociodemographic characteristics including
age, sex, race, ZIP-level median income, and insurance payer. We clustered our standard
errors at the organization level. Additional details are in the Appendix.(31)

Our study had several limitations. First, because our study was retrospective, unmeasured
confounders may have affected the relationship between provider team or type and
outcomes. We mitigated this concern by leveraging data that included disease-specific
biomarkers observed in clinical practice. Identification of disease onset using initial
biomarker evidence further mitigated selection risk, as patients cannot have selected their
initial provider based on knowledge of having the disease.

Second, an inherent limitation of our data is that we cannot observe interactions,
communication, or collaboration between providers. At the extreme, it may be that patients
whom we classified as receiving team-based care in fact received care from multiple non-
interacting providers. All providers in our sample, however, use the same EHR and are
thus, at a minimum, able to see each other’s chart entries and can communicate via the
EHR. Importantly, erroneously identifying non-interacting providers as teams would bias
our comparisons of team-based versus solo care toward not finding any difference.
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Third, our definition of team-based care is necessarily narrow. We do not observe other
provider types, such as social workers. We identified teams over the six months preceding
an abnormal biomarker to balance the likelihood that patients had enough time for multiple
visits against the risk of attributing outcomes to non-team providers. Identifying teams
within 12 months versus 6 months prior to disease onset does not substantively change our
findings (results not shown).

Fourth, we constructed our disease control measure based on the presence of at least one
normal biomarker measurement. This may have overestimated sustained disease control,
as patients’ biomarkers may have subsequently worsened. See Exhibit A4 for additional
biomarker-based outcomes.(31) While we consulted professional society guidelines, there
remains uncertainty over appropriate diagnostic and disease control biomarker levels
based on unobserved patient factors. Hyperlipidemia guidelines are based on LDL levels
and atherosclerotic cardiovascular disease (CVD) risk estimates, which factor in disease
characteristics unavailable in our data. By relying only on LDL, our sample may include
patients who have high LDL but low CVD risk and may not include patients who have
high CVD risk despite low LDL. However, this is unlikely to differ by provider type or
team-based care given our controls and thus should not affect relative performance.

Fifth, although our data only included primary care visits, the prescriptions, as well as

Alc and LDL biomarkers, we observed may have been ordered by specialists and then
attributed to the closest primary care visit within 30 days. We used organization fixed effects
to mitigate potential bias from the possibility that specialist care may systematically differ
across provider types and between team-based versus solo care across organizations.

Finally, although our sample was national in scope, it came from a single large EHR
vendor and was not nationally representative. Our data lacked geographic identifiers, which
prevented us from accounting for variation in state scope-of-practice laws. However, by
comparing provider teams and types within the same organization—and thus likely state—
our research design mitigated concerns that our results were attributable to variation in
scope-of-practice laws. See Exhibit A2 for a comparison of our sample to a nationally
representative sample.(31)

Study Sample and Descriptive Statistics

Our study samples included 22,874 individuals with new-onset T2DM, 24,510 individuals
with new-onset hyperlipidemia, and 28,078 individuals with new-onset hypertension. For
T2DM and hypertension, but not for hyperlipidemia, disease severity at initial presentation,
as measured by baseline biomarker results, was slightly worse for non-physician solo
providers and non-physician teams, compared to solo physicians, physician teams, and
mixed teams (Exhibit A3).(31) We controlled for differences in baseline disease severity as
well as other relevant patient, provider, and practice characteristics in subsequent analyses,
as detailed in the appendix.(31)

Health Aff (Millwood). Author manuscript; available in PMC 2022 June 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pany et al.

Page 6

We characterized team-based care and provider type based on the provider who conducted
the index visit associated with an abnormal biomarker value and those who delivered care
over the preceding six-month period. The percentage of patients who received care from a
single physician provider was 58.5% for T2DM patients, 54.4% for hyperlipidemia patients,
and 45.5% for hypertension. The next most common were single non-physician providers
(ranging from 16.5% to 21.5% across the three diseases) and a mixed team of physicians and
non-physician providers (ranging from 12.8% to 17.9%) Additional sample characteristics
are in Exhibit A3.(31)

Teams outperformed solo providers in managing chronic disease

Upon receiving an initial abnormal biomarker result, teams submitted diagnostic claims at
significantly higher rates than solo providers for T2DM (44.4% vs. 41.1%, p < 0.001) and
hypertension (14.0% vs. 12.0%, p < 0.001), but did so at similar rates for hyperlipidemia
(31.0% vs. 30.6%, p = 0.60) (Exhibit 1).

Prescription ordering by teams versus solo providers differed substantially for all three
chronic diseases (Exhibit 2). For example, 50.6% of T2DM patients treated by teams
received at least two prescriptions (including refills) within 1 year, compared to 40.5%
of patients treated by solo providers (p < 0.001).

Exhibit 3 presents our results for follow-up biomarker monitoring. Frequent monitoring on
the order of every 3 to 6 months via biomarkers is part of standard guidelines for T2DM
and hyperlipidemia. We found that teams were more likely to order at least one follow-up
biomarker test within a year of an initial abnormal biomarker result for T2DM (56.3% vs.
46.5%, p < 0.001) and hyperlipidemia (60.4% vs. 47.1%, p < 0.001). We did not examine
this care indicator for hypertension, as office blood pressures are routinely taken during
office visits, rendering them a less-informative indicator of active monitoring.

Exhibit 4 presents our results for disease control based on biomarkers—Alc for T2DM,
LDL for hyperlipidemia, and systolic blood pressure for hypertension. For all three chronic
diseases, teams were more likely than solo providers to have patients whose disease was
brought under control. For example, patients seen by teams were 9.2 percentage points
more likely to have their T2DM brought under control (63.9% vs. 54.7%, p < 0.001); for
hyperlipidemia and hypertension, patients seen by teams were, respectively, 2.3 percentage
points (9.1% vs. 6.8%, p < 0.001) and 6.1 percentage points (71.0% vs. 64.9%, p < 0.001)
more likely to have their disease brought under control.

For all outcomes, we also examined differences by team composition (i.e., physician

team, non-physician team, mixed team). Physician-only and mixed teams performed better
than non-physician teams in the management of hypertension (e.g., 71.7% and 71.3%,
respectively, vs. 65.9% of patients achieved control within one year, both p < 0.001), but we
otherwise found no significant differences by team composition for the outcomes in the main
text. See Exhibit A4 for additional biomarker-based outcomes.(31)
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Solo physician and non-physician providers performed similarly

Across chronic disease management outcomes, non-physicians largely performed similarly
to physicians. We found no significant differences between solo physicians and non-
physicians with respect to diagnosis rates for all three diseases (Exhibit 1), follow-up labs
for T2DM (Exhibit 3), or biomarker-based outcomes for hypertension (Exhibit 4).

Notably, we did find meaningful differences in prescribing behavior for T2DM and
hyperlipidemia, with physicians less likely to prescribe antidiabetics by 6.1 percentage
points and cholesterol-lowering drugs by 3.0 percentage points, compared to non-physicians
(39.2% vs. 45.3% and 19.7% vs. 22.6%, respectively, both p < 0.05). Prescribing for
antihypertensives, however, was similar (14.3% for physicians vs. 15.1% for non-physicians,
p=0.46) (Exhibit 2).

Results remained substantially similar when we disaggregated non-physicians into NPs and
PAs. One notable exception was the management of T2DM. For example, prescribing of
antidiabetics was significantly higher for NPs (49.4%) compared to both physicians (41.4%,
p<0.001) and PAs (42.8%, p < 0.001), and similar for PAs and physicians (o = 0.58). See
Exhibits A5-A9 for additional results.(31)

DISCUSSION

We provide, to our knowledge, the first large-scale comparison of new-onset chronic
disease management by team-based versus solo care and by physician versus non-physician
(i.e., NP or PA) care across multiple independent provider organizations and payers.

Our findings suggest that teams outperformed solo providers, largely irrespective of team
composition. Teams of all compositions were roughly equally effective in managing new-
onset T2DM and hyperlipidemia, but non-physician teams performed worse in controlling
new-onset hypertension. Among solo providers, we found little meaningful difference
between physician and non-physician providers, though physicians were less likely than
non-physicians to prescribe medications for T2DM and hyperlipidemia.

Team performance

Provider teams may have outperformed solo providers for several reasons. Having multiple
providers allows for several sets of eyes that may catch details a single individual may
miss. Having multiple providers may also allow for “team sourcing” of knowledge rather
than relying on the knowledge of a single provider.(33) Further, teams may benefit from
complementarities between the human capital of different providers that produce synergies
that go beyond the sum of individual contributions. For instance, prior research using
similar data to ours has shown that scheduled visit duration is substantially longer for

NPs compared to physicians,(34) which may indicate that NPs provide more high-touch
relational care. Care-improving complementarities may exist between this type of care and
care by physicians. Finally, providing care in teams may relax time or capacity constraints
on solo providers. Future research should aim to disentangle these potential mechanisms.

Our team definition captures whether a patient had visits with multiple providers, likely
a necessary but not sufficient prerequisite for meaningful teamwork. Given inherent data
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limitations, we are unable to directly observe interaction among team members. The
increasing availability of data sources that include EHR communications or organization-
specific team charts, however, may enable such work in the future.

Solo performance

Our finding that solo primary care providers exhibited little meaningful difference between
physicians and non-physicians echoes the results of prior studies.(15,35) While some may
be concerned that patient severity differed between provider types—with physicians caring
for sicker patients—this did not appear to be the case; if anything, it appears that non-
physicians in our sample were caring for slightly sicker patients (see Exhibit A2).(31) We
did, however, observe differences in prescribing behavior between solo physicians and non-
physicians. Although medication initiation is often a shared decision between the patient
and provider,(36) and lifestyle changes can be a first-line treatment, such differences in
prescribing—without commensurate differences in biomarker outcomes—suggest an avenue
for further study.

A competing explanation for the lack of a substantive difference between provider types
is the increased routinization of care for common chronic diseases,(37) which may tend
to equalize both processes and resulting outcomes across providers. Future work should
investigate whether our findings hold for less common or more acute conditions.

Low absolute performance

Although we found meaningful relative differences in chronic disease management for
team-based versus solo care, we also found low absolute performance across the board.
Patients may have sought additional care from providers outside athenahealth’s EHR, which
our data would not capture. Low absolute performance, however, is in line with prior work
documenting low outpatient care quality on process-based measures.(38,39) Though we
note the data limitations discussed previously and are hesitant to argue that the goal for

our measures is 100% completion, the presence of gaps in diagnosis, prescription, and
monitoring of the magnitude we observed raises concerns and provides further motivation
for chronic disease management improvement interventions, particularly for hyperlipidemia,
for which we observed very low disease control rates.

Policy implications

Our findings demonstrated improved performance of provider teams over solo providers.

To improve primary care outcomes, policymakers should consider a set of interventions

that could encourage team formation and practice, such as innovative primary care delivery
models and value-based payment reform that rewards collaboration. Risk-adjusted capitation
may be one strategy to encourage primary care practices to adopt team-based care, though
relatively generous payments may be needed to make this financially sustainable for
practices.(40) By increasing the proportion of non-physician providers, accountable care
organizations (ACQOs) may also encourage team formation.(41) Given that non-physicians’
labor costs are lower and their ranks projected to grow much faster compared to physicians,
(7) facilitating interprofessional teams may be an option with particularly high value that
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retains the option value of potential synergies between the skill sets of different provider
types.

Our findings may contribute to discussions on changing scope-of-practice regulations.
Scope-of-practice laws may impact outcomes by changing the propensity of providers to
form teams even if they do not affect how provider types perform individually. Should
scope-of-practice regulation indeed influence team formation, then policymakers need to
understand the effect of team-based care in order to appropriately evaluate the potential
effect of scope-of-practice changes on care outcomes. It is an open question, however,
whether scope-of-practice restrictions do encourage team formation, which future work
should explore.

CONCLUSION

Provider teams of all compositions outperformed solo providers in the management of
three common, new-onset chronic diseases across a national sample of primary care
practices from 2013 to 2018. Among solo providers, care management and outcomes
showed little difference between physicians and non-physicians (i.e., NPs and PAs). As
policymakers contemplate scope-of-practice regulation, they should consider the effect of
not only provider type but also team-based care on care outcomes. Interventions that may
encourage provider team formation, including but not limited to scope-of-practice reforms,
may improve the value of care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Exhibit 1: Adjusted diagnosis rates for patients with new onset of type 2 diabetes,
hyperlipidemia, or hypertension by team-based care and provider type, 2013-2018

Source: Authors’ analysis of de-identified electronic health record data from 2013 to 2018
for adults with a new chronic disease as identified by an abnormal biomarker (N = 22,874
for type 2 diabetes, N = 24,510 for hyperlipidemia, and N = 28,078 for hypertension).
Notes: Colored bars indicate the predicted values from a regression of a claims-based
diagnosis indicator on provider, including organization fixed effects as well as patient and
disease severity covariates as described in the text. Error bars represent 95% confidence
intervals. p-values for team total vs. solo total were as follows: diabetes, <0.001;
hyperlipidemia, 0.595; hypertension, <0.001.. Non-physician providers are physician
assistants and nurse practitioners. A mixed team is composed of both physician and non-
physician providers.
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Exhibit 2. Adjusted prescription rates for patients with new onset of type 2 diabetes,
hyperlipidemia, or hypertension by team-based care and provider type, 2013-2018

Source: Authors’ analysis of de-identified electronic health record data from 2013 to 2018
for adults with a new chronic disease as identified by an abnormal biomarker (N = 22,874
for type 2 diabetes, N = 24,510 for hyperlipidemia, and N = 28,078 for hypertension).
Notes: Colored bars indicate the predicted values from a regression of an indicator for

a patient receiving at least two disease-appropriate prescription orders (including refills)
within one year on provider, including organization fixed effects as well as patient and
disease severity covariates as described in the text. Error bars represent 95% confidence
intervals. p-values for team total vs. solo total were as follows: diabetes, <0.001;
hyperlipidemia, <0.001; hypertension, <0.001. Non-physician providers are physician
assistants and nurse practitioners. A mixed team is composed of both physician and non-
physician providers.
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Exhibit 3. Adjusted lab monitoring rates for patients with new onset of type 2 diabetes or
hyperlipidemia by team-based care and provider type, 2013-2018

Source: Authors’ analysis of de-identified electronic health record data from 2013 to 2018
for adults with a new chronic disease as identified by an abnormal biomarker (N = 22,874
for type 2 diabetes, and N = 24,510 for hyperlipidemia).

Notes: Colored bars indicate the predicted values from a regression of an indicator for a
patient having at least one disease-appropriate lab result within one year (i.e., hemoglobin
Alc for type 2 diabetes and LDL cholesterol for hyperlipidemia) on provider, including
organization fixed effects as well as patient and disease severity covariates as described

in the text. Error bars represent 95% confidence intervals. p-values for team total vs. solo
total were as follows: diabetes, <0.001; hyperlipidemia, <0.001. Non-physician providers are
physician assistants and nurse practitioners. A mixed team is composed of both physician
and non-physician providers. This outcome was not examined for hypertension since blood
pressures are routinely taken during visits and thus may not be informative of active
hypertension monitoring.
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Exhibit 4. Adjusted biomarker-based disease control outcomes for patients with new onset of
type 2 diabetes, hyperlipidemia, and hypertension by team-based care and provider type, 2013—
2018

Source: Authors’ analysis of de-identified electronic health record data from 2013 to 2018
for adults with a new chronic disease as identified by an abnormal biomarker (N = 22,874
for type 2 diabetes, N = 24,510 for hyperlipidemia, and N = 28,078 for hypertension).
Notes: Colored bars indicate the predicted values from a regression of disease control,

as measured by disease-specific biomarker levels below guideline-concordant biomarker
targets within one year, on provider, including organization fixed effects as well as

patient and disease severity covariates as described in the text. Error bars represent 95%
confidence intervals. p-values for team total vs. solo total were as follows: diabetes, <0.001;
hyperlipidemia, <0.001; hypertension, <0.001. Non-physician providers are physician
assistants and nurse practitioners. A mixed team is composed of both physician and non-
physician providers.
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